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Abstract 
 
Arsenic (As) enrichment in groundwater in India is widespread and poses a threat to a large 
number of people. The concentration in groundwater is often higher than both the World 
Health Organisation (WHO) and Indian guidelines for drinking water, and alternative sources 
of potable drinking water are scarce.  
 
Assam is a state situated in the northeastern part of India. The Brahmaputra river flows 
through the whole length of the state, and its floodplain is the dominating feature of the 
geomorphology of the area. The results from quite recent studies performed by the Public 
Health Engineering Department (PHED) and the Central Ground Water Board (CGWB) have 
shown that arsenic enriched groundwater exists. There has however not been many cases of 
arsenicosis (arsenic poisoning) reported in the area. The continued monitoring of arsenic 
concentrations has been secured by the joint plan of action that has been set up in 
collaboration with Unicef. 
 
The aim of this study has been to gain an understanding about the distribution, origin and 
release mechanisms of arsenic in Assam by investigating the water and sediment chemistry. 
An identification of the chemistry of arsenic-free groundwater, and the characteristics of those 
aquifers could be used by drillers to find sources of arsenic-free groundwater.  
 
The study was conducted in the Bongaigaon and Darrang districts of Assam, where previous 
studies have indicated arsenic enrichment. Water was collected from a number of domestic 
wells and public water supply schemes and sediments were sampled from five drilling sites. 
Measurements of pH, Eh and Electric conductivity (EC) were taken in the field. A Hach field 
kit was used to obtain a first indication of the As concentration. Sediment samples were 
collected at four well drilling sites and classified regarding texture and colour according to the 
Munsell chart. A thorough chemical analysis of the groundwater was performed in Stockholm 
at the laboratories of the Department of Land and Water Resources Engineering, Royal 
Institute of Technology (KTH) and Stockholm University.   
 
Arsenic enrichment in groundwater in the area was found to be severe. Of a total of 50 
sampled wells, 15 revealed an arsenic concentration above the Indian national drinking 
standard of 50 µg/l, and 33 of them had As concentrations above the WHO guideline of 10 
µg/l. No distinct zones or depths with specific sedimentological features producing arsenic 
free water were identified. It is thus hard to identify arsenic-free areas. However, sediments 
with a colour on the green-olive scale are probably more likely bearing As contaminated 
water than white sediments. The reductive dissolution of ferric hydroxides is thought to be the 
release mechanism controlling the mobility of As, rather than the oxidation of arsenopyrite or 
pH induced desorption.  
 
The sand filters, commonly used in Assam to reduce the high iron content in groundwater 
seem to reduce the As content of the water rather effectively. Since filters are widely used in 
the region, this might be the reason why no signs of arsenicosis have been observed in Assam. 
Arsenic rich water is also partly avoided since the drillers seek water low in iron, which often 
also has low arsenic content. 
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1. Introduction 

1.1 Overview 
The seriousness of the arsenic enrichment present in groundwater worldwide has quite 
recently got the global community’s attention. Many times, the arsenic concentration is much 
higher than the WHO guideline of 10 µg/l used for drinking water (Internet, WHO, 2006a).  
The areas with arsenic enriched groundwater are often remote, where antropogenic sources of 
arsenic is lacking. The problem can instead be explained by natural sources and processes. 
Because of this fact, research about the source, distribution and release mechanisms in 
affected areas is important, in order to gain a better understanding of the problem.   
 
In addition to being acutely toxic, the continuous consumption of arsenic contaminated water 
leads to arsenic poisoning, also known as arsenicosis (Internet, WHO, 2006b). The first 
symptom is the appearance of skin lesions and the development of crusty and scaly bumps on 
palms of the hands and soles of feet. A prolonged ingestion of As contaminated water can 
lead to skin, lung or liver cancer as well as cardiovascular problems and damage to internal 
organs (Internet, Lenntech, 2006). 
 
The most widespread As enrichment found so far has been discovered in regions covering 
West Bengal, India and Bangladesh ( Bhattacharya et al., 2002;Das et al., 2003; Mukherjee 
and Bhattacharya, 2001; Smedley and Kinniburgh, 2002). In West Bengal, more than 0.2 
million people have shown clinical manifestation of As-related toxicity. In Bangladesh, 40 
millions of the country’s inhabitants are living in areas affected by As enrichment. In 
developing countries like these, water scarcity and high frequency of waterborne diseases 
limit the access to alternative safe sources of potable drinking water.  
 
Assam is a state in the northeastern part of India where the presence of arsenic in the 
groundwater has recently been discovered. Assam has a lot of similarities to the Bangladesh 
plains regarding sedimentology. The problem of As enrichment might therefore be of the 
same magnitude in Assam, and possibly be explained by the same source. However, clinical 
manifestations of arsenicosis have until now been quite uncommon among the Assamese 
population (personal communication, Mr Paul, Unesco, 2005). 
 

1.2 Purpose of the study  
 
The purpose of this study is to target some of the arsenic-contaminated areas in the 
Bongaigaon and Darrang districts of Assam. By looking at the spatial distribution of arsenic 
enrichment in the study area together with the colour and texture of the sediments of the 
aquifers, an understanding about the source of arsenic can be gained. By thorough water 
analysis, the relationship between water chemistry and As can be used to gain an 
understanding of mechanisms that control the mobility of As.   
 
Information regarding the source and mobilization of arsenic can be used to identify arsenic-
prone areas. Moreover, if specific sediment types and water chemistry conditions in the 
Brahmaputra plains can be related to arsenic-contaminated water, this information may be 
used by well drillers and villagers in their search for safe drinking water. 
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2. Background 

2.1. Geochemistry of arsenic 

2.1.1. Characteristics of arsenic 

Arsenic is a chemical element of group 15 in the periodic table. It is a metalloid, which in its 
elemental form appears either as a yellow or gray/metallic solid. There are both organic and 
inorganic forms of arsenic  found in nature. 
 
Arsenic is present in a number of different forms and oxidation states (-III, 0, +III, +V). 
However, in aqueous environments, dissolved arsenic is normally found as part of oxyanions 
in either arsenate (+V) or arsenite (+III) form. Arsenite has for long been thought to be the 
most toxic of the two, but quite recent studies have shown that arsenate is reduced within the 
human body and can therefore be thought to have the same toxicity.  
 
Redox potential and pH are considered the most important factors controlling the speciation 
of arsenic. The stability diagram for arsenic (Figure 1), suggests that arsenate is more stable in 
oxidizing environments, while arsenite is the predominant species under more reducing 
conditions. It can also be concluded that arsenic is found in dissolved form under a wide range 
of pH and Eh conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Stability diagram for arsenic in As-S-O-H system at 25oC. Total dissolved As-
species is set to 50 ug/l (Smedley and Kinniburgh, 2002). 
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2.2 The origin of arsenic in groundwater 

2.2.1. Natural sources  

Arsenic is a natural constituent of the earth’s crust, ranking as the 20th in abundance. It is a 
part of over 200 different minerals, all of which are relatively rare.  
 
Arsenopyrite (FeAsS), or to an even larger extent; arsenic-rich pyrite (Fe(S,As)2), is thought 
to be the most common arsenic containing mineral (Smedley and Kinniburgh, 2002). Arsenic 
in dissolved form is (due to its electrical charge as an anion) attracted to surfaces carrying 
charges, such as for example various oxides and hydroxides. Ferric hydroxides are especially 
good at adsorbing arsenic; Al and Mn hydroxides are other possible adsorbents. Dissolved 
arsenic may also be adsorbed to the surfaces of clay particles (Smedley and Kinniburgh, 
2002).    
 

2.2.2. Anthropogenic sources  

In addition to natural sources, arsenic found in the groundwater may stem from human 
activities such as the combustion of fossil fuel, chemical manufacturing industries, the use of 
fertilizers and wood preservatives as well as from mine waste (Bhattacharya, 2005).   
 

2.3. Mobilization of arsenic 

2.3.1. Oxidation of Arsenopyrite 

Arsenic is, as stated earlier, commonly found in nature in the form of arsenic-bearing 
sulphides like arsenopyrite. Although the mineral is stable under anoxic conditions, it can be 
oxidized by O2, Fe3+, NO3

- or other electron acceptors. The oxidation of the mineral will 
release dissolved arsenic to the groundwater.  
 
The oxidation of arsenopyrite when exposed to air is expressed as: 
 
FeAsS   +   3.5 O2   +   4 H2O          Fe(OH)3  +  H3AsO4    +   2 H+   +   SO4

2- (Equation 1) 
 

The oxidation of arsenopyrite, and its subsequent release of arsenic as a result of an excessive 
withdrawal of groundwater, has earlier been suggested as an explanation of the arsenic 
contamination phenomenon (Hossain, 2004).  

 
2.3.2. Reductive dissolution of Iron Hydroxides  

In many earlier studies (Bhattacharya et al., 2005; Bhattacharya et al., 2006; McArthur et al., 
2004; Smedley and Kinniburgh, 2002) the importance of reductive dissolution of metal (iron) 
oxides/hydroxides and subsequent release of the adsorbed arsenic has been concluded to be a 
key mobilization process.  
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Figure 2. Stability of iron in the Fe-O-H system at 25oC at different Eh/pH conditions
 
As for arsenic, the speciation of iron is controlled by the Eh and pH conditions of the 
surrounding environment (Figure 2). A low Eh brought on by, for example, the degradation of 
organic matter will cause the reductive dissolution of the iron hydroxide and cause the
desorption of any adsorbed arsenic (Nickson et al., 1999). 
 
Assuming that it is in fact iron hydroxides that control the mobility of arsenic, a consultation 
of the combined stability diagram of iron and arsenic can be used to conclude that arsenic will 
be mobile under a wide range of conditions (Figure 3).  

 
 
 
 
 

 
 
 
 
 
 

Figure 3. Combined stability diagrams for As and Fe in Fe-O-H and As-O-H system. Note 
that sulphur is not included in the combined figure (cf. Figure 1).  
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2.3.3 pH controlled desorption  
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s mentioned, iron hydroxides carry a surface charge, and can therefore adsorb the 
t arsenic is either adsorbed or desorbed to 

 net charge of the adsorbing surface (Figure 4). At 
low pH, iron hydroxides effectively adsorb the negatively charged oxyanions of arsenic. If the 

xample due to the degradation of organic matter, the net charge will change 
to negative, resulting in the desorption of arsenic (Parkhurst, 1995).  

               pH 
 
Figure 4. Surface charge of iron oxy-hydroxides as a function of pH (Jonsson and Lundell, 
2004). 
 

2.4. The state of Assam                
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2.4.1. Geography 

The northeastern state of Assam, also known as one of the seven sister states, is connected to 
the rest of India by a narrow piece of land known as the “chicken’s neck” (Figure 5). Assam 
borders the other six sister states as well as Bhutan and Bangladesh. In India, the states are 
divided into the following administrative units: Divisions, Districts, Sub-Divisions, Blocks, 
and Panchayats. Assam consists of 23 districts and every district is divided into 5 to 16 blocks 
(Internet, Maps of India, 2006). 
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Figure 5. The location of Assam within India (Internet, Maps of India, 2006) 
 
The greater pa rt of Assam is within the Brahmaputra valley, while the southernmost part lies 
in the Barak valley, separated from the Brahmaputra valley by the Central Assam range. T
inselbergs (isolated hill, knob, ridge, or small mountain that rises abruptly from a plain or 
gently sloping surrounding), situated in the central districts south of the Brahmaputra are 
distinct features of the area. The Brahmaputra valley is about 800 km long and 130 km wide. 

he 

 2004). 

s). 
 The 
ing 

nfall 

unt for 90 % of the 

The river covers 720 km of its total 2,890 km, decending  28 m in Assam (Singh et al.,
The area of the state is 78,438 km2 and it inhabits 26 million people (2001), resulting in a 
population density of 286/km2 (Internet, absolute astronomy, 2006). 
 
The state capital is Dispur but the largest city in the state is Guwahati (800 000 inhabitant
The two cities are situated next to each other on the south bank of the Brahmaputra River.
people of the state represent many ethnic groups but can roughly be divided into tribal, liv
in the hills, and plains people. The official language of the state is Assamese. In addition, 
English, Hindi and a number of regional languages are widely spoken (Internet, assamgovnt, 
2006). 
 

2.4.2. Climate 

The climate of the Brahmaputra basin is humid sub-tropical and characterized by high rai
and high humidity. It is influenced by the southwest monsoon, the surrounding hills of the 
lower Himalayas and the Assam Plateau. Four distinct seasons can be identified: pre-
monsoon, monsoon, post-monsoon and winter. The monsoon rains acco
annual precipitation, and average between 2500-3200 mm. During this time of year, flooding 
is common and some of the roads are impassable for weeks. Average temperatures vary 
between about in summer 29 oC (August) and 16 oC in winter (January) (Internet, Maps of 
India, 2006). 
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2.4.3. Hydrogeology  

The Brahmaputra plain is, with a few exceptions, covered by young alluvial sediments
are deposited from the great sediment load carried by the river and its tributaries. The 
minerals on the south and north side differ a lot. The north side is fed with sediments derived 
from the young Himalayas while the sediments on the south side originate from the older 
Assam plateau. The gradient of the northern tributaries is steeper and the flows generally 
larger than in the southern tributaries. The steeper gradients, together with more easily er
bedrock and larger flows, result in a higher sediment load from this part of the drainag
 

, which 

oded 
e area. 

ue to the widespread problem of arsenic enrichment of the groundwater found in 
angladesh and West Bengal there have been extensive studies performed to investigate the 

ource and mobilization of arsenic in these areas (Ahmed et al., 2004; Bhattacharya et al., 
1997, 2001; Nickson et al., 1999; Breit et al., 2003). The sedimentological history of the 

similar to the one in Bangladesh. Therefore conclusions 
bout the source of arsenic found there are therefore thought to be applicable in Assam.  

 the 

 
 

olour and contain significant amount of organic matter, while the Pleistocene sediments are 
. 

r 

und 
d  the annual fluctuation is moderate, 

bout two metres. In the Central Assam range the groundwater is seldom monitored but is 
ought to lie between 6-10 m below ground level. In the Barak valley, with its enclosed 

topography, the groundwater level can be found within 2 metres below the surface. The 
re poorly exploited, it is estimated that 93 % of the 

roundwater in the state is unutilized (Bakshi, 2005).  

 

D
B
s

Brahmaputra valley in Assam is 
a

The general conclusion has been that it is in the Holocene sedimentary aquifers, located in
plains, which arsenic enrichment is occurring. On the other hand the aquifers found in 
Pleistocene sediments upland show low As content. The explanation for this fact lies in the
environmental conditions during the time of sediment formation (McArthur et al., 2004). The
Holocene sediments were derived under a period of low temperatures, which resulted in little 
chemical weathering and therefore a low degree of FeOOH coatings. The material was 
deposited under a period of high sea levels, flushing finer particles with high adsorption 
capacity. The older Pleistocene sediments, on the other hand, were subjected to a long period 
of oxidative weathering due to the lowering of the sea level. Under this period, the sediment 
acquired the FeOOH coatings needed to adsorb any dissolved arsenic.  

Studies in Bangladesh have shown that the Holocene sediments are characterized by a grey 
c
characteristically reddish-brown and contain less organic matter (Bhattacharya et al., 2002a)
 
According to the Central Groundwater Board, CGWB (Bakshi, 2005), the groundwater table 
generally lies within 10 m under ground level in Assam. The CGWB monitors groundwate
movement (four times a year) and groundwater quality (once a year) in 381 National 
Hydrograph stations throughout the state. In the Brahmaputra valley the water table is fo
within five metres below the surface in pre-monsoon an
a
th

groundwater resources in Assam a
g
 
 
 

2.5. Arsenic in Assam     
 
The problem of arsenic in groundwater in Assam is just starting to get into the limelight. In a
study conducted by the North Eastern Regional Institute of Water and Land Management 
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(NERIWALM) (Singh, 2004) 1500 water samples from tube and dug wells were taken during 

ples 

m 

f the districts, water samples were found to contain As 
oncentrations higher the national limit and 72 blocks were affected (JOPA, 2005).                                          

e, 

50 µg/l or not. In the second stage, laboratories for As 
sting are intended to be set up in the affected blocks. In these laboratories, well owners/users 

. Materials and Method 

istrict. Both areas are located on the northern bank of Brahmaputra. Darrang is located in 
gaigaon is situated in the western part of the state. Groundwater 

om near the riverbank of the Brahmaputra as well as upstream the 

is 

 

b basin, bordering the Manas sub basin (CGWB, 1985). Due to the flat topography 

ng 
ad of organic material once deposited by the river is degraded 

nd produces reducing conditions.  

tricts is generally characterized by recent alluvial formations. In the 
orthernmost parts of the districts older alluvium is found. In Bongaigaon a few inselbergs 

 

post monsoon in the year 2003. The NERIWALM study shows that 20 out of Assam’s 24 
districts have groundwater with an As content exceeding 50 µg/l. Another even more recent 
study by the School of Environmental Studies, Javadaur University (SOES, 2004) shows that 
in the two supposedly worst effected districts, Karimganj and Dhemaij, 19.1 % of the sam
contain higher concentrations than the Indian guideline of 50 µg/l, and 2.1 % contain more 
than 300 µg/l. With the above mentioned studies showing a potentially severe arsenic proble
in the state, the Public Health Engineering Department (PHED) in Assam decided to conduct 
their own study. 5729 samples from 22 out of Assam’s 23 districts were taken and analyzed 
for As. The results were that in 18 o
c
 
PHED in Assam is currently in the process of starting up their Joint Plan of Action (JPOA, 
2005) in cooperation with the United Nations Children Fund (UNICEF).  In the first stag
PHED will test all government tube wells. The pumps will be painted red or blue depending 
on whether the As content exceeds 
te
are offered to test their water for a low cost. The JPOA also includes setting up district 
laboratories, health clinics, information and education. 
 
 

3
 

3.1. The study area     
 

he two areas selected for the study are situated in the Darrang district and the Bongaigaon T
d
central Assam, whilst Bon
samples were collected fr
tributaries from the north.  
 
Several tributaries are flowing through both districts. One of the main rivers in Bongaigaon 
the Manas River. It is adjoined by several other rivers, such as the Aie River, on its course 
down to the Brahmaputra. The Bongaigaon tributaries originate in the trans-Himalayan range
whilst the rivers flowing through Darrang are sub-Himalayan. Darrang is drained by the 

hansiri suD
of the area and the large deposits of sediment the tributaries change their courses regularly. 
The palaeochannels left behind have a sediment composition that differs from the surroundi

verbank deposits, the high loo
a
 
The geology in both dis
n
consisting of metamorphic complexes of gneiss and schists from middle Proterozoic to 
Archaean are surfacing. The recent alluvial sediments lithology is described by sorted gravel,
sand, silt and clay (CGWB, 1985) 
 

 8



Most people in the study area rely on groundwater as a source of drinking water. The use of 

un by the PHED. These schemes tap deeper 
quifers and the water is treated by aeration and slow sand filter filtration (personal 

communication, Mr Abhimanyu Paul, PHED, 2005). Dug wells are also used to some extent.  

The groundwater of Assam has a high iron content (Aowal, 1981). Most households in the 

 
ver it is found to 

ve lost its capacity, which can be after a period of two weeks if the iron content is high.    .  

 selecting wells for sampling, the before mentioned studies by PHED, SOES and 

The drilling sites for sediment sampling were selected next to sampled wells with different 
depths and arsenic contents.  
 

3.2. Field Studies 
 
The fieldwork was performed during 26th of October until 19th November 2005, which is just 
after the monsoon season of the area. It consisted of the collection of water samples from 50 
different tube wells; 16 from Darrang and 34 from Bongaigaon. In addition to the 50 water 
samples, field measurements of arsenic as well as water chemistry parameters were taken 
from another 9 wells in Bongaigaon and 2 in Darrang.  
 
Four exploratory wells were drilled by personnel hired by PHED. Sediment samples were 
collected from the drilling for analysis.  
 

3.2.1. Measurement of field parameters and groundwater sampling 

he depth of the wells, as well as informati n on the installation date, sediment colour, and 
gh the help of an 

h 
D 

. These wells were purged for a 

tube wells is the most common way to access the water. Within the districts there is also a 
number of Public Water Supply Schemes r
a

 

area of study use domestic filters for iron removal. The filters usually consist of a concrete 
ring; about 0.5 m in diameter and 0.8 m high, filled with sand and gravel and in some cases a
bottom layer of charcoal. The filter medium is cleaned or changed whene
ha
 

3.1.1. Selection of wells  

In
NERIWALM were consulted. Wells previously tested by PHED as well as previously 
untested wells were sampled. When possible, wells where information about the sediments 
was available were chosen. When deciding where samples would be taken, the geographical 
distribution was also taken into account in a way that relatively consistent study areas were 
achieved. 
 

T o
other relevant information was gathered from the owners of the wells throu

terpreter. The location of the well was recorded with a handheld GPS. in
  
The wells were purged thoroughly before sampling because of the necessity to sample fres
and not stagnant water from the pipes.  Some of the wells had been sealed off by the PHE

ecause of high concentration of arsenic or some other reasonb
greater duration to ensure the representative water quality. 
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At each site visited, water parameters such as temperature, pH, Eh and electric conductivity 
(EC) were measured using portable field equipment and a flow through cell. The flow throug
cell consists of a container with a lid where the electro

h 
des are placed. The container is fitted 

ith a hose, connected to the outlet of the pump. The container is also fitted with a hose at the 
top, allowing the water to flow freely through the cell (Figure 6).   
w

 

 
 
Figure 6. Flow through cell in which pH, EC and Eh-readings were taken. 
 
 
The Eh, pH and EC meters need some time to stabilize. The readings of pH and EC were 
taken after 5 minutes, the Eh reading after 10 minutes. 
 
Four water samples were taken from each tube well. The samples were all filtered using a 45 

m filter. One sample was stored in a 50 ml boµ
acidified for preservatio

ttle. Two of the samples were after filtering 
n, using 5 drops of 0.5 % HNO3 in 25 ml bottles. The fourth sample 

 filtered, acidified and prepared for As speciation. The As speciation is done possible by 

.2.2. Hach test 

t each well a field test kit for arsenic known as the Hach test was used in order to get a first 
 arsenic concentration (Internet, Hach, 2006). The Hach test is performed by 
r sample into a container. Two arsenic reagents, sulfamic acid and powdered 

 

 

w
u

as
sing disposable cartridges in which the As(V) is adsorbed while As(III) passes through the 

cartridge into a 25 ml bottle (Internet, Sandia, 2006).  
 

3

A
estimate of the
pouring a wate
zinc, are added to the water and a test strip is inserted into a slit in the lid.  The container is
swirled continuously for twenty minutes. The reagents react with the water, producing the 
toxic arsine gas which reacts with the test strip. The colour of the test strip is compared to a 
colour chart. The test can be performed at two different ranges, 0-500 ppb (µg/l) or 0-1500 
ppb. 
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3.2.3. Sediment sampling 

Four exploratory drillings were conducted, three in Bongaigaon and one in Darrang.  
Sediment samples were taken at different depths of the wells so that a litholog could be 
constructed. The Munsell chart was used to classify the colour of sediments. Both the colour 
of moist and dry samples was determined.   
 
The drilling of tube wells is performed by using a simple but very effective technique. A team 
of 3-4 drillers dig a hole in the ground and fill it with water. Then a rig of bamboo sticks is set 
up. The bamboo rig is used as a lever and steel pipes of the diameter of 2 inches are pushed 
through the sediments. The water in the pit works as lubricant and by putting a hand on the 
pipe a negative pressure is created which makes water and soil ascend through the pipe. Once 
one pipe is pushed down another is attached.  The sediment samples could be collected as 
disturbed samples coming up the pipe and the depth was measured by knowing the number of 
pipes used and the length of them (Figure 7). 
 

 
 
Figure 7. A group of drillers installing a tube well in a small village. Sediment samples were 

 
 

taken from the wells drilled during the time of the study.   
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3.2.4. Filters 

Samples of filtered water as well as samples of filter medium (sand) were taken from two 
domestic filters and one slow sand filter at a Public Water Supply Scheme (Figure 8). The 
filters are mainly meant to reduce the iron content since it brings an undesired taste and colo
to the water.  

 

ur 

 
 
 
Figure 8. Typical domestic filter (to the left) 
and slow sand filter at Public Health 
Department Scheme (right). 

ples collected in Assam were shipped to Stockholm, Sweden for 
analysis at KTH and Stockholm University.  
 

3.3.1.  Major cations and trace elements 

The cations (Ca2+, Mg2+, Na+ and K+) and trace elements (Fe, Mn, As) were analyzed by 
inductively coupled plasma (ICP) emission spectrometry (Varian Vista-PRO Simultaneous 
ICP-OES equipped with SPS-5 autosampler) at Stockholm University. Following a run of 
every 10 samples, certified standards, SLRS-4 (National Research Council, Canada) and 
GRUMO 3A (VKI, Denmark) and synthetic multi-element chemical standards were run and 
background correction was done based on Y and Sc. Relative percent difference among the 
duplicate runs was within ± 10 %. As(V) was calculated as a difference between total As and 
As(III) in the samples.  

 

3.3. Laboratory studies 
 
The water and sediment sam
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3.3.2. Anions 

T w m s a z n su  c d h it an r
using a Dion X ro gr i A E t a  w
used for this analys d n f  H

3 . n

Alkalinity wa a  o t p e t e u  
w a u e i a rm d  
SS-EN ISO 9963-2. The filtered, unacidified sa s ti  H  p
4 h c  a cc y l e t ru  c o

p  

 n  a ho t

l j n y I th  t ly e o
d p t a e h  h e o
P i d c d le w n f m

 
The m  u  fo  a n p n s t
P f 4
 

3 . lve Or  C

The dissolved organic carbon content was dete d th  h
a r C

s

e s d c i

G r a h i

e r h d  se  p t o
te  A end  1, 2, and 3 and the results are summ  

he ater sa ple   
120 i

were naly ed for a i  
ap  w
ons ch as hlori e, sulp ate, n

n. il
rate 

ere  s
d fl ou
m les

ide 
ex D - on

t
 ch m toa h th n a S -S9  c lumo  F d p e  re

is an he a alysis was pre ormed at KT .  

.3.3 Alkali ity 

s me sured n a Radiome er Co enhag n PHM 82 S andard pH m ter eq ipped
ith n ABU 80 a tobur tte. The alkal nity w s dete ine according to the standard method 

mple  were trated with 0.02 M Cl to H 
.5. T e pre ision nd a urac  of ana yses w re tes ed by nning dupli ate analyses n 

selected sam les. 

3.3.4. Ammo ium nd P spha e 

The F ow In ectio  Anal sis (F A e) m od was used o ana ze th  amm nium (NH4-N) in 
filtere  sam les a  wav lengt  of 540 nm. T e sam  meth d was used to analyze phosphate 
(PO4- ) on f ltere and a idifie  samp s at a avele gth o 690 n . 

ethod sed r the mmo ium and phos hate a alysi gives he results as NH4-N and 
O4-P. The results have been recalculated as mg/L o  NH4 and PO . 

.3.5 Disso d ganic Carbon (DO ) 

rmine  with e use of a S imadzo TOC-5000 
with a ASI 5000 autosampler. The Non-Purge ble O ganic arbon (NPOC) method with IC-
check was u ed. 
 
 

4. R sult an  dis uss on 
 

4.1. ene al w ter c em stry 
 
The r sults f om t e fiel  work and laboratory analy s are resen ed bel w. The full results 
are lis d in pp ices arized in Table 1. 
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Table 1. General water c
 

hemistry in the Darrang and Bongaigaon Districts, Assam, India  

a2+

      
 

ID Depth pH EC Eh HCO3
- Cl- PO4

3- SO4- NH4
+ Na+ K+ Mg2+ C

 m  µS/cm mV mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
                      

D1 24.4 6.6 200 30 116.06 6.06 3.51 0.37 0.29 19.89 <0.48 5.03 11.00
D2 57.9 6.7 130 -39 81.28 0.25 3.09 0.06 0.54 17.09 <0.48 3.67 8.28 
D3 36.6 7 140 60 54.67 0.68 0.00 0.13 0.50 25.41 <0.48 3.11 7.58 
D4 91.4 7.4 180 -65 92.51 0.4 1.12 6.95 0.00 14.62 <0.48 5.08 12.26 
D5 27.4 7.1 100 -75 93.36 3.62 2.36 3.36 0.08 16.29 <0.48 4.75 8.38 

4 
<0.48 4.56 8.61 

D9 20.1 6.5 240 -72 56.63 22.87 2.89 10.63 0.55 8.86 <0.48 7.58 12.59 
.21 

 

7.96 

30

62.16 
B5 21.3 7.3 410 -104 114.96 1.73 0.86 0.69 0.07 2.49 <0.48 21.63 73.88 
B6 21.3 7 580 -116 184.04 3.68 2.73 0.07 0.72 5.96 <0.48 33.91 125.43

 2.34 0.07 0.95 5.76 <0.48 35.28 128.11
1.05 0.51 0.16 4.43 <0.48 36.86 132.99

6 
8 

50 
0.7 3.2 0.26 0.85 0.14 6.94 <0.48 39.92 88.46 

7 230 -37 62.61 0.35 0.27 29.8 0.00 9.27 <0.48 20.31 54.48 
B16 48.8 7 200 -71 89.21 0.43 0.00 0.46 0.08 9.17 <0.48 7.34 9.93 

4.63 1.08 0.29 2.86 11.79 <0.48 29.63 118.15
B18 24.4 7.2 550 25 130.7 15.19 0.08 0.24 1.64 12.59 <0.48 29.77 121.16

<0.48 35.82 99.60 
B22 15 7 520 -120 138.39 8.45 2.42 0.19 1.26 5.42 <0.48 25.73 139.61

460 -27 121.06 1.96 0.18 24.08 0.00 4.84 <0.48 28.09 118.14
550 -97 193.19 2.15 1.76 2.44 0.81 4.22 <0.48 30.07 204.88

.99 
6 5.34 1.41 4.74 0.00 6.12 <0.48 22.87 69.77 

B28 24.4 6.9 170 58 108.49 0.71 0.18 0.72 0.65 13.68 <0.48 6.58 13.62 
6.29

139.24
.23 24.19 

73

3.51 1.04 4.52 0.13 5.87 <0.48 35.83 177.52

D7 27.4 7.6 560 -110 381.74 0.09 2.20 1.1 0.52 67.29 <0.48 16.44 30.4
D8 26.6 6.9 170 -72 71.03 1.39 0.71 0.05 1.18 7.37 

D10 39 6.8 240 -72 91.9 1.24 0.25 0 0.80 9.13 <0.48 5.30 11
D11 27.7 6.6 220 -85 104.83 2.54 5.25 0.13 1.31 8.40 <0.48 7.37 16.54 
D12 27.4 6.6 160 -70 97.02 4.38 2.34 0 1.85 8.43 <0.48 5.96 16.32
D13 54.9 6.8 150 26 135.1 0.93 1.02 0.51 0.00 9.93 <0.48 8.67 19.98 
D14 67.1 6.4 130 -36 56.14 2.37 2.00 0.85 0.19 6.19 <0.48 3.70 
D15 20.1 6.4 200 -34 75.3 7.63 2.81 0.22 0.37 7.71 <0.48 4.69 10.17 
D16 30.5 6.7 170 -57 98.49 0.34 3.22 0.12 1.52 16.78 <0.48 3.76 9.53 
D17 24.4 6.7 130 -66 93.24 0.26 3.34 0.07 1.49 15.36 <0.48 3.83 9.29 
B1 30.5 6.9 680 -89 493.29 6.06 2.99 0.38 1.00 6.20 <0.48 35.84 132.64
B2 24.4 7 620 -111 147.3 10.63 1.92 0.25 0.93 9.04 <0.48 38.72 140.
B3 18.3 7 540 -116 135.83 8.94 2.11 0.33 1.12 8.81 <0.48 32.13 121.85
B4 15.2 7.1 340 -93 105.08 3.92 2.13 0.07 0.71 3.99 <0.48 22.52 

B7 21.3 7 540 -114 145.23 3.22
B8 24.4 6.8 590 -78 127.78 0.62 
B9 21.3 6.9 620 -112 139.49 20.33 0.24 0.25 6.83 12.93 <0.48 32.40 120.90

B10 21.3 6.9 540 -105 114.84 16.85 1.76 0.09 4.76 9.60 <0.48 27.18 101.63
B11 22.9 7 320 -37 64.56 1.34 0.25 4.25 0.00 5.72 <0.48 22.37 44.9
B12 38.1 6.8 300 31 57.48 0.56 0.02 6.35 0.00 4.75 <0.48 21.49 36.7
B13 32 6.8 380 -67 74.57 5 0.94 1.33 0.43 4.41 <0.48 27.87 49.
B14 32 6.8 490 -27 12
B15 30.5 

B17 48.8 6.9 580 -94 128.39 1

B19 48.8 6.8 690 -107 164.39 69.13 2.00 0.12 9.32 28.03 <0.48 39.06 132.38
B20 10.7 7 500 -76 122.53 3.96 1.13 0.51 0.77 10.57 <0.48 27.37 109.70

6.8 590 -112 126.31 50.84 3.80 0.52 6.59 25.38B21 25.9 

B23 18.3 6.9 
B24 24.4 6.8 
B25 25.9 6.9 230 54 113.86 2.86 0.07 3.95 0.00 4.05 <0.48 15.46 29.20 
B26 27 7.2 450 -107 84.45 18.45 3.59 0.24 3.46 12.84 <0.48 29.21 85
B27 38.4 6.6 350 -93 83.

B29 24.4 6.9 450 -82 135.95 0.86 0.55 1.3 1.76 5.22 <0.48 24.95 12
B30 24.4 6.2 430 104 143.89 3.2 1.03 15.87 2.14 4.13 <0.48 28.60 
B31 39.6 6.9 220 30 75.05 2.6 0.09 1.99 0.00 9.14 <0.48 15
B32 18.3 7.1 430 11 136.93 7.07 0.07 18.02 0.09 4.10 <0.48 34.22 126.
B33 12 6.9 340 -90 96.41 3.52 0.04 ? 0.00 3.37 <0.48 24.71 84.86 
B34 30 7.1 470 135 178.18
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4.1.1. Field parameters 

The temperature of the groundwater did not vary much in between wells within the study 
areas. The recorded values were in the range of 21.5 to 23 degrees Celsius. 
 

he electric conductivity was in the range of 100 to 690 µS/cm, with a median value of 335 
µS/cm for the two study areas combined. There is a slight trend towards higher conductivity 
t more reducing conditions.  

 
he majority of the sampled wells in both study areas had a pH value very close to neutral. 

The recorded values ranged between 6.2 and 7.6 with a median of 6.8.  

The field measurements of Eh of the groundwater in the study area showed values in the 
nge of 100 to -100 mV, with a median of -30 mV. These values are, however, not likely to 

represent the actual redox values of the aquifers. The redox potentials obtained with redox 
lectrodes are not very exact. Information can instead be gathered by looking at 

concentrations of redox sensitive species and the redox speciation of the groundwater.   

The Hach kit gave results on arsenic content ranging from 0 to 500 µg/l. When comparing the 
sults with the lab analyses on arsenic one can see a good correlation (R2=0,89). The results 

based on the colour of the test strip have been overestimated in some cases but the general 
end is an underestimation of arsenic content. The results are good enough to recommend the 

Hach kit as a relatively cheap way of testing whether the water is suitable for drinking. 

The alkalinity of the groundwater was in the range of 54.7 mg/l to 493.0 mg/l HCO3
-, with a 

edian of 174 mg/l HCO3
-. These values can be considered high; the waters are thus in 

general quite good at buffering pH variations. Ammonium varied between 0 and 9.32 mg/l, 
/l. The lab results showed phosphate contents ranging between 0 and 5.25 

mg/l with a median of 1.16 mg/l. 

th a 

.1.4. Major Ions 

he water in Bongaigaon can predominately be classified as being of Ca-Mg-HCO3 type 
igure 8). The water of the wells with an arsenic concentration below 10 ppb, can be 

slightly higher Mg concentrations. The wells with an arsenic 
oncentration of 10-50 and >50 ppb have similar relative ion concentrations. The sulphate 

concentrations are in general low.  

T

a

T

 

ra

e

 

re

tr

 

4.1.2. Alkalinity, ammonium and phosphate

m

median 0.60 mg

 

4.1.3. Dissolved organic carbon (DOC) 

The analysis of the water samples showed DOC amounts between 0.3 mg/l to 4.2 mg/l wi
median of 1.5 mg/l. These values are considered to be moderately high.  
 

4

Piper plots can be used to classify the chemistry in groundwater according to the relative 
concentration of some major ions.  

T
(F
identified as having 
c
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In Darrang District, the wells can be classified as either Na-Ca-Mg-HCO3 type or Ca-Mg-
HCO3 type (Figure 9). Most of the wells with high As content (>50 ppb) are of Na-Ca-Mg-
HCO3 type, whereas the majority of wells with low to intermediate arsenic content are of Ca-
Mg-HCO3 type. The sulphate concentrations are low, as in the Bongaigaon District.  

 

 

 

 

 

> 50 ppb 

10-50 ppb 

< 10 ppb 

 

 

 

Figure 9. Piper plots showing the overall major ion chemistry of the groundwater in the 

rsenic was found in 36 out of 50 corded concentration ranging between 5 and 
606 µg/l. Between 85 and 100 percent of the arsenic was found to be present in the As(III) 

 
e the dominating species where oxidative conditions had been indicated by 

the field measurement of Eh (positive). This is partly due to the fact that the reduction of 
at field measurements of Eh do not 

necessarily give an accurate representation of an Eh value supported by specific redox couples 

 

 

 

 

Bongaigaon and Darrang districts. 

 

4.1.5. Arsenic  

A wells, the re

form. The high amount of As (III) indicates reducing conditions in the groundwater. As(III)
was also found to b

As(V) sometimes can be slow, as well as the fact th

(as earlier mentioned). 
 
The degree of arsenic enrichment in the study area should be seen in context of the WHO 
guideline of 10 ppb (10 µg/l) and the national Indian guideline of 50 ppb (50 µg/l). In total 15 
(30 %) of the sampled wells showed As content above the national guideline and 33 (66 %)
above the WHO guideline.  
 
 
4.1.6 Trace Metals 
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A high concentration of iron is common to almost all of the wells within the study areas, the 
recorded levels were in the range of 27 to 43 000 µg/l (Appendix 2) Almost all wells had a 
concentration higher than the WHO guideline of 300 µg/l. Reddish colouring at the well could 
be taken as an indication of the presence of iron, since ironhydroxides are red (rust-coloured). 
One should mention that the guideline set by WHO concerning iron is not of health concern 
but rather of taste and appearance of the water (Internet, WHO, 2006). The levels of 
manganese found were in the range of 32 and 6000 µg/l. These values are considered high, 
when comparing them to the WHO guideline of 400 µg/l.  
 
The fluoride concentration was in general higher in the Darrang District. Even if the 
concentration in some wells came close to the WHO guideline of 1.5 mg/l, most wells of the 
two districts showed fluoride concentrations below the target level of 0.8-1.2 mg/l set by the 
WHO as a guideline to the minimisation of harmful effects and maximisation of benefits 
(Internet, WHO, 2006c). 
 
None of the other trace metals analyzed was present in elevated amounts (above WHO 
drinking standards (Internet, WHO, 2006a). The full results of the analysis can be found in 
appendix 2. 
 

it 
to 

.2.1. Relations etween s a d pH 

. 

4.2. Inter-element relationships 
 
In order to investigate the mechanism responsible for the release of arsenic to groundwater, 
is important to look at the relationships between different water chemistry parameters, and 

terpret the relationships found.   in

4  b A n

As stated earlier, the adsorption capacity for arsenic to different surfaces decreases as the pH 
increases due to a higher negative surface charge on Fe hydroxides. However, when looking 
at the total arsenic concentration versus pH, no such relation could be identified (Figure 10)
The pH range in these waters is probably too narrow for such a relation to be detectable.  
 

0
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pH  
igure 10. The relation between arsenic and pH in sampled groundwater (Bongaigaon and 

Darrang district).  
F
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4.2.2. Relations between As, Fe, Mn and sulphate 

When looking at the relation between dissolved iron and arsenic (Figure 11), water from both 
areas show a weak correlation. As previously noted, in many earlier studies (Bhattacharya et 
al., 1997, Nickson et al., 1999, 2003) it has been concluded that it is the reductive dissolution 
of iron hydroxide that is the main release mechanism for arsenic. If this was true, arsenic and 
iron would be expected to exist in solution simultaneously, and there should exist a strong 
correlation between them. But why is it not so? It can be explained by the fact that the 
dissolved iron does not act conservatively, which means that the dissolved iron takes part in 
other chemical reactions, and is therefore not accumulated in dissolved form to the same 
extent as the arsenic.    

R2 = 0.5947
R2 = 0.204
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ang 

es 
could be the result of the bacterial breakdown of organic matter (McArthur et al., 2004). 
 
4 FeOOH + CH2O + 7 H2CO3  4 Fe2++ 8 HCO3

- + 6 H2O   (Equation 2)  
 
By looking at equation 2, one can see that the ratio between the HCO3

-
 and iron found in the 

groundwater should be about two. However, as can be seen in Figure 12, this is not the case. 
The released iron is acting “non-conservatively” as mentioned before, e.g. taking part in other 
reactions, precipitating like for example as FeCO3 (siderite) and forming other substances. 
Because of this, the relationship between HCO3

-
 and iron as well as arsenic and iron is not 

equal to that expected by looking at equation 2. 
 
HCO3

- is produced from either dissolution of carbonates or degradation of organic matter. The 
dissolution of carbonates also produces calcium or magnesium ions and by examining the 
molar ratios between these ions (see appendix 4) one can predict from re the HCO3

- was 
formed (Wagner et al., 2005), that is if the HCO3

-/(Mg + Ca)-ratio is less then 1 it is probable 

Figure 11. Bivariate plots of the arsenic and iron concentrations in Bongaigaon and Darr
districts. The weak correlation factor indicates that iron is acting non-conservatively.  
 
As mentioned earlier, the reducing environment causing the dissolution of iron hydroxid

 whe
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that the HCO3
- was formed by degradation of organic matter . The groundwater in Darrang 

contains low amounts o - f Ca and Mg and it’s obvious that HCO3 was formed through 
egradation of organic matter (HCO3

-/Ca+Mg ratios between 3.0 and 8.6). In Bongaigaon, the 
concentration of Ca and Mg are substantially higher but the molar ratios (HCO3

-/Ca+Mg 
rmed from 

degradation of organic matter.   

d

ratios between 0.8 and 5.6) still suggest that, to some extent, HCO3
- is fo
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Figure 12. Bivariate plot of the iron and HCO3 concentrations in the Bongaigaon and Darrang 
districts. Iron is acting non-conservatively.  
 

 

 
Figure 13. Bivariate plots of Mn concentration and a) As concentration b) HCO3

- (alkalinity) 
in the Bongaigaon and Darrang districts. 
 
In addition to ferric hydroxides, manganese oxides and hydroxides have earlier been stated as 
alternative places for the adsorption of arsenic. When solid phases containing manganese are 
reduced, the arsenic would be released in the same manner as for iron hydroxides. In the case 
of manganese there is no correlation at all between As and Mn (Figure 13 a). Manganese 
could simply be acting non-conservatively (Figure 13 b), for instance precipitating as 
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rhodochrosite (MnCO3) (Sracek et al., 2000; McArthur et al., 2001; Ahmed et al.., 2004). 
Another more feasible explanation is that the adsorption/desorption from manganese 
hydroxides/oxides plays a minor role in controlling the mobility of arsenic. The reduction of 
Mn is more energetically favourable than the reduction of iron, therefore any arsenic released 
from the reductive dissolution of Mn oxides/hydroxides can be re-adsorbed by iron 
hydroxides (McArthur et al., 2004). 
 
As mentioned earlier, the oxidation of arsenopyrite and arsenic-bearing pyrite was long 
considered to be the mechanism controlling the mobilisation of arsenic. However, if this 
would be the case, there should exist a relationship between dissolved arsenic and sulphate. 
The data from Bongaigaon and Darrang district do not support this theory (Figure 14). 

 
Figure 14. Bivarate plot of As and SO4

2- concentrations in the groundwater of the Bongaigaon 
and Darrang districts.  
 

4.2.3 Relations between As, DOC, alkalinity, ammonium and phosphate

As mentioned, degradation of organic matter in the sediments plays an important roll in the 
hypothesis of As mobilisation. DOC can be seen as an indicator of the presence of organic 
matter, and a weak correlation between DOC and As can be identified (Figure 15 a). Other 
factors that could indicate presence of organic matter are increased alkalinity and ammonium 
concentration.   
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Figure 15. Results from water analysis shown as bivariate plots. a) As and DOC, b) As and 
NH4

+ (note that outliers in form of the highest As values are excluded from the regressions), 
c) NH4

+ and DOC, d) As and PO4
3- and e) PO4 and NH4

+. 
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Elevated concentrations of phosphate and ammonium are indicators of the degradation of 
organic matter (Bhattacharaya et al., 2002b). The evidence of degrading matter is 
strengthened if more than one indicator is present. A correlation between As and NH4

+ can be 
seen in Figure 15 b. DOC and NH4

+ are also weakly correlated (Figure 15 c). On the other 
hand, no trends between PO4

3- and As or NH4
+ can be distinguished (Figure 15 d, e). One 

reason why PO4
3- and  NH4

+  do not correlate is that the phosphorus might have its origin in 
the application of fertilizers.  
 

4.3. Spatial variations in water chemistry 

4.3.1 Hydrogeochemical variations in waterchemmistry between the areas 

Temperature, pH and Eh showed no significant difference between the two study areas. The 
electric conductivity on the other hand showed significantly different values. In Darrang 
District, the median value is 170 µS/cm while in Bongaigaon it is as high as 450 µS/cm. 
There is no apparent trend with depth of the wells. 
 
The median iron content in Darrang was 11.0 ± 11.9 mg/l and in Bongaigaon 6.1 ± 7.2 mg/l. 
The corresponding values for manganese were 0.7± 0.6 mg/l and  1.0 ± 1.1 mg/l in Darrang 
and  Bongaigaon respectively. 
 

4.3.2. Arsenic distribution in the area 

 is hard to identify any definite regional trends of As occurrence within the areas. The It
contamination varies much between neighbouring wells. 
 

 22



 
F
(
 
H
(
b
d
 
I
f
c
 
N
2
c

 

igure 16. Arsenic distribution in Darrang district. Results in µg/l total arsenic from Hach test 
Army Map Service, 1955). 

N 

    5 km 

owever, in the Darrang district, two sub-areas with arsenic
Figure 16). The As concentrations in these areas are moder

 enrichment can be identified 
ate, the highest concentration 

eing 60 µg/l. The samples taken north of Guwahati city showed no As content above the 
etection limits.  

n the Bongaigaon area the samples taken furthest away from the Brahmaputra were arsenic 
e ree. An arsenic contaminated belt was found to some extent following the Manas River. Th

oncentrations in this belt vary between 0 and 600 µg/l (Figure 17).  

ERIWALM found that groundwater adjacent to foothills is highly As-contaminated (Singh, 
004). Since the samples in this study were collected from lower lying areas, this cannot be 
onfirmed.   
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Figure 17. Arsenic distribution in Bongaigaon district. Results in µg/l total arsenic from Hach 

st (Army Map Service, 1955). 

.3.3 Relations between depth of wells and arsenic content 

uded that water from very shallow aquifers (within 20 
 from ground level) and deep aquifers (>150 m) are less As contaminated. The reason for 

n be 

’t 

 slight 
ells would be sampled, the depth 

trend found in the NERIWALM study might be confirmed.  

Although the wells with the water with highest As enrichment is between 20 and 30 m deep, it 
). 

 
s.  

te
 

4

In the NERIWALM study it was concl
m
arsenic free water from deeper wells is that these aquifers are Pleistocene. Not much ca
said about this in this study, since no samples from wells deeper than 100 m were collected.  
The groundwater is in general found very close to the surface and the drillers usually don
need to drill very deep to find, what they think, is potable drinking water. It is also costly to 
drill deep wells, and it is in general only Public water schemes and private motorized wells 
that tap deeper aquifers. By looking at the few deeper wells sampled, there is however a
trend towards less arsenic with depth (Figure 18). If deeper w

 

is not established that shallow aquifers contain water that is less As contaminated (Figure 18
Local conditions like the occurrence of paleochannels with a lot of organic matter and the 
earthquakes of the area have worked together to produce a heterogeneity which makes it
difficult to predict the location of high-As region
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Figure18. Arsenic content in wells of different depth in both districts. Results from water 
samples taken in November 2005. 
 
There is no visible trend between alkalinity or Eh and study area or depth (Figure 19), 
indicating that there are no distinct lithological sequences with more or less reducing 
conditions; instead the high alkalinity in individual wells is thought to be the result of 
localized zones with high degradation of organic matter and resulting reducing conditi
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Figur 19. Alkalinity and Eh plotted against well depth.  
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4.4. Sediment characteristics 
 
According to other studies (van Geen et al., 2003; Mc Arthur et al. 2004; Jonsson and 
Lundell, 2004) the sediments found to be the source of arsenic free water have had a reddish 
colour. This colour can be attributed to the presence of ferric hydroxide (FeOOH). If the 
environment is more reducing, there will be a partial reduction of iron hydroxide, producing a 
brownish sediment colour. The readsorption of arsenic to residual FeOOH in these sediments 
keeps the As concentration reasonably low. If all FeOOH is reduced and vanishes, the 
sediments will get a greyish colour (McArthur et al., 2004). 

4.4.1. Exploratory wells 

Both samples dried in oven and semi-moist samples were colour classified. Since the moist 
samples would resemble the natural conditions of the sediments better, the emphasis is put on 
interpreting those results. The full results of the sediment classification are presented in 
appendix 5 and an overview seen in Figure 20. 
 
 The sediment samples from the four exploratory wells all had upper layers of clay in varying 
thickness from 6 to 12 m. These layers might confine the underlying sand aquifers.  
 
The sand in the sediment samples taken in connection to well B1 showed a slight greenish 
colour. The uppermost 12 m consisted of clay and silt layers. Water samples from the 30.5 m 
deep B1 well was taken and contained 53 µg/l As. Another well (B4, 15.2 m deep) located 
just 25 m away showed no As content.  
 

as about 6 
Water 

ken and showed an arsenic content 

. 

onsists of coarse grey 

 

The sediment samples from well B10 were similar to B1 in colour. The clay layer w
m thick. The well B10 was 21.3 m deep and the water had an As content of 93 µg/l. 
amples from three other wells in the same village were tas

between 50 and 130 µg/l.  
 
The third set of sediment samples in Bongaigaon district was taken in connection to well B30
This well was the one containing the highest amount of arsenic of all the sampled wells, 606 
µg/l. The colour of the sand was greyish olive and was topped by a 6 m thick layer of grey 
clay. 
 
n Darrang district one exploratory well was drilled. Here the aquifer cI

sand. The water in the well D15 (20.1 m deep) next to the exploratory well does not contain 
any As but shows a high Fe content. The drillers at the site were also asked to classify the 
colour of the sand and they classified the sand in the deepest layer as “grey”. 
 
The general idea among well drillers and local population seems to be to find “white” sand, 
which is known to supply “good” water which probably means low iron content and no 

rganic material. What is stated “white” or “whitish” sand by local population would o
probably be classified as something between light grey and greyish in the Munsell 
classification. One should mention that sand can be quite hard to colour classify since the 
grains are all distinguishable and can vary between anything between black and white in the 
same sample. The moisture content of the sand when being classified is also important; when  
he sand dries it tends to “lose” its colour and becomes more greyish (see Appendix 5).t
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Fig  20. L e fou oratory wells. Colours generated with Munsell 
Co n on  (Internet, wallkillcolor, 2006). 

g As 
 the 

 iron perspective, they end up choosing a sand void of 
rsenic as well. One can also note a weak correlation between Fe and As (Figure 11); this 

  
r were discovered at depths beyond the depth of all 

e exploratory wells drilled in this study. Had the wells been deeper, it is likely that aquifers 
having similar conditions would have been found. Since no wells in the studied areas are 
drilled to deep depths, finding such an aquifer would not help the local population much.  
 
 The reason that the grey sediment sample in Darrang does not bear As-enriched water is hard 
to see. The fact that the As situation seems to be less severe in Darrang compared to 
Bongaigaon might be the reason; the sediments derived from the Darrang tributaries might not 
have carried As-containing minerals in as high an amount as the ones in Bongaigaon.  
 

3 

ure ithologs of th r expl
nversio  versi  6.5.7

 
All the three exploratory wells in Bongaigaon lie close to tube wells with water containin
concentrations over the national drinking water standard. The aquifers consist of sand on
green-grey colour scale. The only set of sediment samples from Darrang was taken next to a 
tube well free of As and the sand there was a colourless grey. This could indicate that when 
the drillers choose colour of sand in an
a
correlation would probably be stronger if Fe behaved conservatively.  
 
None of exploratory wells have red or brown sediments, which have been found to be free of 
arsenic in studies conducted in Bangladesh (Jonson and Lundell 2004). However, in this study
the red sediments bearing less As rich wate
th
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The results from the relatively few sets of sediment samples should however be interpreted 
carefully since they are too few to give statistically significant results. They also do not cover 
the dept of the whole aquifer.  
 

4.4.2. Sediment characteristics at water sampling sites 

In addition to the sediment information from the exploratory wells, the users were asked if 
they had any knowledge about the characteristics of the sediments from all sampled wells. 
Since most of the wells had been rather recently drilled, one can assume that the information 
can be quite accurate. For some older wells however, sediment information was lacking. 
When no information could be received from the well users’ general information on the 
sediment layers in the area, this was instead received from PHED staff members. The stated 
sediment characteristics can be found in appendix 1. 
 
The stated colour of the tapped sediment layer was noted down and when categorized into two 
colour groups one can compare the arsenic content dependent on colour of the sediments 
(Table 2). 

 
 

able 2. Mean and standard deviation (stdv) of arsenic (Hach results) and iron content inT
wells classified by sediment colour stated by users. 
 

Stated colour 
(sample size) 

No info 
(18) 

White, whitish, off-white, gray 
(23) 

Red, reddish, reddish brown, 
brown, brownish (5) 

As mean  42 69 93 
(µg/l) stdv 40 113 120 
Fe mean  9,97 8,39 13,8 
(mg/l) stdv 8,58 9,65 7,72 

 
at, contrary to other studies and the theoretical expectation, the allegedly 

reddish and brownish sediments have the highest arsenic content. The iron content is as 
ped from red/brown sediments. This may seem as a contradiction to 

the iron hydroxide release theory but the red/brown sediments are probably partly reduced and 

mall 
ferent 

es. 
ly 

One can see th

highest in the water tap

are releasing Fe to a certain amount.  
 
One should consider that extreme values will influence the statistics very much in such s
data sets. One better way of looking at the differences in As content between the dif
sediment samples is checking how many wells that have waters with As above the guidelin
In Figure 21, one can see that the proportion of wells showing As enrichment is quite even
distributed between the sediment colours.  
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Figur
  

hese results of As content and sediment colour, based on oral information, should however 
b tated 
as bro ll and 
sedim nce the result; 
different interpreters were for instance used at different sites. 
 
 

4  

4.5.1

The H tal As was preformed on water from well B26 and B29 after being filtered 
rough a domestic filter. The unfiltered water contained 91 µg/l and 428 µg/l As, 

re e
The f
preci r 
adsor , SOS, 2006). Sharma et al. (2005) have 
done experiments on iron removal units and their ability to reduce arsenic. They conclude that 
a /
As(II
the u ble to 
receive a rather efficient decrease in As concentration. In B26 the Fe/As-ratio was high (258) 
ut in B29 as low as 28. A higher Fe/As-ratio or oxidation of As(III) to As(V) could 

c r ).  
 

e 21. As content linked to sediment colour as stated by users of the sampled wells. 

T
e interpreted even more carefully than the results from the sediment samples. What is s

wn by one user might be given as the colour grey by another. The depth of the we
ent layers may also be uncertain. Language barriers may also influe

.5. Filters 

 Domestic filters 

ach test for to
th

sp ctively. After filtration, the Hach kit showed concentrations of 25 and 60 µg/l As.  
ilters are used by the households to remove the iron. The iron is oxidised and 
pitated on the sand particles. It seems that arsenic is co-precipitated together with o
bed on the formed iron hydroxides (Internet

 Fe As molar ratio above 80 is needed for an effective As removal. They also express that 
I) needs to be oxidized to As(V) for effective co-precipitation with iron hydroxides. In 
nfiltered water from B26 and B29, the As(V) amounts are low, yet it seems possi

b
ont ibute to a more effective removal, but this needs to be further investigated (Appendix 4
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4

aw water taken from one Public Water Supply Scheme (PWSS) (sample B17) showed an 
a n
was r
medi  preformed on aerated but unfiltered water at the tested PWSS but 

o reduction of As was detected. In the untreated water the Fe/As ratio was high (145) and 
a t 
more lp oxidize the arsenic and 
ontribute to a better efficiency in As removal. The different design of the filter compared to 

dome
 
 

. Conclusions 
 
• The As enrichment in groundwater in the studied area is severe. Of a total of 50 sampled 

wells in the Darrang and Bongaigaon districts, 15 showed arsenic concentration values 
above the national drinking standard of 50 µg/l and 33 above the WHO guideline of 10 
µg/l. 

 
• There are no distinct regions or sediment layers in the study areas where specific 

sedimentological features or water chemistry can be identified to produce arsenic 
enriched groundwater. It is thus hard to identify arsenic free areas. 

 
• The large local variations in As concentrations are probably due to the heterogeneity of 

the sediments and the resulting variations in redox conditions.    
 

• The domestic sand filters and slow sand filters in public water schemes seem to reduce 
the As content of the water rather effectively. Since filters are widely used in the region 
this might be the reason why no signs of arsenicosis have been documented in Assam. 
The mechanism and efficiency of the sand filters needs to be more thoroughly 
investigated. 

 
• Sediments with a colour on the green-olive scale are probably more likely bearing As 

contaminated water than white sediments. The data in this study does not support theory 
that red and brown sediments indicate less As. The sediment colour classification 
should, however, be carefully interpreted.  

 
• Local drillers’ knowledge about which types of aquifers that provide potable water is 

important and probably valid in terms of As contamination. Yet, due to economical and 
practical reasons, wells are often established in locations where these preferred 
conditions are not found.   

 
• The reductive dissolution of ferric hydroxides is thought to be the release mechanism 

controlling the mobility of arsenic.  
  
 

.5.2. Public Water Supply Scheme filter   

R
rse ic content of 103 µg/l. Filtered water was also sampled (B18) in which the As content 

educed to 12 µg/l. In the PWSS the water is aerated before filtering through the filter 
um. The Hach test was

n
lmost all arsenic in the As(III) state. The As removal in the PWSS filter seems to be a bi

 effective than in the domestic filters. The aeration might he
c

stic filters might be another reason for a higher efficiency in As removal. 

5
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• When looking at the Fe/As molar ratio, there is a weaker trend than would be expected. 
y due to the fact that the iron is acting non-conservatively to some extent.  

f 
rbed 

ly, since the pH range between samples is too narrow.  

ic 

This is probabl
 
• The manganese oxides/hydroxides are probably playing a minor role in the control o

arsenic mobility since any arsenic released from these surfaces is likely to be readso
to ferric hydroxides.  

 
• Desorption from metal oxides due to a pH induced change in surface charge is not 

like
 
• Oxidation of arsenopyrite is not likely to be the causing mechanism of the arsen

enrichment of the groundwater. 
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Appendix 1. Field parameters, general information on the tested wells 

 
ampleID Sample_Date Water color Sed color ID Sample type Installation date 

  
brown, 

)   
-05 r w T 1986 

S

 
(r=red/
w=white/gray

D1 2005-10 clea  ubewell 
D2 2005-10-05 r w Tubewell 1996 

-05 r r Tubewell 1992 
-05 r - Deep  ? 
-05 - tu ? 
-05 w T 1988 
-05 - T 2002 
-05 w Tube 2002 
-05 clear - well M-II Hama Deka 1991 

 w T 2002 
 r T 2002 

w T 2004 
w T 2004 
w T 1987 
w T ? 
- T 2004 

 - T 2004 
r - T ? 
r - T ? 

ar - T ? 
ar w T 2004 
ar - T 1998 
r - T tor 1998 
r - T ? 
 w T 2005 
 - T 1995 

r - T ? 
r - T ? 
r - T ? 
r w T 2005 
r w T 2003 
r r T 1991 
r w T ? 
r w T ? 
r - T ? 
r -
r -
r - 
r - T ? 
r w T 2003 
r w T 2003 

-05 r - T 2005 
-05 - T 2001 
-17 w T 1999 
-17 w P 1986 
-17 r Tube 2005 
-17 w T 2005 
-17  - T 1990 
-17  w T 2005 

- T 1990 
w T 1998 
w T 2004 

 r - Fi - 
B27 2005-11-19 clear w Tubewell 2005 

r r T 2005 
B29 2005-11-19 clear w Tubewell 2003 

 r - Fi - 
w Tube 1998 

r w T ? 
r w T 2005 
r w T 2005 
r w T 1995 
r w T 1998 

 
 
 
 

clea  
D3 2005-10 clea
D4 2005-10 clea  tubewell
D5 2005-10 clear bewell 
D7 2005-10 clear  ubewell 
D8 2005-10 clear ubewell 

well D9 2005-10 clear  
D10 2005-10 Tube
D11 2005-10-05 clear  ubewell 
D12 2005-10-05 clear ubewell 
B1 2005-11-03 clear  ubewell 
B2 2005-11-03 clear  ubewell 
B3 2005-11-03 clear  ubewell 
B4 2005-11-03 clear  ubewell 
B5 2005-11-03 clear 

r
ubewell 

B6 2005-11-03 clea  ubewell 
B7 2005-11-03 clea  ubewell 
B8 2005-11-03 clea  ubewell 
B9 2005-11-03 cle  ubewell 
B10 2005-11-03 cle  ubewell 
HB1 2005-11-04 cle  ubewell 
HB2 2005-11-04 clea ubewell, diesel mo
B11 2005-11-04 clea  ubewell 

ll B12 2005-11-04 clear  ubewe
B13 2005-11-04 clear  ubewell 
HB 3 2005-11-04 clea ubewell 
HB 4 2005-11-04 clea ubewell 
HB 5 2005-11-04 clea ubewell 
B14 2005-11-04 clea  ubewell 
B15 2005-11-04 clea  ubewell 
B16 2005-11-05 clea  ubewell 
B17 2005-11-05 clea  ubewell 
B18 2005-11-05 clea  ubewell 
B19 2005-11-05 clea  ubewell 
B20 2005-11-05 clea  Tubewell 2005 

1992 B21 2005-11-05 clea  T
T

ubewell 
HB 6 2005-11-05 clea ubewell ? 
HB 7 2005-11-05 clea ubewell 
B22 2005-11-05 clea  ubewell 
HB 8 2005-11-05 clea  ubewell 
B23 2005-11 clea ubewell 
B24 2005-11 clear  ubewell 
D13 2005-11 clear  ubewell 
D14 
HD1 2005-11

2005-11 clear 
clear 

 WSS 
well  

 D15 2005-11 clear ubewell 
HD2 2005-11 clear  ubewell 
D16 2005-11 clear  ubewell 
D17 2005-11-17 clear  ubewell 
B25 2005-11-19 clear  ubewell 
B26 2005-11-19 clear  ubewell 
FB26 2005-11-19 clea  lter 

 
 B28 2005-11-19 clea ubewell 
 

 FB29 2005-11-19 clea lter 
HB9 2005-11
B30 

-19 
2005-11-19 

turbid 
clea

 well 
ubewell  

 B31 
B32 

2005-11-19 
2005-11-19 

clea
clea

ubewell 
ubewell  

 B33 2005-11-19 clea ubewell 
B34 2005-11-19 clea  ubewell 

 



Appendix 1. Field parameters, general information on the tested wells 

SampleID District Block Panchayat Village 
   

ng Sipajhaar  Kaikara 
  
D1 Darra
D2 Darrang 

arrang 
Sipajhaar Dipila Gaon Nagaon 

D Sipajhaar  Taragaon 
D   
D  
D i Kuwarisan 
D ngoldoi Ramhari Kochomari 
D rang Pachim Manngoldoi Ramhari Kochomari 

 D
 D
 D  ? 

B  Maulavipara ? 
B ? 
B lavipara ? 
B Koikila Maulavipara ? 
B Balachar Balarchar part 3 
B Balachar Balarchar 
B Balachar Balarchar 
B Santoshpur Dumerguri part 2 
B gaigaon Tapartary Lentisinga Lentisinga 

 B gaigaon Tapartary Lentisinga Lentisinga 
 B gaigaon Dangtol Bongaigaon Bongaigaon town 
 B gaigaon Dangtol Bongaigaon Bongaigaon town 

B Chaprakata Baghmara  
B Chouraguri Goraimari, Bijni 
B gaigaon Manikpur Chouraguri Goraimari 
Bongaigaon Borobazar Bijni Bijni 
Bongaigaon 
B
B gaigaon Manikpur Bhandara Bhandara  
Bongaigaon Manikpur Bhandara Salabila part 3` 
B gaigaon Tapartary Borigaon Borigaon 
B
B
B
B mukh 
B Lentisinga Janermukh 
B way) 
B
B Mererchar Kushbari Primary School(near Abhayapuri) 
B Nasatra West nasatra (Khaspar) 
Bongaigaon Boitamari Majer Alga Iswarjhari Part I 
Bongaigaon Iswarjhari Part I 
D
D
D Garvi Mri 
D

D
D
D
B
B  
Bongaigaon 
B rt II 

B ragaon Pachania part II 

B Mohanpur prt II 

 B

B ri Khoragaon Mohanpur prt II 

B ri 
Pachania 
Khoragaon Mohanpur prt II 

B tipara 
B Battikchar 
B Jogighopa Jogighopa Battikchar 
B n Boitamari Jogighopa Jogighopa Battikchar 

D3 
D4 
D5 

arrang Sipajhaar 
arrang Sipajhaar  
arrang Sipajhaar Ganesh KuwarD7 

D8 arrang Pachim Man
D9 ar
D10 arrang Pachim Manngoldoi Ramhari Dekargaom 

arrang Pub Margaldai Khataniapara ? D11
D12 arrang  Dhula Dalgaeon

ongaigaon Srijawgram Koikila B1 
B2 ongaigaon Srijawgram Koikila Maulavipara 

ongaigaon Srijawgram Koikila MauB3 
B4 ongaigaon Srijawgram 
B5 ongaigaon Srijawgram 
B6 ongaigaon Srijawgram 
B7 ongaigaon Srijawgram 
B8 ongaigaon Tapartary 
B9 on
B10 on
HB1 on
HB2 on
B11 
B12 

ongaigaon Dangtol 
ongaigaon Manikpur 

B13 on
HB 3 
HB 4 Borobazar Batanbari Batabari 

ongaigaon Manikpur Bhandara Kachdaha HB 5 
B14 on
B15 
B16 on
B17 ongaigaon Tapartary Lentisinga Lengtasinga 

ongaigaon Tapartary Lentisinga Lengtasinga B18 
B19 ongaigaon Tapartary Lentisinga Janermukh 

ongaigaon Tapartary Lentisinga JanerB20 
B21 ongaigaon Tapartary 
HB 6 ongaigaon Tapartary Abhayapuri town Televerket, Abharapuri (50 m a

ongaigaon Tapartary Abhayapuri town Big scheme, Abharapuri HB 7 
B22 ongaigaon Tapartary 
HB 8 ongaigaon Tapartary 
B23 
B24 Boitamari Majer Alga 

arrang Kalagaon ChapaD13 i Medhipara 
arrang Pub Mangaldoi Bhakat Para Bhahatpara D14 

HD1 arrang Pub Mangeldoi Mowamari 
D15 arrang Pachim Mangaldoi Auolachouka Barkumarpara 

Janavam 
HD2 

16 
arrang Pachim Mangaldoi Chouka Kobikara 

D arrang Khairabari Namkholla Bakmolla 
D17 arrang Khairabari Namkholla Namkhola (Khaloi para) 
B25 ongaigaon Srijawgram Kakoijana Charakhola 

ngaigaon Taparetary Kolbari Amguri part IIIB26 
FB26 

o
Taparetary Kolbari Amguri part III 

ongaigaon Tapartari Malegar Malegarh paB27 

ongaigaon Tapartari 
Pachania 
KhoB28 

ongaigaon Tapartari 
Pachania 
Khoragaon B29 

FB29 ongaigaon Tapartari Khoragaon Mohanpur prt II 
Pachania 

Pachania 
HB9 ongaigaon Taparta

B30 ongaigaon Taparta
B31 ongaigaon Boitamari Jogighopa Bha

ari Jogighopa Jogighopa B32 ongaigaon Boitam
n Boitamari B33 ongaigao

B34 ongaigao

 



Appendix 1. Field parameters, general information on the tested wells 

 
 
 
 

pleID S
 
g

Sam ediment 
  
D1 rey/blueish (Stated) 
D2 r ncertain.mostly whitish (S) 

B
-
-
i wn, reddish, black soil. Whitish at depth of well. (S) 
n
d mixed with white sand (S by owner) 

 -
 s e off-white sand at 90 feet (S) 
 red coloured san

See sediment samples B1 
Same village as B1 
S
See sediment samples B1 
-
-
-
-
-
S
-
-
-
G d. No reddish sand, whitish-grey sand. Paleochannel.  
-
- 
- 
- 
T ll size pebbles, then bigger pebbles Towards t olor.  
"Pebbles/cobbles after 2/3 of th finally white sand" 
"White clay at top, reddish sand/pebbles below 49 ft" mr paul 
Sediment samples taken from B10 
Sediment samples taken from B10 
0  pebbles, 90-95 ft bigger pebbles, 95-200 ft pebbles (S by 
Sediment samples taken from B10 
Sediment samples taken from B10 
- 
- 
"  Jai Jawan club" 
B , clay <5m, Different sandlayers above 45 ft 
S (silty) 130-175 ft to Peliochannel 
S
> water con  Fe, 85-1 stones, boulders, 
 
S , 20-25 Clay, 25-30 ft whitish sand, 120-130 Reddish sand , contains iron, 
 
A e water from this layer is mostly conaining iron. The colo  sediment is brownish or reddish 
Drilling taking place 8 m from well. Samples taken 10 ft apart 10-100.  
-
S 100ft(D15). D15 sample shown to owner. 
No info available, but close to D16 
< whitish sand 
< and  
Filter: Multiple sand/pebbles layers, sample taken 
" ayer normaly whitish sand (river sand)" 
<  sand, >120 ft reddish coarse sand, small pebbles 
" ith intercolations of clay layers (1-4 ft thick)" 

 S
s
> 30 ft whitish sand 
< 60 ft fine clay, 60-130 ft medium whitsh (colourless) sand 
"white sand layer" 

B32 
B33 

eddish/whitish bottom u
D3 rownish sandy soil, (S) 
D4  
D5  
D7 nterlayers bro
D8 o info 
D9 ark grayish 
D10  
D11 and/clay at beginning, coars

dy layers (S)  D12
B1 
B2 
B3 ame village as B1 
B4 
B5  
B6  
B7  
B8  
B9  
B10 ee sediment samples B10 
HB1  
HB2  
B11  
B12 ravel/sand before 5 ft till en
B13  
HB 3 
HB 4 
HB 5 
B14 o 60 ft coarse sand, to 75 ft sma

 dep
he end sand of white c

B15 
B16 
B17 
B18 
B19 -60 ft Sand, 60-90 ft owner) 
B20 
B21 
HB 6 
HB 7 
B22 Same sediment layers as

lesHB 8 elow 45 ft white pebb
B23 andy layer, fine sand 
B24 ame 

white sand, 60-80 ft Reddish-black sand, D13 
 

16 ft Fe free water, 16-25 ft taions 00 
120-180 ft White sand, Fe free water 

0 ft sandD14 
 

andy layer starts from 12 ft, 12-2
>130 ft clear and white sand 

HD1 fter 20 ft sandlayer, th r of the
D15 
HD2  
D16 ame color&texture as at 
D17 
B25  65 ft blackish mud, >65 ft 

tish sB26 
 

 30 ft clay, 30-85 Whi
FB26
B27 
B28 

this area waterbearing l
 105 ft clay soil, >105 ft

B29  Mostely white sand w
FB29 and/pebbles filter 
HB9 ee B30 
B30 
B31 
B32 
B33 see 
B34 see 

 



Appendix 1. Field parameters, general information on the tested wells 

SampleID Owner/Location Well depth Filter length 
 (m) (m) 

y well. 8 households, rently not used.  
 
D1 Communit about 50p, cur 24,4 2 
D2 Public well at a house, currently 2 

y well, 15-20 families,
 well (PHED) 64 hou p/month) , 56 commuinty 91,4 2 
ment plant ,4 2 

2 
rayan Hazarika 26,6 2 
rayan Hazarika 20,1 2 

2 
ll 27,7 2 

27,4 2 
 

biruddin Ahmed 

r Primary school 

entisinga LP school 
 Club Int. developmen er 

Tea Estate 
E school 
ion, Sada Sukh Servic 22,9 2 
i pipe water supply sch 38,1 2 
 Primary School ? 2 
Primary school 30,5 2 
a primary school ? 2 
 south primary school 32,0 2 

ussein  32,0 2 
nikya 30,5 2 

B17 me 48,8 2 
48,8 2 
24,4 2 

adan Das 
t 61,0 2 
Scheme 120,4 2 

chool ? 25,9 2 
que, public 24,0 2 
chool 15,0 2 

ll  18,3 2 
ra ME school 
ra PWSS 

n LP school 36,6 2 
stablishment of PWSS ater for drillin 20,1 2 
heme PWSS 
ouse of Muhammed Ba
xt to KW bicycle shop 24,4 2 
 LP school 24,4 2 
asjid 25,9 2 

 Masjid  2 
 2 
, Hareswar Das 2 
 Jaychand Bepari 24,4 2 

  Jaychand Bepari  2 
ya LP school 2 
a LP school 2 
li Hagi Shop ,6 2 
 LP school 18,3 2 
 LP school 12,0 2 

r LP school 2 
 
 

 used 57,9 
D3 Communit  150p 36,6 2 
D4 Community seholds (50 R  taps 
D5 PHED treat 27
D7 Public well 27,4 
D8 private Na
D9 private Na
D10 public well 39,0 
D11 School we
D12 LP school 
B1 LP School 30,5 2 
B2 Private 24,4 2 
B3 Private, Co 18,3 2 
B4 LP school 15,2 2 
B5 public 21,3 2 
B6 private 21,3 2 
B7 Balarchela 21,3 2 
B8 Primary health center 24,4 2 
B9 No 8090 L 21,3 2 
B10 Jai Jawan t service cent 21,3 2 
HB1 Private 36,6 2 
HB2 Birjhora 53,3 2 
B11 Chilarai M 29,0 2 
B12 Gas statu e station 
B13 Goraimar eme 
HB 3 Birji Bodo
HB 4 Batabasi 
HB 5 Kachdah
B14 Bhandara
B15 Mr Jail H
B16 Torani Ba

Public water treatment sche
PubB18 lic water treatment scheme 
Private 
Priv

B19 
B20 ate 

Private, M
48,8 2 
10,7 2 B21 

HB 6 Televerke
Big Water HB 7 

B22 Primary s
HB 8 Near Mos
B23 Near LP S
B24 Public we
D13 Medhiapa 54,9 2 

67,1 2 D14  Bhahatpa
HD1 Neo tow
D15 Well for e well (need w g) 
HD2 Water Sc 67,1 2 

30,5 2 D16 Private, h dur Ali 
D17 Public, ne
B25 Saralkola
B26 Private M
FB26 Private 
B27 Mosque 27,0 

38,4 B28 Private 
B29 Private,
FB29 Private,
HB9 Chaitan 24,4 

24,4 B30 Chaitany
Monoar AB31 39

B32 Batikchar
B33 Batikchar
B34 Batikcha 30,0 

 
 
 
 

 



Appendix 1. Field parameters, general information on the tested wells 

SampleID East North Elevation Status 
 sl)  

1 1   54.689 6   2   54 Sealed by PHED 2 months ago 
  m(a
D 9 2 7.692
D2 91   50.885 26   28.784  Currently used well 

51.338 26   25.892  Currently not used well, due to As 
54.251  26   24.056 in use 
54.251  27   24.056  55 not used? 
49.428  26   18.465 60 sealed 1 month ago 
00.378 26   30.623 69 sealed 
00.378 27   30.623 69 in use 

 00.870 26   30.877 62 sealed 14/09/05 
04.210 26   28.334 - sealed 
04.939 26   29.245 54 sealed 
54.687 26   27.692 58 in use (previously tested?) 
49.433 26   18.463 60 in use, not previously tested 
52.427 26   27.692 58 in use, not previously tested 
54.687 26   27.692 58 in use, not previously tested 
47.074 26   22.066 38 in use, not previously tested? 
47.077 26   22.165 56 in use, not previously tested 
46.656 26   22.220 56 in use, not previously tested 
43.928 26   19.752 32 in use, not previously tested 
42.877 26   19.166 52 in use, not previously tested 

 48.118 26   19.154 35 in use, not previously tested 
34.091 26   28.518 49 in use, not previously tested 
3474 26   28.55 64 in use, not previously tested 
38.33 26   29.24 54 in use, not previously tested 
40.24 26   28.83 50 In use  
41.41 26   28.59 48 In use  
42.03 26   29.34 55 In use  
40.82 26   30.90 57 In use  
43.78 26   27.01 36 in use  
44.02 26   26.37 30 in use  
45.83 26   26.00  IN use  

   41.10 26   19.97 35 in use  
 m NW fro Lentising

 
30 m NW from W L
LPS - In use  

 NW fro  Lentising
 

30 m NW from W L
LPS In use  

B19 90   43.094 26   19.123 Has been replaced by B20 
e B19 see B19 In use  

43.372 26   19.146 49 In use  
   2 14 42 In use  
   2 14 In use  

39.915 26   20.138 In use  
   39.92 26   20.14 42 In use  
   30.44 26   15.25 26 In use  

30.157 26   15.396 Well painted red, but not sealed 
2.41 26 27 50 In use 
4.556 26 32.632 4 In use 
1.821 26 25.626 50 In use 
9.374 26 24.615 Not used, needed for PWSS 
7.579 26 26 54 In use 
9.735 26 31.948 In use 
9.689 26 32 62 In use 
9.05 26 27.342 42 in use 
0.02 26 18 23 in use 

 40.02 26 18.19 23 newly poured  
8.86 26 15 35 in use 
6.92 26 14 43 in use 
6.90 26 14 in use 

 36.90 26 14.01 46 newly poured  
6.639 26 14.117 not in use 
6.639 26 14.117 28 in use 
3.711 26 13.496 33 in use 
3.11 26 18 in use 
3.11 26 18 23 not in use (?) 
3.11 26 18 23 in use (?) 

62 
D3 91   57 
D4 91   55 
D5 92   
D7 91   
D8 92   
D9 93   
D10 92   
D11 92   
D12 92   
B1 91   
B2 91   
B3 91   
B4 91   
B5 90   
B6 90   
B7 90   
B8 90   
B9 90   
B10 90   
HB1 90   
HB2 90   
B11 90   
B12 90   
B13 90   
HB 3 90   
HB 4 90   
HB 5 90   
B14 90   
B15 90   71
B16 90

B17 
30 m W a 
LPS

 

B18 
30 m m W a 
LPS

 
- 
31 
31 B20 se

B21 90   
HB 6 91   39.92 26 0.
HB 7 90   39.92 26 0. 42 
B22 90   42 
HB 8 90
B23 90
B24 90   32 
D13 92 0 .58 
D14 92 0 5
HD1 92 0
D15 91 5 49 
HD2 91 5 .765 
D16 91 4 59 
D17 91 4 .687 
B25 90 3
B26 90 4 .19 
FB26 90
B27 90 3 .25 
B28 90 3 .22 
B29 90 3 .01 46 
FB29 90
HB9 90 3 28 
B30 90 3
B31 90 3
B32 90 3 .57 23 
B33 90 3 .57 
B34 90 3 .57 

 
 
 
 

 



Appendix 1. Field parameters, general information on the tested wells 

 
SampleID pH Eh Cond Temp As Hach 

(mV) (µS/cm) (°C) (µg/l) 
6 30 (10 min) 200 22,5 around 50 

  
D1 6,
D2 6,7 -39 130 22,5 25-50 

0 60 140 22 around 50 
4 -65 180 23 0 
1 -75 100 22,5 0 
6 -110 560 22,5 50+ 
9 -72 170 22,5 70+ 
5 -72 240 22,5 20 
8 -72 240 22,5 65+ 
6 -85 220 22,5 50 
6 -70 160 22,5 90 
9 -89 680 - 90 
0 -111 620 - 70 
0 -116 540 - 50 
1 -93 340 - 10 
3 -104 410 - 50 
0 -116 580 - <50 
0 -114 540 - >50 
8 -78 590 - 80 
9 -112 620 - 100 
9 -105 540 - 90 

160 - 0 
170 - 0 

0 -37 320 - 10 
- ? 

8 -67 380 - 25 
230 - 0 
320 - 0 
380 - 0 

8 -27 490 - (10-25) 

-71 200 - 0 
9 -94 580 - 100 

0 - 10 
8 -107 690 - more than 100 

500 - 
 50, 40 in filtered 
water 

- <50 
- 0 

t taken not taken not taken - 0 (used strip) 
00 

9 -97 550  mer an 100 
 

25-okt 
9 -69 150 22 25 

200 22 10 wet,0 dry 
7 -43 180 22,5 0 
7 -57 170 21 50-100(uneven) 

 130 21,5 50 

-107 450 23 100 
 - - 25 

2 -93 350 23,5 80 
6 58 170 22 0 

250-500 
60 

450 23 250-500 (450) 
23 500 

20 23 0 
0 430 23 10 to 25 

 340 23 0 
-90 470 23 60 

 
 
 
 

D3 7,
D4 7,
D5 7,
D7 7,
D8 6,
D9 6,
D10 6,
D11 6,
D12 6,
B1 6,
B2 7,
B3 7,
B4 7,
B5 7,
B6 7,
B7 7,
B8 6,
B9 6,
B10 6,
HB1 6,1 135 
HB2 6,7 133 
B11 7,
B12 6,8 31 300 
B13 6,
HB 3 7,1 100 
HB 4 6,9 -3 
HB 5 6,8 -49 
B14 6,
B15 7 -37 230 - 0 
B16 7 
B17 6,
B18 7,2 25 55
B19 6,

B20 7 -76 
B21 6,8 -112 590 
HB 6 not taken not taken not taken 
HB 7 no
B22 6,9 -120 520 - more than 1
HB 8 7 -97 400 - 25 
B23 7 -27 460 - 85 
B24 6,
D13 6,8 26 150 22,5 0
D14 6,4 -36 130 22 
HD1 6,
D15 6,4 -34 
HD2 6,
D16 6,
D17 6,7 -66
B25 6,8 54 230 23 0 
B26 6,9 
FB26 - - 
B27 7,
B28 6,
B29 6,9 -82 450 23 
FB29 - - - - 
HB9 6,8 -107 
B30 6,9 -112 430 
B31 6,2 104 2
B32 6,9 3
B33 7,1 11
B34 6,9 

 



Appendix 1. Field parameters, general information on the tested wells 

 
ment_  

- 
Samp
 

leID Com station

D1 - 
D2 - 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
Samples not taken 
Samples not taken 
- 
No filter for Ir ed 
- 
Samples not taken 
Samples not taken 
Samples not taken 
- 
Was joined e las ie c  cours t" "N  
- 
- 
Water that n filt
- 
Hach taken
Hach taken 
Televerket, S es n
Big water s  Sa  ta
- 
Near Mosqu ts qu y, S  not
On a riverin d of t pu ed rs a
On a riverin d of t pu ed rs a
- 
Nest to SOS childerns v chem  not teste
there are toil se to mples not taken 
- 
Samples not taken 
- 
- 
No iron in wa
High iron co Hach  filte ter an  me mple

 Fe filter 
Next to old t y 
- 
- 
Fitlered wate  B29, Samples not taken 
not in use ca f turb am ot ta
20 m eastwa
close to riverbank of Brahmaputra 
B32, B33, B in 15
5 m from B3
15 m from 

 

D3 
D4 
D5 
D7 
D8 
D9 
D10 
D11 
D12 
B1 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
B10 
HB1 
HB2 
B11 
B12 on us (low) 
B13 
HB 3 
HB 4 
HB 5 
B14 
B15  with Ai t year." A hanges e a lo o iron"
B16 
B17 
B18 has bee ered. 
B19 
B20  03/11/05 
B21 03/11/05 
HB 6 ampl ot taken 
HB 7 
B22 

cheme, mples not ken 

HB 8 e, toile ite nearb amples  taken 
B23 e islan he Bhrama tra, form  50 yea go. 
B24 
D13 

e islan he Bhrama tra, form  50 yea go. 

D14 illage, S e filter d 
HD1 ets clo  well, Sa
D15 
HD2 
D16 
D17 
B25 ter 
B26 
FB26

ntent,  test fron rde wa d filter dium sa  taken 

B27 ributar
B28 
B29 
FB29 
HB9 

r from
use o id water, S ples n ken 

B30 rd of HB9 
B31 
B32 
B33 

34 with
2 

 m 

B34 B32 

 



Appendix 2. Cation analysis, groundwater samples analysed by ICP-OES. 

Detection limit 0,679 5,2 5,2 5,2 1,25 0,472 0,093 0,161 0,89
(µ (µg/l) (µ (µg/l g/l) l) /l) /l)

le/Element As ( As ( As (V) B Ba e 
18,1 53,17 50,69 2,48 1,06 159,68 < 3 1326 0 < 0

Unit g/l) g/l) ) (µg/l) (µ (µg/ (µg (µg
Samp Al tot) III) B Ca Cd
B1  9 2 0.09 41,0 0.89
B2  11,48 2 2 5,8 ,28 3 14 0 0

2 2 3,3 2,0 ,43 3 12 0 0
< < <5 9,1 ,10 3 6 0 0
3 3 1, 2,6 ,35 3 0 0
1 1 1,0 ,91 3 0 0
3 2 4,0 ,53 3 0 0
2 2 1,6 ,13 3 13 0 0

13 13 2,2 ,89 3 12 0 0
 9 8 2,8 8,5 ,87 3 10 0 0

< < < 0,4 ,38 3 4 0 0
< < <5 9,0 ,47 3 0 0

5,1 ,67 3 0 0
< <5 2,2 ,23 3 0 0

< < < 0,7 ,96 3 0 0
< < < 3,9 ,62 3 3 0

10 9 3,19 ,64 3 0 0
1 < < 3,4 ,17 3 12 0 0

13 12 1 5,2 ,83 3 13 0 0
5 5 2 9 ,24 3 10 0 0
4 5 7,7 ,23 3 9 0 0

10 10 1 6 ,40 3 13 0 0
1 1 0 6,0 ,32 3 11 0 0

23 22 4,3 ,77 3 20 0 0
< < <5 7,9 ,15 3 2 0 0
9 5,6 ,04 3 0 0
1 1 1 3,2 ,62 3 6 0 0
< < <5 0,3 ,86 3 0 0

42 41 11 3,4 ,63 3 0 0
60 59 1 1,0 ,99 3 13 0 0
< < < 9,8 ,10 3 2 0 0
< < <5 3,62 ,64 3 0 0
< < <5 2,3 ,16 3 8 0 0
2 2 4,5 ,92 3 17 0 0
3 3 1 9,1 ,69 3 1 0 0
4 4 -0 9,0 ,47 3 1 0
5 5 3 5,1 ,36 3 9 0
< < <5 1,5 ,48 3 0 0
< < <5 5,2 ,88 3 1 0
4 3 2 0,8 ,44 3 0 0
7 7 1 5,9 ,53 3 8 0
5 5 6,0 ,67 3 0 0

 1 1 3,8 ,75 3 0 0
4 5 6,3 ,65 3 0 0
5 5 0 5,5 ,71 3 1 0 0
< < <5 8,9 ,35 3 0 0

5,1 ,20 3 5 0
< < < 0,4 ,66 3 0 0
6 5 3 8,1 ,25 3 9 0
4 4 7,9 ,79 3 8 0

4,68 5,05 - 2 2 178 <0.09 0299,0 <0.89
B3  7,69 7,01 3,70 1 2 0 115 <0.09 1847,0  <0.89
B4  7,38 5.20 5.20 .20 1 9 72 <0.09 2162,3  <0.89
B5  12,17 3,63 2,60 03 1 6 77 <0.09 73883,3  <0.89
B6  11,92 0,57 0,90 - 2 5 150 <0.09 125433,0  <0.89
B7  12,94 0,25 5,84 4,41 2 4 169 <0.09 128114,0  <0.89
B8  11,68 4,41 6,19 - 2 6 138 <0.09 2988,0  <0.89
B9  17,92 4,25 0,09 4,16 3 7 161 <0.09 0897,0 <0.89
B10 11,66 2,78 9,88 9 2 7 207 <0.09 1626,0  <0.89
B11  9,26 5.20 5.20 5.20 1 2 42 <0.09 4958,5 <0.89
B12  5,31 5.20 5.20 .20 3 39 <0.09 36781,0 <0.89
B13  8,64 9,86 9,41 0,45 1 1 44 <0.09 49502,8  <0.89
B14  8,99 5,30 5.20 .20 1 7 54 <0.09 88455,8 <0.89
B15  19,94 5.20 5.20 5.20 1 9 43 <0.09 54477,6  <0.89
B16  18,09 5.20 5.20 5.20 2 3 20 <0.09 9931,3  <0.89
B17  5,90 3,11 9,26 3,85 2 166 <0.09 118149,0  <0.89
B18  10,00 2,09 5.20 5.20 1 0 126 <0.09 1162,0  <0.89
B19  9,32 0,53 9,17 ,36 3 5 353 <0.09 2384,0  <0.89
B20  8,19 5,22 2,62 ,61 1 ,08 122 <0.09 9702,0  <0.89
B21  8,31 9,85 1,79 -1,94 2 5 184 <0.09 9596,6  <0.89
B22  9,89 5,37 3,41 ,96 2 ,68 186 <0.09 9605,0  <0.89
B23  8,08 5,09 4,19 ,89 1 6 106 <0.09 8139,0  <0.89
B24  30,80 4,95 7,55 7,40 2 3 124 <0.09 4883,0  <0.89
B25  9,82 5.20 5.20 .20 5 53 <0.09 9201,9  <0.89
B26  10,04 0,89 - - 2 0 185 <0.09 85992,4  <0.89
B27  11,28 8,75 6,96 ,79 1 7 84 <0.09 9766,9  <0.89
B28  4,26 5.20 5.20 .20 1 8 43 <0.09 13616,6  <0.89
B29  7,26 8,11 6,31 ,80 2 6 121 <0.09 126286,0 <0.89
B30  13,38 6,43 1,44 4,99 3 8 181 <0.09 9241,0  <0.89
B31  7,08 5.20 5.20 5.20 6 31 <0.09 4190,0  <0.89
B32  14,33 5.20 5.20 .20 1 116 <0.09 126734,0  <0.89
B33  11,20 5.20 5.20 .20 1 0 82 <0.09 4859,9 <0.89
B34  30,43 3,04 4,09 - 3 1 184 <0.09 7522,0  <0.89
D1  2,76 3,41 1,59 ,82 1 7 70 <0.09 0998,3  <0.89
D2  3,08 6,14 6,44 ,30 1 4 54 <0.09 8280,7  <0.89
D3  2,04 7,25 3,75 ,50 1 9 64 <0.09 7581,4  <0.89
D4  2,69 5.20 5.20 .20 1 8 46 <0.09 12260,9  <0.89
D5  1,55 5.20 5.20 .20 1 7 65 <0.09 8377,2  <0.89
D7  5,05 1,80 9,80 ,00 1 8 69 <0.09 30436,3  <0.89
D8  2,67 9,07 7,81 ,26 3 9 120 <0.09 8605,2  <0.89
D9  2,90 6,14 1,99 4,15 4 5 231 <0.09 12592,5  <0.89
D10 2,20 3,55 1,18 2,37 2 4 102 <0.09 11210,4  <0.89
D11  4,77 6,22 0,34 -4,12 2 1 71 <0.09 16540,3  <0.89
D12  3,27 8,00 7,31 ,69 2 6 60 <0.09 6324,5  <0.89
D13  4,27 5.20 5.20 .20 8 36 <0.09 19975,1  <0.89
D14  1,05 5,31 5,97 - 1 7 58 <0.09 7959,4  <0.89
D15  11,84 5.20 5.20 5.20 3 9 112 <0.09 10169,6  <0.89
D16  10,11 3,46 9,59 ,86 1 6 60 <0.09 9534,1  <0.89
D17  6,45 6,90 5,51 1,39 1 3 63 <0.09 9285,0  <0.89
 

 



Appendix 2. Cation analysis, groundwater samples analysed by ICP-OES. 

 
Detection limit 

(µ (µg/l) (µ (µg (µg (µg/l) (µg/l) (µg
ple/Element 

< 45 3

0,95 0,481 0,341 0,803 0,84 0,97 1,776 0,06
Unit g/l) g/l) /l) /l) /l)
Sam Co Cr Cu Fe K La Li Mg
B1  <0.950 0.481 <0.341 75,29 754,12 13,11 2,76 35835
B2  <0.950 < 4 3

< 82 3 32
< 2 2 22
< 158 21
< 811 5 < 33
< 11 6 3
< 103 5
< 8 32
< 158 71
< 69 3
< 379 1 2
< 50 30
< 207 27
< 156 2 2
< 173 73
< 111 7 29
< 27 8 1 2
< 20 13 3
< 702 1 2
< 11 19 35
< 15 7
< 943 6 2
< 51 7
< 175 15
< 17 3
< 19 4 2
< 15 1
< 906 6

< < 165 7 2
< 50
< 31 6
< 223 5 2

 < 10 35
< 11 5
< 10 36
< 55 1
< 25 1
< 63 1 47
< 14 1 16
< 334
< 431 51 7
< 187 53
< 21 2 73
< 20 2 5
< 55 2 < 8
< 872 < 3
< 22 46
< 109 37

17  <0.950 <0.481 <0.341 11021,6 1071,41 3,64 <1.776 3833,4

0.481 <0.341 11970 689,74 14,02 4,15 8722,4
B3  <0.950 0.481 <0.341 02,56 480,70 11,65 3,49 131,7
B4  <0.950 0.481 <0.341 467,5 772,31 8,87 <1.776 515,6
B5  <0.950 0.481 <0.341 5,635 5624,31 10,74 <1.776 631,7
B6  <0.950 0.481 <0.341 3,105 679,32 13,08 1.776 905,3
B7  <0.950 0.481 <0.341 132,4 534,75 12,63 4,03 5282,6
B8  <0.950 0.481 <0.341 81,85 353,97 12,79 3,71 36858
B9  <0.950 0.481 <0.341 17597 287,42 10,83 4,07 403,5
B10  <0.950 0.481 <0.341 39,85 51,83 10,99 5,76 27179
B11  <0.950 0.481 <0.341 7,964 745,47 9,07 <1.776 22374
B12  <0.950 0.481 <0.341 ,1565 737,56 8,12 <1.776 1485,8
B13  <0.950 0.481 <0.341 78,89 11,54 8,23 <1.776 27873
B14  <0.950 0.481 <0.341 2,215 98,48 12,12 <1.776 39924,3
B15  <0.950 0.481 <0.341 4,815 790,16 11,16 <1.776 0305,5
B16  <0.950 0.481 <0.341 63,05 799,57 3,59 <1.776 43,67
B17  <0.950 0.481 <0.341 37,75 843,34 12,12 2,59 634,3
B18  <0.950 0.481 <0.341 ,0611 099,70 2,49 2,77 9774,3
B19  <0.950 0.481 <0.341 787,2 192,35 15,03 8,22 9064,9
B20  <0.950 0.481 <0.341 0,125 6531,45 2,64 1,89 7367,3
B21  <0.950 0.481 <0.341 127,1 626,00 13,53 5,29 822,5
B22  <0.950 0.481 <0.341 371,2 511,35 12,45 4,68 25730,7
B23  <0.950 0.481 <0.341 ,6005 162,96 15,36 2,54 8092,1
B24  <0.950 0.481 <0.341 93,94 949,97 15,47 1,88 30069,5
B25  <0.950 0.481 <0.341 ,2635 3250,60 8,09 <1.776 462,3
B26  <0.950 0.481 <0.341 440,9 958,63 13,11 5,40 29205,6
B27  <0.950 0.481 <0.341 32,97 291,03 14,46 <1.776 2868,8
B28  <0.950 0.481 <0.341 7,339 193,29 4,70 <1.776 6575,7
B29  <0.950 0.481 <0.341 4,615 803,15 12,92 5,71 24948,1
B30  0.950 0.481 <0.341 06,75 968,99 17,81 4,13 8596,9
B31  <0.950 0.481 <0.341 4,469 865,22 7,59 <1.776 15225,5
B32  <0.950 0.481 <0.341 9,186 667,08 15,28 3,53 34218
B33  <0.950 0.481 <0.341 ,2525 534,84 14,15 2,21 4706,8
B34 <0.950 0.481 <0.341 528,6 6983,04 15,36 3,93 834,7
D1  <0.950 0.481 <0.341 666,2 1297,72 3,35 <1.776 030,47
D2  <0.950 0.481 <0.341 461,8 1027,29 3,52 <1.776 71,76
D3  <0.950 0.481 <0.341 52,15 146,05 2,58 <1.776 3114,79
D4  <0.950 0.481 <0.341 42,25 411,80 5,15 <1.776 5077,54
D5  <0.950 0.481 <0.341 33,19 889,10 3,64 <1.776 45,41
D7  <0.950 0.481 <0.341 6,521 157,68 8,88 <1.776 435,7
D8  <0.950 0.481 <0.341 66,75 2551,30 3,42 <1.776 4563,29
D9  <0.950 0.481 <0.341 61,85 69,78 5,30 <1.776 577,31
D10  <0.950 0.481 <0.341 65,85 2180,41 4,86 <1.776 01,04
D11  <0.950 0.481 <0.341 155,1 795,74 6,72 3,62 68,12
D12  <0.950 0.481 <0.341 759,3 993,88 5,70 <1.776 963,93
D13  <0.950 0.481 <0.341 ,5433 351,49 8,38 1.776 670,74
D14  <0.950 0.481 <0.341 4,235 3797,08 3,39 1.776 697,55
D15  <0.950 0.481 <0.341 716,6 6739,29 4,28 3,80 94,47
D16  <0.950 0.481 <0.341 22,25 1126,17 4,09 <1.776 64,27
D

 



Appendix 2. Cation analysis, groundwater samples analysed by ICP-OES. 

Detection limit 0,116 1,89 0,214 2,485 15,872 2,05 11,25 35,745

le/Element 
567 <1. 6198 <2. 1103,3 <2.05 <11.25 106

Unit (µg/l) (µg/l) (µg/l) (µg/l) (µg/l) (µg/l) (µg/l) (µg/l)
Samp Mn Mo Na Ni P Pb Rb S 
B1  ,63 89 ,46 49 9 ,59
B2  616,10 <1.89 9 <

<1.89 8807,23 <2.49 768,72 <2.05 <11.25 138,40
B4  176,56 <1.89 3988,38 <2.49 781,74 <2.05 <11.25 45,90
B5  636,74 <1.89 2485,57 <2.49 284,80 <2.05 <11.25 44,13
B6  822,02 <1.89 5957,4 <2.49 1038,91 <2.05 <11.25 56,41
B7  1250,43 <1.89 5756,22 <2.49 881,37 <2.05 11,55 53,32
B8  1461,88 <1.89 4434,43 <2.49 357,09 <2.05 <11.25 178,27
B9  1578,40 <1.89 12928,2 <2.49 <15.87 <2.05 <11.25 153,76
B10  1058,57 <1.89 9602,59 <2.49 629,67 <2.05 <11.25 61,24
B11  975,36 <1.89 5723,65 <2.49 18,73 <2.05 <11.25 1459,70
B12  1407,70 <1.89 4748,54 <2.49 <15.87 <2.05 <11.25 2278,42
B13  705,98 <1.89 4412,09 <2.49 324,53 <2.05 <11.25 520,15
B14  341,17 <1.89 6935,38 <2.49 26,84 <2.05 <11.25 298,32
B15  170,17 <1.89 9273,45 <2.49 38,71 <2.05 <11.25 10345,09
B16  1640,67 <1.89 9165,48 <2.49 <15.87 <2.05 <11.25 192,73
B17  1490,34 <1.89 11792,3 <2.49 372,60 <2.05 <11.25 56,09
B18  1106,23 <1.89 12586,9 <2.49 <15.87 <2.05 <11.25 58,77
B19  799,97 <1.89 28034,8 <2.49 692,55 2,57 12,07 117,27
B20  911,46 <1.89 10573,95 <2.49 401,02 <2.05 <11.25 <35.75
B21  1572,53 <1.89 25382,5 <2.49 1339,62 2,19 <11.25 258,20
B22  1652,11 <1.89 5416,32 <2.49 853,88 <2.05 <11.25 43,16
B23  2030,08 <1.89 4836,04 <2.49 <15.87 <2.05 <11.25 7971,03
B24  2428,58 <1.89 4221,33 <2.49 599,00 <2.05 <11.25 946,36
B25  510,41 <1.89 4046,57 <2.49 <15.87 <2.05 <11.25 1414,91
B26  674,05 <1.89 12835,1 <2.49 1291,52 <2.05 <11.25 62,86
B27  300,05 <1.89 6117,58 <2.49 480,51 <2.05 <11.25 1579,94
B28  430,71 <1.89 13679,3 <2.49 <15.87 <2.05 <11.25 189,45
B29  3313,84 <1.89 5221,51 <2.49 125,33 2,28 <11.25 488,04
B30  6028,08 <1.89 4134,79 <2.49 321,22 <2.05 <11.25 5354,43
B31  31,86 <1.89 9143,56 <2.49 <15.87 <2.05 <11.25 691,67
B32  3025,52 <1.89 4101,05 <2.49 <15.87 <2.05 <11.25 6168,29
B33  1338,16 <1.89 3365,09 <2.49 <15.87 <2.05 <11.25 2564,17
B34  2171,46 <1.89 5874,11 <2.49 365,10 <2.05 <11.25 207,20
D1  859,39 <1.89 19885,9 <2.49 1272,51 <2.05 <11.25 38,70
D2  362,18 <1.89 17093 <2.49 1167,25 2,23 <11.25 <35.75
D3  178,31 <1.89 25406 <2.49 1358,33 <2.05 <11.25 47,25
D4  224,70 <1.89 14623,2 <2.49 358,30 <2.05 <11.25 2588,87
D5  422,42 <1.89 16286,2 <2.49 866,28 <2.05 <11.25 1037,14
D7  210,35 <1.89 67292,3 <2.49 741,95 <2.05 <11.25 58,91
D8  1256,81 <1.89 7373,27 <2.49 252,16 <2.05 <11.25 58,50
D9  1289,54 <1.89 8860,96 <2.49 1105,03 5,72 <11.25 3943,40
D10  1016,46 <1.89 9130,31 <2.49 49,28 <2.05 <11.25 <35.75
D11  1405,22 <1.89 8396,82 <2.49 1999,89 <2.05 <11.25 82,93
D12  1248,95 <1.89 8433,08 <2.49 878,73 <2.05 <11.25 47,26
D13  2211,60 <1.89 9927,39 <2.49 306,11 <2.05 <11.25 204,73
D14  509,60 <1.89 6193,35 <2.49 728,40 2,21 12,33 326,90
D15  1279,38 <1.89 7705,81 <2.49 1061,75 <2.05 14,98 127,00
D16  299,86 <1.89 16783,9 <2.49 1165,88 <2.05 <11.25 63,62
D17  325,22 <1.89 15355,4 <2.49 1217,40 <2.05 <11.25 37,26
 
     

040,47 <2.49 816,62 <2.05 11.25 68,29
B3  792,38 

 



Appendix 2. Cation analysis, groundwater samples analysed by ICP-OES. 

 

Detection limit 14,033 5,123 0,011 0,117 1,12 0,127 0,087 1,116 0,336
Unit (µg/l) (µg/l) (µg/l) (µg/l) (µg/l) (µg/l) (µg/l) (µg/l) (µg/l)
Sample/Element Se Si Sr Ti V Y  Yb Zn Zr
B1  <14.03 12823,5 188,23 1,043 <1.120 <0.127 0,219 54,01 <0.336
B2  <14.03 10986,75 229,58 0,274 <1.120 <0.127 0,263 32,21 0,517
B3  <14.03 11780,8 203,08 <0.117 <1.120 <0.127 0,225 51,49 0,544
B4  <14.03 13027,2 98,17 <0.117 <1.120 <0.127 0,089 407,02 <0.336
B5  <14.03 5664,06 98,06 <0.117 <1.120 0,129 0,116 24,52 <0.336
B6  <14.03 9768,00 232,261 0,120 <1.120 <0.127 0,220 59,08 0,572
B7  <14.03 9740,58 230,131 0,270 <1.120 <0.127 0,230 83,11 1,02
B8  <14.03 8929,8 114,43 <0.117 <1.120 <0.127 0,212 60,08 0,478
B9  <14.03 9778,48 252,116 0,369 <1.120 <0.127 0,235 25,97 1,07
B10  <14.03 8945,61 199,81 0,124 <1.120 <0.127 0,215 68,60 0,981
B11  <14.03 7626,66 61,99 <0.117 <1.120 0,153 0,110 38,49 <0.336
B12  <14.03 8760,36 48,57 <0.117 <1.120 0,220 <0.087 2502,38 <0.336
B13  <14.03 7006,28 42,03 0,136 <1.120 <0.127 0,104 41,17 0,372
B14  <14.03 11141,05 178,70 <0.117 <1.120 0,136 0,105 76,35 <0.336
B15  <14.03 8694,33 81,91 0,453 <1.120 <0.127 <0.087 71,30 <0.336
B16  <14.03 9970,89 25,35 0,133 <1.120 <0.127 <0.087 382,18 0,698
B17  <14.03 10112,04 241,40 <0.117 <1.120 <0.127 0,195 51,73 0,726
B18  <14.03 9487,435 242,52 <0.117 <1.120 0,130 0,185 28,22 <0.336
B19  <14.03 9767,936 281,44 <0.117 <1.120 <0.127 0,210 18,19 1,76
B20  <14.03 10261,9 225,28 <0.117 <1.120 <0.127 0,200 21,43 <0.336
B21  <14.03 9364,23 146,47 <0.117 <1.120 <0.127 0,154 25,21 0,841
B22  <14.03 10507,25 296,57 <0.117 <1.120 <0.127 0,237 44,45 0,826
B23  <14.03 9906,46 310,07 <0.117 <1.120 0,161 0,193 43,16 <0.336
B24  <14.03 17587,5 474,03 0,731 <1.120 0,201 0,313 19,80 <0.336
B25  <14.03 6069,31 31,40 0,350 <1.120 <0.127 <0.087 40,30 <0.336
B26  <14.03 15195,8 203,42 <0.117 <1.120 <0.127 0,193 99,74 1,62
B27  <14.03 7147,84 67,47 0,141 <1.120 <0.127 0,138 99,96 <0.336
B28  <14.03 16233 74,46 0,146 <1.120 <0.127 <0.087 158,66 <0.336
B29  <14.03 13266,05 352,79 <0.117 <1.120 <0.127 0,237 31,04 0,385
B30  <14.03 14908,25 622,77 <0.117 <1.120 <0.127 0,316 78,72 0,912
B31  <14.03 13990,5 72,91 0,239 <1.120 <0.127 <0.087 156,46 <0.336
B32  <14.03 9473,59 313,14 0,308 <1.120 0,143 0,239 237,10 <0.336
B33  <14.03 7434,98 200,04 <0.117 <1.120 0,139 0,141 53,57 <0.336
B34  <14.03 10176,85 470,94 1,065 <1.120 0,181 0,316 409,81 0,791
D1  <14.03 18839,6 91,98 <0.117 <1.120 <0.127 <0.087 459,96 0,902
D2  <14.03 19332,1 67,10 <0.117 <1.120 <0.127 <0.087 495,72 0,894
D3  <14.03 16104,7 54,47 <0.117 <1.120 <0.127 <0.087 825,73 <0.336
D4  <14.03 22023,8 78,98 <0.117 <1.120 <0.127 <0.087 21,38 <0.336
D5  <14.03 19559,5 57,33 <0.117 <1.120 <0.127 <0.087 1437,87 0,439
D7  <14.03 7092,23 179,33 <0.117 <1.120 <0.127 <0.087 8,26 <0.336
D8  <14.03 13188,85 79,33 <0.117 <1.120 <0.127 <0.087 904,22 2,93
D9  <14.03 11308 80,24 0,126 <1.120 <0.127 0,100 155,91 4,04
D10  <14.03 16396,1 86,17 <0.117 <1.120 <0.127 <0.087 10774,95 1,62
D11  <14.03 23049,2 58,44 <0.117 <1.120 <0.127 <0.087 95,46 1,73
D12  <14.03 18308,8 74,21 0,142 <1.120 <0.127 <0.087 116,50 2,10
D13  <14.03 21913,4 111,75 <0.117 <1.120 <0.127 <0.087 29,36 <0.336
D14  <14.03 18424,5 41,39 <0.117 <1.120 <0.127 <0.087 22,06 1,08
D15  <14.03 15959,5 72,67 <0.117 <1.120 <0.127 <0.087 1470,14 2,31
D16  <14.03 20331 74,52 0,193 <1.120 <0.127 <0.087 94,69 0,724
D17  <14.03 20269,7 73,10 <0.117 <1.120 <0.127 <0.087 33,34 0,915

 



Appendix 3. Results from  groundwater samples analysed with Ion Cromatograph and flow injection  
analysis. 

 

  NH4-N PO4-P NPOC NH4 PO4 HCO3 Cl NO3 SO4 F 
Sample ID (µg/l) (µg/l) (mg/l) (mg/l) (mg/l) (mg/l) mg/l mg/l mg/l mg/l 
B1 776 975 2,38 0,997 2,988 493,29 6,06 0,08 0,38 0,2209 
B2 722 628 3,43 0,928 1,924 147,30 10,63 0,02 0,25 0,2438 
B3 870 687 1,75 1,119 2,105 135,83 8,94 0,10 0,33 0,2542 
B4 554 695 1,35 0,712 2,130 105,08 3,92 0,10 0,07 0,3107 
B5 53 280 0,92 0,068 0,858 114,96 1,73 0,00 0,69 0,179 
B6 557 892 1,51 0,716 2,732 184,04 3,68 0,05 0,07 0,1967 
B7 738 763 1,47 0,949 2,339 145,23 3,22 0,05 0,07 0,1102 
B8 126 342 0,76 0,161 1,048 127,78 0,62 0,10 0,51 0,1297 
B9 5313 78 2,28 6,831 0,240 139,49 20,33 0,01 0,25 0,226 
B10 3703 574 2,16 4,761 1,760 114,84 16,85 0,01 0,09 0,1388 
B11 0 80 0,34 0,000 0,245 64,56 1,34 0,02 4,25 0,1892 
B12 0 6 0,56 0,000 0,017 57,48 0,56 0,02 6,35 0,2217 
B13 337 307 0,93 0,433 0,940 74,57 5,00 0,09 1,33 0,2392 
B14 111 85 0,85 0,143 0,262 120,70 3,20 0,00 0,85 0,1412 
B15 2 87 0,48 0,002 0,267 62,61 0,35 0,04 29,80 0,1667 
B16 62 0 0,39 0,079 0,000 89,21 0,43 0,04 0,46 0,4262 
B17 2225 353 1,59 2,860 1,081 128,39 14,63 0,07 0,29 0,1666 
B18 1278 25 1,8 1,643 0,076 130,70 15,19 3,79 0,24 0,1734 
B19 7245 654 4,18 9,315 2,004 164,39 69,13 0,39 0,12 0,1386 
B20 596 370 1,77 0,766 1,134 122,53 3,96 0,04 0,51 0,2011 
B21 5125 1241 4,15 6,589 3,802 126,31 50,84 0,14 0,52 0,278 
B22 979 789 1,54 1,259 2,418 138,39 8,45 0,07 0,19 0,2165 
B23  60 0,94 0,000 0,184 121,06 1,96 0,03 24,08 0,0915 
B24 629 574 2,8 0,809 1,760 193,19 2,15 0,25 2,44 0,2465 
B25 0 21 1,05 0,000 0,065 113,86 2,86 0,05 3,95 0,353 
B26 2692 1170 2,39 3,461 3,586 84,45 18,45 0,03 0,24 0,2375 
B27 0 459 0,81 0,000 1,407 83,60 5,34 0,00 4,74 0,285 
B28 504 58 0,42 0,648 0,176 108,49 0,71 0,49 0,72 0,5385 
B29 1372 180 1,47 1,764 0,550 135,95 0,86 0,00 1,30 0,3473 
B30 1664 337 1,61 2,140 1,033 143,89 3,20 0,10 15,87 0,3239 
B31 0 29 0,54 0,000 0,088 75,05 2,60 0,00 1,99 0,2515 
B32 71 24 3,41 0,091 0,074 136,93 7,07 0,51 18,02 0,0845 
B33 0 11 1,39 0,000 0,035 96,41 3,52 ? ? 0,0994 
B34 99 338 3,01 0,128 1,036 178,18 3,51 1,80 4,52 0,0127 
D1 224 1145 1,32 0,288 3,508 116,06 0,97 0,24 0,37 0,5141 
D2 417 1009 1,55 0,536 3,092 81,28 0,25 0,01 0,06 0,7372 
D3 386   0,497 0,000 54,67 0,68 0,14 0,13 0,924 
D4 0 365 0,56 0,000 1,117 92,51 0,40 0,00 6,95 0,3935 
D5 64 771 1,74 0,082 2,364 93,36 3,62 0,24 3,36 0,5723 
D7 405 717 1,97 0,521 2,197 381,74 0,09 0,09 1,10 1,3509 
D8 919 232 1,53 1,181 0,710 71,03 1,39 0,06 0,05 0,5074 
D9 426 943 2,58 0,547 2,891 56,63 22,87 1,19 10,63 0,2873 
D10 619 82 1,25 0,796 0,250 91,90 1,24 0,10 0,00 0,4876 
D11 1015 1714 3,44 1,305 5,251 104,83 2,54 0,51 0,13 1,0612 
D12 1439 763 1,53 1,851 2,339 97,02 4,38 0,09 0,00 0,8605 
D13 0 334 1,2 0,000 1,023 135,10 0,93 0,00 0,51 0,525 
D14 144 653 1,1 0,185 2,000 56,14 2,37 0,26 0,85 0,3095 
D15 284 916 1,94 0,365 2,807 75,30 7,63 0,11 0,22 0,211 
D16 1178 1049 1,96 1,515 3,215 98,49 0,34 0,03 0,12 0,8876 
D17 1156 1091 1,72 1,486 3,344 93,24 0,26 0,08 0,07 0,7551 
median 503,86 370,06 1,53 0,60 1,13 114,35 3,20 0,07 0,51 0,25 



Appendix 4. Molar ratios 

 

 As Fe Ratio Fe/As Mg+Ca HCO3 Ratio HCO3/(Ca+Mg) 
Sample ID (mmol/l) (mmol/l)   (mmol/l) (mmol/l)   
D1 0,00 0,21 468,8 0,25 1,90 7,6 
D2 0,00 0,19 304,4 0,19 1,33 7,2 
D3 0,00 0,10 130,2 0,17 0,90 5,4 
D4 0,00 0,05 - 0,27 1,52 5,6 
D5 0,00 0,11 - 0,20 1,53 7,5 
D7 0,00 0,00 4,7 0,73 6,26 8,6 
D8 0,00 0,60 568,3 0,20 1,16 5,7 
D9 0,00 0,77 1032,3 0,31 0,93 3,0 
D10 0,00 0,34 1860,1 0,26 1,51 5,9 
D11 0,00 0,38 614,5 0,37 1,72 4,6 
D12 0,00 0,37 480,5 0,35 1,59 4,6 
D13 0,00 0,00 - 0,44 2,21 5,0 
D14 0,00 0,16 2204,7 0,18 0,92 5,1 
D15 0,00 0,41 - 0,23 1,23 5,3 
D16 0,00 0,20 231,1 0,21 1,61 7,8 
D17 0,00 0,20 315,5 0,20 1,53 7,5 
B1 0,00 0,08 115,5 2,62 8,09 3,1 
B2 0,00 0,21 651,2 2,78 2,41 0,9 
B3 0,00 0,15 407,8 2,39 2,23 0,9 
B4 0,00 0,04 - 1,31 1,72 1,3 
B5 0,00 0,03 63,3 1,48 1,88 1,3 
B6 0,00 0,15 1031,0 2,47 3,02 1,2 
B7 0,00 0,20 494,2 2,54 2,38 0,9 
B8 0,00 0,19 571,2 2,64 2,09 0,8 
B9 0,00 0,32 176,0 2,38 2,29 1,0 
B10 0,00 0,28 229,2 2,00 1,88 0,9 
B11 0,00 0,01 - 1,05 1,06 1,0 
B12 0,00 0,01 - 0,90 0,94 1,0 
B13 0,00 0,09 691,8 1,20 1,22 1,0 
B14 0,00 0,04 525,2 1,99 1,98 1,0 
B15 0,00 0,03 - 1,16 1,03 0,9 
B16 0,00 0,31 - 0,27 1,46 5,5 
B17 0,00 0,20 145,0 2,29 2,10 0,9 
B18 0,00 0,00 3,0 2,34 2,14 0,9 
B19 0,00 0,37 213,8 2,66 2,69 1,0 
B20 0,00 0,13 170,7 2,13 2,01 0,9 
B21 0,00 0,20 299,7 2,10 2,07 1,0 
B22 0,00 0,28 195,9 2,57 2,27 0,9 
B23 0,00 0,02 84,0 2,27 1,98 0,9 
B24 0,00 0,09 29,7 3,65 3,17 0,9 
B25 0,00 0,00 - 0,69 1,87 2,7 
B26 0,00 0,31 257,6 1,79 1,38 0,8 
B27 0,00 0,03 138,4 1,44 1,37 1,0 
B28 0,00 0,00 - 0,31 1,78 5,7 
B29 0,01 0,16 28,4 2,35 2,23 0,9 
B30 0,01 0,30 36,5 2,61 2,36 0,9 
B31 0,00 0,01 - 0,61 1,23 2,0 
B32 0,00 0,01 - 2,50 2,24 0,9 
B33 0,00 0,00 - 1,70 1,58 0,9 
B34 0,00 0,19 613,6 3,31 2,92 0,9 



Appendix 5. Sediment classifications, color and texture of sediment samples.  
 

 Depth Munsell Color Code Munsell Classification Texture 
Well ID (feet)    
B1  
(moist samples) 

 
  0-10 Hue Y5 4/2 Grayish Olive clay 

 10_15 Hue Y5 4/1 Gray silt  
 15-20 Hue Y5 4/2 Grayish Olive clay 
 20-25 Hue Y5 4/1 Gray silt  
 25-30 Hue Y5 3/4 Dark Olive clay 
 30-35 Hue 5GY 4/1 Dark Olive Gray silt  
 35-40 Hue 10Y 3/2 Olive Black silt  
 40-45 Hue 7.5Y 3/1 Olive Black clay 
 45-50 Hue 10G 4/2 Dark Greenish Gray sand 
 50-55 Hue 10G 4/2 Dark Greenish Gray medium sand 
 55-60 Hue 10G 4/2 Dark Greenish Gray fine sand 
 60-65 Hue 10G 4/2 Dark Greenish Gray medium sand 

 65-85 Hue 10G 4/2 Dark Greenish Gray 
Finer than 50/55, coarser than 
55/60 

     
     
     
B1  
(dried samples) 0-10 Hue 5Y 7/1 Ligth gray clay 
 10_15   silt  
 15-20 Hue 5Y 7/1 and Hue 2.5 5/4  Ligth Gray and Yellowish Gray clay 
 20-25   silt  
 25-30 Hue 2.5Y 7/3 Ligth yellow clay 
 30-35 Hue 7.5Y 6/1 Gray silt  
 35-40 Hue 7.5Y 6/1 Gray silt  
 40-45 Hue 10Y 6/1 Gray clay 
 45-50 Hue 7.5Y 7/1 Ligth gray sand 
 50-80 Hue 7.5Y 6/1 Gray fine to medium sand 
 80-85 Hue 7.5Y 6/1 Gray fine to medium sand 
 

 



Appendix 5. Sediment classifications, color and texture of sediment samples.  
 

 
 Depth Munsell Color Code Munsell Classification Texture 
Well ID (feet)    
B10  
(moist samples) 0-5 Hue 2.5Y 5/3 Yellowish Gray clay 
 5_10 Hue 7.5Y 4/1 Gray clay 
 10_15 Hue 2.5Y 4/1 Yellowish Gray clay 
 15-20 Hue 5Y 4/1  Gray clay 
 20-50 Hue 10G 4/2 Dark Greenish Gray sand 
 50-60 Hue 10G 4/2 Dark Greenish Gray Coarser Sand than 20-50 
 60-70 Hue 10G 4/2 Dark Greenish Gray As 20-50 
 70-75 Hue 10G 4/2 Dark Greenish Gray As 50-60 
 75-85 Hue 10G 4/2 Dark Greenish Gray As 20-50 
 85-90 Hue 10G 4/2 Dark Greenish Gray Finer than 20-50 
 90-95 Hue 10G 4/2 Dark Greenish Gray As 20-50 
 95-100 Hue 10G 4/2 Dark Greenish Gray As 85-90 
     
     
B10  
(dry samples) 0-5 Hue 5Y 7/2 Light Gray clay 
 5_10 Hue 5Y 6/1 Gray  clay 
 10_15 Hue 5Y 5/2 Grayish Olive  clay 
 15-20 Hue 5Y 7/1 Light Gray clay 
 20-25 Hue 2.5 GY 7/1 Light Olive Gray sand 
 25-50 Hue N 7/0 Grayish White sand 
 50-60 Hue N 7/0 Grayish White Coarser Sand than 20-50 
 60-70 Hue N 7/0 Grayish White As 20-50 
 70-75 Hue N 7/0 Grayish White As 50-60 
 75-85 Hue N 7/0 Grayish White As 20-50 
 85-90 Hue N 7/0 Grayish White Finer than 20-50 
 90-95 Hue N 7/0 Grayish White As 20-50 
 95-100 Hue N 7/0 Grayish White As 85-90 
 

 



Appendix 5. Sediment classifications, color and texture of sediment samples.  
 

 
 Depth Munsell Color Code Munsell Classification Texture 
Well ID (feet)    
D 15 
(moist samples) 0-10 

Hue 7.5Y 4/1, spots of Hue 10 YR 
7/8  Gray, spots: Yellow clay 

 10-20 Hue 2.5Y 5/3 Yellowish Gray silt 
 20-30 Hue 5Y 4/2 Grayish olive clay 
 30-40 Hue 5Y 4/1 segments of 5Y 6/6 gray segments of olive clay/silt 
 40-50 Hue 10Y 5/1 gray fine/medium sand 
 50-60 Hue 7.5 5/1 gray (tinch of yellow) medium sand 
 60-70 Hue N 6/0 gray coarse sand 
 70-80 Hue N 6/0 gray coarse sand 
 80-90 Hue N 6/0 gray coarse sand 
 90-100 Hue N 6/0 gray coarse sand 
     
     
D 15  
(dry samples) 0-10 Hue 2.5Y 7/1 spots of Hue 10YR 7/8 Light Gray, spots of Yellow Orange clay 

 10-20 Hue 2.5Y 7/2 spots of Hue 10YR 7/8
Grayish Yellow spots of Yellow 
Orange silt 

 20-30 Hue 2.5Y 7/1 Light Gray clay 
 30-40 Hue 2.5Y 6/1 Yellowish Gray clay/silt 
 40-50 Hue 2.5Y 6/2 Grayish Yellow fine/medium sand 
 50-60 Hue 2.5Y 7/2  Grayish Yellow medium sand 
 60-70 Hue 7.5Y 7/1 Light Gray coarse sand 

70-80 Hue 7.5Y 7/1 Light Gray coarse sand 
 80-90 Hue 7.5Y 7/1 Light Gray coarse sand 
 90-100 Hue 7.5Y 7/1 Light Gray coarse sand 
 
 
 
 

 

 



Appendix 5. Sediment classifications, color and texture of sediment samples.  
 

 

 
  
 Depth Munsell Color Code Munsell Classification Texture 
Well ID (feet)    
B 30 (moist 
samples) 0-5 Hue 5Y 5/2 Grayish Olive clay 
 5-10 Hue 5Y 4/2 Gray clay 
 10-15 Hue 5Y 4/1 Gray clay 
 15-20 Hue 5Y 4/1 Gray clay 
 20-25 Hue 5Y 3/1 Olive Black clay 
 25-30 Hue 5Y 4/1 Gray fine sand 
 30-35 Hue 5Y 5/1 Gray medium sand 
 35-40 Hue 5Y 5/1 Gray medium sand 
 40-45 Hue 5Y 5/2 Grayish Olive medium sand 
 45-50 Hue 5Y 5/1 Gray medium sand 
 50-55 Hue 5Y 5/2 Grayish Olive medium sand 
 55-60 Hue 5Y 5/2 Grayish Olive medium sand 
 60-65 Hue 5Y 5/2 Grayish Olive medium sand 
 65-70 Hue 5Y 5/2 Grayish Olive medium sand 
 70-75 Hue 5Y 5/2 Grayish Olive medium sand 
 75-80 Hue 5Y 5/2 Grayish Olive medium sand 
 80-85 Hue 5Y 5/3 Grayish Olive coarse sand 
 85-90 Hue 5Y 5/2 Grayish Olive medium sand 
 90-95 Hue 5Y 5/2 Grayish Olive medium sand 
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