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Abstract 
 

Chlorine is an element commonly found in the environment of our planet, in the atmosphere, 
the earth crust and the oceans. Chlorine occurs in two forms, inorganic chloride (Clin) and 
organically bound chlorine (Clorg), also called organochlorine. For a long time, the organic 
halogens (among them the organic chlorine) had been considered as produced only by human 
activities. However, the research of the recent decades suggests a considerably amount of 
naturally produced organic chlorine in soil and water. Through the research, a hypothesis have 
emerged, suggesting that there occur a formation of organic chlorine in the top soil layer 
where chloride is consuming, while the organic chlorine is degrading on deeper soil levels, 
causing a release of chloride. The study in this thesis attempts to explore the transportation of 
organic chlorine through soil. 49 soil water samples were collected at three transects, S04, 
S12 and S22, nearby a stream in northern Sweden and analysed for Clorg, using an AOX-
analyser. The results suggest a decrease in concentrations of Clorg by soil depth for transects 
S04 and S12. The study also indicates that concentrations of Clorg are decreasing with 
increasing distance from the stream, where the highest mean concentration was found in the 
organic matter-rich riparian transect S04. Further conclusions are that the spring flood and 
changes in groundwater level may influence the concentrations of Clorg.
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Short comment on terms and expressions 

To begin with, there might be a need for some comments on the terminology in this thesis to 
prevent confusion.  
 
Chlorine refers to the basic element of chlorine in all its forms, including both inorganic and 
organic structures.  
 
The term chloride represents the ion of inorganic integrations of chlorine, i.e. Cl-, and is used 
regardless of type of chemical composition. The denotation Clin is also used to describe 
chloride. 
 
Organic chlorine, organochlorine and organically bound chlorine are terms used 
synonymously to denote all chlorine, which is bound to compounds containing organic 
carbon. Clorg is also an expression for organic chlorine used in this thesis.  
 
Halogens are the name for elements in group 17 of the periodic system, Fluorine, Chlorine, 
Bromine, Iodine and Astatine. The word organohalogens means all halogens bound to 
organic matter. However, it may be worth to stress that this thesis contains a study which only 
regards chlorine. 
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Introduction 

Chlorine is a common element on earth. It is widely found in the environment and exists in a 
number of large reservoirs, such as the earths crust, atmosphere, the oceans, and the terrestrial 
soil and vegetation (Greadel and Keene, 1996; Öberg, 2003). Chlorine belongs to group 
number 17 in the periodic system, called the halogens. Of halogens chlorine and fluorine are 
the most common found on Earth, while bromine, iodine and astatine are of lesser abundance 
(Hägg, 1979).  
 
Chlorine can occur in organic (Clorg) or inorganic forms (Clin). Inorganic chloride can exist 
like ions (Cl-) or attached in inorganic salts of chlorine. Chloride is assumed to be one of the 
most general occuring anions in the environment (Hägg, 1979). The element is also essential 
to life, e.g. the photosynthesis (Winterton, 2000; Schlesinger, 2004) and can be found in the 
cells of living organisms (Thornton, 2000). Organochlorines (Clorg) are carbonbased 
molecules with one or more chlorine atoms attached. Some of the organochlorines are 
considered to be hazardos pollutants in the environment (Thornton, 2000). DDT, PCB and 
PVC are some examples of this type of organochlorine compounds. Since they are relatively 
stable, organochlorines can be transported a long way. Organochlorine is also 
bioaccumulative in animals (Paasivirta et al. 2000). 
 
Figur 1 describes the biogeochemical cycle of chlorine and the sources of Clorg and Clin to the 
terrestrial soil. Both compounds reaches the terrestrial soil via wet (precipitation) and dry 
deposition (e.g. dust blowing by the wind). Chloride ions are transported from the oceans by 
wind and are distributed over land and water through rain and dry deposition. Clorg is more 
commonly found in precipitation than in dry deposition, but its origin in wet deposition is 
unsure (Öberg, 2003). Organohalogens had for a long time been considered as made only by 
human activities (Gribble, 
2003). It has been shown 
that a number of more 
specific organohalogens, 
such as DDT and PCB’s, 
often are present in rain 
water (Atlas and Giam, 
1981). However, in 1991, a 
study showed that the 
abundance of 
organohalogens were more 
widespread in nature than 
the science previously had 
assumed (Asplund and 
Grimvall, 1991). Asplund 
and Grimvall showed that 
the runoff water sometimes 
had a higher concentration 
of organohalogens than the 
precipitation. The results 
suggests that antropogenic 
sources and atmospheric 
deposition only plays a part 

Figure 1: The biogeochemical cycle of chlorine. Sources 
to and fluxes in the terrestrial soil.  
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in the occurrence of organohalogens in surface water, and that there is a naturally production 
of considerable amounts of organohalogens in soil and water. 
 
Further sources of chlorine to the soil are terrestrial vegetation. Plant litterfall, such as leaves, 
roots and branches has appeared to contain not only chloride but also organic chlorine 
(Engvild, 1986). Moreover, it has also been shown that several organochlorines are produced 
by living organisms, such as bacteria, fungi, lichen and many other animals and plants 
(Gribble, 2003; Hjelm, 1999). They can also be formed in abiotic processes, such as 
volcanoes and forest fires (Gribble, 2003; Keppler et al. 2000; Jordan, 2003). Organic 
chlorine from trees and other vegetation is reaching the soil when rain water is leaching and 
dripping from those, in the literature referred to as “throughfall”, which will contribute to the 
concentrations of chlorine in soil. Previously studies have shown that there was a significantly 
higher concentration of organically bound chlorine in throughfall compared to precipitation in 
open areas (Öberg et al. 1998), supporting the idea that organic chlorine is in part orginates 
from vegetation. 
 
Compound such as organic matter, chloride, and organic chlorine, are transported downwards 
through the soil with soil water, as the water moves downward in the soil profile. It has been a 
general assumption that soil should not be considered as a source or a sink of chloride, which 
mean that the Clin is transported through soil unaffected (Morell et al. 1996). However, the 
recent decades of research have brought new knowledge regarding organically bound chlorine 
and the transportation of chlorine through soil. Studies made on the subject of chlorine in soil 
suggest that Clin not behave conservative in soil and that it occur a constant retention and 
release of chloride (Bastviken et al. 2006). Studies have also shown that the storage of both 
Clorg and Clin is significantly larger than the transportation through soil (Svensson, 2006), 
which indicates that there is processes that influence the transportation and storage of this 
compounds. It has been shown that formation and mineralisation of organically bound 
chlorine actually occur in soil, and there is strong evidence that biotic processes influence 
both these processes. 
 
Concentrations of chlorine in soil are strongly dependent on the climatic attributes, such as the 
amount atmospheric deposition and the relation between precipitation and evatranspiration 
(Öberg, 1998; Öberg, 2003). For instance, if precipitation exceeds the evatranspiration, there 
will be higher water content in the soil, thus resulting in higher concentrations of organic 
matter, chloride and organic chlorine. Chloride deposited of the area often depending on the 
distant to the sea, and land use and vegetation also plays a role when it comes to the 
concentration of chlorine in soil. It has been shown that variation within a site can be larger 
than variation between different sites, because of local variations. 
 
The concentrations of organic chlorine depend on the content of organic matter in soil, where 
larger amount of organic matter signify a higher concentration of Clorg (Öberg, 2003, Öberg et 
al. 1998; Johansson et al. 2003b). In the top 10-20 cm, the most of the organic matter is found, 
but there is also considerable amount further down the soil levels (Öberg, 1998). Previously 
research has shown that the storage of organic chlorine in soil is of such magnitude that the 
transport of chloride would be influenced even in the case of small changes of the content of 
organic chlorine (Öberg, 2003, Johansson, 2000). Recent research suggests that the turnover 
of chlorine and organic chlorine in soil is important for the cycling of chlorine and chloride as 
a whole (Svensson, 2006; Öberg and Sandén, 2005). Therefore, knowledge of the 
transportation of chlorine through soil and the processes is essential to increase the 
understanding when it comes to cycling of chlorine compounds generated by natural and 
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anthropogenic sources. Most of studies of chlorine in soil have been made on soil samples 
only, and there are no field studies known made on organic chlorine in soil water. 
 
The biogeochemical cycle of chlorine is a new area of research, and there is still little known 
about the major sources and core processes (Öberg et al. 2005a, Öberg, 2003). The following 
hypothesis have emerged through the research: On the occasion of formation of organically 
bound chlorine in the topsoil, chloride is consumed, while in deeper layers, mineralization of 
organically bound chlorine results in release of chloride. Formation of organic chlorine can 
then be seen as a sink of chloride, while mineralization works as a source of chloride (Öberg, 
2003, Svensson 2006). This hypothesis constitutes the foundation of the study of this thesis.  
 
The aim of this thesis is to study the transport of Clorg through soil. Soil water will be 
collected at different soil depths nearby a stream in northern Sweden and analysed for Clorg 
The observed concentrations will be set in relation to i) soil depth and the above presented 
soil processes, and ii) Clin concentrations in soil water and hydrology of the same site 
previously analyzed and presented. 
 
Material and method 

Studied site and sampling procedures 

Soil water samples were collected 2007 at five occasions: January 31st, 
March 15th, and 22nd, April 18th, May 23rd, from a hillslope transect in a 
catchment area by the stream Västrabäcken in northern Sweden (see 
figure 2). The studied site is located about 60 km inland from the coast 
and is foremost covered by Scots pine and Norway spruce (Cory et al. 
2007). The site has never been clear-cut. Some trees have been cut down, 
last time in 1920. The soils are mainly iron podzols, containing soils with 
high amount of organic matter, with an average depth of 45 cm near the 
riparian zone (Laudon et al. 2004). 

Site  Soil 
depth 

Numbers 
of 
samples 

S04 10 1 

 25 4 
 35 2 
 45 4 
 55 4 
 65 1 

S12 5 3 

 10 3 
 20 1 
 30 3 
 40 3 
 60 4 
 70 2 

S22 6 0 

 12 3 
 20 3 
 35 3 
 50 3 
 75 2 
 90 0 

Table 1: number of 
samples analysed at 
each site and soil 
depth. 

 
Figure 2: Map of the sample site with transects S04, S12 and S22. 
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For soil water sampling, suction lysimeters were used at three locations (S04, S12 and S22, 
see figure 2), where S04 is closest to the stream (4 m) and S22 furthest from the stream (22 
m). S04 and S12 is located on organic soil, while S22 is dominated by podzol soil containing 
mineral soil (Nyberg et al. 2001). On each location, lysimeters were installed at seven soil 
depths between 5 cm and 75 cm. The soil water samples were collected and stored in a deep 
freezer until analysing in April 2008. A total of 49 samples were analysed (see table 1). 
 
The yearly mean air temperature of the studied site is 1.3 Co (measured between 1980 and 
1999), and the mean temperature in January is -10.3 Co and in July +14.3 Co. During 1981 to 
1998 the annual mean precipitation was near 600 mm, where 35% falls as snow (Löfvenius et 
al. 2003). Previous studies of the site has shown that during low-flow conditions the median 
groundwater level occurred on a soil depth of between 58 cm and 79 cm, while during high-
flow conditions the median groundwater level move up to a soil depth of 26 to 30 cm (Cory et 
al. 2004). The soil water samples were collected during a spring flood event. The spring flood 
constitutes a critical hydrological period. During this period, half the annual discharge occurs 
over three to four weeks (Cory et al. 2007). Data on water outflow have been measured during 
the same time as soil water samples were collected. In this study, the outflow data are used for 
comparison with Clorg concentrations. 
 
Analysing method for determining organochlorines 

Organochlorines were measured as AOX (Absorbable organically bound halogens), in this 
case using a Euroglas ECS 3000 AOX analyser. Preparations of the samples and the analysis 
were made in line with the Swedish standard SS-EN 1485 (1997). According to the standard, 
the principle for this method is acidification of water samples by nitric acid, followed by 
adsorption of organic halogens into activated carbon. Samples are then filtrated and inorganic 
halides are displaced using acidified sodium nitrate solution. Loaded carbon is combusted in 
an oxygen stream, and microcolorometric titration with silver ions determines the halide ions. 
 
This method was carried out in the following way: samples were defrosted in a small bath of 
warm water. Thereafter, an appropriate amount of soil water sample was diluted with RO-
water. A number of different dilutions were used to find a suitable amount to analyse. Small 
volumes gave concentrations, too low for the AOX-analyser to detect. After a number of tests, 
10 ml of soil water diluted to 50 ml was chosen. The samples were thereafter admixed with 50 
mg activated carbon, approximately 7 drops of HNO3 and 5 ml of low acid nitrate solution 
(KNO3 + HNO3 + RO-water). The mixture was thereafter placed on a shaking board at 180 
rpm for one hour for the purpose of making organic compounds absorbed by the activated 
carbon. Thenceforth, the sample was filtrated through a polycarbonate filter, which catches 
the activated carbon with the organic chlorine, using a filtration device. To remove 
remainders of inorganic halide an acidified sodium nitrate solution was used to carefully wash 
the filter. The filter was placed in the AOX apparatus and inserted into its furnace where the 
filter was combusted in about 1000oC and in a stream of oxygen. The machine was then 
determining the amount of absorbable organically bound halogens using a microcolorometric 
titration with silver ions. The apparatus also performed the calculations automatically. The 
same procedure as described above was used for all the samples. 
 
This method does not make any difference between the different halogens, which can be seen 
as one of its possible drawbacks (Johansson, 2000). Yet, while the AOX instrument does not 
measure fluorine, and the other halogens (bromine, iodine and astatine) occurs in rather small 
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concentrations in unaffected soil, the results can be regarded as the content of chlorine in the 
soil water sample analysed. 
 
There are a number of sources of error which can influence the analysing results. Preparations 
of the samples include many of those sources, such as admixing of chemicals, weighing of 
carbon etc. Furthermore, laboratory contaminations of samples can occur during the whole 
procedure. The analysing results can also be affected by the RO-water, the filter or the carbon 
used. These sources of error is controlled by “blank” samples, witch contains of just RO-
water, chemicals and carbon. Analysing such a sample gives the rate of error compared to the 
soil water samples analysed. A number of these blanks were analysed each day. Generally one 
blank was analysed in the beginning of the day and another was analysed as last sample. 
 
Automatically calculation done by the AOX-analyser 

The AOX-analyser measures the amount of electric charge, generated while the gases from 
the combustion pass the detection device, expressed as milli-Coulomb (mC) (SS-EN 1485). 
With this value obtained the following formula is used to calculate the concentration of 
adsorbable organically bound halogens, usually expressed in µg/l (see equation 1 below). This 
calculation is automatically preformed by the apparatus. 
 

3674,0⋅=
V
NQClorg     (Equation 1) 

 
Where: 
N is the measured value of the adsorbable organically bound halogens in milli-Coulomb (mC); 
V is the volume of sample for the adsorption, in litres; 
0,3674 is calculated from a number of constants, which are described in the Swedish standard SS-EN 1485 
(1997). 
 
Recalculation of results 

As stated above, during the AOX-analysing process there may be influences from the carbon, 
the filter or the RO-water used for dilution. Therefore, there was a need to recalculate the 
results, this time excluding those influences, before applying any statistical methods. 
According to the Swedish standard SS-EN 1485 (1997), the measured result of blanks is 
inserted in equation 1 to give the formula below. 
 

3674,00 ⋅
−

=
V

NN
QClorg     (Equation 2) 

 
Where: 
N is the measured value of the adsorbable organically bound halogens in milli-Coulomb (mC); 
N0 is the measured result of blank 
V is the volume of sample for the adsorption, in litres; 
0,3674 is calculated from a number of constants, which describes in the Swedish standard SS-EN 1485 (1997). 
 
The blanks are used to separate background error from measurable results. Different methods 
can be used to give the result of the blanks, to be used in equation 2. The mean of the blanks 
is the sum of all the blanks divided by the number of measurements. The mean does not show 
the variation of the blanks, and it is also influenced of extreme values (Wheather and Cook, 
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2005). In this thesis the blanks varied considerably from each other and between each day. 
Therefore the mean was not a suitable method for calculate a result of the blanks. 
 
When all data points are listed in numerical order, the median can be choosen in the middle. 
When there is a low number of data and extreme values is obtained, the median is a useful 
method (Weather and Cook, 2005). This metod is only minimally influenced of the size of 
one single obervation (Helsel and Hirsch, 2000). For this property the median was chosen to 
present the results of the blanks, in equation 2. Using the median of all blanks extreamly high 
values will not effect the result, but in the other hand the mean value should be higher than 
most of the measured blanks.  
 
Calculations of standard deviation and detectionlimit  

A detectionlimit was calculated in order to further distinguish and certain measured 
concentrations from background errors. The standard deviation from blank samples was used 
to determine a detectionlimit. Standard deviation is a method that measures the spread and 
utilizes all the values (Miller and Miller, 2005). The standard deviation is considered to be a 
representative quantitative indicator of the casual influences of contamination and instability 
by the measuring instrument (Grandin, 2003). The method is also considered to be relatively 
stable, and therefore the most common method used for calculating dispersion (Meier and 
Zünd, 2000). Still, it may be necessary to keep in mind that this method, like the mean, is 
affected by values outlying from others (Helsel and Hirsch, 2000). Extreme values can give 
impression of a higher spread than is insinuate of the majority of the samples. 
 
By using one standard deviation 68,27% of the blank values will statistical be included. When 
two standard deviations is used 95,44% of the blanks is included (Weather and Cook,  2005). 
Three standard deviations describe 99.7% of the blank values. Three standard deviations is 
considered to be an appropriate definition of detection limit (Miller and Miller, 2005; Gradin, 
2003). By using three standard deviations nearly 100% of the blank values are taken into 
account, and the variation of values that the influence from the carbon, RO-water and filter 
can be included. This mean that all measured soil water samples over detection limit can be 
distinguished from background errors, and can to a high certainty be considered as originated 
from the samples. According to Grandin (2003), at least ten samples with low concentrations 
should be used to make the method reliable. In this thesis 14 blank samples were analysed. 
For the purpose to calculate one standard deviation, the following formula was used: 
 

( )
1

2

−

−
= ∑

n
xx

s     (Equation 3) 

 
Where: 
x  is the measuring results for each blank, in milli-Coulomb (mC); 
x is the mean of x ; 
n is number of blanks. 
 
The standard deviations is this far expressed in milli-Coulomb (mC). To recalculate it into 
detectionlimit in concentration of organohalogens, this value is multiplied with three and 
inserted into equation 4. 
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3674,03
⋅

⋅
=

V
sDL     (Equation 4) 

Where: 
s is the standard deviation of blanks, in milli-Coulomb (mC); 
V is the volume of sample for the adsorption, in litre; 
0,3674 is calculated from a number of constants, which describes in the Swedish standard SS-EN 1485 (1997). 
 
Calculation of standard error 

To further analyse the variation of the measured soil water, standard error was calculated. In 
certain cases it is useful to give a range of values, which is likely to include the true value. 
When individual measurements vary, the mean will not be equal to the true value (Miller and 
Miller, 2005). For this application the standard error (SE) of the mean can be used, see 
equation 5 (Wheather and Cook, 2005). 
 

n
sSE =      (Equation 5) 

 
Where: 
s is the standard deviation on groups of measured soil water samples, in milli-Coulomb (mC)  
n is number of samples  
 
The standard error of the mean gives variation between individual samples and the mean, 
commonly explained as mean ± SE. However, it gives no further information, such as the 
presence of outliers and symmetry of the data (Helsel and Hirsch, 2000). The calculation has 
been done on groups of samples taken at the same location and soil depth. While the samples 
have been collected different dates, the SE should not be seen as an error or a measurement of 
contingency. If the calculation gives a high value it indicate that there is more spread between 
the concentrations.  
 
Results 

Blanks 

A total of fourteen blank samples were analysed, seen in table 
2. The numbers of analysed blanks vary between dates. At least 
one blank sample was analysed each day, the most dates two or 
more blanks was analysed. 
 
Analyse of the blanks resulted in a wide range of values. The 
average lowest values were obtained 080422, with a mean of 
561.2, while the average highest values were measured at 
080425, with a mean of 1168.7. The mean of 080422 were thus 
48% of the mean of 080425, which had higher values on all 
blanks. 
 
There were also variations between values from the same 
analysing occasion. At the date 080425, there was a 
considerably large difference between the measured blanks. The 

date Blank result in 
micro-Coulomb (µC)

080416 1077,4 
080417 999,5 
 825,9 
080421 643,8 
080422 711,7 
 578,5 
 421,8 
 532,9 
080425 1449,2 
 866,5 
 812,3 
 1546,7 
080428 953,8 
 752,3 

Table 2: results of blanks in 
mC for each date of analyse 
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lowest measured blank sample were 52.2% of the highest measured that date. 
 
Standard deviation and detection limit 

Table 3: Calculated standard 
deviation (s) and detection limit 
(DL) based on the measured 
blanks. 

The standard deviation of the blanks was calculated to 322.85 µC, 
using equation 3. By multiply the standard deviation with 3 a 
detection limit of 968.56 µC was acquired. As stated above, the 
blanks varied considerably between each other, which cause a 
positive bias. There is some extreme values among the blanks that 
may influence the calculation of standard deviation (Helsel and 
Hirsch, 2000), and gives a higher limit of detection. 

s ( µC) 322,85 
DL ( µC) 968,56 
DL 10 ml  (µg/l) 35,6 
DL 8 ml (µg/l) 44,5 
DL 4 ml (µg/l) 89  

 As stated earlier, different volumes of soil water sample were used to find a suitable volume 
where Clorg could be detected. 10 ml, which were almost the whole volume for each sample, 
was considered to be an appropriate amount of sample, after both 4 ml and 8 ml had been 
tested. Therefore, it was a need to calculated three detection limits, one for each volume of 
sample used. According to equation 4,  the detection limit for 4 ml were calculated to 89 µg/l, 
for 8 ml it was 44,5 µg/l and for 10 ml, a sample volume which was used for the majority of 
the analyses, the detection limit was 35,6 µg/l (see table 3). Henceforth, these detection limits 
will be referred to as DL4ml, DL8ml and DL10ml. 
 
Distribution of measured and calculated concentrations of soil water samples 

In figure 3, all analysed samples are represented in a scatter plot graph, where the calculated 
detection limits is shown as lines. The smaller crosshatched line shows the DL4ml, the larger 
crosshatched line describes the DL8ml and the solid line represents the DL10ml. All values 
below detection limit are difficult to separate from casual influences of contaminations, and 
are therefore less reliable. 

 
Figure 3: Concentrations of organically bound chlorine related to calculated detection limits. The smaller 
crosshatched line shows the DL4ml, the larger crosshatched line describes the DL8ml and the solid line represents 
the DL10ml. 
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There are two samples where 4 ml was used. According to figure 2, one of these is found far 
beneath the DL4ml, while the other lies over the line. 8 ml were used for analyse of 7 sample. 
Of these, all except one are below the DL8ml. For analyses with 10 ml soil water, there were 
40 samples analysed, of which 12 were below the DL10ml. All in all, a total of 49 samples 
were analysed, where 19 of these are below the detection limits. Table 4 below shows number 
of samples taken and number of samples below the detection limits related to transects and 
soil depth. 
 
The number of samples is not equally distributed among the different soil depths (see table 4). 
A majority of the samples analysed is from soil levels between 20cm and 50cm, while less is 
from lower layers. Near the soil surface, only samples from transect S12 are represented. 
Moreover, all the soil groups in S04 differ in number of samples from each other. In S04 
group 0-20cm there is only one sample represented. On the contrary, the number of samples 
in groups of transect S12 is almost equal. As seen in table 4, the number of samples per group 
is in general unequal distributed.  
 
Concentrations related to soil depth and 
sample sites 

Table 4: Mean and standard error of mean of 
Clorg concentrations by soil depths. The 
numbers within parenthesis shows the 
amount of analysed samples. 

As stated earlier and shown in both figure 3 and 
table 4, a large amount of measurements lies 
below the detection limits. These are found in 
transects S12 and S22. Figure 2 above shows a 
wide range of concentrations, where some extreme 
values are represented. Most of these high outlying 
values are found in the deeper soil layers, about 50 
cm and beneath. 
 
In table 4 mean of samples from the three 
transects, divided into groups of soil levels, have 
been calculated. In addition, for each mean the SE 
(standard error) has been determined, which 
illustrates the variation of measured concentrations 
in the different soil layers. High SE:s denotes a 
wider scatter between samples taken in same soil 
depth from the same transect. It also describes the 
variation over time for each soil level. The size of 
SE vary considerably between transects and soil 
depths. 
 
When it comes to the mean of concentrations for 
each transect and depth the concentrations is quite hard to interpret. Concentrations for site 
S04 have the higest value of Clorg in the deepest soil level, but there is only one sample at that 
location. However, soil water samples taken in S04 on deep 55 cm has a relatively high SE, 
due to the fact that both the highest and the lowest measurement are represented on this soil 
depth. 

Site Clorg (µg/l) 

Number 
of 

samples 

Samples 
below DL 

S04 - 10 41,35 ± na 1 

S04 - 25 123 ± 21,23 4 

S04 - 35 73,22 ± 14,29 2 

S04 - 45 65,67 ± 2,61 4 

S04 - 55 97,49 ± 50,44 4 

S04 - 65 148,43 ± na 1 

S12 - 5 87,81 ± 9,46 3 

S12 - 10 52,74 ± 16,93 3 1

S12 - 20 0 1 1

S12 - 30 52,04 ± 9,4 3 

S12 - 40 36,29 ± 2,68 3 1

S12 - 60 21,76 ± 1,95 4 4

S12 - 70 20,03 ± 7,92 2 2

S22 - 12 4,62 ± 2,61 3 3

S22 - 20 12,55 ± 4,90 3 3

S22 - 35 23,07 ± 22,08 3 2

S22 - 50 84,01 ± 59,42 3 1

S22 - 75 74,15 ± 63,54 2 1

 
Transect S12 has a decreasing pattern for the concentrations, where the highest mean 
concentrations is found in the top layer and the lowest in the deeper soil levels. S22 on the 
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other hand shows an opposite pattern, with low concentrations in the upper soil layers and 
increasing concentrations in the deeper soil depths. However, also the SE value is increasing 
with soil depth, which shows a wide variation among concentrations deeper down in the soil 
of S22. 
 
According to figure 4, there is an apparent decreasing in Clorg concentration by soil depth for 
two of the sites, where the highest concentration of Clorg is found in the upper layers. This is 
the case for both transect S04 and S12. The transect S22, on the other hand, shows an opposed 
trend, there the highest values was obtained in soil water samples from soil levels beneath 41 
cm. For S12, a majority of the measured concentrations from depths of 41 cm and deeper lies 
below the detection limits, while the lowest values for S22 originate from near topsoil.Table 5 
shows the numbers of soil water samples, and samples below the detection limit for each of 
the three soil level groups per transect. 

 

Table 5: Total number of 
samples and number of 
samples below the detection 
limits divided into three soil 
groups for each transect. 
Site Soil 

depth 
Number 
of 
samples 

Samples 
below 
DL 

S04 0-20 1  
 21-40 6  
 >41 9  
S12 0-20 7 2 
 21-40 6 1 
 >41 6 6 
S22 0-20 6 6 
 21-40 3 2 
 >41 5 2 

Figure 4: Concentrations of Clorg by each transects divided into three soil groups, presented in a boxplot graph 
 
Transect concentrations in relation to distance from the stream 

According to figure 5, 
concentrations of Clorg seem to 
decline with distance from the 
stream. Displayed in figure 5, 
samples of site S04, 4m from 
the stream, has the overall 
highest values with a mean of 
92.6 µg/l. S12, 12m from the 
water has a mean of 42.8 µg/l 
and S22, on a distance of 22m 
from the stream has a mean of 
37.2 µg/l. 

Figure 5: Calculated mean of Clorg 
concentrations for each transect. 
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Concentrations related to date of sampling 

Figure 6 shows the concentrations obtained at the three soil groups for transects S04, S12 and 
S22 over time. A line has been drawn between the data for each sample site. The smaller 
crosshatched line shows concentrations at soil depth 0-20cm, the larger crosshatched line 
concentrations at depth 21-40cm and the solid line describes concentrations at soil depths 
below 41cm. 

 
Figure 6: Concentrations of Clorg for each transect over time. The lines have been acquired through 
interpolation. 
 
Site S04 has high Clorg concentrations in layer 21-40cm, when deeper layers has lower values, 
and when Clorg concentrations is decreasing in layer 21-40cm, the concentrations increases in 
the deeper layers. No pattern can be seen for soil level 0-20cm on transect S04, because there 
is only one sample taken at that depth. As seen in figure 6 the higest concentrations for soil 
level >41cm is found during 15/3 and 18/4, on this dates the lowest concentrations is found in 
depth 21-40cm. The higest concentrations for soil depths 21-40 in found 31/1 and 22/3, 
during this peak the soil depth >40cm has lower concentrations.   
 
Transect S12 does not has the same distinct pattern. However on date 31/1 and 23/5 the higest 
values is found at soil depth 0-20 cm. Concentrations for soil layer >41 is quite stable under 
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the sampling time. For soil level 21-40 cm there is no high peaks of Clorg. When looking at 
transect S22 low values is concequently found in the top soil layer 0-20cm. For the deeper 
layer >41cm there is varying concentrations. Peaks are found in one of the same dates as 
transect S04, moreover low values is found in two of the same dates as S04. No pattern can be 
seen for soil depths 21-40cm for transect S22.  
 
Water outflow 

Figure 7 displays data on mean 
day outflow, continuously 
collected from the studied site 
during 31/1 to 23/5. Measured 
values are quite low and stable 
during February and March, until 
April where there is more 
changes and higher outflow.  The 
distinct high peak on the graph 
during the middle of April 
represents the highest amount of 
outflow during the spring flood. 
 
 
 
 
 

Figure 7: Outflow (l/s) during 31/1 to 23/5  
Discussion 

Concentrations related to soil depth and site  

The study suggests a declining concentration of Clorg with deeper soil level in two transects 
(S04 and S12), which is in line with the hypothesis. The constituted hypothesis conceive that 
Clin is transduced to Clorg in the topsoil, while in the deeper layers Clorg is mineralised which 
result a release of Clin. Formation of Clorg in the topsoil can be seen as a sink of Clin, while 
mineralization of Clorg in the deeper layers works as a source of Clin (Öberg, 2003; Svensson 
2006). There have for a long time been known that there is a number of microorganism who 
can convert Clin to Clorg, and also microorganisms who can convert Clorg to Clin (Fetzner et al. 
1994; Bastviken et al. 2006; Castro, 2003). It is possible that microorganisms are responsible 
for the processes regarding transformations between Clin and Clorg in soil. Moreover other 
causes of retention of Clin are for example uptake of Clin by plants, resulting in an 
accumulation of Clorg in the biomass (Lovett et al. 2005). As stated earlier, a majority of 
studies of chlorine in soil have been made on soil samples only, and there are no field studies 
known that is made on organic chlorine in soil water samples related to soil depths. According 
to previously studies, variable concentrations between 10-2000 µg Clorg/g has been found in 
soil samples (Johansson, 2000). In a study, made on forest soil in China, concentrations of 
Clorg where analysed, divided into three soil depths of 0-15cm, 15-35cm and 35-55cm, it was 
found that concentration of Clorg was highest in the top soil (15-35) (Johansson et al. 2000). 
 
The results of this study indicate an apparent decreasing in Clorg concentration in soil water by 
soil depth in two of the sites, shown in figure 3. The concentrations for S04 correspond rather 
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clear to the hypothesis. This is the case for both soil depth 21-40cm and soil depth >41cm. 
The soil depth 0-20cm, however, there is only one sample, which is a too limited material to 
draw any conclusion from. Table 4, where all soil depths is represented, shows declining 
concentrations between soil levels 25cm, 35cm, 40cm. The concentration on 55cm and 65 cm 
shows higher values. However, while there is a high SE value for 55 cm and only one sample 
for 65 cm, the mean are less representative for measured concentrations. 
 
The decreasing pattern of concentrations of Clorg in deeper soil levels is more distinct in 
transect S12. Number of samples is quite equal between the soil depths, except for depth 
20cm where only one sample is represented, which was to low to be detected. Thus, transect 
S12 correspond to a higher degree to the hypothesis than S04. As stated earlier, transect S22 
constitute the exception in this study, with an increase in concentration further down the soil 
layers, which is seen in table 4. However, this mean could be fallacious, due to the large 
variation between samples at those soil levels. 
 
In other studies there is indicators that Clin and Clorg is statistical related to each other in soil 
(Johansson et al. 2001). Earlier studies on the transect shows that concentrations of Clin in soil 
water, was highest in the deeper layers (Cory et al. 2007). Clin generally follows the water 
movements, because it is easily solved in water (Johansson et al. 2003a). The water does often 
move downwards in the soil, and when water is evaporated it generates a higher concentration 
of Clin in deeper soil layer. All transects has generally higher concentrations of Clin in the 
deeper layers. The theory that Clin is transformed to Clorg in the topsoil, i.e. resulting in a 
formation of organically bound chlorine. In deeper soil layers, it is suggested that a 
degradation of these organic chlorine compounds occurs, causing a release of Clin. However 
this interactivity between Clorg and Clin can not easily be studied in this thesis, due to the 
different time of Clin collection compare to collection of Clorg samples. But as stated above in 
figure 4, two of three transects has declining concentration of Clorg with deeper soil level, and 
according to Cory et al. (2007), there is higher concentrations of Clin at deeper levels. This is 
in line with the hypotesis. 
 
Concentrations related to distance to the stream 

The study have shown a decrease in concentrations of Clorg with distance from the stream .i.e. 
highest mean concentration of Clorg were found in transect S04, while S12 constitute of lower 
values, and S22 has the lowest concentrations of Clorg. The concentrations of organic chlorine 
depend on the content of organic matter in soil, where larger amount of organic matter signify 
a higher concentration of Clorg (Öberg, 2003, Öberg et al. 1998). Previously studies on the 
same catchment as examined in this study has shown that the amount of organic material is 
highest closest to the stream (Nyberg et al. 2001), which support the results obtained in this 
study of soil water, i.e. the highest concentrations of Clorg were found in transect S04, and 
reduced towards S12 and S22.  
 
Higher amount of organic matter results in higher water retention in the soil. Moreover, it is 
known that the water holding capacity increase with higher amount of organic matter (Tate, 
1992). Organic material can during favourable conditions store up to 20 times their weight in 
water. A soil with high organic matter content, having a high water holding capacity, can be 
assumed as having a long water residence time, while water more easily flows through the 
more sandy soils further from the stream. Other studies suggest that longer water residence 
time increase Clin exchange, and more processes, such as transformation between Clin and 
Clorg can be assumed (Bastviken et al. 2006). This increased in activity of transformation 
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processes could explain the variation in concentration at transect S04 measured in this study 
(see figure 6 in earlier chapter). Other reason for the variations in concentration of Clorg at 
transect S04 can be shifting groundwater level. In previous studies it has been shown a 
relationship between outflow and groundwater level (Nyberg et al. 2001), which will be 
discussed below. The stream can also influence the groundwater level, it can both gain and 
reduce the groundwater level (Alley et al, 1999). This study suggests that high groundwater 
level may gain Clorg concentrations in deeper layers. 
 
Concentrations related to seasonally changes 

As shown in the results earlier in this thesis, there are high extreme values obtained mostly in 
layers further down in the soil. This is a bit remarkable, while the content of organic matter is 
supposed to decrease deeper in the soil profile. Further interesting is that some of these values 
are obtained in the transect S22. While the content of organic matter is considerably higher in 
soils closer to the stream, which had been shown in previously studies (Nyberg et al. 2001), it 
is noteworthy to find high concentrations of Clorg in deeper soil layers at locations further 
from the stream. It is possible that these outliers are consequences of sources of error related 
to the analysing method, such as influences from the AOX instrument or contamination of the 
samples from the surrounding laboratory environment. The high concentrations of Clorg in 
deeper soil layers might also have a natural explanation, though. As stated earlier in figure 6, 
the deeper soil water samples with high amount of organic chlorine are collected at later dates 
at transects S04 and S22. An explanation for these high values could be that the soil water 
samples were collected in connection with the spring flood. According to Cory et al. (2007), 
this is a critical period, of a hydrological point of view, when a major part of the annual 
discharge occurs. 
 
While comparing the outflow data in figure 7 with the analysed concentrations in this study in 
figure 6, it is possible to see that the extreme values of Clorg in low soil levels occur during the 
period of high outflow. It may be possible that the increase in water flow results in an 
increased transport of Clorg downward the soil, enhance the concentrations of Clorg in lower 
soil layers According to previous studies, it have been shown that during low-flow conditions 
the median groundwater level occurs on a soil depth of between 58 cm and 79 cm, while 
during high-flow conditions, i.e. during spring flood, the median groundwater level move up 
to a soil depth of 26 to 30 cm (Cory et al. 2004). 
 
According to measures of water flow and ground water made by Nyberg et al. (2001), the 
high peak of spring flood water outflow in figure 7 can be related to a groundwater level of 
40cm for transect S04 and estimated to 20cm for S12 and S22. Thus, the high concentrations 
of Clorg measured from soil water samples from S04 and S22 during this period (see figure 6) 
are found beneath the ground water level. However, in transect S04 there is both a higher and 
a lower value obtained during spring flood. The difference between these two concentrations 
can be explained by the possibility that one of the samples were collected above the ground 
water level while the other was collected below the ground water level. In this case the low 
Clorg concentration sample was from a soil depth of 45cm and the sample with high Clorg 
concentration was collected at 55cm. 
 
It can be expect to be more flowing water in the top layer during spring flood. The 
concentrations of Clorg can therefore be assumed to be transported from top layer. In the 
deeper layer it may be high water levels, witch gain organic matter and thus Clorg. Transport 
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downward from top layer, and higher water levels, can be the explanation to the high 
concentrations of Clorg in the deeper soil layers during spring flood.  
 
Natural processes of Clorg in relation to anthropogenic sources 

This thesis is studying natural occurrence and processes of organic chlorine in soil water. 
Concentrations found can be assumed to be natural since the catchment is located far from 
anthropogenic influence. It would therefore be of interest to set the natural processes, 
formation and mineralization of chlorine, in relation to other areas, where anthropogenic 
sources of chlorine occur. For example, the problems with usage of Clin as a road salt for the 
purpose of de-icing had been frequently discussed, regarding the fact that the applied salt 
enters soil and water (Blomqvist 2001). Conclusions from Blomqvist’s study suggest that a 
key part of the salt used on the roads is transported by air to the ground in the surrounding 
environment. 
 
Considering the soil to act as a sink of chloride, infusion of chloride from anthropogenic 
sources, such as the application of road salt, could result in accumulation of Clorg. This 
increase of organic chlorine content could lead to the consequence that chloride is leaching 
and transported by the ground water to the surface water, still after that positive changes have 
been made to the usage of road salt. 
 
When it comes to anthropogenic halogenated compounds, such as DDT, PCB and PVC, it is 
of great concern to gain knowledge of transport and decomposition of those in nature. It has 
been shown that there is microorganism that can decompose even these anthropogenic 
organochlorines (Castro, 2003). To further get knowledge of how anthropogenic pollutions 
behave in nature, understanding of the processes and transportation in the natural cycle of Clin 
and Clorg is important. 
 
When it comes to input and transportation of halogenated pollutants such as DDT, PCB and 
PVC in nature there is of considerable interest how they are decomposed in nature, since they 
are relatively stable and bioaccumulative (Paasivirta et al. 2000). It has been shown that there 
is microorganism that can decompose even these anthropogenic organochlorines (Castro, 
2003). To further get knowledge of how anthropogenic pollutions behave in nature it is 
important to well know the processes and transportation in the natural cycle of Clin and Clorg. 
Therefore, it is a need for further studies on the subject of the relations and processes between 
chloride and organic chlorine in soil and soil water. 
 
Conclusions 

Results of this thesis indicates:  
• that there is a decrease in concentrations of Clorg with soil depth. 
• that concentrations of Clorg are decreasing with increasing distance from the stream. 
• that spring flood may influences the concentrations of Clorg 
• that groundwater level may influence the concentrations of Clorg 
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