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SUMMARY 

Groundwater resources have a considerable role for supplying water especially 
in small cities, islands and summer housing areas. Although in big cities like 
Stockholm drinking water is supplied mainly by lakes, there are about 500 000 
private wells (drilled and dug wells) in Sweden in order to supply water for 
more than 1.2 million people. Gotland Island is the largest Island in Sweden 
which is highly dependent on small scale water supply. The amount of chemical 
components and microorganisms in groundwater has increased during last 
decades.  

Gotland consists of carbonate bedrock geology and karst aquifer systems. 
Considering susceptibility of karst aquifer to pollutant transmission is a 
complicated manner and dependent on a set of factors correlated to each other 
such as fractures zones and thin soil layer as well as complex networks of 
conduits. 

This master thesis aims to give a base for a groundwater vulnerability 
assessment method by clarifying important factors concerning groundwater 
pollution. In fact, it is an inductive method for studying and evaluating data to 
determine significant factors in terms of chemical and microorganisms 
concentrations in groundwater. The available national databases such as 
Swedish Geological Survey (SGU) and Swedish Land Survey were applied in 
the study.  

A combination of GIS and Multivariate statistical analysis was applied as study 
method. The capability of GIS was used for organizing data, preparing factor 
maps and extracting information from maps. Measured chemical and physical 
data were transformed to maps and visualized. Several desired factor maps were 
created from original maps, for example slope of terrain, distance to fracture 
and deformation zones. Determination of predominate values as well as mean 
and median values regarding desired factors within the surrounding areas of the 
wells were carried in the Arc Map. 

In the statistical part, basic descriptive statistics was used to get a better 
understanding about situation in the area with applying graphs and tables. 
Results imply serious problems regarding microorganism and coliform bacteria 
as well as chloride concentrations in the groundwater resources.  

As the natural processes are mostly formed in a multidimensional context, 
interactions and correlations between factors should be taken into 
consideration in order to obtain more reliable interpretations. Multivariate 
statistical analysis and in particular principle component analysis (PCA) 
provided tools to identify correlations among factors in a multivariate context. 
In addition, redundancies were identified and excluded from further studies. 8 
chemical components and microorganisms dependent variables such as 
chloride, sulfate, phosphate, pH, ammonium, nitrate, microorganism and 
coliform bacteria were studied as well as independent variables (factors) such as 
land use, elevation, bedrock, soil type, soil thickness, slope, distance to factors 
and deformation areas. 

Analysis of variance (ANOVA) and Kruskal – Wallis test were used to test 
hypothesis and determine significance level of factors regarding each variable. 
Consequently the effectiveness of subclasses within factors was clarified.  

Study results suggest the land use is an important factor regarding 
microorganism, coliform bacteria, ammonium, phosphate and sulfate 
concentrations in groundwater. The highest values of concentration of 
microorganism and coliform bacteria were found in residential areas. The 
highest values of concentration of ammonium, phosphate and sulfate were 
recorded in areas with field land cover. Soil type was a significant factor in the 
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terms of microorganism, ammonium, pH and sulfate. It was detected that areas 
with clay and organic material are more vulnerable for concentration of 
microorganism and coliform bacteria. Moreover, wells located in areas without 
soil cover are prone to have high concentration of coliform bacteria due to the 
ease of infiltration and percolation of water from surface to groundwater. 
Bedrock geology was an important factor concerning chloride, sulfate and 
ammonium. An inverse relation between topological well location and amount 
of microorganism, coliform bacteria, chloride and sulfate concentrations in 
groundwater was observed. 

From the applied methodology, based on GIS and multivariate statistical 
analyses, it was possible to draw several conclusions concerning significant 
factors, which statistically affected the micro-biological and chemical 
components of groundwater. The results can be used for the development of 
groundwater vulnerability assessment maps of the island of Gotland. 
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SUMMARY IN SWEDISH  

Grundvattenresurser har en viktig roll för vattenförsörjningen i Sverige, särskilt 
i små städer, öar och fritidshusområden. I stora städer som Stockholm kommer 
dricksvatten främst från sjöar men det finns minst 500 000 privata brunnar 
(borrade och grävda brunnar) i Sverige som ger vatten till mer än 1,2 miljoner 
människor. Gotland är den största ön i Sverige och starkt beroende av 
småskalig vattenförsörjning. Mängden kemiska komponenter och 
mikroorganismer i grundvatten har ökat under senaste decennierna. 

Gotland består av karbonatbergarter och grundvattnet förekommer i 
sprickakviferer och karstsystem. Grundvattenströmningen i karstområden är i 
regel mycket komplex och beror på en rad faktorer korrelerade till varandra 
såsom sprickzoner och tunna jordmäktigheter samt komplexa nätverk av 
strömningskanaler. 

 Detta examensarbete syftar till att ge en bas för en sårbarhetsanalys för 
grundvatten genom att klargöra viktiga faktorer som påverkar 
föroreningssituationen i grundvattnet.  Projektet baseras på studier  och 
utvärdering av data för att bestämma viktiga faktorer som påverkar 
koncentrationen av kemiska ämnen och mikroorganismer i grundvattnet. De 
tillgängliga nationella databaser som använts har erhållits från Sveriges 
Geologiska Undersökning (SGU) och Lantmäteriet.. 

En kombination av GIS och statistisk multivariatanalys har användes som 
studiemetod. GIS har använts för att organisera data, förbereda specifika kartor 
över de olika faktorerna samt extrahera information från kartor. Uppmätta 
kemiska och fysikaliska data har förvandlats till kartor och visualiserats. 
Specifika faktorkartor skapades från de ursprungliga kartorna, till exempel 
terränglutning, avstånd till sprick- och deformationszoner. Studier av 
omgivande förhållanden kring varje undersökt brunn samt beräkning av 
medelvärden och medianvärden för olika faktorer i brunnarnas omgivning 
utfördes i Arc Map. 

I den statistiska delen av projektet har grundläggande beskrivande statistik 
använts för att få en bättre förståelse av föroreningssituationen på Gotland 
genom användning av diagram och tabeller. Resultatet visar på allvarligaa 
vattenkvalitetsproblem när det gäller mängden mikroorganismer och bakterier 
samt koncentrationern av klorid i grundvattnet.. 

Eftersom de naturliga processerna oftast är flerdimensionella bör interaktioner 
och samband mellan olika faktorer beaktas för att få mer tillförlitliga tolkningar. 
Statistisk multivariatanalys, i synnerhet principalkomponentanalys (PCA) har 
använts som verktyg för att identifiera samband mellan faktorer i ett 
multivariatsammanhang. Dessutom kunde överlappningar mellan olika variabler 
identifieras varvid vissa variabler kunde uteslutas från vidare studier. 8 beroende 
variabler i form av kemiska komponenter och mikroorganismer (klorid, sulfat, 
fosfat, pH, ammonium, nitrat, mikroorganismer och koliforma bakterier) 
studerades liksom ett antal oberoende variabler (faktorer) såsom 
markanvändning, topografi, bergart, jordart, jordmån, jordlagrens mäktighet, 
lutning, avstånd till sprick- och deformationszoner. 

Variansanalys (ANOVA) och Kruskal - Wallis test användes för att bestämma 
betydelsen av de olika faktorerna.  

Resultatet visar att markanvändning är en viktig faktor när det gäller 
mikroorganismer, koliforma bakterier, ammonium, fosfat och sulfat 
koncentrationer i grundvattnet. De högsta värdena för koncentration av 
mikroorganismer och koliforma bakterier hittades i bebyggda områden. De 
högsta värdena för koncentration av ammonium, fosfat och sulfat har påträffats 
i områden med jordtäckning. Jordart var en betydelsefull faktor beträffande 
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halten av mikroorganismer, ammonium, pH och sulfat. Områden med lera och 
organiskt material har högre koncentration av mikroorganismer och koliforma 
bakterier. Dessutom har brunnar belägna i områden som saknar jordtäckning 
förhöjda koncentration av koliforma bakterier på grund av att ytligt vatten 
enkelt kan infiltrera och perkolera från ytan till grundvattnet. De 
berggrundsgeologiska förhållandena var en viktig faktor för halten av klorid, 
sulfat och ammonium. Det topografiska höjdläget var omvänt korrelerat till 
mängden mikroorganismer, koliforma bakterier, klorid samt koncentrationer av 
sulfat i grundvattnet. 

Från den metod som använts, baserat på GIS och statistiska 
multivariataanalyser, var det möjligt att påvisa viktiga faktorer som statistiskt 
påverkar mikrobiologiska och kemiska komponenter i grundvatten. Resultatet 
kan användas för att utveckla bedömningskartor över grundvattnets sårbarhet 
på Gotland. 
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ABSTRACT 

Concentrations of microorganisms and chemical components in groundwater 
are serious threats for groundwater resources sustainability and contribute to 
technical and health problems. Recent studies and reports in Gotland revealed 
huge concerns about water quality in the area. In this master thesis a range of 
methods such as GIS and statistical analysis including multivariate analysis and 
non-parametric analysis, have been used in order to identify natural and human 
factors which affect groundwater contamination. Main focus of the study was 
on using existing data and available databases in analyses. Consequently, several 
important factors such as land use, overlaying soil cover, soil thickness, 
bedrock, elevation, distance to deformation and fracture zones and slope were 
evaluated considering 8 variables including micro-organisms and chemical 
components. The results clarified several significant factors which statistically 
affected the micro-biological and chemical components of groundwater. These 
relations can be used for development of risk maps which can be used in spatial 
planning.    

Key words: Groundwater, Microorganism, Chemical components, GIS, PCA, ANOVA.

1 INTRODUCTION 

The disclosure of recent reports from the 
Gotland municipality and the awareness of 
increasing the number of private wells which 
have been put out of service or in the warning 
condition due to intensifying of pollutants 
concentrations, incited development of decision 
making tools for more effective planning and 
groundwater resources management in the area. 
Groundwater is always considered as a valuable 
resource due to a usually good quality after being 
filtrated through the ground. Soluble chemicals 
and bio-organisms which are posed to 
groundwater in consequence of domestic, 
agricultural and industrial activities as well as 
salinization of groundwater in coastal areas as a 
result of increased withdrawal are tangible threats. 
The groundwater susceptibility and increasing 
human demands simultaneously, lead to that 
securing a sustainable good quality drinking water 
supply is a major environmental issue on Gotland 
(Holpers, 2007).  

In Sweden more than 1.2 million people meet 
their water supply from about 400,000 private 
wells (SGU, 2003). Actually the role of 
groundwater and private wells are much more 
important outside big cities especially in summer 
housing areas. Gotland is the biggest island in the 
Baltic Sea, its unique nature and rich history 
contribute to be considered as a popular summer 
destination (Gotland.se, 2011). There are around 
10,000 properties on the island of Gotland, which 

are dependent on private wells as drinking water 
supply. The total water consumptions from these 
water resources according to ‘‘Water Plan for the 
municipality of Gotland’’ was calculated to nearly 
4 million m3 annually. Most of the private wells 
are drilled into bedrock, due to geological 
condition in large parts of the island, such as thin 
soil cover, fractured and stratified rock. The 
groundwater resources in the island are prone to 
be contaminated due to that the pollutants easily 
can reach the groundwater from the surface 
(Gotland’s Municipal Council, 2008).  

As a part of the environmental program and 
strategy for Gotland island ‘‘there must be 
secured access to sufficient quantities of high-
quality drinking water for all households and 
operations on the island’’ (Gotland’s Municipal 
Council, 2008). Moreover, the overall target 
which has been defined should be achieved by 
2020. Defined indicator to achieve the strategy 
goal is continuously reduction of the number of 
individual water supplies affected by bacteria. 
However, according to a recent study carried out 
by the municipality the number of unusable wells 
due to chemical and microorganism components 
has got approximately doubled during last 20 
years (Fig. 1). Therefore, due to the sensitive 
situation of groundwater and considerable 
numbers of the individual drinking water supplies 
protective and preventive efforts should be 
carried out to achieve national and regional 
environmental quality targets.  

There are plenty sources and factors which play 
significant roles in the processes of groundwater 
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contamination. The identification of factors 
which increase or decrease the risk for 
groundwater contamination is therefore 
necessary. If such risk variables can be identified 
a model can be developed which pinpoint 
specifically vulnerable areas. Such models have 
previously been developed for groundwater 
salinization (Lindberg and Olofsson, 1997) and 
radon in groundwater (Skeppström and 
Olofsson, 2006). 

The model require statistical analysis of chemical 
data together with natural and technical data in 
order to clarify which variables increase or 
decrease the vulnerability for groundwater 
pollution.  

2 OBJECTIVES AND SCOPE 

The study aims to draw an outline for evaluating 
spatial variability of microorganisms and chemical 
components in groundwater in the Gotland 
Island. The main efforts were to study different 
geological and physical factors in relation to 
groundwater pollution and to clarify their 
significance as well as to study correlations 
between different factors and the chemical and 
micro-organism concentrations. Topography, soil 
geology and depth, bedrock geology, distance to 
deformation and fractures zones and land use 
were factors which have been analyzed in terms 
of their relations to groundwater components 
such as microorganism, coliform bacteria, 
chloride, ammonium, nitrate, pH, phosphate and 
sulfate. 

3 STUDY AREA  

Gotland is the largest island in Sweden and Baltic 
Sea (3,140 km2) located on 57°30′N 18°33′E with 
a width of 52 km and a length of 176 km length 
(Fig. 2). It has approximately 800 km coastline 
and the altitude varies between 0 and 82 m above 
sea level (Gotland Municipality, 2009). About 
0.6% of Sweden’s population, around 57,000 live 
and work on Gotland (Gotland Municipality, 
2009).  

From geology point of view, Gotland was created 
from coral reef during Silurian age 400 million 
years ago when Gotland was near to equator 
(Gotland Municipality, 2009; Karlqvist et al, 
1982). Gotland’s bedrock is made up of 
predominately limestone and marlstone as well as 
sandstone found on a small southernmost part. 
As a result of dissolution of calcium, Ca2+ and 
magnesium Mg2+ minerals in the limestone, 
permeable fracture zones were generated 
developing to larger channels called karst 
(Pettersson, 2009). Regarding groundwater these 
fracture zones let precipitations quickly percolate 
to groundwater table (Pettersson, 2009). 
Limestone quarrying can also potentially 
contribute to widespread effect on groundwater 
resources and consequently influence quality and 
availability of groundwater on Gotland 
(Pettersson, 2009). In the north end, the geology 
is predominated by flat limestone which is 
characteristic of pretty thin or lack of soil cover 
(Länsstyrelsen Gotland, 2006). Pretty thin or 
absence of soil cover can be observed in the large 
part of the Island especially along the coastline. 
The creation of clay and till soil cover goes back 

Figure 1. Comparing results of all municipal studies of groundwater qualities in private wells 
1990-2010 (source Gotland Municipality 2010 ©). 
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to the last glaciation when these soils were 
formed from the inland ice and the sedimentary 
bedrock, thus these soils were deposited when 
the ice melted. Moreover, washed deposit such as 
sand and gravel were shaped after the last 
glaciation due to isotactic rebound as well as 
intense wave-wash when Gotland was rising from 
Littornia Sea (Pettersson, 2009). Areas located 
under the highest sea level are more susceptible 
to contain higher chloride concentration in 
groundwater due to expose to the remained 
saltwater aquifers. Although, the north part is 
barren and rocky, deciduous forests and wooded 
meadows shape greener areas in south (Gotland 
Municipality, 2009). 

4 BACKGROUND  

As it mentioned Gotland bedrock mainly consists 
of limestone and marlstone which give carbonate 
aquifers in the area. The carbonate rocks are 
highly prone to dissolve when expose to water, it 
will contribute to generating permeable fracture 
zones. These fracture zones as a result of 

dissolution process eventually can be developed 
to greater channels known as karst. Karst aquifers 
are strongly heterogeneous and consist of 
network of very permeable conduits which are 
surrounded by non-permeable rocks (Doerfliger 
et al, 1998). Matrix flow and conduit flow occur 
in the aquifer, where in the former pores and fine 
fractures are responsible for water flow similar to 
Darcy flow in soil. On the other hand, water 
transporting in conduit flow rely on wide 
fractures and consequently it has much higher 
velocity compare to matrix flow (Pettersson, 
2009). 

Regarding recharge either dispersed or 
concentrated infiltrations occur in the karst 
aquifer (Doerfliger et al, 1998). Due to conduit 
flow and infiltration recharge directly into the 
conduit networks, the aquifer can be recharged 
quickly by precipitation. However with increasing 
recharge the occurrence of concentrated recharge 
more likely occurs in deeper part where fractures 
are finer because they have been less dissolved 
due to lower flow velocity (Doerfliger et al, 1998). 

Figure 2. Map of Gotland (© 
Lantmäteriverket Gävle). 
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Table 1. Data considered in the analysis, 
their sources and formats. 
 

Data Units Original 
Format 

Desired 
Format 

Micro-
organisms 

cfu/ml  
Excel file 

shapefile-
points 

Coliform 
Bacteria 

cfu/100ml 
Excel file 

shapefile-
points 

Cl- 
mg/l  

Excel file 
shapefile-
points 

NH4
+ 

 
mg/l  

Excel file 
shapefile-
points 

NO3
-
  

mg/l  
Excel file 

shapefile-
points 

pH 
mg/l  

Excel file 
shapefile-
points 

PO4
3-

 
mg/l  

Excel file 
shapefile-
points 

SO4
2-

 
mg/l  

Excel file 
shapefile-
points 

Elevation 

m.a.s.l 
standard 
ASCII file Raster File 

Relative altitude 
within 50,100,200,500 m 

Raster File 
50*50 pixel 
size 

Slope-mean 
 within 50,100,200,500 m 

Raster25*25 
pixel size 

Land use 
  standard 

ASCII file Raster file 

Predominant land use 
within 50,100,200,500 m 

Raster25*25 
pixel size 

Bedrock 

  shape 
file-
polygons Raster file 

Predominant 
 Bedrock within  
50,100,200,500 m 

Raster25*25 
pixel size 

Soil  

  shape 
file-
polygons Raster file 

Predominant soil type 
within 50,100,200,500 m 

Raster25*25 
pixel size 

Soil depth 

  shape 
file-
polygons  Raster File 

Median soil depth 
 within 200 m 

 

shapefile-
points 

Fractures 
  shape 

file-lines 
shape file-
lines 

Distance to 
fractures 

 

 

Raster25*25 
pixel size 

Deformation 
zones 

  
shape 
file-lines 

shape file-
lines 

Distance to 
deformations 

  

  
Raster25*25 
pixel size 

 

 

  Type of water flow can affect both groundwater’s 
chemical composition and variability in chemical 
composition. The correlation among water flow 
and calcium and magnesium concentration 
investigated by Gunn (1981) and described with 
Appelo and Postma (2005) infer on flow path as 
significant factor in karst groundwater chemistry. 
The duration time takes for water passing in 

fractures and the contact surface area play 
important roles. In other words, longer time for 
transporting water as well as a larger surface 
contact, increase the probability of dissolution 
and consequently there will be more 
concentrations of ions such as calcium and 
magnesium (Pettersson, 2009).  

A study carried out by Shuster and White (1972) 
suggests that the variation of chemicals is more 
significant in conduit flow whereas matrix flow 
has more stable water composition. The 
correlation among chemical composition 
variability in groundwater can be interpreted by 
flow’s velocity. Quicker flow in conduit gives less 
time for the groundwater composition to get 
stabilized, however in matrix flow geochemical 
processes have more time to take place and reach 
equilibrium with the surrounding bedrock. 

From geochemical point of view, carbonate 
reactions such as dissolution and precipitation of 
calcium carbonate as well as ion exchange are 
dominating in groundwater composition. 
However the final groundwater composition is 
characterized by a combined effect of aquifer 
composition, groundwater velocity, and reaction 
kinetics (Pettersson, 2009).   

5 DATA  

Data on chemical and bio-organisms 
concentrations in groundwater were provided by 
Swedish Geological Survey (SGU). The data base 
contained water samples taken with health 
officers or  private well owners during 2007 and 
2008 registered in SGU archive. Furthermore, 
SGU wells archive was used which consisted of a 
large number of wells having physical properties 
such as soil depth, wells capacity, total depth and 
water level. This information was gathered by the 
drilling companies during construction of wells. 
Geological data including bedrock, soil type, 
fracture and deformation zones were achieved in 
digital format from SGU. Swedish Land Survey 
was the source for obtaining land use data and 
topological data in digital format. In the terms of 
soil thickness there was no digital data prepared 
by SGU, Therefore it was decided to digitize a 
paper map. Regarding data on groundwater 
chemical and bio-organisms components the 
wells were not sampled randomly for this study. 
Drinking water wells are usually constructed close 
to the houses therefore most wells were found in 
small villages where groundwater is assumed to 
be more affected by human activities than general 
groundwater quality on the island. So there is also 
lack of sampling data from some areas. Many 
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factors were derived from geological and 
topological data used in the analyses such as 
distance to fracture zones, distance to shore line, 
distance to deformation zones and slope of the 
terrain. As this study aimed to consider and 
evaluate the role of surrounding conditions on 
chemical components and microorganism 
concentrations in wells, several generalization 
factors were derived, for instance, the 
predominate land use within 200 meters which 
was derived from land use maps (Table 1).  

6 METHODS  

It is possible to recognize three main parts in this 
study. First, preparations of data and maps into 
appropriate format for applying in the analyses 
were carried out. The Second phase included 
extraction of desired information from each map. 
Finally, the extracted information were explored 
and analysed statistically in order to recognize 
significant factors and find correlations among 
factors. Undoubtedly, Geographic Information 
System (GIS) provides powerful tools for 
visualization and analysing of spatially distributed 
digital data. So GIS has been applied for 
preparing factor maps as well as to explore 
surrounding areas of wells which have measured 

chemical components (target wells). The software 
applied was ArcGIS version 9.3. 

In order to explore, organize and analyse the 
information, STATISTICA version 10 and SPSS 
version 18 were applied. Several statistical 
analyses such as basic descriptive statistics, 
principal component analysis (PCA) and analysis 
of variance ANOVA were performed for both 
qualitative and quantitative variables. 

6.1 Methods used for preparing factor 
maps and extraction of information 

As the first step to utilize the GIS tools, well 
chemical data represented as an Excel table which 
was transformed to a proper format. A ‘dbf’ file 
was created in ArcCatalog software which was 
represented as a shape file consisted of 278 
points with an attribute table showing chemical 
properties of the wells (Fig. 7). The same method 
has been used to represent those wells which 
have physical properties such as capacity, ground 
water level, soil depth and total depth of wells 
(Fig. 6). The data base contained 6262 wells. To 
relate the information of these wells to the target 
wells, the spatial join function in ArcMap was 
used. According to SGU (2011) the spatial 
location of the wells has an uncertainty of 200 
meters so it has been decided to join information 
of those wells located within 200 meters of target 

Figure 4. Bedrock map of different bedrock 
type (data source: SGU©). 

Figure 3. Soil map of different soil type type 
(data source: SGU©). 
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wells. Although there is a possibility in ArcMap 
to calculate mean or median values in the join 
function, it did not contribute to reliable result. It 
could be due to mass of points and a non-normal 
distribution. For example, in some areas where 
buffer areas overlap each other, the software just 
used the values of wells in common just for one 
buffer zone. To cope this problem, it has been 
decided to apply ArcGIS functions just for 
extraction of well information within 200 meters 
of the target wells and then export data for 
further study in Excel. In Excel two formulas 
have been developed for calculation of average 
and median value of the joined wells. 

After calculating the desired values the Excel file 
was transformed into a shape file in the manner 
described before. Regarding wells features 
information, as it mentioned before, it was 
registered when the well was drilled, so the age of 
some information was up to 20 years. Water 
levels which vary seasonally in a year were not 
reliable enough to be included in the analyses. 
The only feature which was used within this study 
was the median value of soil thickness.  

6.1.1 Landuse:   

The land use map was a raster file with 25 meters 
pixel size, so every well was located in a pixel 
representing 25x25 m. Due to the low accuracy 
of the well location it was decided to define 
several buffer zones in order to consider the role 

Figure 5. Defined buffer zones around each 
well with several radii, 50, 100, 200, 500m. 

Figure 6.  Distribution of wells which had 
measured chemical components. Data from 
the wells archive @SGU©. 

Figure 7. Distribution of wells which had 
measured physical properties. Data from the 
wells archive @SGU©. 
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of surrounding area. According to SGU there 
were two sorts of uncertainties (100 and 200 
meters) regarding the locations of wells, 
accordingly these two distances beside 50 and 
500 meters (for further studies) were used for 
defining buffer zones around the target wells 
(Fig. 5).  

After creating these buffer zones, the desired 
areas were extracted from land use map applying 
the Extract by mask tool. Then the extracted map 
was reclassified into three classes. The main 
principals for categorizing were; residential areas 
in order to study role of anthropogenic effects on 
the ground water composition, field areas in 
order to realize the effects of fertilizers and other 
consequences of the agricultural activities as well 
as forest areas which were assumed to have least 
anthropogenic effects. The principal of zonal 
statistics were used for calculation of 
predominate land use within the buffer zones 
(Fig. 8) (Bonham- Carter,1998). The results were 
joined to the target wells using spatial join 
function. The output was in tabular form 
including a land use value and the chemical and 
bio-organisms components of groundwater. 

6.1.2 Elevation     

The elevation map was a raster file with 50 
meters resolution. The method which was applied 
for extracting the elevation value from the raster 
file was similar to the land use map, with several 
buffer zones 50,100,200 and 500m around each 
well. In the Arc Map model, raster elevations 
were extracted by the mask function but for 
assigning the elevation value the mean value 
option in the zonal statistic tool was applied to 
pixels located within the buffer zones. Finally, the 
results were joined to the target wells using the 
Spatial Join tool. The output was in tabular form 
including average value of elevation as well as 
chemical and bio-organisms components of 
groundwater.  

6.1.3 Bedrock 

The bedrock map was a vector file using 
polygons to show different classes. First all 
subclasses were reclassed into three main classes; 
limestone (course pure limestone CaCO3) and 
marlstone (fine stained mixture of CaCO3+Clay 
silicate) as well as sandstone (Fig. 4). As the 
factor map was a vector file for using the Zonal 
Statistic tool, the map was converted to a raster 
file with 25 meters resolution. The rest of the 
procedure was similar to the method which was 
used for land use including; extraction within 
several buffers, calculation of predominate values 
and assigning these values to the buffers. The 
output was in tabular form including bedrock 
value as well as chemical and microorganism 
components of groundwater, (Fig. 9). 

6.1.4 Soil type 

The soil type map was a vector file using 
polygons to show different classes. First the 
classes were integrated with respect to assumed 
hydraulic conductivity. The map contained many 
details, for example, several subclasses for till, 
therefore these subclasses were combined to one 
main class. As a result of the combination five 
main classes remained; sand and gravel, bedrock, 
clay and silt, organic material and till (Fig. 3). 

The Zonal Statistic tool was used and the map was 
converted to a raster file with 25 meters 
resolution. Extraction was carried out with the 
several buffer zones around the wells and the 
predominate value within each buffer zone was 
allocated to the target wells.  

6.1.5 Soil depth: 

The only available map regarding soil depth was a 
paper map within 1:250 000. By use of Didger, 
Cartalinx and ArcMap software the map was 
transformed to an appropriate shape file. In 
addition, in the SGU well archive there was 
information concerning soil thicknesses which 
were more accurate and reliable compare to 

Figure 9. Extraction of landuse and 
assigning a predominate value to the buffer. 

Figure 8. Extraction of rock types and 
assigning a predominate value to the buffer. 
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digitized paper map (Fig. 10). Therefore the 
median soil depth values which were obtained 
from SGU well archive were allocated to relative 
wells. However, in some cases due to lack of 
information, it was not possible to use these 
median values, so it has been decided to consult 
the digitized paper map for assigning a soil 
thickness value. The method of extraction values 
from the map was completely similar to what was 
done in the case of soil type. 

6.1.6 Slope 

The slope map was created from the digital 
elevation map by the use of Slope tool in Arc 
Map. The result was a raster map with 25m 
resolution where each pixel represented the 
slopes in degrees. The method of extraction 
values from the raster map was completely similar 
to what was carried out in the case of elevation. 
Extraction by mask function in the Arc GIS was 
used for gathering the slope values within the 
buffer zones. In order to assign the mean value to 
the buffer zones, zonal statistic function was 
applied. Finally, the results were joined to target 
wells using Spatial Join tool. 

6.1.7 Deformation and fracture zones 

Actually two types of data were available, both of 
them were shape files contained polylines, but the 
fractures were digitized from paper maps by SGU 

while deformation zones were created from 
databases. They had different accuracy so it has 
been decided to study them separately. However 
the method used for extraction data was similar 
for both cases. To measure distance of target 
wells to fractures and deformation zones, the 
Euclidean Distance tool in ArcMap was applied. 
The result was given as a raster file with 25m 
resolution.  The Extract by Mask tool was applied 
to pick up the value and the spatial join function 
related each value to the relevant well.  

6.1.8 Shore lines 

Distance of wells to the shore line was created 
specifically for further study in the case of 
chloride. Distances to shore were measured using 
the Euclidean Distance tool. Then the values 
were extracted and joined to the wells in the same 
way used for fractures and deformation zones. 

6.1.9 Uncertainties: 

Regarding extraction method, we used raster files 
with 25 meters resolution. Considering the raster 
file problem at edges, some pixels might be 
included or excluded inaccurately in the buffer 
zones.  

6.2 Statistical analyses 

Descriptive statistics and inferential statistics are 
two main parts of statistical analyses. The former 
is summarizing data in a shorter form while 
inferential statistic is used to obtain a better 
understanding of some process and possible 
predictions based on this understanding (Rossite, 
2006). In this study basic descriptive statistics is 
used for exploring the current situation. 
Multivariate statistical analyses such as Principal 
component analysis (PCA) as well as univariate 
statistics and non-parametric methods such as 
analysis of variance ANOVA and Kruskal-Wallis 
test were used for identifying correlations among 
factors and their significance.  

6.2.1 Basic Descriptive Statistics 

the first step in the statistical analyses involved 
exploration and examination of the data set to 
find and describe arrays and general trends. 
Therefore several functions in STATISTICA 
such as descriptive statistics table, frequency 
table, histograms and charts, were used. In short, 
these tools were used to illustrate conditions of 
chemical components and microorganisms’ 
concentrations in groundwater. The correlations 
were compared to the Swedish National Board of 
Health and Welfare regulations. Moreover, in the 
terms of morphology a better understanding of 

Figure 10. Soil thickness map (data source: 
SGU©). 
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the area was gained applying histograms and 
tables. 

6.2.2 Principal Component Analysis (PCA) 

Multivariate statistical analyses and in particular, 
principal component analysis is increasingly being 
used in the field of water quality data analyses 
(Skeppström and Olofsson, 2006). Frequently, in 
water quality studies, PCA has been used to 
evaluate factors, estimate seasonality, 
management and governing processes in 
groundwater and river quality as well as in 
aquifers water flow evaluation (Stetzenbach et al., 
1999; Petersen et al., 2001; Kim et al., 2004; Singh 
et al., 2004). When the variables of study are not 
correlated, classical univariate statistical methods 
could be applied. However, in water quality 
analyses the variables are related and dependent 
on each other in most cases (Palau et al., 2011). 
Therefore, the aim of using PCA as a statistical 
technics compresses ‘‘a high-dimensional data 
matrix into a low-dimensional subspace, in which 
most of data variability is explained by a fewer 

number of latent variables’’ (Palau et al., 2011). 
That information which is not easy to describe by 
univariate statistics, can be extracted and revealed 
by multivariate statistical analyses (Johnson and 
Wichern, 2002). According to Davis (2002), in a 
large set of data PCA could be applied for data 
reduction and patterns identification. In other 
words, the general purpose and main applications 
of PCA are; to make a reduction of the number 
of variables and to discover variable structures 
through their relationships (StatSoft, 2011). The 
use of PCA contributes to achieve new abstract 
orthogonal principal components (eigenvectors) 
and to clarify the data variation in a new 
coordinate system (Praus, 2005). It is carried out 
by computing and analysis of the variance-
covariance structure considering linear 
combinations of variables (Davis, 2002; Johnson 
and Wichern, 2002). Linear combinations of 
original variables make principal components 
(PC) while each PC explains different source of 
variation (Praus, 2005). A great extent of the 
variability in the original data can be explained by 

Figure 14. Chloride concentration in wells. Figure 13. Ammonium concentration in 
wells. 

Figure 12. Microorganism concentrations in 
Groundwater. Figure 11. Coliform bacteria concentration 

in wells. 
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a first few of these linear combinations (PC’s) 
(Thalib et al., 1999; Johnson and Wichern, 2002). 
The ordination of the first PC is in the direction 
of the largest variation of the original variables 
passing the center of data. The next largest 
variation leads the second PC orientation. It is 
orthogonal to the first PC and also passes 
through the center of data (Praus, 2005). 
According to Skeppström and Olofsson, (2006) 
the linear combinations (PC’s) are explained as 
follow:  

‘‘If S = {Sik} is a p × p sample covariance matrix 
with eigenvalue–eigenvector pairs (λ1, e1), (λ2, 
e2),…, (λp, ep), the ith sample principal 
component is given by: 

Yi = eix = ei1x1 + ei2x2 + …+ eipxp  

Where x is any observation on the variables X1, 
X2, …, Xp and i = 1,  2,………, p.’’ 

The main aims of using PCA in this study were; 
to detect of possible correlations and associations 
among variables and to identify any redundancy. 
As it is mentioned, the PCA is actually analysis of 
variance-covariance, therefore in terms of 
qualitative data it was necessary to transform and 
classify nominal variables to numerical. 
Consequently, those variables which had a 
redundancy were excluded in further analysis and 
modeling. 

6.2.3 Kruskal – Wallis ANOVA  

The Kruskal-Wallis test is a sort of non-
parametric alternative which can be used to make 
comparison between multi samples, testing the 
null hypothesis. Although, the interpretation of 
the Kruskal-Wallis test is basically similar to the 
parametric one-way ANOVA, it is based on ranks 
rather than means (Siegel and Castellan, 1988). 
To escape terminology, its procedure could be as 
follow; first it considers two hypotheses: 

H0:   The median test scores are equal for all 
subclasses of the factor. 

Ha:   Not all of the medians are equal. 

 In addition, the significance level is 
determinative. But there is no strict rule for 
determining significance level and arbitrariness is 
unavoidable to the final decision. Typically 
researchers consider p<0.05 as borderline for 
statistically signi 

ficance however, it highly depends on the 
research conditions. In this study, three values (p 
<0.05, p< 0.1, p<0.2) considered as borderlines. 
Consequently if the p value is less than the 
significance levels then the null hypothesis would 
be rejected. 

7 RESULTS  

7.1 Descriptive statistics 

 Actually, 8 chemical and bio-organic variables 
(microorganism, coliform bacteria, Cl-, NH4

+, 
NO3

-, pH, PO4
3- and SO4

2-) were studied. The 
dependent variables as well as the independent 
variables consist of both qualitative and 
quantitative factors like land use, soil type, soil 
depth, bedrock, distance to deformation zone, 
slope and elevation. Most of the variables in the 
study did not follow a normal distribution; in 
addition, all the 8 chemical variables were not 
available for all 278 wells. Table 2 illustrates the 
situations of chemical data. 

The microorganism concentration of the 266 
tested wells and the variation was between 1 
cfu/ml to 27000 cfu/ml. Considering the fact 
that most of the wells in this study are small 
private wells (or small common wells for 
supporting less than 50 persons) we used 
‘‘Socialstyrelsen’’ The Swedish National Board of 
Health and Welfare regulations. Although there is 
no strict limit for such wells, there are 
recommendations for maximum values which are 
mostly similar to regulations of 
‘‘Livsmedelsverket’’ SLV, (Swedish National 
Food Administration). 32% of the wells (85 of 

 

Table 2. Descriptive statistics for dependent 
variables. 

Variable 

Descriptive Statistics 

Valid 
N 

Mean Median Min Max 

Micro-
organism 

266 1161.3 370 1 27000 

Cl- 144 142.3 36 3.7 2100 

Coliform 
bacteria 

265 365.6 5 1 2400 

NH4
+
 144 0.17 0.08 0.01 1.5 

NO3
-
 147 5.91 2 0.44 110 

pH 143 8.23 8.23 7.4 8.8 

PO4
3-
 128 0.1 0.01 0.01 2 

SO4
2-
 144 57.1 40.5 2 400 

In order to carry out PCA it was tried to apply
 both STATISTICA version 10 and SPSS version 
18. Actually the STATISTICA provides powerful 
tools for visualization and handle nominal data as 
wells  as  SPSS  which  delivers  appropriate 
repots for interpretation. 
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Figure 15.  a,b,c and d, frequency of pH and concentrations of Nitrate, Phosphate and Sulfate in 
wells. 

Figure 17. Histogram of soil type. Figure 16. Histogram of land use. 



Amir Pirnia  TRITA LWR Degree Project 12:12 

 

 12 

266) had concentrations exceeding 1000 cfu/ml 
which is the maximum value for microorganism 
concentration according to Socialstyrelsen, 
(2003). In addition, 23% of wells had extreme 
value of microorganism concentrations (>2000 
cfu/ml and up to 27000 cfu/ml), (Fig. 12). 

Regarding coliform bacteria 36% of the wells 
(131 of 265 wells) had concentrations exceeding 
50 cfu/100 ml. ‘‘Socialstyrelsen’’ recommends 
that those wells have values exceeding 50 cfu/100 
ml should be treated in order to reduce the value 
and wells exceeding 500 cfu/100 ml should not 
be used as drinking water (19% of the wells). 
14% of the wells had extreme concentrations of 
Coliform bacteria varying from 1000 to 2400 
cfu/100 ml which suggest to serious problem in 
the area (Fig. 11). 

In the case of chloride 42% of the wells (60 of 
144 cases) had concentrations exceeding 50 mg/l 
Cl- which may indicate the influence of saline 
groundwater, sewage, landfill, and road salt 
according to Socialstyrelsen, (2003). 16 % of 
wells exceeded 300   mg/l Cl which indicate 
changes in the taste. Moreover 8% had very high 
concentration more than 500 mg/l Cl- and up to 
2100 mg/l Cl- (Fig. 13). 

 

There are two maximum values recommended by 
‘‘Socialstyrelsen’’ concerning NH4

+, higher than 
0.5 mg/l may indicate human impact in the area, 
for instance, influence of sewage. A total of 12 
wells making up 8% of all wells, had 
concentrations above 0.5 mg/l NH4

+. Secondly, 
1.5 mg/l NH4

+ indicates risk of excessive nitrite 
formation and odor. However, there was no well 
in this range (Fig. 14). 

5% of the wells had concentrations exceeding 20 
mg/l NO3

- which indicates human impact, for 
example, influence of sewage and fertilizers. 
Furthermore, 3% of the wells had concentrations 
above 50 mg/l NO3

- which should not be given 
to children under 1 year due to the danger of 
methemoglobin according to Socialstyrelsen, 
(2003) (Fig. 15.b). 

All the 143 wells which had a measured value of 
pH were between 7 and 9 which is a normal 
range for drinking water (more than 6.5 and up to 
9) (Socialstyrelsen, 2003) (Fig. 15.a). 

There are two maximum values for sulfate 
concentrations based on Socialstyrelsen, (2003). 
A concentration exceeding 100 mg/l SO4

2- gives a 
remark from technical point of view due to 
acceleration of corrosion. 12% of the wells (17 of 
144 cases) were in this category. The second 
recommended maximum value is 250 mg/l SO4

2- 
due to esthetical changes in taste and health 
problems such as transient diarrhea. 3% of the 
wells had concentrations exceeding 250 mg/l 
SO4

2- (Fig. 15.d). 

The phosphate concentrations were above 0.6 
mg/l PO4

3-, in 3% of wells, which can indicate 
pollution sources such as sewage and fertilizers 
(Fig. 15.c). 

Moreover, the results of descriptive statistics for 
qualitative analysis clarify that more than 63% of 
wells were located in fields, 25% in forest and 9% 
in urban area (Fig. 16). 

Concerning soil type a total of 140 wells making 
up 50% of all wells were located in sand and 
gravel. 27% of the wells were positioned in till 
and 21% directly on outcropping bedrock 
(Fig. 17). 

53% of all the wells were located in the area with 
marlstone which is a mixture of limestone and 
clay (silicate) and 46% in pure limestone CaCO3. 
Less than 1% of the wells were located in 
sandstone. 

Table 3. Table of Communality. 
 

  Initial Extraction 

Microorganism 1 0.72 

Cl- 1 0.73 

Coliform bacteria 1 0.687 

NH4
+ 

1 0.744 

NO3
- 1 0.533 

pH 
1 0.679 

PO4
3- 

1 0.722 

SO4
2- 1 0.635 

Soil depth 1 0.64 

Landuse 1 0.659 

Bedrock 1 0.848 

Soil type 1 0.465 

Slope mean 1 0.587 

distance to deformation 
zones 

1 0.557 
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7.2 Principal Component Analysis (PCA) 

In the first effort, different combination of 
factors and variables were tested with the 
projection of the first two components to find 
clusters and linear relations among variables and 
redundancies were excluded. As it is shown in 
(Fig. 18) soil depth, NO3

- and coliform bacteria, 
form a cluster as well as microorganism and 
PO4

3- in the same section. There is also another 
cluster shaped with Cl-, SO4

2- and NH4
+. 

Furthermore, several inverse relationships can be 
recognized between NO3

- with soil type, coliform 
bacteria with land use and soil type, 
microorganism and PO4

3- with land use and 
distance to deformation zone and likewise among 
NH4

+, SO4
2-, Cl- and pH with terrain slope.  

After the clusters and relations had been 
identified a correlation matrix (Table 7) was 

constructed in order to analyse the strengths of 
the relations. To do that the Dimension Reduction 
function for factor analysis was applied in the 
SPSS.  

Table 4 is the result of Kaiser-Meyer-Olkin 
(KMO) and Bartlett’s test. The sampling 
adequacy is measured by the KMO. In order to 
have a satisfactory factor analysis to proceed the 
value of the KMO should be greater than 0.5 
(Information Systems and Services, 2007). The 
KMO states the proportion of common variance 
in the data set. In this case it was 0.532 which 
indicates the acceptance to pursue the analysis. 
Moreover, the significant value suggests it should 
be proceeded to the formal PCA analysis.  

The communality variance (Table 3) consists of 
the percentage of variance explained in each 
observed variable. As it is shown in the Table 4 

Figure 18. Projection of the variables on the factor-plane (1x2). 
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all the communalities have a large value. 
(Generally the values less than 0.20 are 
considered as low). 
Although there was no elbow shape in the scree 
plot (Fig. 19) which is according to Johnson and 
Wichern, (2002) a help to determine the number 
of components which should be kept, the first 6 
components were more likely to be retained. 
Moreover, The Kaiser’s rule was used in the SPSS 
which is for the determination of how many 
components that should be retained in the 
analysis. Based on the Kaiser’s rule the factors 
which have eigenvalues greater than one should 
be retained for interpretation (Ledesma et al, 
2007). Consequently, It proposes that 6 

components should be retained explaining about 
66% of the total variance (Table 8). 

The first component which described 15.7% of 
the variance is comprised of soil depth, coliform 
bacteria, land use, NH4

+ and Cl- with relatively 
high loadings as well as moderate loadings for 
NO3

-, SO4
2- and soil type. The second 

component with rather high loading of NH4
+, Cl-, 

and distance to deformation zones described 
14% of the variance. The third component 
described 11.5% of the variance containing pH, 
soil depth and NO3

- with high loadings as well as 
moderate loadings of slope, bedrock and PO4

3-. 
Furthermore, PO4

3-, microorganism and SO4
2- 

were relatively high loadings of fourth, fifth and 
sixth components respectively (Table 5).Rotation 
of Principal Components was used to achieve 
new variables resulted from eliminating 
components which were relatively less important. 
Several rotation technics could be used for this 
goal such as Varimax, Equamax, and Quartimax. 
The Varimax is the most widely method for 
rotation in the principal component analysis. It is 
a quite complicated technics to be explained in 
this study but in short the main idea is that each 
factor should be loaded on as least component as 

 
Figure 19. Scree plot indicating the eigenvalues and their contribution to the total variance. 

.532

Approx. 

Chi-

Square

232.761

df 91

Sig. .000

Kaiser-Meyer-Olkin 

Measure of Sampling Bartlett's Test of 

Sphericity

Table 4. KMO and Bartlrtt's Test. 
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possible. Actually, varimax which is an 
orthogonal rotation eliminates medium-range 
correlations between the components and the 
original variables according to Chatfield and 
Collins (1980).As a result of varimax rotation of 
principal component matrix (Table 6) the first 6 
components were comprised of NH4

+ and Cl- for 
the first component, land use, distance to 
deformation zones, soil depth and soil type for 
the second component, microorganism and 
coliform bacteria for the third component, PO4

3- 
and NO3

- for the Fourth component, bedrock for 
the fifth component as well as SO4

2-, pH and 
slope for the the sixth principal component.  

The first 6 principal components which were 
retained explaining about 66% of the total 

variance:  

Y1=-0.57 Z1-0.54 Z2+0.52 Z3+0.45 Z4+0.56 Z5 
+0.28 Z6 -0.41 Z7+0.13 Z8-0.28 Z9-0.15 Z10-0.25 
Z11+ 0.09 Z12+ 0.43 Z13 +0.4 Z14 

 
Y2=0.17 Z1+0.31 Z2-0.45 Z3+0.64 Z4+0.59 Z5 -
0.5 Z6 -0.19 Z7+0.16 Z8-0.22 Z9-0.25 Z10-0.23 
Z11+ 0.32 Z12- 0.2 Z13 +0.46 Z14 

 
Y3=0.53 Z1-0.21 Z2-0.14 Z3+0.03 Z4+0.07 Z5 -
0.11 Z6 -0.53 Z7-0.51 Z80.47 Z9-0.41 Z10-0.34 Z11+ 
0.44 Z12- 0.13 Z13 -0.12 Z14 

Y4=-0.04 Z1-0.13 Z2-0.1 Z3-0.14 Z4-0.18 Z5 +0.27 
Z6+0.18 Z7+0.37 Z8-0.37 Z9+0.62 Z10-0.39 Z11+ 
0.49 Z12- 0.06 Z13 -0.12 Z14 

 
Y5=0.06 Z1+0.47 Z2+0.17 Z3-0.07 Z4-0.1 Z5 
+0.36 Z6 -0.12 Z7+0.1 Z8+0.02 Z9-0.08 Z10+0.53 
Z11+ 0.49 Z12+ 0.44 Z13 +0.04 Z14 

 
Y6=-0.04 Z1+0.11 Z2+0.36 Z3+0.33 Z4+0.19 Z5 
+0.09 Z6 +0.08 Z7+0.48 Z8+0.31 Z9-0.26 
Z10+0.17 Z11- 0.27 Z12- 0.15 Z13 -0.5 Z14 

 

Table 5. Component Matrix. 
 

 
 

Component 

 
1 2 3 4 5 6 

Soil depth Z1 -0.573 0.17 0.526 -0.036 0.058 -0.042 

Coliform bacteria Z2 -0.545 0.306 -0.213 -0.134 0.468 0.114 

Landuse Z3 0.517 -0.45 -0.141 -0.103 0.167 0.362 

NH4
+
 Z4 0.452 0.636 0.032 -0.141 -0.066 0.33 

Cl- Z5 0.559 0.586 0.007 -0.18 -0.097 0.191 

distance to deformation zones Z6 0.281 -0.503 -0.111 0.267 0.365 0.091 

NO3
-
 Z7 -0.408 0.188 -0.527 0.177 -0.12 0.082 

pH Z8 0.128 0.161 0.508 0.367 0.097 0.485 

Slope mean Z9 -0.28 -0.218 0.472 -0.375 0.023 0.312 

PO4
3-
 Z10 -0.155 0.251 -0.414 0.622 -0.085 0.263 

Microorganism Z11 -0.25 0.289 -0.34 -0.386 0.529 0.172 

Bedrock Z12 0.086 0.316 0.436 0.487 0.492 -0.268 

Soil type Z13 0.432 -0.199 -0.129 -0.059 0.442 -0.153 

SO4
2-
 Z14 0.405 0.465 -0.02 -0.116 0.037 -0.49 

Extraction Method: Principal Component Analysis. 

a. 6 components extracted. 
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Table 6. Rotated Component Matrix. 
 

 

Componeent 

1 2 3 4 5 6 

NH4
+ 
 Z1 0.858 -0.027 0.051 0.04 0.047 -0.001 

Cl- Z2 0.842 0.025 -0.03 -0.028 0.014 -0.147 

Landuse Z3 0.123 0.733 -0.101 -0.125 -0.201 0.202 

Distance to deformation zones Z4 -0.251 0.675 -0.076 0.047 0.149 0.088 

Soil depth  Z5 -0.205 -0.587 0.172 -0.224 0.307 0.283 

Soil type Z6 0.006 0.575 0.093 -0.189 0.134 -0.268 

Microorganism Z7 0.116 0.054 0.834 -0.001 -0.084 -0.039 

Coliform bacteria Z8 -0.102 -0.193 0.778 0.148 0.09 0.062 

PO4
3-
 Z9 0.048 -0.019 0.024 0.837 0.101 0.092 

NO3
-
 Z10 -0.12 -0.205 0.266 0.591 -0.231 -0.054 

Bedrock Z11 0.023 -0.022 0.022 -0.008 0.911 -0.132 

SO4
2-
 Z12 0.38 -0.075 -0.036 -0.143 0.186 -0.655 

pH Z13 0.306 0.021 -0.166 0.055 0.495 0.557 

Slope mean Z14 -0.096 -0.168 0.109 -0.481 -0.085 0.547 

Extraction Method: Principal Component Analysis. 

Rotation Method: Varimax with Kaiser Normalization. 

a. Rotation converged in 8 iterations. 

 

Table 7. Correlation Matrix. 
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Micro-
organism 

1 0.047 0.389 0.056 0.156 -0.088 -0.003 0.013 0.018 -0.053 -0.035 -0.033 -0.03 -0.078 

Cl- 0.047 1 -0.122 0.599 -0.109 0.085 0.02 0.337 -0.146 0.057 0.074 0.056 -0.129 -0.092 

Coliform 
bacteria 

0.389 -0.122 1 -0.032 0.21 -0.072 0.156 -0.054 0.216 -0.212 0.034 -0.102 0.057 -0.146 

NH4
+ 
 0.056 0.599 -0.032 1 -0.02 0.158 0.043 0.244 -0.133 0.019 0.106 0.048 -0.076 -0.159 

NO3
-
 0.156 -0.109 0.21 -0.02 1 -0.131 0.292 -0.037 0.069 -0.203 -0.165 -0.106 -0.096 -0.031 

pH -0.088 0.085 -0.072 0.158 -0.131 1 0.035 -0.011 0.106 0.051 0.244 -0.085 0.081 0.005 

PO4
3-
 -0.003 0.02 0.156 0.043 0.292 0.035 1 -0.102 -0.104 -0.098 0.07 -0.065 -0.195 -0.062 

SO4
2-
 0.013 0.337 -0.054 0.244 -0.037 -0.011 -0.102 1 -0.144 -0.059 0.169 0.078 -0.196 -0.093 

Soil depth  0.018 -0.146 0.216 -0.113 0.069 0.106 -0.104 -0.144 1 -0.289 0.211 -0.229 0.263 -0.246 

Landuse -0.053 0.057 -0.212 0.019 -0.203 0.051 -0.098 -0.059 -0.289 1 -0.182 0.256 -0.054 0.312 

Bedrock -0.035 0.074 0.034 0.106 -0.165 0.244 0.07 0.169 0.211 -0.182 1 0.088 -0.082 0.074 

Soil type -0.033 0.056 -0.102 0.048 -0.106 -0.085 -0.065 0.078 -0.229 0.256 0.088 1 -0.034 0.144 

Slope mean -0.03 -0.129 0.057 -0.076 -0.096 0.081 -0.195 -0.196 0.263 -0.054 -0.082 -0.034 1 -0.013 

distance to 
deformation 
zones 

-0.078 -0.092 -0.146 -0.159 -0.031 0.005 -0.062 -0.093 -0.246 0.312 0.074 0.144 -0.013 1 
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Table 8. Total Variance Explained. 
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1 2.194 15.671 15.671 2.194 15.671 15.671 1.854 13.245 13.245 

2 1.936 13.831 29.502 1.936 13.831 29.502 1.786 12.755 26.001 

3 1.609 11.492 40.994 1.609 11.492 40.994 1.470 10.500 36.501 

4 1.249 8.923 49.917 1.249 8.923 49.917 1.433 10.235 46.735 

5 1.148 8.201 58.117 1.148 8.201 58.117 1.372 9.803 56.538 

6 1.074 7.669 65.786 1.074 7.669 65.786 1.295 9.248 65.786 

7 .859 6.133 71.919       

8 .788 5.628 77.547       

9 .687 4.904 82.451       

10 .647 4.621 87.072       

11 .584 4.172 91.244       

12 .504 3.601 94.845       

13 .406 2.900 97.745       

14 .316 2.255 100.000       

Extraction Method: Principal Component Analysis. 

Figure 20. a- top left, b-top right,c-bottom left and d-bottom right, some results from ANOVA 
analyses, concentration of microorganism in relation to various factors. 



Amir Pirnia  TRITA LWR Degree Project 12:12 

 

 18 

 

 
 

 
 

Table 9. Results of Kruskal-Wallis ANOVA 
by ranks for microorganism. 

Factors 
Significance 

 level,p 
Classes 

Micro-
organism 
median 
value 
cfu/ml  

Landuse  p=0.0074 

urban area 1600.00 

field 310.00 

forest 260.00 

    

Soil type  
 

p=0.044 

Till 
240.00 

Sand & 
Gravel 

410.00 

Bedrock 300.00 

Clay & Silt 1650.00 

Organic 
material 

970.00 

    

Bedrock  
 

p=0.27 

Marlstone 325.00 

Limestone 435.00 

Soil depth p=0.63 

very low 
260.00 

low 385.00 

medium 220.00 

high 590.00 

Elevation p=0.0596 

0-20 m 550.00 

20-40 m 380.00 

40-60 m 135.00 

>60 m 100.00 

Slope p=0.096 

0-2 deg 340.00 

2-5 deg 700.00 

    

Distance 
 

 to 
 deformation 

p=0.124 

0-50 m 
205.00 

50-100 m 170.00 

100-200 m 260.00 

200-500 m 700.00 

>500 m 350.00 

p<0.05 p<0.1 p<0.2   

Table 10. Results of Kruskal-Wallis ANOVA 
by ranks for coliform bacteria. 

Factors 
Significance 

 level,p 
Classess 

Coliform 
bacteria 
median 
value 

cfu/100ml  

Landuse  p=0.008 

urban area 
120.00 

field 
3.00 

forest 
4.00 

  
  

Soil type  p=0.198 

Till 3.50 

Sand & 
Gravel 

2.50 

Bedrock 11.50 

Clay & Silt 1.00 

Organic 
material 

10.00 

  
  

Bedrock  p=0.117 

Marlstone 2.50 

Limestone 10.00 

Soil depth p=0.123 

very low 
5.00 

low 5.00 

medium 1.00 

high 44.00 

Elevation p=0.0355 

0-20 m 9.00 

20-40 m 4.50 

40-60 m 1.00 

>60 m 3.00 

Slope p=0.02 

0-2 deg 4.00 

2-5 deg 110.00 

    

Distance 
 to  

deformation 
p=0.677 

0-50 m 
75.00 

50-100 m 3.50 

100-200 m 4.00 

200-500 m 4.00 

>500 m 5.00 

p<0.05 p<0.1 p<0.2   
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Slope 

Figure 21. a,b and c some results from ANOVA analyses, concentration of coliform bacteria 
in relation to various factors. 

Figure 22. a,b,c and d some results from ANOVA analyses, concentration of chloride in 
relation to various factors. 

a b 

c 

b 

d 

a 

c 
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Table 11. Results of Kruskal-Wallis ANOVA 
by ranks for chloride. 

Factors 
Significance 

 level,p 
Classess 

Chloride 
median 
value 
mg/l 

Landuse  0.0764 

Urban area 16.00 

field 
49.50 

forest 
25.50 

  
  

Soil type  p=0.901 

Till 68.000 

Sand & Gravel 26.000 

Bedrock 35.000 

Clay & Silt 12.000 

Organic 
material 

38.000 

    

Bedrock  0.0013 

Marlstone 53.00 

Limestone 23.00 

Soil depth p=0.3 

very low 
59.000 

low 36.000 

medium 35.500 

high 16.000 

Elevation p=0.0008 

0-20 m 55.000 

20-40 m 26.000 

40-60 m 11.000 

>60 m 8.300 

Distance 
 to  

shore 
0.048 

0-100 250.000 

100-500 34.000 

500-2000 36.000 

>2000 31.000 

Slope p=0.46 

0-2 deg 36.000 

2-5 deg 16.000 

>5 deg   

Distance 
 to 

 deformation 
p=0.28 

0-50 m 
12.000 

50-100 m 14.000 

100-200 m 35.500 

200-500 m 56.500 

>500 m 36.000 

p<0.05 p<0.1 p<0.2   

Table 12. Results of Kruskal-Wallis ANOVA 
by ranks for ammonium. 

Factors 
Significance 

 level,p 
Classess 

Ammonium 
median 

value mg/l 

Landuse  

 
0.0673 

urbanarea 0.020 

field 0.100 

forest 0.097 

  

  

Bedrock 

  
0.0702 

Marlstone 0.115 

Limestone 0.034 

Soil type 

  
0.0725 

Till 0.125 

Sand & Gravel 0.044 

Bedrock 0.095 

Clay & Silt 0.010 

Organic.material 

0.360 

Soil depth p=0.72 

very low 0.092 

low 0.077 

medium 0.110 

high 
0.035 

Elevation p=0.797 

0-20 m 0.080 

20-40 m 0.105 

40-60 m 0.024 

>60 m 

0.024 

Slope p=0.228 

0-2 deg 0.006 

2-5 deg 0.081 

>5 deg 

0.093 

Distance 
 to 

 deformation 

p=0.717 

0-50 m 0.027 

50-100 m 0.017 

100-200 m 0.097 

200-500 m 0.078 

>500 m 

0.089 

p<0.05 p<0.1 p<0.2   
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7.3 Kruskal – Wallis ANOVA 

7.3.1 Microorganism 

As it is shown in Table 9, land use and soil type at 
the well location had the most significant values 
with p=0.0074 and p=0.044 respectively. The 
median value regarding microorganism 
concentrations, in residential area was the highest. 

Regarding soil type it could be concluded that 
when the overlaying soil consisted of clay or silt, 
the highest microorganism concentration in 
groundwater was recorded. It is also remarkable 
high when the overlaying soil was organic 
materials. Till soil type was correlated to the 
minimum microorganism concentration in the 
wells. Elevation had a p-value amount 0.0596 and 
it was observed that wells located at the lower 
altitude had higher concentrations of 
microorganism. Slope was another factor with 
moderate significance level, it was concluded that 
steeper areas had more concentrations of 
microorganism in groundwater. Distance to 
deformation zones was a factor with p=0.124. 
Wells located in the areas with 200 to 500 meters 
from the deformation zones had higher 
concentrations of microorganism (Fig. 20 and 
Table 9). 

7.3.2 Coliform bacteria 

The highest significant values referred to 
coliform bacteria and land use with p=0.008, 
wells altitude with p=0.0355 and slope p= 0.02. 
Compared to other land use categories, 
residential areas were responsible for the highest 
coliform bacteria concentrations in groundwater. 
Wells drilled in limestone rock had higher 
concentrations of coliform bacteria. Moreover, an 
inverse relation between altitude and coliform 
bacteria was detected. A lower altitude well 
location, correlated to higher coliform 
concentrations in groundwater. Steeper areas had 
higher concentrations of coliform bacteria’s. 
Although soil depth was not a highly significant 
factor, it was observed that thicker soils 
correlated to higher concentrations of coliform in 
groundwater (Fig. 21 and Table 10). 

7.3.3 Chloride 

It could be concluded that wells located at a 
lower altitude as well as areas with marlstone 
bedrock, had raised concentrations of chloride in 
groundwater. The median value of chloride was 
higher in the field land cover than other land use 
classes. Furthermore, in order to achieve more 
appropriate result, distance to shore was added as 
a factor for studying chloride. As a result, it was  
 

Figure 23. a,b and c some results from ANOVA analyses, concentration of ammonium in 
relation to various factors. 

c 

b a 
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Table 14. Results of Kruskal-Wallis ANOVA 
by ranks for pH . 

 

Factors 
Significance 

 level,p 
Classess 

pH 
median 
value 

Landuse  p=0.117 

urban area 
8.20 

field 
8.20 

forest 
8.23 

  

  

Soil type  p=0.0058 

Till 8.20 

Sand & Gravel 8.30 

Bedrock 8.20 

Clay & Silt 8.10 

Organic.material 7.40 

Bedrock  p=0.111 

Marlstone 8.30 

Limestone 8.20 

Soil depth p=0.23 

very low 
8.23 

low 8.20 

medium 8.40 

high 8.25 

Elevation p=0.285 

0-20 m 8.29 

20-40 m 8.30 

40-60 m 8.20 

>60 m 
7.60 

Slope p=0.02 

0-2 deg 8.00 

2-5 deg 8.20 

>5 deg 8.50 

Distance 
 to  

deformation 
p=0.336 

0-50 m 
8.20 

50-100 m 8.00 

100-200 m 8.11 

200-500 m 8.25 

>500 m 

8.30 

p<0.05 p<0.1 p<0.2   

Table 13. Results of one-way ANOVA for 
nitrate. 

 

Factors 
Significance 

 level,p 
Classess 

Nitrate 
mean 

value mg/l   

Landuse p=0.13 

urban area 
2.00 

field 
7.26 

forest 
4.48 

  

  

Soil type  p=0.82 

Till 5.39 

Sand & Gravel 7.92 

Bedrock 4.96 

Clay & Silt 1.20 

Organic.material 2.00 

Bedrock  p=0.1 

Marlstone 3.40 

Limestone 8.28 

Soil depth p=0.49 

very low 3.47 

low 6.53 

medium 3.35 

high 14.99 

Elevation 0.12 

0-20 m 3.62 

20-40 m 7.41 

40-60 m 11.13 

>60 m 
12.00 

Slope 0.77 

0-2 deg 5.96 

2-5 deg 3.57 

 

  

Distance 
 to 
 

deformation 

p=0.75 

0-50 m 
4.96 

50-100 m 1.89 

100-200 m 4.74 

200-500 m 8.91 

>500 m 

5.43 

p<0.05 p<0.1 p<0.2 
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P=0.163 

Figure 24. a,b and c some results from ANOVA analyses, concentration of nitrate in relation 
to various factors. 

Figure 25. a,b and c some results from ANOVA analyses, concentration of phosphate in 
relation to various factors. 

b 

b 

c 

a 

a 

c 
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observed that wells located closer to the shore, 
especially within 100 meters, had definitely much 
higher chloride concentrations (Fig. 22 
and Table 11). 

7.3.4 Ammonium 

Wells located in areas with field land cover had 
the highest ammonium concentrations. However 
considering the median concentrations, there 
were small differences between forest areas and 
field areas. Soils with organic materials contained 
the highest value of ammonium. On the other 
hand, clay and silt showed the lowest ammonium 
concentrations. Regarding bedrock, Marlstone 
(fine stained silicate) had higher concentrations of 
ammonium in groundwater compared to 
limestone. However, it should be mentioned that 
all three factors explained above had moderate 
level of significances (p<0.1) (Fig. 23 and 
Table 12).  

7.3.5 Nitrate 

Actually, in the terms of nitrate the Kruskal-
Wallis test was not helpful to find significant 
factors, because the median values were very 
close to each other. No specific trend between 
subclasses could be recognized and interpreted. 
Therefor it was decided to use one-way ANOVA 

which was completely similar to Kruskal-Wallis 
but it used mean values instead of ranks and 
medians. Consequently, it was observed that wells 
located in fields had the highest concentrations of 
nitrate. It is reasonable because these wells are 
more prone to have higher nitrate concentration 
due to agricultural activities like using fertilizers. 
Moreover, wells located in higher altitude had 
higher average value of nitrate. Comparing rock 
layers, wells in limestone had higher nitrate 
concentrations (Fig. 24 and Table 13). 

7.3.6 pH 

Soil type at the well location was absolutely a 
significant factor concerning pH value of 
groundwater. However the difference in median 
values was small but it could be deduced that the 
lowest median value was recorded in 
groundwater when the overlying soil consisted of 
organic materials. In addition, steeper areas had 
higher median value of pH (Table 14). 

7.3.7 Phosphate 

Land use at the well location was a significant 
factor regarding phosphate concentration. Field 
areas had the highest phosphate concentrations, 
which could be due to fertilizer effects on 
groundwater. Regarding soil depth the highest 

Figure 26. a,b,c and d some results from ANOVA analyses. Concentration of sulfate in relation 
to various factors. 

d c 

b a 
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average value was recorded when the soil depth 
was low (1 to 5 meters). When the top soil is thin 
the transmission of pollutants such as phosphate, 
from land surface to groundwater is more likely. 
In addition, a weak trend of increasing phosphate 
concentrations with decreasing altitude could be 
seen. Wells at altitudes of 0 to 20 meters had 
higher phosphate concentrations (Fig. 25 and 
Table 15). 

7.3.8 Sulfate 

Wells located at lower altitude had higher sulfate 
concentrations. Marlstone (fine stained silicate) in 
rock layers had higher median value of sulfate in 
groundwater. Furthermore, considering land 
cover, the highest sulfate median value was 
recorded in field areas. A strong trend of 
increasing sulfate concentrations with decreasing 
altitude was detected (Fig. 26 and Table 16). 

8 DISCUSSION  

The results of the descriptive statistical analysis 
revealed that there are serious problems 
concerning bio-organisms and bacteria 
concentrations in the wells. 32% of the wells 
exceeded the acceptable concentration limits. In 
addition, 23% of these wells had a content of 
microorganism which was more than 2000 
cfu/ml and the maximum value recorded was 
27000 cfu/ml. In the terms of coliform bacteria 
34% of the wells exceeded this recommendation 
limit. Moreover, 19% of the wells exceeded 
concentrations of 500 cfu/100 ml which means 
that the water should not be used for drinking 
purpose at all. The biggest problem regarding 
chemical components was related to chloride. 
29% of the wells exceeded the maximum 
recommended concentrations set by 
Socialstyrelsen. This indicated saline water 
intrusion into groundwater resources or 
occurence of fossil seawater. High concentrations 
of sulfate and ammonium were found among 
12% and 8% of the measured wells respectively. 
Nitrate and phosphate exceeded the maximum 
recommended value in 5% and 3% of the 
measured wells respectively, which indicated 
influence of pollution sources such as sewage or 
fertilizers. In the PCA method, 6 components 
were used in order to explain the variation of the 
dataset. These components suggest that 
concentrations of bio-organisms and chemical 
components in groundwater are governing by 
several factors and phenomenon. Three 
independent variables; soil thickness, landuse and 
soil type as well as five dependent variables such 
as coliform bacteria, chloride, ammonium, nitrate 

and sulfate, described the majority of variance in 
the first principal component (PC1). Concerning 
the independent factors soil depth and land use 
had highest weighting and contrasted to each 
other. This component is thought to reflect the 
role of land use condition in relation to 
concentrations of nitrate, phosphate and 
ammonium.  

Two independent factors and three dependent 
variables made up the majority of variance for 
PC2 in the component matrix. The distance to 
deformation zones had the highest loading 
among the independent factors as well as 
ammonium in the dependent variables. 

As same as the first component, PC2 imply to the 
role of surface condition in concentrations of 
chemicals in groundwater. It can be interpreted as 
an enrichment of chemical concentrations in the 
fracture zones. Chloride is the factor which is 
overlapped in both PC1 and PC2. Although these 
principal components were interpreted as the role 
of land cover and surface conditions, the 
concentrations of chloride is more dependent on 
intrusion of saline water from the sea or fossil 
saltwater that are representing the structures in 
the ground. The possible interpretation for that 
might be the extension of salinity in the area. 
PC3, which had 11.49% contribution to the total 
variance, was loaded by different principal 
components compare to PC1and PC2. Slope and 
soil thickness were factors which had remarkable 
loadings among the independent variables. 
Moreover, nitrate and pH had the highest 
weighting among dependent variables in this PC. 
Soil depth, pH and slope are factors which have 
been loaded positively and correlated in the PC3. 
Well located in the steeper areas should be drilled 
deeper in order to reach aquifers. The inverse 
relation between nitrate and phosphate with soil 
depth imply that groundwater in areas with thick 
soil layers is less vulnerable for nitrate and 
phosphate concentrations. In the terms of PC4, 
phosphate had the highest loading. In addition 
moderate weight was seen for bedrock. In that 
case, it was difficult to derive a conceivable 
interpretation of what the component is showing. 
The highest loading in PC5 was related to 
microorganism and also soil type as well as 
bedrock. It was retained as an index of geology. 
The correlation between microorganism 
concentrations and soil type can be detected 
considering the role of organic soil layers in the 
concentration of microorganism. However, 
correlation between bedrock geology and 
microorganism concentrations in groundwater  
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Table 15. Results of Kruskal-Wallis 
ANOVA by ranks for phosphate. 

 

Factors Significance 
 level,p 

Classess 
Phosphate 

mean 
value mg/l  

Landuse  p=0.05 

urban area 
0.01 

field 
0.15 

forest 
0.02 

  
  

Soil type  p=0.54 

Till 0.08 

Sand & 
Gravel 

0.13 

Bedrock 0.04 

Clay & Silt 0.01 

Organic 
material 

0.01 

  
  

Bedrock  p=0.28 

Marlstone 0.12 

Limestone 0.07 

Soil depth p=0.163 

very low 
0.08 

low 0.14 

medium 0.02 

high 0.02 

Elevation p=0.151 

0-20 m 0.12 

20-40 m 0.05 

40-60 m 0.09 

>60 m 0.04 

Slope p=0.44 

0-2 deg 0.10 

2-5 deg 0.01 

>5 deg   

Distance 
 

 to  
deformation 

p=0.977 

0-50 m 
0.08 

50-100 m 0.03 

100-200 m 0.03 

200-500 m 0.03 

>500 m 0.13 

p<0.05 p<0.1 p<0.2   

 

 

 

 

 

Table 16. Results of Kruskal-Wallis 
ANOVA by ranks for sulfate. 

 

Classess 

Sulfate 
median 
value 
mg/l  

Landuse  p=0.032 

urban area 
25.0 

field 
47.5 

forest 
40.5 

  
  

Soil type  p=0.0616 

Till 49.0 

Sand & Gravel 35.0 

Bedrock 39.5 

Clay & Silt 63.0 

Organic.material 310.0 

  
  

Bedrock  p=0.0002 

Marlstone 52.0 

Limestone 31.0 

Soil depth p=0.2 

very low 
43.0 

low 38.0 

medium 53.0 

high 37.0 

Elevation p=0.0008 

0-20 m 51.0 

20-40 m 38.5 

40-60 m 21.5 

>60 m 10.0 

Slope 0.07 

0-2 deg 57.9 

2-5 deg 19.4 

>5 deg   

Distance 
 

 to 
 deformation 

p=0.153 

0-50 m 
25.0 

50-100 m 24.0 

100-200 m 54.5 

200-500 m 53.0 

>500 m 38.5 

p<0.05 p<0.1 p<0.2   

 

 
level,p 

    Factors          Significance
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might be due to the lower permeability of 
marlstone compared to limestone. Therefore 
wells located in the areas with marlstone are less 
vulnerable to be affected by microorganism 
which are infiltrating from surface. In PC6 which 
had 7.67% contribution to the total variance, 
phosphate and pH had the highest weights. The 
overlapping of the various components in some 
cases contributed to imperceptible interpretation 
in some instances.  

It was observed that land use was the factor 
which played an important role in association 
with several dependent variables. The residential 
area as land cover was significantly responsible 
for coliform bacteria. It can be interpreted that 
due to the existence of coliform bacteria in the 
intestines of warm blooded animals like human, 
there is higher risk for wells located in the 
residential areas to be polluted. The highest 
concentrations of ammonium sulfate and 
phosphate could be observed in field areas. 
Obviously, as a result of agricultural activities like 
the use of fertilizers, the wells in the field areas 
are more prone to be contaminated by these 
chemical components. In addition the highest 
median value of chloride was in field areas, 
because in some cases field areas were commonly 
located nearby the shore line or saline marshes.   

Soil type is one of the most significant factors in 
the terms of microorganism concentration in 
groundwater. Although the high concentration of 
microorganism (even more than 25000 cfu/ml) 
was observed in areas with sand soil cover, the 
highest value referred to clay and silt. It is 
reasonable when considering the high natural 
bioactivities in fine grained soils. However if the 
concentration of microorganism is due to 
anthropogenic effects like the leakage of sewage 
It can be interpreted by the soil structure 
condition. There is a tendency for individual 
particles such as clay and silt to shape clusters, 
hence as a result the number of large pores will 
increase and there will be higher risk of 
groundwater contamination. Peat and organic 
material contain high amount of microorganisms 
and bacteria, therefore this soil cover was highly 
responsible for microorganism concentration in 
groundwater. It also could be seen in the case of 
coliform bacteria when organic material was 
responsible for the highest value among the soil 
covers. Moreover, the area with no soil cover had 
highest coliform concentrations. It could be due 
to the ease of penetration of run off through 
breaks and fractures into groundwater. The soil 
cover was a significant factor in the terms of 
ammonium. The highest value was found in areas 

with organic material. It is reasonable since the 
most areas with this soil cover were found in field 
areas. The agricultural activities may be an 
important source for ammonium leakage. The 
minimum concentration referred to clay and silt 
due to fine texture and small pores which do not 
quickly permit water drainage (low hydraulic 
conductivity). Precipitation and dry deposition 
have been introduced as possible sources for 
sulfate concentrations, but areas with gyttja clay 
could also have high concentration of sulfate 
(Pettersson, 2009). Gyttja clay contains large 
amount of organic matters and the study results 
suggested that the highest values of sulfate were 
found in areas with organic material and clay soil 
cover.   

It was not possible to recognize specific relations 
between soil thickness and concentrations of 
microorganism and chemical components. Only 
in some cases like phosphate the highest values 
were recorded when soil thickness was small. 

Gotland bedrock mainly consists of limestone 
and marlstone which are considered as carbonate 
bedrocks (Pettersson, 2009). Carbonate rocks are 
soluble therefore as a result of percolating water 
there is chance of enlargement of fractures which 
form conduits, caves and sinkholes (Wisconsin 
Geological and Natural History Survey, 2009). 
The carbonate aquifers are highly vulnerable due 
to high velocity of groundwater flow in fractured 
rocks as well as poor filtering for removing 
contaminants. Two sorts of groundwater flow 
occur in limestone aquifers; matrix flow in which 
water flow occurs through pores and fine 
fractures, and conduit flow where large fractures 
are responsible for transporting water. This 
contributes to different flow characteristics and 
groundwater composition. The concentration of 
chloride was larger in carbonate bedrock with 
clay (marlstone) rather than limestone. 

Moreover, in the terms of chloride the wells 
located within 100 m from the shore had the 
highest risk for saltwater problems. It matches 
result of the study was carried out on Ramsö 
Island for seawater intrusion to groundwater by 
Olofsson and Andersson (2005). As well as 
proximity to the coastal areas, the geological 
history of the Gotland should be taken into 
account. After last glaciation Gotland was 
covered by seawater. Consequently, the 
remaining saltwater aquifers from the period after 
the last glaciation, are important sources of 
salinity (Pettersson, 2009). Filtrated rainwater can 
flush the carbonate bedrock but in the low 
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permeable bedrock such as the marlstone, the 
fossil seawater can be more easily preserved. 

It was detected that wells located at lower 
altitudes had higher concentrations of micro-
organisms, coliform bacteria, chloride, phosphate 
and sulfate. It can be interpreted that water 
moves from areas with high hydraulic head to 
where the hydraulic head is low (Skeppström and 
Olofsson, 2006). The groundwater flow is high at 
higher elevations and it is minimal at the lower 
altitudes. Therefore pollutants move from higher 
altitudes and remain in lower parts. This result 
coincided with previous studies on phosphate, 
nitrate and bio-organism at Ramsö Island by 
Mattsson (2008). 

Slope was the factor with high significance value 
in the case of coliform bacteria. It was observed 
that wells drilled in steeper areas had higher 
concentrations. It could be referred to higher 
velocity of groundwater flow in these areas and 
consequently transportation of bacteria to the 
wells. So it can be detected that the bacteria has 
not been degraded. 

No significant and clear trend was detected 
between well location and distance to 
deformation zones. It was expected that wells 
located close to deformation and fractures zones 
had higher concentrations of pollutants. 
However, the groundwater flow in karst aquifers 
is a complicated issue and usually interactions 
among factors determine the chemical 
components and water flow in the aquifer.  

As the main effort of the study was to describe 
the current situation of groundwater in the area 
and it has been approached by analytical and 
inductive methods. Both quality and quantity of 
data had significant effects on the results. In 
other words, more accurate and precise data we 
got, more reliable results would be achieved. For 
example if more wells were sampled regarding 
chemical components, it might be possible to 
recognize more correlations and trends. 
Furthermore, the influence of the age of data 
should be taken into consideration. The samples 
age back to 2007 and 2008, while the 
concentrations of chemicals and especially 
microorganisms could vary each year depending 
on weather situation. This is clearly seen in the 
regularly groundwater quality report made by 
Gotland municipality in which the groundwater 
compositions highly varied between the various 
sampling occasions (Gotland municipality, 2010). 
Comparing the SGU data which was prepared in 
2007 and 2008, with the data collected by 
Gotland municipality in 2010, showed that there 

are still substantial concerns about the 
microorganism, coliform bacteria and chloride 
concentrations in groundwater. Furthuremore, 
the concentrations of ammonium, nitrate and 
sulfate are high in some wells. 

9 CONCLUSIONS  

The methodology based on GIS and multivariate 
statistics was an effective way to clarify current 
condition of microorganisms and chemical 
concentrations in the groundwater as well as to 
identify significant factors which affect the 
composition of groundwater. Major groundwater 
problems on the island of Gotland may arise 
from high concentrations of microorganisms, 
coliform bacteria and chloride. Land use and soil 
type were the most significant factors affect the 
concentration of microorganism. Residential 
areas and wells with clay and silts had highest 
values of concentration of microorganism. 
Moreover an inverse relation between topological 
well location and amount of microorganism was 
observed. Regarding coliform bacteria, the land 
use and especially residential area was an 
important factor, a significant invers relation 
between well altitude and coliform bacteria 
concentrations in groundwater was detected. In 
addition, wells located in steeper areas were 
vulnerable to contamination. Groundwater 
resources in the marlstone aquifer had higher 
concentrations of chloride than limestone. 
Furthermore wells located at the lower altitudes 
and adjacent to shore (distance up to 100m) 
encountered higher risk of salinity.  Land use, 
bedrock and soil composition were factors which 
significantly affected the ammonium 
concentrations in the wells. In the terms of 
nitrate, field land cover and limestone bedrock 
were responsible for the highest mean values. 
Actually, groundwater resources in Gotland have 
a high pH value due to carbonate bedrock. There 
was no severe problem concerning pH in the 
measured wells and all of them were in the fit 
range for drinking.  Field areas, low altitude and 
thin soil layers were factors which play an 
important role for the concentration of 
phosphate. Several important factors were 
detected in the case of sulfate concentration. The 
most significant could be taken into 
consideration were; field land cover, marlstone 
bedrock and low altitude at the well location. 
Moreover, organic and clay soil affected the 
sulfate concentrations. 

Although, some uncertainties existed in terms of 
data and digital data extraction and analysis, the 
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analysis results are assumed to be statistically 
reliable and give an understanding of current 
situations and the role of different factors 
regarding chemical and microorganisms 
concentrations, in a general scale. The study’s 
results can be utilized in order for preparing 
vulnerability maps as well as for spatial municipal 
planning. 

10 FURTHER STUDIES  

There are a number of directions can be 
emphasised for further studies. The first step to 
continue the project is using the results in order 
to develop a vulnerability assessment model. The 
Risk Variable method (RV) which is a probability 
assessment method can be used for this 
modeling. A combination of GIS and multi 
regression methods should be used for 
determination of risk values using digital data of 
natural variables and weighting. Furthermore, the 
determination of risk values can be verified 
testing randomly selected wells. Finally, the 
implementation of the RV-method into the GIS 
environment can be carried out. The method can 
be used as a powerful tool by authorities within 
the planning process. 
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