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Abstract

Volatile organochlorine compounds emitted from natural sources can participate in
environmentally relevant processes affecting life on Earth, such as stratospheric ozone
destruction and warming of the troposphere. The aim of this study was to investigate if forest
bogs contribute to the environmental input of naturally produced volatile organochlorine
compounds. The concentrations of four different volatile organochlorine compounds were
determined in ambient air, rainwater, surface water, and sub-surface water. For chloroform,
up to 10-times higher concentrations were detected in the surface water compared to the sub-
surface water taken at 40 cm depth. As the concentrations of chloroform in rainwater where
almost in the same range as the concentrations in the sub-surface water, a formation of
chloroform is suggested in the surface water. The results of this study indicate forest bogs as a
possible new natural source for the input of volatile organochlorine into the environment. 

Sampling of surface water from the forest bog investigated in this
study (Photo F. Laturnus)
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1 Introduction

Volatile organochlorine compounds, such as trichloroethene (C2HCl3), tetrachloroethene
(C2Cl4), tetrachloromethane (CCl4) and chloroform (CHCl3) are of industrial importance due
to the their widespread use as solvents, intermediates in chemical industry, paint remover, in
medical treatment. Chloroform was also used historically as an anaesthetic. In the paper
industry they are used as a bleaching agent in paper production (Moll et al.1995). Many
countries have forbidden the use of volatile organochlorine compounds, as they can be
carcinogenic and harmful for the environment. In Sweden for example the production and use
of certain volatile organochlorine compounds is forbidden except for scientific purpose
(Morrison, 2000). However, some of volatile organochlorine compounds, such as chloroform,
have been found to be produced naturally (Laturnus, 2003).

1.1 Environmental problems associated with volatile organochlorine compounds
An important problem with volatile chlorinated compounds is that they due to their volatility
can be released into the atmosphere (Haselmann et al 2002). Many of these chlorinated
compounds have a very long life span and in some cases can stay in the atmosphere for over
10 years (Keene et al 1999). Once emitted into the atmosphere, volatile organochlorine
compounds can participate in the warming of the troposphere and can be a source for reactive
chlorine involved in stratospheric ozone chemistry (Rhew et al, 2001). Some chlorine-
containing compounds, such as tetrachloromethane and trichloroethane, are considered as
ozone depleting substances (ODS) regulated by the United Nations (Laturnus et al. 2002).
Their industrial production and use is forbidden due to their potential in destructing the
stratospheric ozone layer (Montreal protocol 1989 and amendments 1992 and 1998). Chlorine
gas in low doses is used in drinking water for disinfection. In higher doses chlorine gas and its
odour is poisonous and suffocating, constricting the chest and filling the lungs with liquid
(Ebbing, 1999)

1.2 Industrial sources
Chlorine is among the top ten industrial produced chemicals in United States and it has
several areas of use. Many different volatile organochlorine compounds have a bleaching and
disinfectant effect. This has resulted in usage as bleach in the paper industry for several years
and in the water purification industry (Keene et al., 1999; Laturnus et al. 2000; Laturnus
2003). Today, the most common use of chlorine is in the preparation of chlorinated organic
compounds such as plastic for bottles and packing film (Ebbing, 1999). The amount of
chloroform used in laboratory work and in different industries (such as the production of
pharmaceuticals) all over the world amounted to a total of 540,000 tons in the year 1990
(Kemikalieinspektionen 2005). For example, in 1990 the total emission of trichloroethene and
tetrachloroethene, from anthropogenic sources was 156-195 Gg Cl yr-1 and 250-312 Gg Cl yr-

1 (Laturnus, 2003)
 
1.3 Natural sources
All organisms contain chloride in the cells, and plants use this element in there photosynthesis
(Öberg, 2003). Today, there are still open questions regarding the natural sources of volatile
organochlorine compounds (Keene et al, 1999 and Laturnus et al, 2002). The production of
sea-salt aerosol is considered one of the largest natural sources of both organic and inorganic
chlorine (Keene et al, 1999). In the terrestrial environment plants and trees such as pine trees
have been identified to produce and contain organic chlorinated compounds (Grimvall et al,
1995). Microorganisms too can form organic chlorine from inorganic chlorine, for example
by breaking down plants (Öberg, 2003). Termites and volcanic activity are two other large
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natural sources from where organic chlorinated compounds can originate (Laturnus, 2003). It
has been noticed that a higher alkalinity often means a lower chlorine amount (Öberg, 2003)
According to this, an environment with low soil pH values could possible contain higher
levels of chlorinated compounds. Furthermore, there are indications that fertilisation with
nitrogen can prevent formation of organic chlorine in soil (Öberg, 2003) In the aquatic
environment phytoplankton and macro algae are sources for volatile chlorinated compounds
(Laturnus, 2003). 
According to Laturnus et al (2002),”[…] the influence of natural sources on the atmospheric
release of chloroform is more significant than anthropogenic sources and dominates its
tropospheric cycle […]”, which means that natural sources have to be taken in to
consideration while looking at the whole picture of the environmental influence of volatile
organochlorine compounds. 

1.4 Aim
The aim of the study was to investigate if forest bogs contribute to the environmental input of
naturally produced volatile organochlorine compounds. 
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2 Material and Methods

2.1 Sampling site
The forest bog investigated in this study is located in Stubbetorp (58°44´N; 16°21’E), a forest
area at the upper part of Kålmården at the east coast of Sweden. The specific area Stubbetorp
has been studied by SMHI (the Swedish Metrological and Hydrological Institute) (specifically
stream water chemistry) since 1983. The forest bog investigated has an average depth on
around 1.2 m but can be as deep as 2 m. The first 60 cm of the bog is essentially containing
water and is moss-grown; beneath this the ground turns more sandy and compact. This means
that the bog looks like a solid ground with some water on it, but it is in fact quit wobbly and
swings a little when you walk on it. This forest bog has no visible in- and outlet and that
means; there is no constant water in- and outflow to the bog except for rainwater and
evaporation.

Figure 1; The Stubbetorp forest bog area with sampling spots

Right beside the forest bog a gravel road is located; under this road there is a water drum
where water can flow into the bog or out of it depending on the water level (see Figure 1 & 2).
Stubbetorp has a catchment area at about 0.87 km2 and consists of old red and grey gneissic
granite bedrock with a layer of soil over it. The soil consists of poor moraine the flora on the
forest bog is dominated by pine (Pinus sylvestris), heath (Calluna vulgaris), grass (Poaceae)
and different species of moss (Muscus). The plant growth has a high density especially the
moss that grows all over the bog as a carpet.  Heath can often be found on forest bog, moor
and peat bog that have low lime content (Elvers, 1996) and pine trees often grow on poor soil.
(Michell, 1977) The conditions in the forest bog were different between the different
sampling occasions. At the first sampling (26 April 2005) most of the sub-surface water
below 60 cm depth of the bog where still frozen and there were not much water at the surface.
Apart from this there were not a high amount of dead plants and other organic material visible
on the bog surface. At the second sampling occasion (28 April 2005), there were a bit more
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water at the surface and the bog seemed softer. There where also much dead plants and other
organic material visible and the new vegetation had started to grow. At the third time samples
were collected at the bog (4 May 2005), it was greener and the dead vegetation seemed to be
more degraded. It was also much more water on the surface and the bog were softer than the
first two sampling times (Figure 2). This could have been because of the rain that had fallen
the previous days and also as an effect of the higher temperature.

Figure 2; Stubbetorp forest bog
2.2 Sampling at Stubbetorp

2.2.1 Equipment preparation
All glass equipment used in this study were pre-cleaned with a mixture of acetone – n-hexane
(1:1), covered with aluminium foil and placed in an oven at 70°Celsius until the field
sampling.  

2.2.2 Water sampling 
The water samples were taken at 3 different dates (April 26, April 28 and May 4) because of
the long analyse time of every sample and the time limit we had. Samples where taken at 2
depths, 10 and 40 cm below the water surface in the forest bog. At the first date, two
replicates from every depth were collected at location 1-3 (see Figure 1). At the second date,
two replicates from the surface were collected at location 4-6. Samples from sampling spots
4-6 at 40 cm depth were also collected.
The samples from 40 cm below surface were collected with a special design instrument
consisting of a vacuum pump connected to a stainless steel pipe and a glass bottle in between
(see Figure 3). By applying a slight vacuum (0.5 bar) the water was slowly sucked through the
stainless steel tube and sampled in the glass bottle. Then, the water was pored into 120 ml
glass bottles, sealed with an aluminium lid containing a PTFE (polytetrafluorethene)/butyl
septum. The samples collected from 10 cm below surface were taken by filling 120 ml glass
bottles directly with surface water with no headspace. Prior to sampling, the sample bottles
were first rinsed 3 times with sample water. The glass bottles too were sealed with an
aluminium lid with a PTFE/butyl septum. All samples were placed in the dark in a refrigerator
at 4°C in the laboratory until analysis. All water samples were analysed within 24 hours after
sampling 
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Figure3; Water sampling at the Stubbetorp forest bog

2.3 Rain sampling
The flasks for rain sampling were made of glass and had a volume of 250ml. The bottles were
installed onto already existing rain samplers located at the investigated bog (see Figure 4) and
left there for 9 days from May 5 to May 14. The water was poured into 120 ml sampling
bottles without headspace, locked with aluminium lids with PTFE/butyl septum, and kept in
dark at 4 oC until analysis on May 17. 

Figure 4; Rain sampling equipment placed at Stubbetorp (at the left a sketch of a rain sampler and at the right
there is a photo of the area with rain samplers) 
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2.4 Air sampling

2.4.1 Equipment preparation 
The tubes for air sampling were made of glass (length = 15 cm, external diameter of 6 mm
and an inner diameter of 4 mm) and were filled with an absorbent (HayeSept R mesh 80/100).
The adsorbent was placed in the middle 5 cm of the tube, and fixed at each end with glass
wool (Laturnus et al, 2000). The tubes were pre-cleaned with ultra-pure helium prior to air
sampling (5 min at room temperature, 15 min at 200 °C, 10 min at room temperature) and
sealed at both ends with swadelok© screws to prevent contamination (see Appendix 4). The
tubes were used for air sampling in the field the next day.

2.4.2 Air sampling
The air samples were all collected on May 4 and analysed the following day. The samples
were taken at the same spots where the water samples were collected, one sample at each of
the 6 sampling spots (see Appendix 2). The sampling tubes were connected to a vacuum
pump with a flow regulator in between. Ambient air was collected on the tubes for 15 minutes
giving a total volume of 1.32 litres of air (see Figure 5). Additionally, six blank tubes were
treated in the same way as the air sampling tubes except for the sampling of air. 

Figure 5;Field equipment for air sampling
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2.5 Gas chromatography
The general function of gas chromatography is to separate different substances according to
their boiling points (Laturnus et al, 2000). The gas chromatographic detector used was an
electron capture detector (ECD). This detector is often used in environmental studies due to
its sensitivity for substances with high electron affinity (Laturnus et al, 2000). The gas
chromatograph (GC) used for both the water and the air samples where a Hewlett Packard-
5890 series II. The GC was equipped with a capillary column (Chrompack-CP-PoraBOND Q,
length 25 m, internal diameter 0.32mm, outer diameter 0.45mm, film thickness 5µm) (figure
6). 

Figure 6; Outline of the GC with thermodesorption and purge and trap
2.6 Analyses

2.6.1 Analyses of water samples
The drying tube (Figure 7) and the samples were prepared according to the manual for water
analyses by purge-and-trap gas chromatography (Appendix 3). The purpose of the drying tube
is to prevent water from reaching the cold trap, which would result in ice crystals that could
clog the trap and stop the helium gas and volatile compounds to pass through to the purge
system 
Before analysis, the sample bottle was removed from the refrigerator and heated in a water
bath to room temperature. 100 ml of water sample was carefully transferred by a syringe from
the storage bottles into the purge flask.  The organic compounds were purged from the water
sample by ultra-pure helium (OMI-3 gas cleaner, Supelco) for 15 minutes. During the purge
period the compounds were trapped onto a stainless steel tube dipped into liquid nitrogen
(Figure 6). After the termination of the purging were the compounds transferred onto the
capillary column by exchanging the liquid nitrogen with boiling water. Before the next
analysis the purging flask was emptied and cleaned by heating with a heating gun. The whole
purge system was kept under a helium flow to avoid contamination by the surrounding
laboratory air. For a more detailed description of the procedure see Appendix 3. The rainwater
was analysed in the same way as the water samples taken from the bog.



13

Figure 7; Drying tube containing potassium carbonate used to remove water from the purge gas stream

2.6.2 Analyses of air samples
The ambient air samples were analysed by thermodesorption of the adsorbent tubes (see
Figure 6). Prior to the thermodesorption the adsorbent tubes were flushed with ultra-pure
helium for 2 minutes to remove water. Thermodesorption was done with ultra-pure helium for
10 min at 200 °C. The removed compounds were trapped onto a stainless steel tube dipped
into liquid nitrogen. After termination of the thermodesorption the compounds were
transferred onto the capillary column by exchanging the liquid nitrogen with boiling water.
For a more detailed description of the procedure see Appendix 4

2.6.3 Calibration of the air and water samples
Identification and quantification of the compounds investigated was done by internal
calibration for the air analysis and the water analysis. Six different solutions of the pure
compounds dissolved in methanol (p.a. grade, Merck) with concentrations of the single
compounds ranging from 160 to 1080 pg/µl were prepared. The water calibration started with
purging tap water for three hours to remove any possible contaminations in the water. Then
the solution with the lowest concentration where added with a syringe to the pre-purged water
and thereafter analysed as a normal water sample. The procedure was repeated until all
calibration concentrations were analysed. The air calibration where done in the same way as
an ordinary air analysis. The only difference was a longer cleaning period of the air tube (30
min) and that the calibration substances (1µl of each calibration solution) were injected with a
syringe directly onto the tube instead of pumping air through it. For details on the calibration
standards and the calibration curves see Appendix 1.

2.7 Statistical analyses; Mann-Whitney
This statistical method was used to investigate if there where a significant difference in the
concentrations for the 4 different chlorinated substances, obtained from the rain, surface water
and the water from 40 cm down in the forest bog. The confidence interval was 95% and the
significant level (p value) was 0.05 (Cook et al, 2000).
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2.8 Air-water equilibrium
Henrys law is a constant you use for calculation of equilibrium between substances in gas and
liquid form. If you have a concentration of a substance in water and in gas form (air) and want
to know if the substance in the air could be a source of the surface water you use Henry’s law.
The formula is used to calculate the equilibrium concentration, of the air or gas.  Then you
compare the calculated concentration in air with the actual analysed concentration (figure 13).
If the actual concentration is lower than the calculated value, the substance in gas form cannot
be a source to the water concentrations (Hartman, 2005; EPA, 2005).

Formula for calculating henrys law:

Cair= the calculated concentration in air
Cwater= the concentration in water
H= constant
   

HCwaterCair
Cwater

CairH

⋅=

=
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3 Results

3.1 Chloroform (CHCl3)
The median concentration indicates that the content of chloroform in the bog was higher in
the surface water compared to the concentration in sub-surface water and rain. The
concentrations in rain seams to be higher than in water collected at 40 cm below the surface in
the bog. 
The statistical numbers from the comparisons between surface water concentrations and the
concentrations obtained in the other 2 matrixes (rain, and the water from 40 cm samples)
shows that there is a statistical significant difference (figure 12) The numbers from the Mann-
Whitney test for chloroform is below the chosen 0,05 levels, this means that there is a
significant difference between measured matrixes in the forest bog. 
The surface water (10 cm) samples contained a considerably higher amount of chloroform
than the other elements. Compared to sub-surface water and rainwater the chloroform
concentrations in the surface water showed a large variation (Figure 8).

666N =

RainW40cmWsurface

20

10

0

-10

Figure 8; Box plot showing the variation of chloroform in the single replicates for water, ambient air and rain.
The units of the y-axe are ng l-1.  
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3.2 Tetrachloromethane (CCl4)
The median concentration of tetrachloromethane in rain water were up to 5 times higher than
the concentrations found in surface water and sub-surface water (Figure 9). The result from
the Mann-Whitney test shows that there is no statistical difference between the surface water
and the water taken 40 cm down in the bog (figure 12).
There is however a statistical difference for surface water compared to rain concentration
measured as this number lies below the chosen 0,05 level. The box plot diagram revealed a
large variation within the results for the concentrations of tetrachloromethane in sub-surface
water (Figure 10).

666N =

RainW40cmWsurface

2.0

1.5

1.0

.5

0.0

-.5

.

.

Figure 9; The box plot showed the variation of the concentration of tetrachloromethane in the single replicates.
The units of the y-axe are ng l-1. 
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3.3 Trichloroethene (C2HCl3)
The results of the median concentration of trichloroethene showed up to more than seven
times higher concentrations in the surface water compared to the concentrations of
trichlorethene in sub-surface water, and rainwater (Figure 10). The concentration of
trichloroethene in rain was however higher than in sub-surface water samples. All the
numbers obtained for this substance from the Mann-Whitney test shows that there is no
statistical difference between any of the 3 matrixes as the p value lies over 0,05 (figure 12).
The results showed that the trichloroethene concentrations are spread over a wide range in
water (Figure 10). It also showed that the median concentration of trichloroethene was much
higher in the surface water than in sub-surface water of the bog (figure 10). 

666N =

RainW40cmWsurface

1.6

1.4

1.2

1.0

.8

.6

.4

.2

0.0

-.2

.

.

Figure 10; Box plot illustrating the scattering of the concentrations of trichloroethene within the single
replicates for surface water, sub-surface water, ambient air and rainwater. The units of the y-axe are ng l-1.
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3.4 Tetrachloroethene (C2Cl4)
There is no statistical difference between the rain matrix and the surface matrix for this
substance (figure 12). The box plot revealed a large variation of the concentration of
tetrachloroethene in the single replicates of surface water and rainwater (Figure 11). The
variation of the tetrachloroethene concentrations was low in sub-surface water but showed an
extreme value. 

666N =

RainW40cmWsurface

2.5

2.0

1.5

1.0

.5

0.0

-.5

..

Figure 11; Box plot of the scattering of the concentrations of tetrachloroethene in water and air samples. The
units of the y-axe are ng l-1.

Figure 12; Diagram showing p- values for the different chlorinated substances compared to the surface matrix
Matrix Chloroform

(CHCl3)
Tetrachlormethane
(CCl4)

Trichlorethene
(C2HCl3)

tetrachloroethene
(C2Cl4)

Surface water/
water 40 cm
down

0,001 0,138 0,384 0,044

Surface
water/rain 0,001 0,001 0,760 0,546
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3.5Air
The results of the air sampling for the four substances investigated showed that the median
value for CCl4 and C2HCl3 is quite similar. The C2HCl3 has a larger variation within the
group compared to the other three substances measured (figure 13). 

6666N =

c2cl4c2hcl3ccl4chcl3

.7

.6

.5

.4

.3

.2

.1

0.0

-.1

.

Figure 13; Boxplot showing the air concentrations/scattering for Chloroform, CCl4, C2HCl3, C2Cl4

3.6 Equilibrium between water and air
The results after comparing the analysed concentrations with the calculated equilibrium
concentration show that in three of four substances the equilibrium concentration in the air is
higher than the measured values (figure 14). 

Figure 14; Table over the calculated values from using Henry’s law
Substance Constant Surface water ng/l Air (Equilibrium) ng/l Air (our result) ng/l
Chloroform 0,09 7,59 0,6831 0,04
CCl4 0,739 0,32 0,23648 0,01
C2HCl3 0,238 0 0 0
C2Cl4 0,393 0,16 0,06288 0,01
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4 Discussion

There is a possibility that chloroform, tetrachloroethene and trichloroethene can be created
from tetrachloromethane (Borch, 1999). However, our concentration results indicate that the
amounts of tetrachloromethane are too small to be responsible for the whole amount of
chloroform, tetrachloroethene and trichloroethene found at the surface water at Stubbetorp
forest bog.
In the air matrix the substances desire to obtain equilibrium could result in the substances
travel down in to the surface water, contributing to a higher concentration. This was not
however the case as the results from calculation of air-water equilibrium showed that
concentration in the air samples where so low that they could not be responsible for the
appearance of chloroform, tetrachloroethene and tetrachlormethane in the bog (figure 14). 

 4.1 Chloroform
The laboratory results from the gas chromatograph and the statistical Mann Whitney test
combined with the comparisons between concentrations using henrys law, showed that there
is a significantly higher concentration of chloroform in the surface water compared to the rain,
air and sub-surface water. Because Stubbetorp forest bog does not contain an obvious in and
out flow, the results did not give any explanation for the high concentration found in the
surface water. A possible explanation for these high concentrations of chloroform in the
surface water could be that the substance may have been transported from the deeper layers of
the bog up to the surface. The statistical test, Mann-Whitney (figure 12) shows that this is not
likely to be the case, as the results lies under the chosen significant level at 0,05. The obtained
results concerning the concentration should also have indicated a higher amount in the deeper
water layer (40cm) than in the surface water if this were the case. 
These results combined with the results from equilibrium calculations shows that the
chloroform concentration in the surface water does not come from any of the other
investigated matrixes. This is a strong indication that there is some kind of natural process
creating chloroform in the surface water. One idea is that the high concentration of
chloroform in the surface water comes from microbial degradation of plants and
microorganisms in the forest bog. Varner et al (1999) got similar results for the chloroform in
their investigation of wetlands in New Hampshire. In this article, wetlands where concluded
to be a potentially important source of chloroform (among other substances) to the
troposphere the conclusion also indicated that there could be some natural formation for this
substance.  

4.2 Trichloroethene
The result from the Mann-Whitney test for trichloroethene does not indicate any statistical
difference between any of the investigated matrixes. This means that we cannot say if for
example if there is a naturally process that is responsible for the surface water concentrations
of trichlorethene.

4.3 Tetrachloroethene
The rain concentration results obtained for tetrachloroethene were higher than the
concentrations found in water. The Mann-Whitney test showed that there is no significant
difference between the surface water and the rainwater concentrations, which means that the
surface water concentrations could have its origin in the rainwater. However the calculated
equilibrium concentrations showed when comparing air and surface water that the
concentration in air was too low to be responsible for the concentration in surface water.  The
results from the same test show that there is a statistical difference between the surface and
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the sub-surface water, which indicates that Tetrachloroethene does not travel down to the
deeper water layer. This could mean that there is some process using this substance in the
surface water preventing it from reaching the deeper water layers 

4.4 Tetrachlormethane
Tetrachlormethane is showing quite a high concentration in the rain samples; this substance
can be transformed to chloroform, trichloroethene and tetrachloroethene (see appendix 5).
However these concentrations obtained are so much lower than the concentrations in surface
water for example Chloroform, so this is not likely to be the case. 
The result for tetrachlormethane from the Mann-Whitney test showed that the water samples
does not have any statistical difference between them. Henrys law showed when comparing
air and surface water that the concentration in air was too low to be responsible for the
concentration in surface water. This could indicate some kind of natural production in the
water matrix, as the air could not explain the concentrations. The rain concentrations of
tetrachlormethane were so high they could perhaps explain the surface and sub-surface water
concentrations. 

4.5 Influence on the results
One influence on the results can be the human factor as the preparations, sampling and
analysis were done. The sampling of surface water and 40 cm down were not taken in the
same way and that could be a possible influence on the results. Contamination of the
equipment and the samples may have occurred without our knowledge due to the sampling
environment. When analysing with the gas chromatograph, the temperature and the gas flow
varied which might be an influence on the results. The varied temperature made it also much
more difficult to see the area peaks on the chromatogram because sometimes the peaks were
very small and clustered together.
 
4.6 Comparing results with other studies
There is a one-year-round study done, which suggested that the amount of chloroform in soil
air is highest in the spring and autumn (Haselmann et al, 2001). We took our samples in the
spring so there is a possibility that the concentration we got from our investigation (even if
there were samples from water) is affected by the season. 
In the same article, Haselmann et al (2001) claimed that trichloroethene, tetrachloromethane
and tetrachloromethane reached there highest peaks in concentration, from winter to spring,
this could mean that we took our samples to late to get the higher concentrations of these
substances while we got a high concentration of chloroform. Studies of the seasonal variation
at Stubbetorp are recommended when the production of volatile organochlorine compounds
from plants and microorganisms follows the seasonal variation. Our results for at least
chloroform indicates that there is some kind of natural procedure going on in the forest bog,
this is also suggested by other studies on wetlands and peat bogs (Varner et al, 1999 and Silk
et al, 1997). 
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5 Conclusions
The conclusions that can be drawn from this investigation are first of all that chloroform and
tetrachloroethene may have a natural origin in the forest bog due to the high concentrations
found in the surface water. Although we have not investigated the bog for microbial activity,
the statistical tests and comparison using equilibrium calculations strengthens our idea about
the biological creation of chloroform tetrachloroethene and perhaps also tetrachlormethane in
the surface water. The reason to keep our hypothesis is that the Stubbetorp forest bog does not
have a visible in and out flow, which could mean that the bog is without any interference from
contaminations except for air and rain. 
Our conclusion is therefore that there must be a biological activity creating/releasing some of
these compounds in the surface water. 
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 Appendix 1

Stock solution for calibrating the Gas chromatograph

Take a 10 ml volumetric flask and fill it almost completely with methanol, add
tetrachloroethene, trichloroethene, tetrachloromethane and chloroform, and fill the volumetric
flask with methanol.

The amount of substance added to approximately 10 ml of methanol:
Tetrachloroethene (C2Cl4): 18 mg
Trichloroethene (C2HCl3): 17mg
Tetrachloremethane (CCl4): 18mg
Chloroform (CHCl3): 16mg

=1.8 C2Cl4 mg, 1.7 mg C2HCl3, 1.8 mg CCl4 and 1.6 mg CHCl3 /ml methanol
=1.8µg C2Cl4, 1.7 µg C2HCl3, 1.8 µg CCl4 and 1.6 µg CHCl3 /µl methanol
=1800ng C2Cl4, 1700ng C2HCl3, 1800ng CCl4 and 1600ng CHCl3 /µl methanol
=1,800,000pg C2Cl4, 1,700,000pg C2HCl3, 1,800,000pg CCl4 and 1,600,000pg CHCl3 / /µl
methanol

Solution 1(counted on chloroform)
1 µl stock solution for 10 ml of methanol
1 * 1600 000pg = 1600 000pg/10 ml of methanol (160pg/µl)

Solution 2
2 µl stock solution for 10 ml of methanol
2 * 1600 000pg = 3200 000pg/10 ml of methanol (320pg/µl)

Solution 3 
3 µl stock solution for 10 ml of methanol
3 * 1600 000pg = 4800 000pg/10 ml of methanol (480pg/µl)

Solution 4
4 µl stock solution for 10 ml of methanol
4 * 1600 000pg = 6400 000pg/10 ml of methanol (640pg/µl)

Solution 5
5 µl stock solution for 10 ml of methanol
5 * 1600 000pg = 8000 000pg/10 ml of methanol (800pg/µl)

Solution 6
6 µl stock solution for 10 ml of methanol
6 * 1600 000pg = 9600 000pg/10 ml of methanol (960pg/µl)
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Table a; Calibration curve for chloroform
Calibration, Chloroform

(CHCl3)

Nr Area
Concentration

(pg/µl)
2 264100 320
3 354220 480
4 398915 640
5 491983 800
6 589751 960

CHCL3

y = 0,0015x
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Figure a; Calibration curve for chloroform and equation for calculating concentration from area 
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Table b; Calibration curve for tetrachloromethane
Calibration, Tetrachlormethane

(CCL4)

Nr Area
Concentration

(pg/µl)
1 1839159 180
2 2790000 360
3 3405101 540
4 3865018 720
5 5592474 900
6 7068611 1080

CCl4

y = 0,0002x
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Figure b; Calibration curve on tetrachlormethane and formula for calculating area to concentration
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Table c;Calibration curve for trichloroethene
Calibration, Trichloroethylene

(C2HCl3)

Nr Area
Concentration

(pg/µl)
0 0

1 278072 170
2 391015 340
3 492891 510
4 548633 740
5 749857 910
6 922203 1080

C2HCl3

y = 0,0012x
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Figure c; Calibration curve on trichloroethene and formula for calculating area to concentration 
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Table d:Calibration curve for tetrachlorehthene
Calibration, Tetrachloretylen

(C2Cl4)

Area
Concentration

(pg/µl)
Nr 0 0

1 1011760 170
2 1473761 340
3 1769225 510
4 2059403 740
5 2828013 910
6 3484960 1080

C2Cl4

y = 0,0003x
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Figure d; Calibration curve on tetrachlorehlene and formula for calculating area to concentration
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Appendix 2

Table e; Properties of water sampling at Stubbetorp forest bog 
Date of
analyse

Sampling
spot Depth Temp.

Sample
nr CHCl3 CCl4 C2HCl3 C2Cl4

Analyse
nr

Sampling
date

2005-04-27 1 10 7,3 1;1 334964 111608 39311 4 2005-04-26
2005-04-27 1 40 4 1;3 23937 196868 54831 15214 2 2005-04-26
2005-04-27 2 10 7,2 2;1 518927 137934 18729 250530 1 2005-04-26
2005-04-27 2 40 5 2;3 11788 27350 5917 7763 5 2005-04-26
2005-04-27 3 10 7,7 3;2 327363 130928 63375 3 2005-04-26
2005-04-27 3 40 5 3;4 43568 20980 633954 6 2005-04-26
2005-04-29 4 10 13 4;2 335457 70516 21998 34740 1 2005-04-28
2005-05-06 4 40 9 4;4 22915 11104 2 2005-05-05
2005-04-29 5 10 13 5;2 866925 87702 24572 205114 2 2005-04-28
2005-05-06 5 40 9 5;3 15188 92584 9441 3 2005-05-05
2005-04-29 6 10 13 6;2 1138835 108839 5080 9912 3 2005-04-28
2005-05-06 6 40 9 6;4 63053 402713 9321 29509 1 2005-05-05

2005-05-06 7 10 15 7;1 492889 262005 45230 5 2005-05-05
2005-05-06 7 10 15 7;2 484275 255441 87822 10 2005-05-05
2005-05-06 7 10 15 7;4 458770 249210 656070 7 2005-05-05
2005-05-06 7 10 15 7;5 435829 102741 25263 4 2005-05-05
2005-05-06 7 10 15 7;6 687132 227752 51824 8 2005-05-05
2005-05-06 7 10 15 7;7 1864974 248600 505135 12 2005-05-05

7 10 15 7;8 1380280 225270 42813 11 2005-05-05
7 10 15 7;9 1000832 184055 56792 6 2005-05-05

Table f; Properties of air sampling at Stubbetorp forest bog.
Date of
analyse

Sampling
spot Depth Temp.

Sample
nr CHCl3 CCl4 C2HCl3 C2Cl4 Analyse nr

Sampling
date

2005-05-04 1 20 19 7 71899 1461403 102574 70840 10 2005-05-03
2005-05-04 2 20 19 12 2005-05-03
2005-05-04 3 20 19 1 159973 1814994 209176 4 2005-05-03
2005-05-04 4 20 19 9 118779 1311993 930062 2 2005-05-03
2005-05-04 5 20 19 5 133020 2015154 966164 8 2005-05-03
2005-05-04 6 20 19 4 146829 108623 381253 11 2005-05-03
2005-05-04 blank 19 2 53279 51558 1 2005-05-03
2005-05-04 blank 19 11 48150 23872 3 2005-05-03
2005-05-04 blank 19 3 54673 579286 5 2005-05-03
2005-05-04 blank 19 8 28863 7 2005-05-03
2005-05-04 blank 19 10 53816 41749 20073 9 2005-05-03
2005-05-04 blank 19 6 51374 62175 88415 11 2005-05-03
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Appendix 3

1. Water analyses

Preparations of drying tubes

• Open the small vent and then the main flow vent with helium gas.
• Take the drying tube from the heating oven.
• Fasten one end of the drying tube to the purge instrument; let the helium gas flow

through it until the tube reaches room temperature (5-10 minutes).
• Remove the tube from the purge instrument. Insert a wad of glass fibre wool to one

end of the tube and ensure that it is stuffed compact.
• Fill the tube to 2/3 with potassium carbonate. The substance should be located from

the glass fibre stopper and down the curve of the tube; some should also be in the
other leg, then shut the tube with another wad of glass fibre wool. This will work as a
dryer and will absorb water from the purge flow.

• Fasten the other end of the tube as well and tighten it, make sure the Teflon packing is
in place inside the clutch.

Preparations of the GC before analyses

• Check the gas pressure in the gas bottles, both the helium and the nitrogen.
• Check the temperature program and that the GC printer has paper in it.
• Take the purge bottle from the heating oven, fasten it on to the GC and open the small

vent and then open the main gas flow vent. Remember to first open the small and then
the main vent, and not the other way around.

• Let helium gas flow through the purge bottle for 5 minutes until it reach room
temperature. This procedure will ensure that the purge bottle is not contaminated while
cooling.

• The silver knob should point to ”inject”. 
• Fasten the purge bottle onto the drying tube with a clutch. During this the gas flow

should be on to prevent contamination of the bottle. After the tube has obtained room
temperature (5-10 minutes) fasten the other clutch onto the tube.

Sample preparation before analyse

• Prior analysis the sample should have room temperature (20°). To obtain this the
sample flask is taken out from the refrigerator and placed in a 25° shaking bath for
about 5 minutes. 

• Add the sample water into the purge bottle. This is the only time during analyse that
the helium gas should be turned of otherwise the volatile substances will already be
lost. Remember to first turn of the main vent and then the vent by the purge bottle

Analyse manual

• Take out one sample bottle from the fridge and prepare it according to sample
preparation. Take the sample to the GC and open the aluminium lid on the bottle with
a screwdriver.
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• Make sure that both the GC, the purge bottle and the drying tube has been prepared
correctly and connected right.

• Take up 10 ml of sample to clean the syringe with. This is done by open the syringe to
max and shaking it with the sample water in it. The sample should then be completely
removed from the syringe by inserting air and pushing it out.

• Turn of the helium gas flow, this is the only time that the gas should be turned of.
• Take up 50 ml of sample water in the syringe make sure there are no air bubbles in the

syringe and insert the sample into the purge bottle. This has to be done carefully not to
lose any of the volatile substances. Repeat the procedure so that the end sum in the
purge is 100 ml of sample.

• Put the cork on the purge bottle to lock it.
• The silver knob should now be on ”load”.
• Take out the liquid nitrogen container and put it under the trap. Fill up the container to

the top with nitrogen.
• Open the small gas vent.
• Open the main gas vent and start the alarm clock, which is set to 15 minutes. Make

sure that the gas pressure are above 70 ml/min /steel ball) at all times, if not it may be
due to a fault in the connection between the purge bottle and the drying tubes. If this is
not fixed the connection can break and the sample is then ruined. Problems with the
pressure can also be due to ice crystals forming in the trap originating from the water
in the purge stream. If this is the case the liquid nitrogen can be removed a little bit to
make the crystals disappear.

• Before the 15 minutes is up, boil some water (milli-Q) and place it in a beaker.
•  The silver knob should be placed on inject.
• Remove the green support under the nitrogen but still hold the nitrogen in place, then

take the beaker with the hot water in your other hand and at the same time as you
remove the nitrogen add the hot water and pres down the pedal from the GC on the
floor. This will start the GC and remove the volatile substances from the trap to the
GC. The entire gas chromatographic time programme will take 38.5 minutes. 

• Clean the system according to the headline below. 
• When approximately 8 minutes remains the preparations for the next analyse can

begin. 

Cleaning the system between analyses 

• Remove the entire sample from the purge bottle with the syringe. The gas should
still be on to clean the system and prevent contamination of the purge bottle.

• If the sample has contained a lot of particles, clean the purge bottle by flushing the
purge bottle under a helium stream three times with milli-Q water.

• When there is no more water in the purge bottle, loose the clamp around the bottle
that holds it in place. Be careful not to break the glass purge bottle.

• Take a heating gun and warm the purge bottle from the top to bottom, to avoid
condensation of water at the glass wall. Be careful with the filter section as this area
is extreme sensitive to rapid temperature changes.

• When the purge bottle has cooled down the clamp can be fasten around the bottle
and a new sample can be inserted.
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• 
At the end of the day

• At the end of the day the system is cleaned in the same way but instead of using a
heating gun the purge bottle is removed, flushed with Milli-Q water and placed in
the heating oven.

• The drying tube is emptied of glass fibre wool and potassium carbonate, and then
cleaned with milli-Q water. Try to shake out all the water from the tube before
placing it in the heating oven.



35

Appendix 4

GC analyses of air samples

Preparations of air tubes before sampling

• The tubes for air sampling are already prepared and filled with absorbent material; the
only thing that has to be done is the cleaning of the sampling tubes. The cleaning is
performed in the GC.

• To clean the sampling tubes you need to attach a heating element onto the GC. The
heat makes the substances in the tube desorbed (the substances stays in the tube at
room temperature). The first step is to heat the element, and to do that set the regulator
on 210-220 ˚ C.  

• Turn on the gas by opening the two vents on the side of the GC and main vent.
• When the heating element is the right temperature (210-220˚ C), put a tube in one of

the clutches and leave the other side of the tube open. The arrow on the tube shall
point in the gas flow direction.  

• Set the alarm on 5 minutes and let helium flow through the tube until it reaches room
temperature.

• Turn down the heating element and open it. Put the tube in the element and shut it
with a tong. Remember the element is hot both on the outside and the inside.   

• Set the alarm on 15 minutes. 
• After the 15 min passed the tube shall be at room temperature for 10 minutes to cool

down. 
• The cleaning of the tubes takes about 30 minutes.
• Now it is time to close the tube on both sides with a metal nut.  Loose the clutch a bit

on the on end and then loose it completely on the other end. Fasten a nut on the loosed
end and then remove the tube and seal it with a cork on this end to.  

Preparations of the Gas chromatograph before analyses 

• Start by heating the element, 210-220 ˚ C
• Replace the closed clutches with the ones that are open. 
• Turn on the gas by opening the two vents on the side and main vent.

Analyses manual
• Put the tube in one of the clutches and let helium flow trough the tube for 2 minutes.
• Connect the tube to the other clutch, put nitrogen at the trap and set the silver knob in

load position.   
• Put the tube in the heating element for 10 minutes. 
• When the 10 minutes has past the heating element should be removed from the glass

tube
• Put the silver knob to inject position and exchange the nitrogen with boiling water.
• At the same time as the water touch the trap the pedal on the floor is pressed down.
• Now it’s 30 minutes to the next analyse.
• The tubes can be used again after analyse, just put it back in the glass bottle
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Appendix 5
Possible a biotic/biotic degradation pathways of chlorinated hydrocarbons (after Borch, 1999)

                                                      


