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ABSTRACT
The concentration and storage of organic chlorine and chloride were determined in soil, to a
depth of 40 cm, in a coniferous forest in the Stubbetorp catchment area in south-east Sweden.
Also, the spatial distribution of the two forms of chlorine was determined. Soil samples were
collected at 49 of the nodes in a grid with approximately 105 m between the nodes. The
analysis of spatial variability suggested that no spatial autocorrelation was present either
within the variable organic chlorine or chloride. This means that no sample was more
influenced by another nearby sample, as compared to other samples further away. Instead,
linear interpolation was used to construct contour maps of the concentrations.

The contour maps indicated that the two forms of chlorine have similar spatial patterns and
the highest concentrations could be found in the main valley area, with moss soil and forest
dominated by pine (Pinus sylvestris (L.)). The two variables showed a significant positive
correlation. This could be due to the fact that chloride is the limiting factor for formation in
Swedish soil or that the two forms of chlorine are only indirectly related through variables as
soil moisture or organic matter.

The storage of organic chlorine when a depth of 40 cm was taken into account was seven
times the storage compared to an earlier study where only the top-soil was sampled. The
storage of organic chlorine in the area is of such size that changes in this storage are likely to
have an impact on the transport of chloride. The fact that no spatial autocorrelation could be
found in either of the variables suggests that the scale chosen is not suitable for describing
spatial autocorrelation on a smaller level, due to processes e.g. microbially induced formation.
At the same time the chosen scale is probably too small for detecting spatial autocorrelation
on the larger scale due to e.g. deposition and precipitation.
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1. INTRODUCTION
Chloride is one of the most common ions in the environment, originating mainly from wet
and dry deposition of marine sources. In short, chloride is generated as sea-salt aerosols by
waves breaking the ocean surface. From there, the ions are transported to the atmosphere with
the wind. The concentration of chloride in soil is closely related to the amount of deposition,
which in turn depends on the distance to the sea, precipitation and evapotranspiration
(Eriksson, 1959). It is well documented that the deposition of chloride is influenced by a
number of factors on a smaller scale, such as wind direction, distance to the forest edge and
season (Beier et al., 1993). The geochemical cycling of chloride has been thoroughly studied
and the ion is generally considered to be conservative in soil with respect to water. Thus, soil
is neither considered to act as a sink or a source of chloride, provided that the time scale used
is of sufficient length to disregard seasonal variations in the storage of chloride in biomass
(e.g. Schlesinger, 1997). The assumption that chloride is conservative together with the facts
that it is highly mobile in soil and that the turn over rate is short has led to the use of chloride
as a background variable in biogeochemical and hydrological modelling.

It has earlier been assumed that organochlorine compounds were solely of anthropogenic
origin. However, research over the last decade has shown that large amounts of naturally
formed organic chlorine are present in the environment (Harper, 1985; Asplund and Grimvall,
1991; Hjelm, 1996; Öberg, 1998; Johansson, 2000; Myneni, 2002). Nowadays, it is generally
agreed up on that naturally formed organically bound chlorine is widespread in the
environment and that organic chlorine is a natural constituent of soil organic matter. Studies
also suggest that both organic chlorine and chloride participates in a complex biogeochemical
cycle and that formation as well as mineralisation of organic chlorine occurs in soil (Öberg
and Grøn, 1998; Lobert et al., 1999; Winterton, 2000). It has also been found that the
occurrence in soil is influenced by various environmental variables, suggesting that the soil
may act as both a source and a sink for chloride (Öberg et al., 1996a; Öberg et al., 1996b).
Hence, if the observed turnover rate of organic chlorine (formation/mineralisation) is
considerable in relation to the transport of chloride, the cycle is bound to influence the
geochemical cycling of chloride, and the soil can work as a sink or a source, depending on
which rate is the highest. If the processes discussed above are of considerable size as
compared to the transport of chloride through soil, this will have a strong influence on all
budget calculations and models that use chloride as a conservative tracer. This would lead to
that changes have to be made in the way we look at the chlorine cycle. A recent study
suggests that the storage of organic chlorine in soil in top soil in Scandinavia is 2-4 times
larger than the storage of chloride (Johansson et al., 2002). This strongly indicates that even
small changes in the organochlorine pool may severely influence the geochemical cycle of
chloride.

The Stubbetorp catchment area in south-east Sweden is clearly defined from its surroundings
and the hydrology in the area is well studied (Maxe, 1995). An earlier study has been
conducted in the Stubbetorp catchment area to get a better understanding of the
biogeochemical chlorine cycle. The study focused on fluxes and storage of chloride and
organic chlorine in soil (Figure 1). The present calculations of the storage of organic chlorine
and chloride, are based on ten samples (15 cm depth) in the north-west part of the area
(Rodstedt et al., 2002).



Figure 1 A roughly estimated chlorine budget of the storage and fluxes of organic chlorine and chloride, fluxes
given in kg ha-1 yr-1, in the Stubbetorp catchment area, (59o44'N; 16o21'E) (after Öberg, 2002). The arrows
illustrate: deposition of chloride and organic chlorine (wet and dry); loss of chloride and organic chlorine by
leaching; transformation of chloride to organic chlorine (top horizontal arrow) and mineralisation of organic
chlorine to chloride (bottom horizontal arrow) (Rodstedt et al., 2002). The run-off and wet-deposition of chloride
are based on long-term field data. Provided that the remaining fluxes are negligible, the dry deposition is
assumed to equal the run-off minus the wet-deposition, rendering a total deposition of 7.1 kg Cl- ha-1 yr-1 (Maxe,
1995). Boxes marked “? “ refers to the storage the study aim to estimate.

The aim of this study was to render a better understanding of the spatial distribution of
chloride and organic chlorine in the 0,87 km2 catchment area Stubbetorp, Sweden and
determine the size of the storage of the two forms of chlorine in the coniferous forest soil in
the area.

1.1 TERMINOLOGY
The methods used to determine the content of organic chlorine and chloride in the soil
samples are actually sum parameters for halogens that do not distinguish between chlorine,
bromine and iodine. Fluoride is not detected since the ion does not form an insoluble salt with
silver. Chlorine is by far the most abundant halogen in the environment and the mass
estimates are based on the assumption that chlorine is the dominating halogen in the sample.
However, it should be kept in mind that chlorine has a lower molecular weight then any of the
other measurable halogens. This will cause an underestimation of the mass of organic
halogens in the sample, provided that other halogens that chlorine is present in considerable
amounts.



2. METHOD

2.1 SITE DESCRIPTION
The soil samples were collected in the Stubbetorp catchment area (59º44’N-16º21’E) (Figure
2) in Östergötland in the south-east part of Sweden, near the coast of the Baltic Sea. The
catchment area is 0,87 km2 and has a broken topography and a bedrock that is poor in
chloride. It is covered mainly by mixed coniferous forest dominated by Norway spruce (Picea
abies (L.) Karst.) and pine (Pinus sylvestris (L.)). A main valley intersects the area from the
north-west to the south-east (Figure 2) (Maxe, 1995). The approximate altitude is 90-130
m.a.s.l., the long term annual mean precipitation in the region is approximately 600 mm and
the annual mean temperature is about 6ºC (Raab and Vedin, 1995). The catchment area has a
less then 0,5 m soil cover on many of the more elevated parts of the area (36 % of the
catchment) (Maxe, 1995).

Figure 2. The Stubbetorp catchment area  (59º44’N-16º21’E), Östergötland, Sweden.

2.2 SOIL SAMPLING
The catchment area was divided into a grid with eight lines in north-south direction and eight
lines in west-east direction located approximately 105 m apart. Soil samples were collected on
April 5 –7, 2002 at 49 of the nodes on the grid. The soil samples were collected with a metal
soil cylinder, 7 cm in diameter and 5 cm long, to a final depth of 40 cm in the forest and 10
cm at two nodes that were located in moss soil. The cylinder was hammered down in the soil
and then dug out. To reach the final depth the procedure was repeated at the level of the last
dug out cylinder. The samples were stored in plastic bags at –10 °C for up to two weeks
before analysis.

The depth of 40 cm was chosen to avoid an underestimation of the chloride and organic
chlorine concentrations. A study of organic chlorine in a spruce forest soil in north-west
Denmark strongly indicates that only a smaller part of the organic chlorine, as well as



chloride, in soil is found in the upper layer. The storage of organic chlorine when a depth of
60 cm was taken into account was more than ten times the storage in the top ten cm (Öberg
and Grøn, 1998).

The method with a soil cylinder, described above, was used instead of a soil corer to avoid the
soil being compressed and therefore causing a problem when calculating the storage of
organic chlorine and chloride. If the soil is compressed the weight of the soil sample will not
be in accordance with the real relation between weight and volume in the soil.

2.3 CHEMICAL ANALYSIS
All samples were analysed at the Department of Water and Environmental Studies, Linköping
University, Sweden. All chemicals used were of analytical grade unless otherwise stated.

2.3.1 SOIL PREPARATION

Each soil sample was dried to constant weight (105°C). The samples were then sieved (2 mm
mesh size) and approximately 100 mL of each sample was then milled (0,5 mm). The milled
soil was stored in glass bottles until organic chlorine and chloride analysis were conducted.
Before the analysis the samples were thoroughly mixed.

2.3.2 ORGANIC CHLORINE

The total amount of organically bound chlorine in the soil samples were analysed according to
the TOX method described by Asplund et al. (1994). In short, 20 mg soil and 20 mL acid
nitrate solution (0,2 M KNO3, 0,02 M HNO3) was placed in a rotary shaker (200 r/min) for at
least one hour to wash out the chloride through ion exchange. The suspension was filtered
through a polycarbonate filter (0,45 µm) and washed with an acid nitrate solution
(approximately 20 mL 0,01 M KNO3, 0,001 M HNO3) followed by acidified Milli-Q water
(approximately 20 mL, pH 2, HNO3). The filter with the filtered soil was then combusted in
an oxygen atmosphere at 1000 °C in a Euroglas AOX-analyser (model 84/85). The sample
was then microcoulometricly titrated and thus the formed halides were titrated with silver
ions. Each sample was analysed in one replicate. Blanks, with acidified nitrate solution, were
analysed at the onset and at the end of each day of analysis as well as between every 5-6
sample.

A drawback to the method is that the procedure involves a few steps that carry risk of
contamination unless special precaution is taken, for example when inserting the filter in the
analyser. The detection limit for determining organically bound chlorine is <1 µg Clorg g

-1 soil
(d.w.) (Johansson, 2000).

2.3.3 CHLORIDE

The chloride content was determined by shaking 5 g dried and sieved soil with 50 mL acid
nitrate solution (0,2 M KNO3, 0,02 M HNO3) for at least one hour. The soil extract was
filtered (Munktell no 3) and washed with the acid nitrate solution to a final volume of
approximately 70 mL. The filtrate was analysed for its chloride content through
potentiometric titration (ABU 80 Autobyrette and TTT80 Titrator, Radiometer, Denmark). In
short 15 mL of soil filtrate was mixed with 15 mL of carrier electrolyte (1 M KNO3 and 0,19
M HNO3) and titrated with 5 mM AgNO3 to the end point given by titration of a standard
portion (0,5 mL) 0,01 M NaCl. The chloride content in the samples was then calculated
according to the standard procedure (Svensk Standard, 1981). Each sample was analysed in
one replicate. Blanks, with carrier electrolyte, were analysed at the onset and at the end of



each day of analysis as well as between every 5-6 sample. The detection limit for determining
chloride is approximately 0,35 mg Cl - L-1 (Johansson, 2000).

In the potentiometric method for determination of the chloride content used in this study, the
de-ionised water used in the standard procedure, (Svensk Standard, 1981), was replaced with
an acidic nitrate solution. The solution, identical to the solution used in the TOX
measurements, was used in order to enhance the halide extraction. Since silver ions are used
to titrate the extract, the determination is not specific to chloride ions. This means that
bromide and iodide can interfere as in the TOX determination.

2.4 STATISTICAL ANALYSIS
Since the studied data material is not normally distributed the central tendency is given as
median and the variation is presented as 1st and 3rd quartile.

2.4.1 CORRELATION

The non-parametric Kendall’s tau test was used to measure the correlation between the two
chlorine variables. The chosen test is based on ranks and is well-suited for variables that
exhibit skewness around the general relationships (Helsel and Hirsch, 1993). Advantages are
that there is no assumption made on the distribution and the two groups do not need to have
the same distribution. Also, the test is not sensitive to extreme outliers (i.e. observations
notably higher than most of the data).

2.4.2 SEMI-VARIOGRAM ANALYSIS

To be able to statistically model how continuous variables vary in space, the variables are
treated as stochastic, i.e. statistic random variables, rather than a mathematical function. The
semi-variogram is the semivariance plotted against the distance and direction between
samples. All possible pairs are examined and grouped into intervals of approximately equal
distance and direction. The semi-variogram analysis provides a mean of quantifying the
frequently observed relationship that samples close to each other tend to have more similar
values than samples further apart (Isaaks and Srivastava, 1989). The semi-variogram can then
be used for kriging. In short, kriging is a method used to model the data to best fit the spatial
dependence, with estimated sample values at unsampled locations over an area calculated by
using least-squares linear regression (Trangmar et al., 1985). Here, a semi-variogram analysis
was performed using Geo-EAS 1.2.1 (Englund and Sparks, 1991) to determine if there were
any spatial relationships within the variables.

2.4.3 LINEAR INTERPOLATION

Linear interpolation was used to draw contour maps with the aid of Surfer 8.0 (Golden
Software). The triangulation with linear interpolation method in Surfer uses the optimal
Delaunay triangulation, which means that the algorithm creates triangles by drawing lines
between data points. The original points are connected in such a way that no triangle edges
are intersected by other triangles. The result is a patchwork of triangular faces over the extent
of the grid. This method is an exact interpolator (Eklundh, 1999).



3. RESULTS

3.1 CONCENTRATION AND STORAGE OF ORGANIC CHLORINE AND
CHLORIDE
The chloride concentrations in the soil varied between 18 and 31 µg Cl - g–1 (d.w.), with a
median at 21 µg Cl - g–1 (d.w.) (1st and 3rd quartile). The storage of chloride in the Stubbetorp
catchment area was calculated to approximately 2,9 g Cl - m

-2 with a depth of 40 cm (Table
4.1). The concentrations of organic chlorine in the soil samples varied from 298 to 1048 µg Cl
org g

–1 (d.w.) (1st and 3rd quartile), with a median at 401 µg Cl org g
–1. The storage of organic

chlorine in the Stubbetorp catchment area was calculated to approximately 57,3 g Cl org m
–2

with a depth of 40 cm (Table 1). The storage of the two variables correspond to 573 kg Cl org

ha–1 and 29 kg Cl - ha–1 respectively. The chloride and organic chlorine data showed both
curtosis and skewness (Figure 3).

Table 1. Concentrations and storage of organic chlorine and chloride and water content in soil, Stubbetorp,
Sweden, April, 2002.

Organic chlorine
(µg Clorg g

-1 d.w.)
Organic chlorine,

storage
(g Clorg m

-2 )

Organic chlorine,
storage

(kg Clorg ha -1 )

Chloride
(µg Cl- g-1

d.w.)

Chloride,
storage

(g Cl- m-2)

Chloride,
storage

(kg Cl- ha-1)

Water
content

(%)
Forest soil,
Stubbetorp 401 57,3 573 21 2,9 29 32

Chloride (µg Cl- g-1 d.w.)            Organic chlorine (µg Clorg g
-1, d.w.)

Figure 3. The distribution of the measured concentrations of chloride and organic chlorine in the forest soil in
Stubbetorp catchment area, Östergötland, Sweden.  The line inside the box  represents the median value, the
lower and upper edges of the box  represents the 1st and 3rd quartile respectively.

A positive correlation was seen between the organic chlorine and chloride in the soil
(p=0,004). A positive correlation could also been seen between the water content and the
chloride (p=0,021) as well as between the water content and the organic chlorine (p<0,001).
The water content varied between 15 and 50% with a median at 32 %.
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3.2 SPATIAL DISTRIBUTION
The semi-variogram analysis was performed in order to monitor spatial relationships for the
variables. The analysis indicated that no spatial autocorrelation was present. Therefore, linear
interpolation, instead of kriging, was used to draw contour maps.

The contour maps indicate that the concentration of chloride was highest in the north and
south-east part of the area. In these areas substantially higher concentrations could be found
than in the rest of the area (Figure 4). The concentrations of organic chlorine showed a similar
pattern with high levels in the north-west and south-east parts as a connected area. High
concentrations could also be found in the north and south-west parts. For chloride the lowest
concentrations were found in the west and north-east parts, between the areas with highest
concentrations. The lowest concentrations of organic chlorine were found in the central area
of the western part, in the southern part and, as with chloride, in the south-eastern parts
between the areas with high concentrations.

                         Chloride (µg Cl- g-1, d.w.)         Organic chlorine (µg Clorg g
-1 , d.w.)

Figure 4. Contour maps based on linear interpolation of the spatial distribution of chloride and organic chlorine
in the forest soil in Stubbetorp catchment area, Östergötland, Sweden.



4. DISCUSSION

4.1 ORGANIC CHLORINE
The concentration of organic chlorine observed in the soil varied greatly, and the median
value of 401 µg Cl org g

-1 (d.w.) is substantially higher than in the earlier study of the
catchment area, (Rodstedt et al., 2002), where the median concentration was 250 µg Cl org g

-1

(d.w.). The median storage in the soil was 57,3 g Cl org m
-2, compared to the earlier study were

the median storage was 8,7 g Cl org m
-2. This indicates that the storage of organic chlorine is

seven times as large when the upper 40 cm are taken into account than the storage when only
top-soil (15 cm) is studied. This is in line with the study of spruce forest soil in Denmark
conducted by Öberg and Grøn (1998). This study indicates that only a smaller part of the
organic chlorine is found in the upper 10-15 cm and that the storage when a depth of 60 cm is
taken into account can be as large as 60 g Cl org m

-2, which is ten times the storage in top-soil.
The storage of organic chlorine in the area is of such size that changes in the storage are likely
to have an impact on the transport of chlorine.

4.2 CHLORIDE
Studies of chloride in soil generally focus on the concentration in soil water, rather than on the
amount of chloride in soil on a weight basis. Still, three Swedish soils with moderate chloride
deposition were studied during 2000-2002 with focus on the concentrations on weight basis
(Johansson, 2000). The measured chloride concentrations in the soil samples collected during
these studies ranged from 13 to 460 µg Cl - g-1 (d.w.) (min-max). The concentrations of
chloride observed in the present study had a median value of 21 µg Cl - g-1 (d.w.). This
indicated that the concentration of chloride presented in this study is low, however, within the
interval.

The storage of chloride was calculated to 2,9 g Cl - m-2. The amount of chloride is in line with
the earlier study of the catchment area (Rodstedt et al., 2002) where the median storage was
2,3 g Cl - m-2. With a depth more than twice the depth of the earlier study the storage
presented here would indicate the very small amounts are stored in the deeper parts (20-40
cm) of the soil cover. The low chloride concentrations found in the soil samples might be due
to a problem with the reference electrode when performing the analysis.

4.3 SPATIAL PATTERNS OF CHLORIDE AND ORGANIC CHLORINE
The contour maps indicate that areas with high concentration of organic chlorine are located
on the southern side of the main valley that crosses the area from north-west to south-east.
The soil on the southern side of the valley consists to a large extent of moss soil and the high
concentrations of organic chlorine could be due to deeper soil cover and higher levels of
organic matter.

Microbially induced formation is one possible source of organic chloride in soil (Asplund et
al., 1991). The major part of the organic halogens in soil are found in non-specific high
molecular weight, humid like substances, also specific low molecular weight compounds are
occasionally found (Hjelm et al., 1996). The latter may be formed either by organisms in the
soil or through fragmentation of high molecular weight halogenated organic matter. Later
studies indicate that organic halogens are generally produced during decomposition of organic
matter (Hjelm et al., 1996). If biotic formation is the major source of organic chlorine, the
presence of organic matter is a prerequisite for this formation. Strong relationships between



organic matter and organic chlorine could be found in earlier studies of soil in Sweden
(Johansson, 2000; Johansson et al., 2002). The content of organic matter in soil should not be
the limiting factor for formation of organic chlorine in Swedish soils because of the high
levels of organic matter present in the soil.

The deposition of chloride via precipitation over an area of the size of the Stubbetorp
catchment areais not a reason for large differences in the chloride content in the soil. Higher
concentrations of chloride in the main valley could be due to chloride in run-off. The
correlation between chloride and organic chlorine could be an indication that chloride is the
limiting factor for formation of organic chlorine in the area. When organic chlorine is formed
the chloride present in the microenvironment around the organisms could be a limiting factor
and the similar patterns could be due to this (Johansson, 2000). Another study that strengthens
the co-variation between high deposition of chloride and high concentrations of organic
chlorine is the study of forest soil in southern Sweden (Johansson et al., 2002). The chloride
and organic chlorine in this study was correlated, and considerably higher values of both
forms of chlorine were found in the west part of the area where the deposition of chlorine was
substantially higher.

However, it cannot be excluded that the observed similarities in the spatial patterns and the
correlation are due to that the two forms of chlorine are only indirectly related. The organic
chlorine is related to the organic matter in soil (Johansson, 2000). The more organic matter
there is, the higher the moisture content will be due to the retaining capacity of the organic
matter. In Sweden, the soil moisture and organic matter content show very similar distribution
patterns (Nilsson, 1990). Since moisture is mainly a consequence of wet deposition, the
concentrations of chloride also follow the soil moisture patterns in Sweden. Consequently, a
co-variation could be the reason for the correlation between organic chorine and chloride, thus
the two forms of chlorine only indirectly linked through a relation with the water content. A
correlation could be seen between both chloride and organic chlorine and the water content in
the soil samples.

The spatial distribution of the chloride showed no patterns that coincide with the different
types of vegetation, and both the highest and lowest level are found in forest areas dominated
by pine (Pinus sylvestris (L.)). The samples taken in moss soil showed high concentrations of
organic chlorine, well over the 3rd quartile, this in spite of the much lower sample depth (10
cm). This might indicate that moss soil, because of its high content of organic matter and
larger water content (64 and 88% respectively) has higher concentrations of organic chlorine.

4.4 SPATIAL PATTERNS AT THE CHOSEN SCALE
The semi-variogram analysis did not show any spatial relationships in the data for either
chloride or organic chlorine. This means that no sample was more influenced by another
nearby sample, as compared to other samples further away. This implies either that there was
no spatial relationship among the samples or that the scale was too large or too small to detect
such an autocorrelation.

The lack of spatial autocorrelation is in line with a study of the same scale of an area in China
(Johansson, 2000). The study was based on 27 samples from forest soil and 28 from paddy
soil taken in a 1 km2 area, 15 cm in depth, and no spatial autocorrelation could be found in
either the studied paddy soil or forest soil. When comparing the concentration it is found that
the concentrations of organic chlorine in the present study, as well as concentrations earlier
observed in samples in Scandinavia (e.g. Asplund, 1991; Hjelm, 1996; Johansson, 2000), are



considerably higher than concentrations presented in the China study. The concentrations of
chloride in the present study were equal to the concentrations found in the China study, but
lower than earlier studies of Scandinavian soil. Still, despite different concentrations, the
pattern of no spatial autocorrelation is similar for the China study and the present study. This
indicates that the chosen scale and distance between grid lines does not fulfill the
requirements for spatial autocorrelation in the variable organic chlorine or chloride and is thus
not suitable for describing spatial patterns through methods that assume spatial
autocorrelation, i.e. semi-variogram and kriging. Even if the concentrations of organic
chlorine and chloride do not act as continuous variables on the studied scale, it is probable
that other scales can better describe spatial autocorrelation of organic chlorine and chloride.

The problems of scale and scaling and different approaches on how to handle these problems
have been discussed in various disciplines such as ecology (e.g. Levin, 1992, Wu, 1999),
hydrology (e.g. Bergström and Graham, 1998) and soil chemistry (e.g. Kachanoski and
Fairchild, 1995). One way to handle the complexity within and between different scales in
ecology and environmental science has been a hierarchical approach, described for example
by Wu (1999). In hierarchy theory the studied scale is referred to as the focal scale. To fully
understand the studied phenomenon, hierarchy theory suggests that the higher level and the
lower level also have to be taken into consideration. The theory is based on the fact that
different processes tend to dominate different domains of scale in space and time (Allen and
Starr, 1992). Non linear processes on lower levels effects the focal level, as does the higher
level effects the focal level. The lower level consists of, or contributes with components,
mechanisms and initiating conditions to the focal level. On the higher level the context,
constrains and boundary conditions are found.

In this study the lower level can be said to be consistent of the mineralisation and formation of
organic chlorine and other small scale processes that occur in the soil and effects the spatial
distribution, fluxes and storages of organic chlorine and chloride. All of these processes will
effect the spatial distribution of both chloride and organic chlorine in the soil, and thus the
distribution of the focal level of the study. On a higher level, the concentration of chloride,
and probably also organic chlorine, in soil is closely related to distance to the sea (Eriksson,
1959), the soil cover and other context variables.

The scale, (or focal level), in the present study is probably too large for detecting the spatial
autocorrelation due to processes behind the distribution of organic chlorine and chloride on a
small scale, e.g. microbially induced formation. Also, the chosen scale is likely too small for
detecting spatial autocorrelation on the larger scale due to e.g. deposition and precipitation.

Johansson et al., (2002), studied the spatial patterns of organic chlorine and chloride on a
larger scale, thus with a larger focal level. In the study 200 samples were collected within the
Swedish National Survey of Forest Soils and Vegetation (57º02’-57º41’N, 11º59’- 16º39’E),
an area approximately 19 000 km2, in forest soil in southern Sweden. A spatial autocorrelation
could be found and the variables acted as continuous variables. The spatial patterns of
chloride were probably due to the higher precipitation of chloride in the west parts of the area
(Johansson et al., 2002). The chosen focal level in the study is probably more suitable for
describing such a distribution and the spatial autocorrelation that follows.



4.4.1 HETEROGENEITY IN SOIL

Another problem of scale that strongly effects the spatial patterns and autocorrelation, in this
case the lack of autocorrelation, is the heterogeneity in soil. Spatial heterogeneity is
ubiquitous and varies at different scales and these scale bound processes certainly effect the
spatial autocorrelation. Soil variability is the product of soil forming factors operating and
interacting over a continuum of scales in space and time. Processes which operate over large
distances  (e.g. climate) or long time periods (e.g. soil weathering) are modified by other
processes which operate more locally (e.g. erosion and deposition of parent materials) or more
frequently (e.g. weather). The change in spatial variability with increasing scale factor
depends on the soil property in question and the soil factors determining spatial change
(Trangmar et al., 1985). The heterogeneity in soil can to some degree be handled by analysis
of several replicates of each sample as well as taking several samples at the nodes at sampling
site and mix to one sample.

4.5 COMMENTS ON METHODOLOGY
In the present study the content of chloride in the soil samples was analysed with a
potentiometric method by extracting the chloride ions. An alternative method to estimate the
concentration of chloride in soil is by subtracting the organic chlorine (TOX) value from the
total halogens (TX), or total chlorine, value. The method is based on the same principles as
the TOX measurements, with the exception that dry soil is inserted directly into the
incinerator, thus excluding the step of washing with nitrate solution (Öberg et al., 1997).
When using the method described in the present study the chloride ions are washed out with
nitrate solution to enhance halide extraction. This presents a risk of an incomplete washing
procedure, as with the TOX analysis, that will cause underestimation of the chloride
concentration in the sample.

The fact that both chlorine variables showed divergence from normal distribution and showed
both curtosis and skewness calls for geostatistical methods that can handle these types of data
materials. The semi-variogram analysis assumes normally distributed data and outliers
strongly effect the variograms (Isaaks and Srivastava, 1989). It cannot be excluded that the
form of the data effected the lack of spatial autocorrelation.

4.6 CONCLUSIONS
The spatial patterns indicated by the contour maps were similar for chloride and organic
chlorine and a positive correlation was present. Higher levels of both chloride and organic
chlorine were found in the main valley area and in the northern parts of the catchment area.
No patterns related to vegetation could be found for chloride, but the central patterns for
organic chlorine coincided with areas with moss soil. The fact that the patterns of the two
forms of chlorine were similar suggests that chloride could be the limiting factor for
formation of organic chlorine in the soil. However, it cannot be excluded that a relation to a
third variable, such as soil moisture, causes similarities in the patterns and thereby is the
reason for the co-variation. The storage of organic chlorine when a depth of 40 cm were taken
into account was seven time the storage when only the topsoil was sampled. The storage of
organic chlorine in the area is of such size that changes in this storage are likely to have an
impact on the transport of chloride. The fact that no spatial autocorrelation could be found in
either of the variables suggests that the scale chosen is not suitable for describing spatial
autocorrelation due to processes on a smaller level, e.g. microbially induced formation. At the
same time the chosen scale is likely too small for detecting spatial autocorrelation on the
larger scale due to e.g. deposition and precipitation.
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