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SUMMARY 

Naturally occurring (geogenic) arsenic (As) is one of the most serious water 
quality issues, second only to microbiological contamination. In Bangladesh 
and West Bengal, India, the most densely populated area in the world, the 
problem is widespread and is considered to be one of the worst environmental 
health disasters of this century. 

The majority of the Bangladesh population lives in rural areas and use hand 
pumped tube wells to extract groundwater as their main source of drinking 
water. Elevated levels of As is mainly associated with groundwater extraction 
from shallow tube wells (10-50 m). Mitigation options evaluated in this study 
focus on 1) how to target As safe aquifers and 2) how to identify As safe tube 
wells. 

A field study was conducted in Matlab Upazila, in central Bangladesh south 
east of the capital Dhaka, where access to safe drinking water is still very 
limited. Old tube wells tested for As reveled that 77% (n=79) of the wells 
exceed the WHO guideline value for As of 10 µg/L. The national guideline 
value of 50 µg/L is exceeded in 67% (n=69) of the wells. 

An attempt to target As-safe shallow aquifers (<100m) based on sediment 
color was evaluated. The targeted sediment color (off-white) was identified by 
local drillers in 30 out of 36 newly drilled wells. Arsenic concentrations exceed 
10 µg/L in 47% of the wells (n=14) and 50 µg/L in 30% of the wells (n=9). 
The success rate of the method was thereby 44% (n=16) or 58% (n=21) 
respectively for the 10 µg/L and 50 µg/L As-guidelines. Therefore the method 
was not considered to be a sustainable mitigation option for As. 

Recently, manganese (Mn) has also emerged as a possible widespread problem 
in the area of Bangladesh and West Bengal. Although not thoroughly 
investigated, present evidence indicates that a high concentration of Mn in 
drinking water affects the intellectual function in children. The occurrence of 
both low As (<10 µg/L )and low Mn (<400 µg/L) concentrations in shallow 
aquifers was found to be very unlikely since only one out of 133 tested wells 
had this water chemistry composition. Instead it was showed that the highest 
Mn concentrations of 1-5 mg/L occurs in these As-safe aquifers, highlighting 
the need for further research about the effects of chronic exposure to high Mn 
concentrations. 

The need to focus efforts to areas with scarce supply of safe drinking water has 
raised the need to quickly locate and identify these areas and screening 
platform color/precipitation has been suggested as a solution to this problem. 
Two different classification methods were tested to develop recommendations 
for the future use of platform color as an As indicator. The results showed that 
a finer classification of the platform precipitation based on the strength of the 
color was inadequate at determining differences in water chemistry, since the 
distribution of Iron (Fe), Mn and As was too alike. When only 3 color classes 
were used (red, mixed and black) the red platforms indicated with 76% or 70% 
certainty that the well exceed 10 µg/L or 50 µg/L respectively. Too few black 
wells were encountered in the platform survey to confirm low As 
concentrations in these wells. Based on these results it is difficult to validate 
platform color as a test for As since the probability of high As in wells with red 
platforms is very close to the prevalence of high As in all wells within the 
platform survey, regardless of platform color. 
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SUMMARY IN SWEDISH  

Naturligt förekommande arsenik (As) är en av de allvarligaste vattenkvalitetsfrå
gorna i världen. I världens mest tätbefolkade område, Bangladesh och 
Västbengalen i Indien, är problemet utbrett och ansett som en av de största 
miljörelaterade hälsokatastroferna i modern tid. 

Majoriteten av befolkningen i Bangladesh lever på landsbygden och använder 
handpumpade brunnar som huvudsaklig källa till dricksvatten. Förhöjda halter 
av arsenik är främst kopplade till uttag av vatten från dessa grunda rörbrunnar 
(10-50 m). Den här studien utvärderar två metoder för att 1) lokalisera As-
säkra akvifärer för nya brunnar och 2) identifiera befintliga brunnar som är As-
säkra.  

En fältstudie genomfördes i Matlab Upazila i centrala Bangladesh, sydöst om 
huvudstaden Dhaka, där tillgången till säkert dricksvatten är väldigt begränsad. 
Gamla rörbrunnar som testades för As avslöjade att 77 % (n=79) av brunnarna 
översteg WHO:s gränsvärde för As på 10 µg/L. Bangladeshs lokala gränsvärde 
på 50 µg/L var i sin tur överstiget i 67 % (n=69) av brunnarna. 

Ett försök att finna As-säkra grunda akviferer (<100m), baserat på 
sedimentens färg då nya brunnar borras, utvärderades. Den sökta 
sedimentfärgen (gulvit, engelska: off-white) identifierades av lokala 
brunnsborrare i 30 av 36 försök till att borra nya brunnar. I dessa burnnar 
översteg koncentrationen av As 10 µg/L i 47% av brunnarna (n=14) och 50 
µg/L i 30 % av brunnarna (n=9). Andelen lyckade försök att finna As-säkert 
vatten med hjälp av metoden blev då 44 % (n=16) respektive 58 % (n=21) för 
de två gränsvärdena. Därmed kan inte metoden anses vara en hållbar lösning 
för att hitta As-säkra akvifärer. 

Nyligen har även mangan (Mn) uppmärksammats som ett potentiellt 
omfattande problem i Bangladesh och Västbengalen. Trots att hälsoeffekterna 
av Mn inte är fullständigt kända, så har bevis framkommit som tyder på att 
höga halter i dricksvatten påverkar barns intellektuella funktion. Förekomsten 
av både låga As-halter (<10 µg/L) och låga Mn-halter (<400 µg/L) var väldigt 
ovanligt i de undersökta brunnarna då bara en utav 133 testade brunnar hade 
dessa karakteristika. Istället visade studien att de högsta Mn-halterna förekom i 
de As-säkra akviferer som eftersöktes, vilket framhäver behovet av ytterligare 
forskning om effekterna av kronisk exponering av höga Mn-halter. 

Nödvändigheten av att fokusera åtgärder till områden med dåligt tillgång till 
säkert dricksvatten har gett upphov till ett behov att snabbt kunna hitta och 
identifiera dessa områden. Att kontrollera färgen/utfällningen på brunnarnas 
plattformar har föreslagits som en lösning på problemet. Två olika sätt att 
klassificera plattformarnas färg testades för att kunna utveckla 
rekommendationer för hur metoden att hitta brunnar med höga respektive låga 
halter av As kan förbättras. Resultaten visar att en mer detaljerad klassificering 
av utfällningen baserad på färgstyrkan inte gav bättre resultat än en enklare 
klassificering. När endast tre färgklasser (röd, mixad, svart) användes så visade 
en röd plattform med 76 % eller 70 % sannolikhet att brunnen innehöll As i 
halter högre än 10 µg/L respektive 50 µg/L. Undersökningen innehöll dock 
för få svarta brunnar för att kunna bekräfta att en svart brunn innehöll låga 
halter av As. Därmed är sannolikheten att en röd brunn innehåller höga halter 
av As ungefär lika stor hög som sannolikheten att en brunn, vilken som helst, 
innehåller höga halter av As. Baserat på resultaten från denna studie är det 
därför väldigt svårt att bekräfta att testet fungerar.  
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ABSTRACT 

Since the late 20th century most people in rural Bangladesh use hand pumped 
tube wells to extract groundwater as their primary source of water. In 1993 it 
was officially recognized that many of the Holocene groundwater aquifers 
contain elevated levels of arsenic (As) and that millions of people in 
Bangladesh are exposed and at risk for mass poisoning. The need to focus 
efforts to areas with scarce supply of safe drinking water has raised the need to 
quickly locate and identify these areas. Mitigation options evaluated in this 
study focus on 1) how to target As safe aquifers and 2) how to identify As safe 
tube wells 

An attempt to target As safe shallow aquifers based on sediment color was 
evaluated. The majority of 30 new tube wells screened in off-white sand 
sediments have As safe water with respect to both the WHO and the national 
guideline, but including the failed attempts to target off-white sediments at 
shallow depths, the success rate of the method was considered to be too low. 

This study also attempt to validate platform color as a rapid low-cost screening 
tool for As by relating platform color to water chemistry in 103 tube wells. 
Different classification methods were tested to develop recommendations for 
the future use of this method. The results showed that a simplified color 
classification was better than a detailed classification at predicting water 
chemistry of iron (Fe), manganese (Mn) and As. 

Recently, Mn has also emerged as a possible widespread problem in the Bengal 
Basin. Although not thoroughly investigated, present evidence indicates that a 
high concentration of Mn in drinking water affects the intellectual function in 
children. The occurrence of both low As and low Mn concentrations in 
shallow aquifers was found to be very unlikely since only one out of 133 tested 
wells had this water chemistry composition. Instead it was showed that the 
highest Mn concentrations occur in As-safe aquifers. Therefore WHO should 
consider reintroducing their previous health based guideline value for Mn to 
highlight the potential risk of excessive exposure, since more people risk being 
exposed to Mn when As-safe shallow aquifers are targeted. 

Key words: Arsenic mitigation; Arsenic and manganese in groundwater; 
Bengal Basin; Shallow tube wells; Platform color. 

INTRODUCTION 

Access to clean drinking water has recently been 
stated as a human right by the United Nations 
and this highlights the growing problem of 
sustaining an increasing population with clean 
water (United Nations, 2010). The poor and 
populous regions of the world have water 
supplies that are becoming even more strained as 
the population struggles with modern devel-
opment and the growing need for food. Natural 
disasters, human induced pollution and naturally 
occurring hazardous substances all contribute to 
a severe situation.  

Naturally occurring (geogenic) arsenic (As) is one 
of the most serious water quality issues, second 
only to microbiological contamination (Kapaj et 
al., 2006). Relatively recently, during the late 20th 
century, reports were published that observed 
heightened levels of As in groundwater in diff-
erent parts of the world (Bhattacharya et.al. 
2010). Among them were Nepal, Pakistan, China, 
Myanmar, Ghana, Romania, Nicaragua, 
Argentina, Bolivia, Australia, U.S.A, Canada, 
India and Bangladesh.  

In Bangladesh and West Bengal, India, the most 
densely populated area in the world, the problem 
is widespread and is considered to be one of the 
worst environmental health disasters of this 
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century (Smedley and Kinniburgh, 2007; 
McArthur et al. 2011). 

Demography and water resources in 
Bangladesh 

Bangladesh, a small country covering only 
147 570 km2, has a population density of over 
1100 people per square kilometer (as of 2005) 
and a total population of over 160 million. The 
majority of the population uses water extracted 
directly from underground sources without any 
prior treatment (Bhattacharya et. al., 2010). It is 
relatively recently that the people in Bangladesh 
have started to use groundwater as their main 
supply of water and the transition from surface 
water was initiated by western non-governmental 
organizations (NGOs) and the Bangladesh 
government in the late 20th century to address the 
problem with high levels of bacteria in surface 
waters (Meharg, 2005). As groundwater is 
abundantly accessible and possibilities of easy and 
cheap extraction are available, 97% of the 
population relies on groundwater for household 
use (von Brömssen, 2012). The majority of the 
early excavated wells are hand pumped tube wells 
screened in a relatively shallow depth which 
makes the installation cost low and as such widely 
applicable even in the poor population. The 
recent transition to groundwater has led to two 
big achievements, the access to apparently safe 
drinking water and security regarding food 
supply. The food supply has been secured mainly 
because Bangladesh has attained self-sufficiency 
in rice production which is attributed to an 
increase in the usage of irrigation based on 
groundwater. Of the total irrigation, 75% of the 

water comes from aquifers and this corresponds 
to 80% of the total aquifer water usage (BGS & 
DPHE, 2001). The transition to groundwater was 
therefore a success until elevated levels of As was 
reported. These reports subsequently showed that 
about 30% of the wells are contaminated with As 
relative to the national guideline value of 50 µg/L 
and, thus, several tens of millions of people are 
exposed (SASMIT, 2007). 

The majority of the Bangladeshi population lives 
in rural areas. Only 27% of the country’s 
population lives in urban areas (as of 2008), but 
the number is steadily increasing (Gapminder, 
2012). The number of people with a daily income 
of less than 2$ is 81%. About 40% of the 
population are unable to consistently meet their 
household needs. Population density is forecast 
to increase until 2050 (Fig. 1) and it is most likely 
that the water usage will continue to increase with 
it. This will cause an augmented pressure on 
water resources that are already beginning to 
show signs of overuse.  

Health effects of arsenic and the issue of 
manganese 

Arsenic is a metalloid that, in elevated 
concentrations occurring in natural waters, can 
slowly affect humans with adverse effects such as 
cancer and, given time, death. Several 
epidemiological studies have documented the 
global impact of As exposure but the 
mechanisms by which As induces health effects, 
such as cancer, are not well characterized 
(Tchounwou et al., 2003). The main effects of 
high As content in groundwater are hyper-
pigmentation, hypopigmentation, peripheral 
neuropathy, skin cancer, bladder and lung cancers 
and peripheral vascular disease (WHO 2011). 
Chronic intake of As has been associated with 
diabetes, hypertension and neurodevelopment 
disorders in children in human studies (Kapaj 
et al., 2006).  

Arsenic is an essential micro nutrient for some 
animals (goats, rats) but it is still debated whether 
it is an essential element for humans (US EPA, 
1999). The effect of As in low concentration is 
not thoroughly evaluated and a limit for no effect 
concentration (NOEC) in humans is hard to 
establish (WHO, 2011). Therefore the World 
Health Organization (WHO) has established the 
10 µg/L guideline value as provisional because 
there still remains uncertainty about the actual 
risk at low concentrations and it is technically 
hard to lower the As content below 10 µg/L. In 
Bangladesh, the drinking water standard guideline 
is 50 µg/L ( BBS, 2007). 

Fig. 1. The population density forecast for 
Bangladesh according to the United Nat-
ions population division (Gapminder, 2012). 
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Recently, manganese (Mn) has also emerged as a 
possible widespread problem in the area of 
Bangladesh and West Bengal (Biswas et al., 2012). 
Manganese is an essential element for all living 
organisms and is naturally occurring in soil and 
water (Ljung & Vahter, 2007). Although not 
thoroughly investigated, present evidence ind-
icates that a high concentration of Mn in drinking 
water affects the intellectual function in children 
(Wasserman et al., 2011). The WHO guideline 
value for Mn was previously 400 µg/L, which 
was derived from health based recommendations 
of maximum daily intake (WHO, 2011). WHO 
has revised their advice regarding Mn as of 2011, 
and has not found it necessary to keep the former 
guideline value as the concentration of Mn in 
drinking water is usually not this high. Due to 
aesthetic concerns WHO has established 
100 µg/L as an acceptability threshold, because 
higher concentrations of Mn cause staining and 
accumulation of deposits in pipes etc (WHO, 
2011). The Bangladesh drinking water standard 
for Mn is 100 µg/L (BBS, 2007). 

The WHO health based guideline value has been 
questioned by Ljung & Vahter (2007) who note 
that the former guideline value is not based on 
reliable scientific grounds. Currently there are not 

enough facts about the effects of Mn to set a 
guideline value that is reliable in all circum-
stances, but high concentrations of Mn clearly 
has an adverse effect on children’s intellectual 
function (Wasserman et al. 2011; Ljung & Vahter, 
2007). 

Mitigation alternatives 

Elevated levels of both As and Mn are mainly 
associated with groundwater extraction from 
shallow tube wells (10-50 m) that are easily, and 
cheaply, installed (UNICEF, 2003). A possible 
mitigation option is to screen new wells in deeper 
aquifers that have shown signs of lower As and 
Mn content (BGS & DPHE, 2001). Deeper tube 
wells (>150 m) have to be installed mechanically 
at a higher cost compared to the local hand-
percussion method (Fig. 2). Therefore, it is not 
widely available to the whole population. Other 
possible mitigation options are the installation of 
filters, use of rainwater harvesting and dug wells, 
but it has been shown that they are not as widely 
accepted as the hand tube wells (Hoque et al., 
2004).  

In Bangladesh, women are responsible for, and 
heavy burdened with supplying water to the 
family. Because of this, everything that makes 

Fig. 2. Local well drillers installing a shallow tube well using the hand-percussion method. 
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water harder to gather is met with a certain 
resistance and has not the same impact on safe 
water usage as an easily available source of water 
(SASMIT, 2007). A hand tube well is both easy to 
operate and can usually be installed in close 
proximity to the place in which the water is used, 
thus eliminating the need to transport water over 
long distances. Therefore, mitigation options 
should focus on 1) how to identify As safe tube 
wells and 2) how to target As safe aquifers. 

Previous studies on targeting safe 
aquifers 

In Bangladesh and West Bengal, efforts have 
been made to raise the awareness of the 
population and to mitigate the effects of As 
(Biswas et al., 2012). The need to focus efforts to 
areas with scarce supply of safe drinking water 
has raised the need to quickly locate and identify 
these areas. It is almost impossible to test all wells 
using standard analytical methods because it is 
time-consuming and costly. Using field tests kits 
can reduce the time and cost for mass screening 
of As, but the time needed for each test is still 
20 min and during testing arsine gas is developed 
which can pose a health hazard to the analyst. 
Moreover, the field tests are not widely available 
in rural areas and the waste product from field 
test kits must be handled with caution. 

Screening the color of well platforms is a possible 
solution to this problem. Mc Arthur et al. (2011) 

has proposed that shallow tube wells can be 
assessed for As by screening the color of the stain 
developed on the well platform. Anaerobic 
groundwater can contain very high Fe conc-
entrations without visible discoloration but when 
the Fe is oxidized in the atmosphere the water 
gets reddish-brown and cause staining (WHO, 
2011). The red Fe precipitation is clearly visible 
on the old platforms made of concrete that 
usually constitute the foundations of hand 
pumped tube wells, and has been showed to 
correlate well with high levels of As in Bengal 
Basin groundwater (McArthur et al., 2011; Biswas 
et al., 2012). Recent studies from various parts of 
southeast Asia have reported an inverse relation 
between Mn and As content in groundwater, 
indicating that wells that are low in As are high in 
Mn and vice versa (von Brömssen et al., 2007; 
Buschmann et al., 2007). Therefore, Mn has been 
suggested as a possible indictor of low As in 
groundwater by identifying black precipitation 
(caused by Mn) on well platforms (Biswas et al, 
2012; Mcarthur et al., 2011). 

Previous studies on how to target As safe aquifers 
in the Bengal delta plain have found a relation 
between sediment color and the concentration of 
As in the groundwater (Jonsson & Lundell, 2004; 
von Brömssen, 2012). The sediments are 
categorized as one of four colors; black, white, 
off-white and red, based on the local driller’s 
perception (Fig. 3). Shallow tube wells (<80 m) 

E 

Fig. 3. Risk of high As and corresponding redox conditions for different sediment colors 
(SASMIT, 2007). 
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screened in the black sediments were found to be 
very reduced and characterized by high As, Fe, 
dissolved organic carbon (DOC) and low sulfate 
(SO4

2-) and Mn, whereas off-white and red sed-
iments were less reduced and had low As, Fe, 
DOC and high Mn . 

One of the projects that have been initiated to 
mitigate the effect of As in Bangladesh is the 
SASMIT program, which is sponsored by the 
Swedish International Development Cooperation 
Agency (Sida). SASMIT or Sustainable Arsenic 
Mitigation, was launched in April 2008 by KTH, 
Dhaka University, NGO forum for drinking 
water supply and sanitation and Ramböll. The 
aim of the project is to implement and develop 
the sediment color tool proposed by von 
Brömssen (2012) to target As safe groundwater 
with acceptable Mn content. Within the project 
300 new tube wells are being installed in off-
white sand aquifers (OWSA, wells screened in 
OWSA is hereafter called OWSA-wells). Wells 
are installed using the hand-percussion method 
(Fig. 2), in villages chosen on the basis of the 
local geology and the socio-economic and hydro-
geological studies that have been conducted 
within the project. 

OBJECTIVE  

The objectives of this study are twofold and 
concern the installation and localization of sha-
llow tube wells that contain safe drinking water in 
Matlab Upazila, southeastern Bangladesh.  

The first part concerns the installation of As-safe 

tube wells and evaluates the ongoing SASMIT 
project. One aim of this study is to validate the 
project hypothesis that shallow wells (<100 m), 
screened in OWSA, have a low content of As and 
an acceptable content of Mn. Apart from the As 
focus, the general water quality of the targeted 
aquifers will be assessed. Results from this study 
will determine if the method is plausible for use 
as a mitigation option for safe drinking water. 

The aim of the second part of this study is to 
validate and further develop the platform color 
tool as a simple screening method to locate As 
safe wells (with black platforms) and As 
contaminated wells (with red platforms) in new 
parts of the Bengal delta plain. Different class-
ification methods will be tested to develop 
guidelines for the future use of the method. 

Hypothesis for OWSA-wells 

Shallow tube wells (<100 m) screened in off-
white sediments have a low concentration of As 
and an acceptable concentration of Mn. 

Platform survey hypothesis 

The color of the well platform indicates whether 
the well has a high content of As or Mn. Wells 
with red precipitation has a high content of Fe 
and a high content of As. Conversely, a well with 
black precipitation has a low content of Fe and 
As, but a high content of Mn.  

  

 
Fig. 4. Map of South Asia and 
Bangladesh. Great rivers, sed-
iment distribution and Matlab is 
marked on the map. (BGS & 
DPHE, 2001; Google Maps, 2012) 

Holocene 

Older sediments 
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STUDY AREA  

Bangladesh is situated in south Asia, cradled by 
the north-east part of India and bordering to 
Burma in the south-east part of the country. To 
the south it opens on to the Bay of Bengal 
(Fig. 4).  

The study was conducted in several baris which 
are small gatherings of houses and families that 
are clustered together in groups to form a village. 
A group of villages forms a union which is the 
smallest administrative part in Bangladesh. 
Several unions form an Upazila that combined 
with more upazilas form a district. The largest 
administrative region is made up of several 
districts and is called a division, of which there 
are seven in the whole country.  

The field trial area is located in Matlab Upazila in 
central Bangladesh, south-east of the capital 
Dhaka, in one of the worst As affected areas in 
the country where access to safe drinking water is 
still very limited. Matlab Dakshin Upazila, 
situated in the north-east part of Matlab Upazila, 
is a part of Chandpur district in the Chittagong 
division. The field study was conducted inside 
two unions and several villages (Fig. 5). 

Regional geological settings 

The country is located in the Bengal Basin which 
covers most of Bangladesh and some parts of 
West Bengal in India. The Bengal Basin was 

formed of subsidence of the Himalayan foredeep 
which in turn was formed, and continues to 
develop, by the collision between the Indian and 
Eurasian tectonic plates (Allison et al., 2003). The 
Basin is bordered to the northeast by the Shillong 
massif. To the east, the Indo-Burman collision 
zone borders the basin and to the west it is 
bordered by the Rajmahal Hills (Goodbred & 
Kuehl, 2000). Inside the basin and on the 
floodplain there are several terraces, which divide 
the basin into several sub basins: Barind Tract, 
Madhupur Terrace and Comilla Terrace 
(Goodbred et al., 2003). 

Bangladesh is mostly defined by the Ganges-
Brahmaputra delta which is located in the Bengal 
Basin. The alluvial plain that has been formed by 
the two rivers covers most of Bangladesh and 
some areas of surrounding India (Allison et al., 
2003). The Ganges originates in the western part 
of India, west of Nepal and on the border 
between India and Tibet, and it drains the 
southern slopes of the Himalaya. It then 
meanders across the central Indian plateau before 
entering the Bengal Basin from the west and 
subsequently terminates in the Bay of Bengal. 
The Brahmaputra drains the northern part of the 
Himalayas and, after making a loop around the 
eastern parts of the mountain range, enters the 
Bengal Basin from the north. In the middle of 
Bangladesh, just west of the capital city Dhaka, 
the two rivers join before flowing down into the 

Fig. 5. Map of 
study area in 
Matlab Upazila. 
The studied area 
is located within 
the red circle.  
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southern parts of Bangladesh to form the largest 
subaerial delta system in the world. Before 
running out to sea, the two rivers are joined by 
the Meghna river which drains the Sylhet basin in 
the northeastern parts of the country (Allison et 
al., 2003; Goodbred et al., 2003).  

The development of the delta system started 
some 11 000 years before present at the end of 
the last ice age. It has gone through different 
stages where several factors have had different 
impacts on the formation of the delta and the 
resulting sediment layers (Goodbred et al., 2003). 
The main factors in the development of the delta 
are the eustasy, the regional tectonic setting and 
the sediment load. The sediment load in turn is 
affected by the ice melting in the Himalaya and 
the amount of precipitation that is produced 
during the monsoon (June-October). Some of 
these sediments which stem from the Himalayas 
are rich in As, thereby causing the groundwater 
problems in the deltaic regions. 

Hydrogeology 

Bangladeshi sedimentology is dominated by 
sediments that were deposited in the Quaternary 
period which can further be subdivided into early 
quaternary (Pleistocene, 2 million years ago - 

10 000 years ago) and late quaternary (Holocene, 
10 000 years ago to present). The sediments stem 
from the evolving Ganges-Brahmaputra delta as 
aforementioned. Arsenic enriched sediments are 
mainly located in the Holocene parts nearest to 
the surface. Holocene sediments can be further 
subdivided into upper shallow (<50 m), lower 
shallow (50 to 150 m) and deep (>150 m) conf-
ined or semi-confined aquifers. The As enriched 
sediments are usually located in reduced 
sediments which are mostly found in the upper 
shallow aquifer and consist of sediments which 
are black or grey (Fig. 3). Sediments low in As are 
oxidized and red to brown in color and are 
located in the lower shallow or deep aquifer 
(Bivén & Häller, 2007). 

GEOCHEMICAL AND 

HYDROCHEMICAL CONTEXT 

Mineralogy  

Arsenic 

Arsenic is a chemical element classified as a 
metalloid in the periodic system, belonging to 
group XV and period 4. In the earths crust the 
abundance of As is ranked as the twentieth in 
relation to other elements (Bhattacharya 

Fig. 6. . Pourbaix-
diagram of aqueous 
As-species depending 
on redox potential 
(Eh) and pH (Smedley 
& Kinniburgh, 2002). 
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et al., 2002). Arsenic is found in more than 300 
minerals as arsenate (60%), sulphides and sulpho 
salts (20%), oxides (10%) and other mineral 
bearing compounds such as arsenite (Drahota & 
Filippi, 2009). The majority of them are ore 
minerals found in mineralized areas and among 
them arsenopyrite (FeAsS ) is the most abundant. 
The crystal structure of As is very similar to 
sulfur (S) and As can, therefore, be a substitute 
for S in sulphide minerals such as pyrite, FeS2 

(Smedley & Kinniburgh, 2002). Arsenic can also 
be a substitute for Si4+, Al3+, Fe3+ and Ti4+ and 
can, therefore, be found in many rock minerals in 
lower concentrations. Weathering and oxidation 
of minerals, such as arsenopyrite, is the main 
source of As in sediments and soils (Bhattacharya 
et al., 2002; Smedley & Kinniburgh, 2002). 

Manganese 

Manganese is one of the most commonly 
occurring metals and comprises about 0.1% of 
the earth’s crust (IPCS, 1999). It is also found in 
air, food and water and it is an essential element 
for humans and other animals. Manganese is a 
component in more than 100 different minerals 
as sulphides, oxides, carbonates, silicates, phos-
phates and borates, but is not found naturally as a 
base metal. The most common Mn minerals are 
pyrolusite (Mn dioxide), rhodocrosite (Mn 
carbonate) and rhodonite (Mn silicate). Mang-
anese is usually found together with Fe (WHO, 
2003). 

Occurrence in natural waters 

Arsenic 

Arsenic is naturally occurring in groundwater and 
the normal background concentration in most 
countries is less than 10 μg/L (Smedley & 
Kinniburgh, 2002). Elevated concentrations on a 
regional basis are most commonly originating 
from natural sources and only locally from 
anthropogenic sources, such as mining and 
pesticide industry. The natural occurrence of As 
in groundwater varies widely from <0.5 to 
5000 μg/L. 

In natural waters As is most commonly present in 
inorganic form, even though organic forms can 
occur in heavily contaminated waters. Arsenic 
occurs in many oxidation states (-3, 0, +3, +5) 
depending on the redox potential (Eh). In natural 
waters As is mostly present as oxy-anions of 
trivalent arsenite, As(III), or pentavalent arsenate, 
As(V). Under oxidizing conditions arsenate 
species are dominant; H2AsO4

- is predominant at 
low pH (below pH 6.9) and HAsO4

2- at higher 
pH (Fig. 6.) Arsenite species are dominant under 
reducing conditions; H3AsO3 is predominant at 
pH below pH 9.2 and H2AsO3

- at higher pH. 
Thermodynamic equilibrium calibrations predict 
that arsenate, As(V), should be more abundant 
than arsenite, As(III), in all environments except 
under very reducing conditions where SO4

2- 
reduction is occurring (Fig. 7). The As(V)/As(III) 
ratio can, therefore, be used as a redox indicator. 

Fig. 7. Sequence of principal redox reactions occurring in groundwater with natural pH. 
(Clarc & Fritz, 1997). 
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However, since pumped groundwater can be a 
mixture of waters with different redox potentials, 
especially in stratified aquifers, the existence of 
As(III) is only an indication of reducing cond-
itions somewhere in the aquifer (Smedley & 
Kinniburgh, 2002). 

Manganese 

The natural occurrence of Mn in groundwater 
varies widely between 1 to 10 000 µg/L (WHO, 
2006). The normal concentration in freshwater 
range from 1 to 200 µg/L but in acidic anaerobic 
groundwater concentrations reaching up to 
10 000 µg/L have been reported. In aerobic 
waters, Mn levels above normal indicate anthro-
pogenic sources such as industrial pollution from 
mining or steel industries. 

In the environment, Mn is occurring in different 
oxidative states where Mn2+, Mn4+ and Mn7+ are 
the most important (WHO, 2003). Under normal 
pH conditions (4 to 7) in natural waters, Mn(II) is 
predominant and normally associated with 
carbonate with a relatively low solubility (IPCS, 
1999). In groundwater with low oxygen levels 
Mn(IV) can be reduced to Mn(II) by chemical or 
bacterially induced reactions, as one of the steps 
in the sequence of redox reactions (Fig. 7). 

Adsorption behavior and mobility of 
arsenic and manganese 

Arsenate, As(V), and arsenite, As(III), can be 
adsorbed to the positive surfaces of metal oxides, 
primarily Fe, aluminum (Al) and Mn, but also to 
clay minerals (Ali & Ahmed, 2003). Arsenate, 
As(V), is more strongly adsorbed since it has a 
greater negative charge compared to arsenite, 
As(III). Adsorption-desorption reactions impact 
on the mobility of As and explain why As 
concentrations in groundwater can be lower than 
the solubility of As minerals. According to 
Smedley & Kinnibugh (2002) the element that 
correlates best with As is Fe. The commonly 
occurring Fe(III) oxy-hydroxides form small 
particles with a large specific area and, therefore, 
have a great capacity to bind dissolved elements 
such as As or phosphate (PO4

3-). Phosphate is 
one of the main competitive ions for As 
adsorption (Dzombak & Morel, 1990). The 
mobility of As is also dependent on pH, redox 
conditions and biological activity (Smedley & 
Kinniburgh, 2002). The pH is important since it 
is strongly related to the charge of metal oxides 
such as Fe(III) oxy-hydroxides and As oxides 
and, therefore, affect the adsorption of As. 
Reductive dissolution of Fe oxy-hydroxides is 
one of the important causes of high As conc-

entrations in groundwater, since adsorbed As is 
released in the process. This occurs in enviro-
nments where Fe(III) oxy-hydroxides are reduced 
to Fe(II) as one of the steps in the sequence of 
principal redox reactions (Fig. 7). The redox 
reaction is principally an electron transfer 
between an electron donor and electron acceptor 
and it is catalysed by microbes as a part of their 
respiratory process. 

The fixation of As has been thought to depend 
mainly on adsorption of arsenate onto Fe(III) 
oxy-hydroxides, but strong correlations between 
Mn and As in lake sediments, where As has 
accumulated, has suggested that As is also 
associated with Mn. Mn(IV) oxy-hydroxides has a 
negative surface charge at neutral pH, the point 
of zero charge being about 2.3. Due to the 
negative charge, it can adsorb cations. But it can 
also adsorb anions, such as arsenate and 
phosphate when the hydrous Mn (IV) oxide is 
bound with divalent cations such as Mn2+ 
(Thakamatsu et al. 1985).  

Mn oxy-hydroxides are stronger electron 
acceptors than Fe oxy-hydroxides and are 
therefore reduced first in the aquifer (Fig. 7). 
During the process Mn and As is mobilized in 
the groundwater, but As is readsorbed by Fe oxy-
hydroxides (Stüben et al., 2003). Groundwater 
extracted from this aquifer will , therefore, be 
enriched with Mn but low in As and cause black 
precipitation in contact with the atmospheric 
oxygen. If the redox status of the aquifer reach 
the state of Fe reduction both As and Fe will be 
mobilized and extracted groundwater will cause 
red stains on platforms. In waters with natural 
pH, Mn is more soluble than corresponding Fe 
compounds and, therefore, Fe precipitates before 
Mn, except when the Mn/Fe ratio is very high 
(Handa, 1970). 

METHODOLOGY  

Field work 

Field methodology 

Field work was performed on two occasions in 
April and May 2011. During the first week, the 
new wells screened in OWSA and older wells in 
the platform survey were tested for As, Mn and 
Fe. The second occasion concentrated solely on 
new wells screened in OWSA—more detailed 
field measurements were performed and 
additional water samples were gathered. 

With help from the SASMIT-team 30 newly 
installed wells were located (Fig. 8). A maximum 
of five shallow tube wells surrounding each new 
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well, at an approximate radius of 100 m, were 
selected for the platform survey. In total, 103 old 
wells were sampled and photographed and their 
coordinates logged with a GPS within the 
platform survey. 

During the first round of sampling in April 2011, 
a filtered acidified sample was collected from 
each well. Before sampling, the well was flushed 
with approximately one pump cycle per feet of 
depth. All samples were filtered with 0.45 µm 
non-pyrogenic Sartorius membranes to remove 
colloidal materials. One water sample from each 
well was taken in a 25 ml plastic bottle and 
acidified with concentrated nitric acid (HNO3). 
Water bottles were rinsed with filtered water and 
filled to two thirds with groundwater before 
adding HNO3. Subsequently the bottles were 
filled to the top, leaving no empty space. 

Villagers provided information on depth 
(somewhat arbitrary), owner, users and, if any, 
previous samplings of the wells in the platform 
survey. Some wells were located indoors but most 
of them outdoors and light conditions also 
changed during the day due to time and weather 
conditions. The platforms were photographed 
when wet and a minimum of two photographs 
were taken of each well; one with flash and one 
without flash. The best photo was later chosen 
for the platform color analysis. Photos were also 
taken of cooking utilities used for storing water to 
identify any signs of precipitation.  

During the second sampling in May 2011, four 
filtered (0.45 µm) water samples were collected 
from each OWSA-well: three 25 ml bottles 
acidified with nitric acid and one 50 ml bottle 
with pure water. One of the acidified samples 
from each well was filtered for As(III) with 
disposable As sieves from MetalSoft Center. The 
bottles were then sorted and stored at room 
temperature before being sent to Sweden for 
further analysis. 

Field measurements 

The newly installed OWSA-wells were tested (in 
April 2011) for As, using a EZ Arsenic high 
range test kit from Hach. The field test indicated 
the concentration of As (µg/L) in each well 
within given intervals (0, 0 to 10, 0 to 25, 25 to 
50, 50 to 100, 100+). 

During the second sampling in May 2011, field 
measurements of pH, oxidation reduction 
potential (ORP), temperature and electric 
conductivity (Ec) was made with Hanna meters 
(HI 98121 combo pH/ORP/Temperature Tester 
& HI 98311 DiST5 EC/TDS/Temperature 
Tester ). The pH meter was calibrated once daily 
in buffer solutions (pH 4 & 7). The ORP meter 
was calibrated with Standard Zobell’s solution 
once a day before fieldwork. The Ec meter was 
calibrated with 0.01 M potassium chloride (KCl) 
at 1412 µS, at Dhaka University. All wells were 
flushed with one pump cycle per feet of depth 
before the flow-through-cell was attached to the 
well (Fig. 9). The Hanna meters were placed in 

Fig. 8. Location 
of OWSA-wells.  

Red circles 
represent wells 
where As exceeds 
50 µg/L, yellow 
circles As 
between 10-50 
µg/L, green 
squares As below 
10 µg/L. Wells are 
part of the 
SASMIT project. 
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the cell and pumping continued until measure-
ments stabilized.  

Laboratory water analyses 

Major Ions 

At the Department of Land and Water Resources 
Engineering, Royal Institute of Technology, 
analyses for major anions were performed with a 

Dionex DX-120 Ion Chromatograph on non-
acidified water samples from OWSA-wells.  

Trace elements 

Water samples from the platform survey were 
analyzed in Sweden at the Royal Institute of 
Technology at the Department of Chemistry, 
Nuclear Chemistry, with inductively coupled 
plasma–optical emission spectrometer (ICP-
OES). Resulting concentrations from three diff-

Fig. 9. Flow-through cell connected to OWSA well. Used to determine pH, temperature, 
electrical conductivity and redox potential on site. 
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erent wavelengths used in the analysis were 
averaged to the As, Mn and Fe concentrations 
used in the further analyses. 

The first OWSA-wells samples from April 2011 
were analysed in Bangladesh for As, Mn and Fe. 

Water samples from OWSA-wells from the 
second round of sampling in May 2001 were 
analysed for metals and trace elements at the 
department of Geological sciences, Stockholm 
University. The analyses were performed on 
acidified samples with inductively coupled plasma 
(ICP-OES).  

Data analysis 

Data processing of hydrochemical data was made 
in Aquachem 4.0 ® and Microsoft Office Excel 
2007. Maps were produced in ESRI ArcMap 10. 

All analyses were based on the laboratory results 
from Sweden and compared with results from 
Bangladesh for consistency. 

Field measurements of redox potential (Emeasured) 
were corrected according to Appelo and Postma 

(1993) formula 1, where Eref  is 244 mV. 

Eh =Emeasured +Eref  (1) 

No lab analysis was made on the major ion 
HCO3

- so the concentration was instead 
calculated with Aquachem 4.0 ®. The conc-

entration was calculated with respect to an 
expected ideal ion balance and, because of this, 
results from the lab analysis cannot be controlled 
for integrity by calculating the ion balance. 

Color classification of platforms 

Photos of platforms and field notes were used to 
classify platforms in color categories in two steps, 
first an attempt to make a detailed classification 
and then a more general classification. All 
classifications were made without looking at 
registered depth or chemical analyses or any other 
data that could make the evaluator biased.  

In the 1st classification the platforms were 
assigned 5 different categories – red, black, red-
black, black-red and undefined (Fig. 10). Red 
platforms were defined as clearly red, black 
platforms as black without any signs of red. The 
mixed colored platforms with predominantly red 
platforms were described as red-black and the 
predominantly black platforms were described as 
black-red. These two intermediate classes (red-
black and black-red) were introduced to see if the 
mix and strength of the black-red color was 
reflected in the water chemistry. The category 
undefined was assigned to wells that were either 
too clean or newly installed to have any 
precipitation, or the opposite, too filthy or 
covered with algal growth to determine the color. 

Fig. 10. From the top left: red well, black well, mixed (black-red), mixed (red-black). 



Investigating sustainable mitigation alternatives for groundwater in Matlab Upazila, Bangladesh 

 

13 

In the second classification, platforms were 
assigned one of four descriptions–red, black, 
mixed or undefined (Fig. 10). Red platforms were 
defined as having clear stains of red, irrespective 
of black stains also being visible on the platform. 
Black platforms were defined as clearly black with 
no trace of red stains. Mixed colored platforms 
were defined as mostly black with some red 
stains. 

The results were compared to a classification 
made by Ashis Biswas, PhD student at the 
department of land and water resource 
engineering, KTH to evaluate the consistency. 
Ashis Biswas classified platform colors as red, 
black, mixed and undefined based on the same 
conditions as the second classification. 

Statistical evaluation of platform color 

A statistical test, based on Bayesian statistics 
often used in pathological research, was used to 
determine the effectiveness of the platform 
survey (Biswas, 2012). The test is built on a 
matrix with four possible outcomes, True 
Positive (TP), False Positive (FP), False Negative 
(FN) and True Negative (TN). Sensitivity (Sens.), 
specificity (Spec.), efficiency (Eff.), positive pred-
ictive value (PPV) and negative predictive value 
(NPV) were calculated from the results presented 
in the test matrix. 

             
  

     
  

Describes the percentage of all positive 
results that were correctly identified, e.g. the 
percentage of wells with high As content that 
were classified as red. 

             
  

     
  

Describes the percentage of all negative 
results that were correctly identified, eg. The 
percentage of wells with low As that were 
classified as black. 

            
     

           
  

Measures the proportion of correctly judged 
results with respect to the total amount of 
tested wells, e.g. the percentage of wells in 
both the “True” classes. 

     
  

     
  

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

     
  

     
  

Similar to PPV but describes the probability 
that a negative test result is correct, e.g. the 
probability that a black well has a low As 
content. 

Fig. 11. OWSA-
well samples 
grouped as high 
As (red) or low As 
(green) in Eh-pH 
diagram for 
aqueous As 
species when 
T=25 degree C 
[As]=0,01 mmol/l 
and [S]=1 mmol/l. 
(Modified from 
Shnoor, 1996). 
 

As>50 µg/L 

As<50 µg/L 

H3AsO3 

AsO4
3- 

HasO4
2- 

Most ground 
waters 

Most surface 
waters H2ASO4

- 
H3ASO4 

HasS2 
(AsS) 

H2AsO3
- 

(As) 

As2S3 

HasO3
2- AsS2

- 

AsH3
(aq) 



Nicklas Gingborn and Hanna Wåhlén  TRITA LWR Degree Project 12:18 

 

14 

PPV (and consequently NPV) is dependent on 
the prevalence (Prev.) of the investigated 
contamination in the entire population, e.g. the 
percentage of As contaminated wells with regards 
to all sampled wells. To visualize this, a plot 
showing PPV vs. Prevalence was made by varying 
the prevalence when calculating PPV with the 
following formula. 

     
(     )(     )

(     )(     ) (       )(       )
 

RESULTS  

New wells in off-white sand aquifers 

Field parameters 

The average groundwater temperature was 27⁰C, 
about 1 degree higher than the annual average 
temperature in Bangladesh (Table 1). The pH was 
close to neutral and varies between 6.45 and 7.48 
in the wells.  

The average redox potential (Eh) was 192 mV 
(range 87 to 354 mV) and indicate oxidizing 
conditions for As. According to the redox 
potential the dominant oxidation state of As 
should be arsenate, As(V) (Fig. 11). The pre-
dominant As species should be H2AsO4

- at pH 
below 6.9 and HAsO4

2- at higher pH.  

High electrical conductivities (Ec) were measured 
in many of the wells. The Ec varied between 1.17 
to 4.19 mS/cm (Table 1). 

Major ion chemistry 

The most common water types in the wells are 
Na-Cl-HCO3 and Na-Cl (Fig. 12, Table 2). The 
other wells have variations of these types, with 
Na as the predominant ion in all wells followed 
by either Cl or Ca in all wells except one 
(Na-HCO3-Cl). 

Major anions  

The chloride (Cl-) concentrations are very high in 
the majority of the wells and explain the high 
electrical conductivity measured in field 
(Table 1 & Fig. 13). There is a clear positive trend 
between Cl- and electrical conductivity. The 
average concentration of Cl- is 738 mg/L (range 
216 to 1286 mg/L) and, thus, significantly ex-
ceeds the WHO guideline value for bad taste at 
250 mg/L. Users sometimes complained about 
salty water. Only two wells have a Cl- 
concentration below the guideline value. 

All of the wells have low sulfate (SO4
2-) conc-

entrations, the average being 14 mg/L and the 

Table 1. Statistics of OWSA-well water 
chemistry and field parameters. 
 

Para-
meter Min Max 

Med-
ian Mean 

WHO 
limit BD 

T (◦C) 25,9 28,9 27,3 27,3 - - 

pH 6,45 7,48 6,81 6,84 - - 

SEC 
(mS/cm) 

1,17 4,19 2,91 2,78 - - 

Eh (mV) 87 354 175 195 - - 

SO4
3-
 

(ug/L) 
87 354 174 195 - - 

Cl
-
 

(mg/L) 
216 1286 755 738 - - 

NO
3- 

(mg/L) 
0 19,8 3,3 5,4 50 - 

F
- 
(ug/L) 0 123 0 21 1500 - 

Ca
2+

 
(mg/L) 

7 272 95 98 - 
7500

0 
K

+ 

(mg/L) 
2,0 11,3 5,8 6,4 - 12 

Mg
2+

 
(mg/L) 

12 94 40 43 - 35 

Na
+ 

(mg/L) 
169 680 442 438 - 200 

Al (ug/L) 13 1087 37 74 900 200 

As (tot) 
(ug/L) 

0 285 0 43 - - 

As(III) 
(ug/L) 

0 269 13 40 - - 

B (ug/L) 19 408 89 109 2400 1000 

Ba 
(ug/L) 

7 1119 62 160 700 - 

Cd 
(ug/L) 

0 0 0 0 3 - 

Co 
(ug/L) 

0 8 2 2 - - 

Cr 
(ug/L) 

1 2 1 1 50 - 

Cu 
(ug/L) 

0 1 0 0 2000 1000 

Fe 
(ug/L) 

37 14570 1132 2789 - 1000 

Li (ug/L) 0 29 0 6 - - 

Mn 
(ug/L) 

66 6867 2064 2090 *400 100 

Mo 
(ug/L) 

0 5 0 0 - - 

P (ug/L) 0 6755 176 698 - 1960 

Pb 
(ug/L) 

0 5 2 2 10 - 

S (ug/L) 27 16198 274 3975 - - 

Si 
(mg/L) 

6 21 12 13 - - 

Sr (ug/L) 86 1279 619 659 - - 

Ti (ug/L) 0 5 1 1 - - 

V (ug/L) 0 3 0 0 - - 

Zn 
(ug/L) 

0 107 65 61 - 5000 

Zr (ug/L) 0 0 0 0 - - 

*not a health based guideline value but bad taste can 
occur 
**Previous health based guideline 
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maximum 52 mg/L. As expected, there is a clear 
positive linear trend between SO4

2- and sulfur (S) 
concentrations in the samples. 

Total phosphorus (P) concentration has a large 
spread 0 to 6.755 mg/L, but most of the wells 
have P below 1 mg/L. The Bangladesh drinking 
water standard for P is 1.96 mg/L and is 
exceeded in 3 samples. Samples with low As 
concentrations all have low P. 

All wells have low nitrate (NO3
-) concentrations, 

the maximum being 20 mg/L. The average 
concentration is 5 mg/L, ten times lower than the 
WHO guideline value of 50 mg/L. 

Major cations 

Sodium (Na+) is the predominant cation in all 
samples and concentrations are generally high. 
The mean value 438 mg/L is two times higher 
than the WHO recommended value of 
200 mg/L, based on taste concerns. All, except 

three wells, exceed the guideline value. There is a 
clear correlation between Na+ and Cl- 
concentrations in the samples. 

Calcium (Ca2+) concentrations range between 7 
to 272 mg/L in the samples, the average is 
98 mg/L. Calcium indicate the hardness of the 
water and mainly depend on the geology. High 
Ca is linked to calcareous rocks and sediments. 
Water from the sampled wells has soft to very 
hard water, the average being moderately hard 
water. 

Magnesium (Mg2+) concentrations are much 
lower compared to Na and Ca. The average is 
43 mg/L and 20 of the wells exceed the 
Bangladesh drinking water standard of 35 mg/L.  

Potassium (K+) concentrations are below the 
Bangladesh drinking water standard of 12 mg/L 
in all wells.  

 Fig. 12. Piper-plot of major ions. Green represents low As and red high As concentrations. 
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Trace elements 

Arsenic concentrations exceed the WHO 
guideline value of 10 µg/L in 47% of the samples 
(n=14) (Fig. 14a). In the subsequent 16 wells the 
As concentration is below the detection level 
(3 µg/L). The Bangladesh drinking water 
standard of 50 µg/L is exceeded in 30% of the 
wells (n=9). The As concentration range from 0-
285 µg/L, and 20% of the wells have 
As>100 µg/L. 

The probability of striking low As aquifers in off-
white sediments is 70% and 53% respectively for 
the Bangladesh drinking water standard (50 µg/L) 
and the WHO guideline value (10 µg/L). If the 
unsuccessful attempts to target off-white 
sediments (n=6) are included, the success rate is 
reduced to 58% and 44% respectively for 
50 µg/L and 10 µg/L. 

Arsenite, As (III) is the dominant species in all 
wells except SASMIT-011. According to the 
redox potential (Eh), arsenate, As (V), should be 
predominant due to oxidizing conditions for As 

(Fig. 11). The sampled wells with low As 
concentrations tend to have higher redox 
potential than wells with high As, indicating more 
reduced conditions in wells with high As 
concentrations (Fig. 15a). 

Electrical conductivity is not related to As 
concentration (Fig. 15b). 

There is no clear trend concerning As and Fe 
(Fig. 16a). Mn and As show a weak negative trend 
(Fig. 16b). The most common water type, true 
for 13 of the wells, is low As (<10 µg/L), low Fe 
(<1000 µg/L) and high Mn (>400 µg/L). In 11 
of the wells, Mn and Fe concentrations are both 
elevated, indicating an overlapping redox zone. 
Only 3 out of these 11 wells have a low As 
concentration. Five wells have a high As, Fe and 
low Mn composition. One well has high As, Mn 
and low Fe. None of the wells have both low As 
and low Mn, indicating that Mn might cause a 
problem when targeting As safe water in shallow 
tube wells. 

A comparison between the different analyzing 
methods for As shows that the results are quite 
similar but differs somewhat between the 
methods (Table 3). The As concentrations are 
higher in most of the samples analyzed in Sweden 
compared to the results from the lab analysis in 
Bangladesh. This can be explained by the fact 
that samples were taken with one month’s 
interval from each other. The laboratory results 
from Bangladesh sampled in April 2011 indicate 
that only 5 of the wells exceed the Bangladesh 
drinking water standard (50 µg/L), but the 
corresponding analysis in Sweden of samples 
taken in May 2011 indicate that 9 of the wells 
exceed the same guideline value. The field test 
(Hach) also taken in April 2011 indicate that 10 
wells exceed 50 µg/L. The Hach field test 
correlated fairly well with analyses made in 
Sweden, 7 samples were misinterpreted in field. 

The As concentration in SASMIT-025 was 
43 µg/L in the first sample taken in April 2011. 
The following sample taken in May 2011 
indicated an As concentration of 142 µg/L, 
which implies an increase of 99 µg/L in less than 
a month. There are also examples of the 
opposite, a decrease in As concentration between 
the two sampling periods. The As concentration 
in SASMIT-027 was 46 µg/L in the first sample 
according to the Bangladeshi analysis, but below 
the detection limit in the sample analyzed in 
Sweden. 

Table 2. Water types for OWSA-wells. Red 
highlights wells with As above 50 µg/L. 

Well-ID Watertype 

SASMIT-005 Na-Cl-HCO3 

SASMIT-007 Na-Cl-HCO3 

SASMIT-008 Na-Cl-HCO3 

SASMIT-009 Na-Cl-HCO3 

SASMIT-010 Na-Cl-HCO3 

SASMIT-011 Na-Cl-HCO3 

SASMIT-012 Na-Ca-Mg-Cl-HCO3 

SASMIT-013 Na-Ca-Mg-Cl-HCO3 

SASMIT-014 Na-Ca-Cl-HCO3 

SASMIT-016 Na-Cl-HCO3 

SASMIT-017 Na-Cl-HCO3 

SASMIT-018 Na-HCO3-Cl 

SASMIT-019 Na-Cl 

SASMIT-020 Na-Cl 

SASMIT-021 Na-Cl 

SASMIT-022 Na-Cl 

SASMIT-023 Na-Cl 

SASMIT-024 Na-Ca-Cl 

SASMIT-025 Na-Cl-HCO3 

SASMIT-026 Na-Cl-HCO3 

SASMIT-027 Na-Ca-Cl 

SASMIT-028 Na-Cl-HCO3 

SASMIT-029 Na-Ca-Cl 

SASMIT-031 Na-Ca-Cl-HCO3 

SASMIT-032 Na-Ca-Cl-HCO3 

SASMIT-033 Na-Ca-Cl-HCO3 

SASMIT-034 Na-Cl-HCO3 

SASMIT-035 Na-Cl-HCO3 

SASMIT-036 Na-Cl-HCO3 

SASMIT-039 Na-Cl 
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Manganese concentrations are very high in many 
of the new wells (Table 1 & Fig. 17). The median 
value is 2064 µg/L. All but 2 wells (7%) exceed 
the Bangladesh drinking water standard 
(Fig. 14b). The previous WHO guideline value is 
exceeded in 25 (83%) of the wells. The 5 wells 
with concentrations below the WHO guideline all 
have high As and Fe concentrations. 

Iron concentrations range from 37 to 
14570 µg/L, the median value being 1132 µg/L 
(Table 1 & Fig. 17). Wells with low Fe concen-

trations are associated with high Mn and low As 
concentrations. The Fe concentration is below 
1000 µg/L in 47% (n=14) of the wells (Fig. 14c). 

Aluminium (Al) and Barium (Ba) exceed the 
WHO guideline value in one well each. 
Aluminium levels are low in most samples, the 
median value being 37 µg/L (Table 1). The high 
Al concentration of 1087 µg/L in SASMIT-026 
varies greatly from the other values and exceeds 
the WHO guideline value of 900 µg/L. Barium 
levels range between 7 to 1119 µg/L. The WHO 

Fig. 13. Box and Whisker chart of major ions. 

Fig. 14. Distirbution of a) As, b) Mn and c) Fe in OWSA wells.  
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guideline value for Ba, 700 µg/L is exceeded in 
SASMIT-012. 

All other trace elements are below the WHO 
guidelines and occur in low or natural 
concentrations for groundwater. 

Platform color survey 

The results from the platform survey is 
subdivided into two parts, firstly the total 
distribution of metal concentrations in all 103 
samples is presented and secondly the color 
classification is related to each sample’s respective 
metal concentration.  

Metal distribution in the surveyed wells without 
considering platform color 

The majority of the 103 sampled tube wells have 
an As concentration above the WHO guideline of 
10 µg/L. Only 23% (n=24) of the tube wells have 

As-safe water according to the WHO guideline 
value (Fig. 18a). The Bangladesh drinking water 
standard of 50 µg/L is exceeded in 67% (n=69) 
of the wells. The highest As concentration found 
is 775 µg/L. In 3 tube wells the As concen-
trations is below the detection level. Half of the 
tested tube wells has an As concentration above 
100 µg/L, the mean value is 126 µg/L and the 
median 93 µg/L. The frequency distribution 
indicate that As concentrations are evenly spread 
above 10 µg/L, except for the maximum value 
775 µg/L that stands out as extraordinary high 
(Fig. 18a). 

Manganese concentrations range from 11-
5575 µg/L (Fig. 18b). The mean and median 
concentrations are 498 µg/L and 83 µg/L 
respectively. The frequency distribution shows 
that Mn concentrations below 200 µg/L are 
overrepresented among the samples. Only 30% 

Fig. 15. OWSA-wells: As concentration vs. a) redox potential and b) electrical conductivity. 

Fig. 16. Arsenic concentration vs. a) Fe and b) Mn in OWSA-wells. 
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of the samples are found within the larger range 
between 200 and 5575 µg/L. More than half of 
the sampled wells (54%, n=55) fall below 
100 µg/L, the Bangladesh drinking water 
standard. The former health based WHO 
guideline value (400 µg/L) is only exceeded in 
22% of the wells (n=23). 

Table 3. Total As in 30 newly installed 
OWSA-wells. Water was sampled in April 
2011 (pre-monsoon) and analyzed in 
Bangladesh. On the same occasion water 
samples were analyzed in field using a 
Hach-test. Next sampling was done in May 
2011 and later analyzed in Sweden. 

 
Well Id Hach-

test* 
Bangladesh* Sweden* 

SASMIT-005 50+ 101 165 

SASMIT-007 0-10 9 18 

SASMIT-008 0 <3 0 

SASMIT-009 0 <3 0 

SASMIT-010 100+ 272 285 

SASMIT-011 100+ 83 110 

SASMIT-012 25 22 37 

SASMIT-013 10 4 0 

SASMIT-014 0 <3 0 

SASMIT-016 50-100 49 70 

SASMIT-017 0 <3 0 

SASMIT-018 50 50 67 

SASMIT-019 50-100 38 51 

SASMIT-020 50-100 33 42 

SASMIT-021 0 <3 0 

SASMIT-022 0 <3 0 

SASMIT-023 100+ 86 105 

SASMIT-024 0-10 8 0 

SASMIT-025 50+ 43 142 

SASMIT-026 10 6 17 

SASMIT-027 50-100 46 0 

SASMIT-028 100+ 72 154 

SASMIT-029 10+ <3 0 

SASMIT-031 0 4 0 

SASMIT-032 1 5 0 

SASMIT-033 0 <3 0 

SASMIT-034 10 4 0 

SASMIT-035 0 <3 0 

SASMIT-036 0-10 <3 0 

SASMIT-039 25-50 25 33 

*µg/L 

There is no guideline value for Fe in drinking 
water proposed by the WHO (WHO, 2011). 
However the expert committee on food additives, 
JECFA, advice a maximum of 2 mg/L as a 
precaution against storage of excessive Fe in the 
body, but concentrations above this level does 
not present a hazard to health. Below 0.3 mg/L 
there is no noticeable taste of Fe in the drinking 
water. At concentrations above 0.3 mg/L the 
water gets reddish-brown when the Fe is oxidized 
and thus the water can cause staining. The 
Bangladesh drinking water standard of 1 mg/L is 
aesthetic and not a health based guideline value. 
Above this concentration people can be unwilling 
to drink the water and turn to better-tasting 
sources (BGS & DPHE, 2001). 

The sampled tube wells generally have high Fe 
concentrations (Fig. 18c). More than half of the 
tube wells exceed 2 mg/L (57%, n=59). The 
concentration range between 40-21713 µg/L in 
the samples, the mean value is 2870 µg/L and the 
median 2485 µg/L. Samples are evenly 
distributed up to 6400 µg/L, approximately 95% 
of the samples are located within this range in the 
frequency distribution diagram (Fig. 18c). In the 
higher range between 6400 and 21713 µg/L, 
samples are more scattered since only 5 samples 
occur within this range. Around 93% (n=96) of 
the sampled tube wells have Fe concentrations 
higher than 300 µg/L and could cause staining. 
More than two thirds (71%, n= 73) of the tube 
wells exceed the Bangladesh drinking water 
standard (1 mg/L).  

As is related to Fe in a positive trend, i.e. when 
the concentration of Fe is high so is the 
concentration of As, and vice versa (Fig. 19a). 
When a trend line is calculated through the 
scatter plot, the positive trend is obvious but the 
spread is quite large. Manganese concentrations 
are plotted in different shades of grey. Outliers, 
with very high As and Fe concentrations all have 
Mn concentrations in the range between 100-
400 µg/L. 

Mn correlation to Fe concentration can be 
divided into several sections over the measuring 
range, where different findings are apparent 
(Fig. 19b). When the Fe concentration is low 
(<2000 µg/L), there is a higher chance of high 
Mn concentration. When the concentration of Fe 
is higher, there is a significantly lower chance of 
high Mn. The highest As concentrations 
(>50 µg/L) are clearly related to low Mn 
concentrations (Fig. 19b). In these tube wells, the 
Fe concentrations have a large spread and range 
from 765 to 21713 µg/L. Generally, the lowest 
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As concentrations (As<10 µg/L) occur in tube 
wells, where Fe concentrations are low and Mn 
concentrations are high. But in some tube wells, 
low As concentrations are found together with 
high Fe concentrations. In these tube wells, both 
Fe and Mn concentrations are high, indicating an 
overlapping redox gradient. 

Mn relation to As shows a clear negative trend, 
i.e. when the As concentration is below 50 µg/L, 
there is usually a high concentration of Mn and 
when the As concentration is higher than 
50 µg/L, there is no indication of high Mn 
(>500 µg/L) concentrations (Fig. 19c). The 
majority (82%) of the As safe wells, according to 
the WHO guideline (As<10 µg/L), have Mn 
concentrations above 400 µg/L. These results 
indicate that the health based guideline value for 
Mn is a relevant aspect to take into consideration 
when As safe water is targeted at shallow depths, 
since the highest concentrations of Mn occurs 
specifically under these conditions. 

Out of the 103 sampled tube wells only 7 meet 
the Bangladesh drinking water standard for both 
As (50 µg/L) and Mn (100 µg/L). Both standards 
are exceeded in 20% (n=21) of the wells. In the 

other 75 wells, either the As or the Mn 
concentration exceeds the Bangladesh drinking 
water standard. 

Only 4 out of 103 tube wells meet both the 
WHO guideline value for As (10 µg/L) and the 
health based value for Mn (400 µg/L). The 
majority of the wells (74%, n=76) have a Mn 
concentration below 400 µg/L but an As 
concentration exceeding 10µg/L. Approximately 
17% (n=18) of the tube wells are As safe but 
exceed the Mn health based value. In 5% (n=5) 
of the wells both the As and the Mn guidelines 
are exceeded. 

Metal distribution in the surveyed wells according 
to platform color  

Results from the two different classification 
methods are presented and compared to each 
other and a free-standing classification made by 
Ashis Biswas. Finally a statistical evaluation of the 
2nd classification is made. 

Classification 1 

The 103 platforms are mainly colored red with 
black stains (Fig. 20). Red platforms (n=29, 28%) 
are mainly red, red-black platforms (n=34, 33%) 
have some black stains and black-red platforms 

Fig. 17. Box and Whisker plot of minor ions. 
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(n=26, 25%) are mainly black but with underlying 
red color. Only one platform (n=1, 1%) is 
considered all black. Thirteen of the platforms 
(n=13, 13%) are classified as undefined. 

Red platforms generally have a water 
composition with high As and Fe and low Mn 
concentrations (Fig. 21). The As concentration is 
higher than 10 µg/L in 80% (n=24) of the wells, 
the Fe concentration is higher than 1000 µg/L in 
69% (n=20) of the wells and Mn is lower than 
400 µg/L in 83% (n=28) of the wells. 

Red-black platforms are mostly characterized by 
high As and Fe and low Mn concentrations. But 
the opposite: low As and Fe and high Mn 
concentrations, constitute about one fifth (n=7) 
of the wells. Arsenic concentrations exceed 
10 µg/L in 68% of the wells (n=23), Fe 

concentrations are higher than 1000 µg/L in 73% 
(n=25) of the wells and Mn concentrations are 
lower than 400 µg/L in 71% (n=24) of the wells.  

Black-red platforms mostly have high As 
concentrations. In 77% (n=20) of the wells the 
As concentration is above 10 µg/L and in 54% 
(n=14) of the wells it is above 50 µg/L. Fe 
concentrations are higher than 1000 µg/L in 65% 
(n=17) of the wells. Manganese concentrations 
are generally low, in 77% (n=20) of the wells the 
Mn concentrations is below 100 µg/L. The 
remaining 23% (n=6) have Mn concentrations 
higher than 400 µg/L.  

The black platform has an As concentration 
above 50 µg/L, a Mn concentration below 
100 µg/L and an Fe concentration above 
1000 µg/L. 

Fig. 18. Frequency distribution of (a) As [µg/L], (b) Mn [µg/L] and (c) Fe [µg/L].  The circle 
diagram show the percentage of the samples that exceed relevant guidelines e.g. the WHO 
guideline for As of 10 µg/L.  
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Fig. 19. Scatter plot of (a) Fe and As [µg/L], (b) Mn and Fe[µg/L], (c) Mn and As [µg/L]. 
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Since there is only one black platform in this 
survey, it is not possible to draw any conclusions 
about water chemistry related to black 
precipitation on platforms. However, the water 
chemistry of this black well is the opposite of 
what is expected according to the hypothesis. The 
black color could be algal growth or dirt on the 
platform or a dark color built up from excessive 
iron precipitation. 

Undefined platforms have a distribution of As, 
Mn and Fe that is similar to the total population 
of sampled wells. As and Fe concentrations are 
generally high and Mn low. The As concentration 
is higher than 10 µg/L and the Mn concentration 
is lower than 400 µg/L in 85% (n=11) of the 
wells with undefined platform color. Iron 
concentrations are higher than 1000 µg/L in 77% 
(n=10) of the wells.  

There is a small trend towards higher As 
concentrations in wells that are judged to have a 
more distinct red staining on the platform. 
Arsenic concentrations are higher than 50 µg/L 
in 79% of the red platforms, in 62% of the red-
black platforms and in 54% of the black-red 
platforms (Fig. 22). However the one and only 
black platform also exceeds the Bangladesh 
drinking water standard for As. Groundwater 
with As concentrations exceeding the WHO 
guideline value of 10 µg/L constitutes 80% of the 
red platforms, 68% of the red-black platforms 
and 77% of the black-red platforms. Many black-
red colored platforms have wells with As 
concentrations in the range between 10 and 
50 µg/L, and consequently, wells exceeding 
10 µg/L are about as common among the red 
wells as among the black-red. 

Iron concentrations are distributed very similarly 
in wells with different platform color. Strangely, 

high Fe concentrations are most common in 
wells with undefined platform color, 77% of the 
undefined platforms have Fe concentrations 
exceeding 1000 µg/L compared to 69% of the 
red platforms. The staining effect of Fe occurs at 
concentrations above 300 µg/L (WHO, 2011). 
However, very few of the sampled wells had that 
low Fe concentration, only 7 out of 103. They are 
classified as red (n=1), red-black (n=2), black-red 
(n=2) and undefined (n=2). In other words, they 
are about as common in all categories. This could 
indicate that Fe concentrations were previously 
higher in some of these wells given the fact that 
red staining is visible on some of the platforms, 
or, the Fe oxides originates from the tube well 
itself and not from the groundwater. 

The relationship between Mn and platform color 
is the opposite of what was expected. The Mn 
concentrations are more often low in wells with 
black-red color than in wells with less black 
platforms. Mn concentrations are below 
100 µg/L in 77% of the black-red, 56% of the 
red-black and 48% of the wells with red colored 
platforms. The reason for this could be that the 
black color on platforms is not due to 
precipitation of Mn. It could derive from dirt and 
algae on the platforms, or possibly, the built up 
dark color of excessive precipitation of Fe oxides. 

Classification 2 

In the second classification the majority of the 
sampled wells are classified as red. These red 
platforms constitute 70 tube wells out of 103 or 
68% (Fig. 23). Mixed colored platforms 
constitute 15% (n=16). Only 1 tube well is 
classified as black, the same as in the previous 
classification. The remaining 15% (n=16) are 
classified as undefined. 

Red platforms generally have a water 
composition with high As (>10 µg/L) and Fe 
(>1000 µg/L) and low Mn (<400 µg/L). In 63% 
(n=44) of the red wells both As and Fe is 
elevated while Mn is low. The WHO guideline 
value for As (10 µg/L) is exceeded in 76% 
(n=53) of the wells, the Bangladesh drinking 
water standard (50 µg/L) is exceeded in 70 % 
(n=49) of the wells. Manganese concentrations 
exceed 400 µg/L in 23% (n=16) of the wells. 
Another 23% (n=16) of the samples have Mn 
concentrations between 100 and 400 µg/L. The 
majority of the red tube wells (54%, n=38) have 
Mn concentrations below 100 µg/L. The Fe 
concentration in wells with red platforms should 
be high since Fe oxide is causing the color on the 

Fig. 20. 1:st platform color classification. 
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Fig. 21. Platform colors represent the 1:st  color classification. The circle diagrams show the 
distribution of As (blue), Mn (black) and Fe (red) with respect to relevant guidelines. 
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platform. In 74% (n=52) of the tube wells Fe 
concentrations exceed 1 mg/L, the Bangladesh 
drinking water standard for Fe. The majority of 
the red platforms, 97% (n=68) have water with a 
Fe concentration above 300 µg/L, which could 
cause staining.  

Compared to the total distribution of As, Fe and 
Mn in all samples, the results for the red 
platforms are very similar (Fig. 24). This is 
probably due to the fact that red platforms 
constitute the majority of the samples (68%, as 
aforementioned). But the results are problematic 
for the study, since the probability for a well with 
a red platform to have a high As concentration 
(70% As>50 µg/L, 76% As>10 µg/L) is about as 
high as the probability that any sampled well has 
a high As concentration (67% As>50 µg/L, 
77% As>10µg/L). 

Mixed colored platforms have As concentrations 
lower than the average for all sampled wells 
(Fig. 24). The WHO guideline value for As 
(10 µg/L) is exceeded in 69% (n=11) of the wells, 
but the Bangladesh drinking water standard 
(50 µg/L) is exceeded in only 38 % (n=6) of the 
wells, compared to 67% exceeding 50 µg/L in all 
103 samples. Manganese concentrations in these 
tube wells are higher than the average with 31% 
(n=5) of the wells exceeding 400 µg/L and 
another 31% (n=5) ranging between 100-
400 µg/L. Six of the mixed colored wells or 38% 
have Mn concentrations below 100 µg/L, 
compared to 54% of all 103 samples. Iron 
concentrations are lower than average. Only 44% 
(n=7) exceed 1000 µg/L, which is little compared 
to all the samples where 71% exceeds 1000 µg/L. 
In 37% (n=6) of the mixed colored wells Fe 
concentrations range between 300-1000 µg/L, 
19% (n=3) are below 300 µg/L. 

The samples from wells with mixed colored 
platforms have high As (>10 µg/L) and Fe 
(>1000 µg/L) and low Mn (<400 µg/L) (n=7), or 
the opposite low As and Fe but high Mn (n=4). 
There are also samples where As is high but both 
Mn and Fe concentrations are low (n=4). 

The one and only black platform is the same as in 
the 1st classification. 

The undefined platforms generally have a well 
containing high As and Fe and low Mn. The 
WHO guideline value for As (10 µg/L) is 
exceeded in 88% (n=14) of the wells and the 
Bangladesh drinking water standard (50 µg/L) is 
exceeded in 81 % (n=13) of the wells. Only 2 
samples (13%) are below 10 µg/L . Manganese 
concentrations are lower than 100 µg/L in 62% 
(n=10) of the undefined wells. Mn range between 
100-400 µg/L in 25% (n=4) of the wells and 
exceed 400 µg/L in 13% (n=2) of the wells. Iron 
concentrations are high, above 1000 µg/L in 81% 
(n=13) of the undefined samples. One sample  

Fig. 22. Percentage of 
red, red-black and 
black-red wells in the 
1:st color classification 
that exceed the WHO 
guideline value and 
the Bangladesh 
drinking water 
standard for As. 

Fig. 23. 2:nd platform color classification. 
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Fig. 24. Platform colors represent the 2:nd color classification. The circle diagrams show the 
distribution of As (blue), Mn (black) and Fe (red) with respect to relevant guidelines. 
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(6%) is in the range between 300-1000 µg/L and 
two samples (13%) are below 300 µg/L. 

High arsenic concentrations are common in all 
color classes. Arsenic concentrations are higher 
than 10 µg/L in 76% of the red wells and 69% of 
the mixed wells (Fig. 25). Arsenic exceeds 
50 µg/L in 70% of the red wells and 38% of the 
mixed wells. These results indicate that As 
concentrations are more likely to be high in wells 
with more distinct red color compared to mixed 
colored wells. 

Manganese concentrations above 400 µg/L are 
most common in the mixed color class (31%, 
n=5), compared to 23% (n=16) in the red color 
class. This result suggests that platforms with less 
distinct red color have a higher chance of high 
Mn concentrations. However, the only black 
platform in the study have a Mn concentration 
below 100 µg/L. Without more black wells it is 
impossible to validate the hypothesis of high Mn 
concentrations in black wells. 

Iron concentrations higher than 1000 µg/L are 
very common in all classes except in the mixed 
color class where 56% (n=9) of the wells have Fe 
concentrations lower than 1000 µg/L. These 
results indicate that platforms with red color have 
been colored by Fe oxides from the groundwater. 

Comparisons of platform color classifications 

The 1st classification used different classes 
compared to the 2 other classifications. Platforms 
defined as red-black in the 1st classification were 
defined as red (n=30) or mixed colored (n=4) in 
the 2nd classification. The black-red platforms 
were classified as mixed colored (n=12), red 
(n=11) or undefined (n=3) in the second 
classification. These results indicate that it is 
visually very difficult to classify the platform 
color in finer color classes. It is also difficult to 

see a clear trend regarding distribution of As, Mn 
and Fe within the classes as aforementioned, and 
therefore, the attempt to a finer classification in 
accordance with the 1st classification is redundant.  

The second classification correlated well with the 
classification made by Ashis Biswas since 76% of 
the platforms were classified analogous. The main 
difference between the classifications was that 
fewer platforms were defined as mixed colored 
by Ashis Biswas. In the 2nd classification 16 wells 
were classified as mixed compared to only 2 
platforms in Ashis Biswas classification. Mixed 
colored platforms according to the 2nd 
classification were mainly defined as either red 
(n=8) or undefined (n=6) by Ashis Biswas. Some 
red platforms (n=5) in the 2nd classification were 
also classified as undefined by Ashis Biswas. 
There were also examples of the opposite where 
platforms classified as undefined in the 2nd 
classification were interpreted as red (n=6) by 
Ashis Biswas. 

The comparison suggests that more platforms in 
fact are undefined color-wise since the 
interpretation differs between the classifications. 
It is also apparent that platforms are less 
frequently classified as mixed colored by Ashis 
Biswas. The blackish color on red platforms 
could derive from dirt or algae rather than Mn 
precipitation and these platforms should thereby 
be classified as either red or undefined. However, 
the results in the second classification show a 
trend towards higher As and Fe and lower Mn in 
wells with red platforms, compared to wells with 
mixed colored platforms, as aforementioned.  

Statistical evaluation of platform color test 

The true positive value (e.g. wells with red 
staining and high As) for wells in the second 
classification tested against the WHO guideline 
value of 10 µg/L is 75.71% (n=53), and 

Fig. 25. Percentage of 
red and mixed wells in 
the 2:nd color 
classification that 
exceed the WHO 
guideline value and 
the Bangladesh 
drinking water 
standard for As. 
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consequently, the false positive value (e.g. wells 
with red staining and low As) is 24.29% (n=17) 
(Fig. 26). Both true negative and false negative 
have insignificant values in the analysis as only 
one well was classified as black. For the 
Bangladesh drinking water standard of 50 µg/L 
the corresponding values are as follows: True 
positive 70% (n=49), false positive 30% (n=21) 
and insignificant values for both negative classes 
(Table 4). 

For Mn, both positive classes are insignificant for 
the same reason as aforementioned (only one well 
classified as black) but the negative classes in this 
case are significant and have values as follows: 
False negative 22.88% (n=16) and True negative 
77.14% (n=54) (Fig. 26). 

The sensitivity, specificity and efficiency for the 
test is respectively 98.1%, 0%, 76.1% for As 
using the WHO guideline and 98%, 0%, 69% for 
As using the Bangladesh drinking water standard 
and 0%, 98.2%, 76.1% for Mn using the former 
WHO health based value (Table 4). Any final 

conclusion cannot be made from these results 
because the lack of wells with black platforms, 
but they show that wells with red platforms have 
a tendency towards high As and low Mn content. 
Since this result also reflects the majority of the 
population of wells, the hypothesis can neither be 
discarded nor confirmed. 

Table 4. Parameters for platform survey. 

 
As<10µg/L As<50µg/L Mn<400µg/L 

Sensitivity 98.1% 98.0% 0.0% 

Specificity 0.0% 0.0% 98.2% 

Efficiency 76.1% 69.0% 76.1% 

Positive 
Predictive Value 

(PPV) 
75.7% 70.0% 0.0% 

Negative 
Predictive 

Value(NPV) 
0.0% 0.0% 77.1% 

Likelihood ratio 
positive 

0.98 0.98 0 

Likelihood ratio 
negative 

1.02 1.02 N/A 

Fig. 26. Matrices showing statistical para-
meters for the platform color test.  

In the above matrices wells with high As 
concentrations are considered to give a True 
Positive test result if the platform is red and a 
False Negative if the platform is black. 

In the matrices to the left, wells with high 
Mn concentrations are considered to give a 
True Positive test result if the platform is 
black and a False Negative if the platform is 
red. 
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The positive predictive value for the WHO 
guideline test is 75.7% and for the Bangladesh 
drinking water standard it is 70%. For Mn the 
negative predictive value is 77.1%. The negative 
predictive value for the As tests and the positive 
predictive value for the Mn test is insignificant. 
The positive predictive values show that there is a 
75.7% or 70% respectively, chance that a well 
identified as red has a high concentration of As. 
For Mn the corresponding 77.1% shows what the 
chance is of a red well having a concentration of 
Mn below the health based WHO value of 
400 µg/L.  

As too few black wells have been identified in the 
analysis the test is only valid if black wells are 
assumed to be As free and high in Mn, which has 
been indicated in previous research articles 
(McArthur et al 2011; Biswas et al., 2012).  

The positive predictive value (PPV) varies with 
prevalence and as the prevalence increases so 
does the PPV (Fig. 27). Because of the absence of 
black wells in the analysis, the PPV varies almost 
linearly with prevalence and this shows that the 
probability that a red well is contaminated with 
As is (almost) the same as without any knowledge 
of the platform color. 

DISCUSSION  

OWSA-wells 

By the time of this study, 36 attempts to target 
off-white sediments at shallow depths had been 
made and only 30 was successful. Out of these 30 
newly drilled wells, 9 have As concentrations 

exceeding the Bangladesh drinking water 
standard (50 µg/L), and 14 wells exceed the 
WHO guideline value for As (10 µg/L). The 
success rate of the method is thereby 21 in 36 
(58%) or 16 in 36 (44%) respectively for 50 µg/L 
and 10 µg/L. All of these successful wells with 
respect to As have elevated Mn levels. It is highly 
unlikely to strike an aquifer at shallow depths 
where both As and Mn concentrations are low. 
Within this study only 1 well out of 103 in the 
platform survey and none of the OWSA-wells 
have a water composition where the As conc-
entration is below 10 µg/L and the Mn conc-
entration is below 400 µg/L in the same well. 

The newly drilled OWSA-wells also have very 
high electrical conductivity due to high 
concentrations of Cl-, possibly due to relic saline 
water which ought to be avoided out of taste 
concerns. The WHO guideline value of 
250 mg/L is exceeded in all except two wells. The 
median Cl- concentration is 755 mg/L and the 
maximum value was 1286 mg/L. There is a great 
concern that As safe wells might be avoided for 
drinking water purpose if the water is considered 
too salty. 

The results in this study indicate that the 
SASMIT approach of targeting As-free aquifers 
in shallow off-white sediments is not a sus-
tainable mitigation option. The probability to 
target off-white sediments with low As at shallow 
depths (<100m) is too low and the probability 
that these aquifers also have acceptable levels of 
Mn is extremely unlikely. SASMIT has recently 

Fig. 27. Positive  
Predictive Value 
(PPV) versus 
Prevalence. 
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adjusted their targeted depth and are now aiming 
at deeper aquifers because of these findings. 

Arsenic in OWSA-wells and adjacent 
existing wells 

The location of the new OWSA-wells were based 
on socio-economic and hydro-chemical studies 
evaluating the number of hardcore poor house-
holds in the village and their access to As safe 
water etc. However, the results from the platform 
survey indicate that, in many villages, As safe 
wells (As<50 µg/L) were located in the vicinity 
of the newly installed OWSA-wells. Less than 
half (n=12) of the new wells were installed in 
villages with no access to As safe drinking water 
and one third (n=4) of these OWSA-wells also 
showed elevated concentrations of As. 

In 8 villages all wells sampled within the platform 
survey had As safe water according to the 
Bangladesh drinking water standard 
(As<50 µg/L) and consequently the OWSA-wells 
in these locations also had As safe water. OWSA-
wells with an As concentration below 10 µg/L 
are more likely surrounded by older wells with 
low As than OWSA-wells with a higher As 
concentration (Fig. 28a). This indicates that some 

of the OWSA-wells are placed in areas where As-
free aquifers have already been targeted. 

The As concentration in OWSA-wells appears to 
correlate with the color on the platforms of 
neighboring wells (Fig. 28b). OWSA-wells with 
low As concentrations tend to have fewer 
neighboring old wells with red platforms com-
pared to OWSA-wells with higher concentrations 
of As. Mixed colored platforms are less 
frequently surrounding OWSA-wells with high 
concentrations of As than with low conc-
entrations. The reason for this could be a higher 
likelihood to strike As enriched aquifers where 
many old wells have platforms that are clearly 
red. 

Platform survey 

Without considering platform color, the dist-
ribution of As in the 103 sampled wells shows 
that 77% exceed the WHO guideline value of 10 
µg/L and 67% exceed the national guideline 
value of 50 µg/L. Platforms classified as red in 
the 1st classification exceed the WHO guideline 
and the national guideline in 80% and 79% of the 
wells respectively. Platforms classified as red in 
the second classification exceed the WHO 
guideline and the national guideline in 76% and 

Fig. 28. (a) Arsenic concentration [µg/L] and (b) platform color according to 2:ndclassification of 
older wells surrounding the OWSA-wells.  

(b) 

(a) 

OWSA-wells 

OWSA-wells OWSA-wells OWSA-wells 

OWSA-wells OWSA-wells  
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70% of the wells. Based on these results it is 
impossible to confirm the hypothesis about red 
platforms indicating high As concentrations since 
the true positive is about as high as the 
prevalence of high As in all sampled wells. 
Neither does the results imply that the hypothesis 
should be rejected since wells with red platforms 
do have high As concentrations in most cases. 

In previous studies the red colored platforms 
predicted As concentrations above 10 µg/L with 
84% certainty (Biswas et al., 2012) and 90% 
certainty (McArthur et al., 2011). To predict As 
concentrations above 50 µg/L the results from 
this study looks more promising than in previous 
findings in Biswas et al. (2012) where only 38% 
of the red wells exceed the national guideline. 
One reason for this might be that only 10% of 
the sampled platforms in this study had an As 
concentration in the range between 10-50 µg/L, 
compared to 33% in Biswas et al. (2012). It is 
likely that the distribution of As among the 
sampled wells reflect the capability of the method 
to predict As concentrations above 50 µg/L. 

Because of the lack of black wells in this study it 
is impossible to confirm the hypothesis about 
black colored platforms in Matlab Upazila, 
Bangladesh. Previous studies in West Bengal, 
India, showed that 73% (Biswas et al., 2012) or 
90% (McArthur et al., 2011) of the wells with 
black platforms had As concentrations below 
10 µg/L. And 93% (Biswas et al., 2012) or 96% 
(McArthur et al., 2011) of the wells with black 
platforms had As concentrations below 50 µg/L.  

In this study, the distribution of Mn in all 
samples without considering platform color 
showed that only 22% of the wells exceed 
300 µg/L, compared to 40% in the previous 
study by Biswas et al. (2012). Based on the 
concentration of Mn and Fe in the wells within 
this study, 6 wells should have been colored black 
since they have Mn concentrations that exceed 
100 µg/L (above which manganese oxides can 
cause black staining) and Fe concentrations 
below 300 µg/L (below which Fe oxides can 
cause red staining). However, only one platform 
was classified as black and the water chemistry in 
this well was the opposite of what was expected, 
possibly due to excessive iron precipitation being 
mistaken as a black color. This result highlights 
the uncertainty of the color screening tool. 

The probability that a red well has a low 
concentration of Mn is about as high as the 
prevalence for low Mn in all sampled wells, 
without considering platform color. Wells with 
low Mn, with respect to the national guideline 

value for Mn of 100 µg/L, constitute 54% of all 
wells, 48% of the red wells in the 1st classification 
and 54% of the red wells in the 2nd classification. 
Low Mn wells with respect to the former WHO 
guideline of 400 µg/L constitute 78% of all wells, 
83% of the red wells in the 1st classification and 
77% of the red wells in the 2nd classification. 
Based on these results, it is impossible to neither 
confirm, nor discard the hypothesis that wells 
with red platforms extract water with low 
concentrations of Mn. 

The difficulties to confirm the hypothesis in this 
study derives from the fact that most wells have 
high Fe concentrations and red platforms. In the 
1st classification, the Fe concentrations were 
distributed very similarly in all color classes, 
indicating that a finer classification of the 
strength of the red color deriving from Fe oxides 
is difficult to make. In the 2nd classification, all 
platforms with clear signs of red precipitation 
were classified as red and there was a better 
correlation between platform color and water 
chemistry, since the Fe concentration exceed 
1000 µg/L in 74% of the red wells and only 44% 
of the mixed colored wells.  

The conclusion is that in Matlb Upazila, red 
platform color can be used as an indicator of high 
As concentrations in shallow tube wells. A finer 
classification of platform color based on the 
strength of the platform color does not give a 
more accurate indication of water chemistry. 
Therefore, the methodology used in the 2nd 
classification where all platforms with clear stains 
of red were classified as red is recommended. 
Still, the need for a mixed color class has to be 
further evaluated. It is possible that a simplified 
color screening tool with only 3 classes (Red, 
Black and Undefined) could be more user-
friendly, since mixed colored platforms still have 
a significant probability for water with high As 
concentrations. 

Difficulties in classifying well colors have been an 
apparent issue during research and a few remarks 
can be made: 

 Different light conditions can cause problem 
because the appearance of certain colors 
change with light. 

 Platforms look different when wet and a 
decision whether to use dry or wet well 
platforms is essential.  

 The age of the platform affects whether any 
color have had any time to develop. 

 Utensils is not necessarily a reliable source of 
information since it can be used to store 
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water from different water sources but can 
show if any well in an area has high Fe 
content. 

 Dirt and/or algae often obstruct a clear view 
of the platform and must be taken into 
account before an assessment of color is 
made. 

 Fe and Mn precipitation is usually most 
evident in areas on the platform where water 
continuously flush the surface and remove 
dirt and/or algae. To facilitate the assessment 
of color, it is recommended to concentrate 
on these areas. 

FURTHER RESEARCH AND 

CONCLUDING REMARKS  

The validity of the platform tool rests heavily 
upon the interaction between Fe-As-Mn in the 
specific circumstances that is present in the west 
Bengal and Bangladesh. Further research should 
be concluded to, firstly, further confirm the 
method in the present area, and secondly, validate 
it in different areas of interest. 

The ongoing SASMIT project has changed 
course since this study and is now focusing on 
deeper aquifers. An evaluation of newly drilled 
wells is performed in the course of the SASMIT 
project and does not as such need any further 
investigation. Further studies regarding easily 
available safe drinking water and/or mitigation 
methods is still needed as As still causes severe 
suffering in Bangladesh. The effect of chronic 
exposure of high Mn concentrations also has to 
be further evaluated. WHO should consider 
reintroducing their previous health based 
guideline value for Mn of 400 µg/L to highlight 
the potential risk of excessive Mn exposure, since 
more people risk being exposed to Mn when As 
safe shallow aquifers are targeted. 
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