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distribution of polychlorinated biphenyls (PCBs) and organic carbon in coastal sediments. Because of the 
strong association of hydrophobic organic contaminants (HOCs) such as PCBs with organic matter in the 
aquatic environment, these two entities are naturally linked. The coastal environment is the most complex and 
dynamic part of the ocean when it comes to both cycling of organic matter and HOCs. This environment is 
characterised by the largest fluxes and most diverse sources of both entities. A wide array of methods were 
used to study these processes throughout this thesis. In the field sites in the Stockholm archipelago of the 
Baltic proper , bottom sediments and settling particualte matter were retrieved using sediment coring devices 
and sediment traps from morphometrically and seismically well-characterized locations. In the laboratory, the 
samples have been analysed for PCBs, stable carbon isotope ratios, carbon-nitrogen atom ratios as well as 
standard sediment properties. From the fieldwork in the Stockholm Archipelago and the following laboratory 
work it was concluded that the inner Stockholm archipelago has a low (≈ 4%) trapping efficiency for 
freshwater-derived organic carbon. The corollary is a large potential for long-range waterborne transport of 
OC and OC-associated nutrients and hydrophobic organic pollutants from urban Stockholm to more pristine 
offshore Baltic Sea ecosystems. 
Theoretical work has been carried out using Geographical Information Systems (GIS) and statistical methods. 
On a database on 4214 individual sediment samples, each with several different PCB congener concentrations 
. From this work it was concluded that the continental shelf sediments are key global inventories and ultimate 
sinks of PCBs.  Depending on congener, 10-80% of the cumulative historical emissions to the environment are 
accounted for in continental shelf sediments. Further it was concluded that the many infamous and highly 
contaminated surface sediments of urban harbours and estuaries of contaminated rivers cannot be of 
importance as a secondary source to sustain the concentrations observed in remote sediments.  Of the global 
shelf PCB inventory < 1% are in sediments near population centres while ≥ 90% is in remote areas (> 10 km 
from any dwellings). The remote sub-basin of the North Atlantic Ocean contains approximately half of the 
global shelf sediment inventory for most of the PCBs studied. 
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Introduction 
The key word distribution is used in two different ways in 
this thesis; the more strict statistical definition and the 
more general term, meaning the variation of objects in 
space and time. The distribution of polychlorinated 
biphenyls (PCBs) in the marine environment is generally 
associated with the distribution of organic matter, hence, 
there is a logical basis for a joint study of these two 
parameters. 
Although PCBs are no longer manufactured and used 
commercially they are still highly relevant to 
environmental research for two reasons. First, they are still 
emitted and present in the environment at such levels that 
they are believed to pose a threat to environmental safety. 
Further, since they span a wide range in well known 
physico-chemical properties and their analytical chemistry 
is well established, they are ideal as candidates to model 
the transport and fate also of other, less well characterised, 
hydrophobic organic contaminants (HOCs) and persistent 
organic pollutants (POPs). 
Natural organic matter in the marine environment plays 
important parts in the large-scale biogeochemical cycling 
of several important elements, including C, N, O, S, P, Fe 
and Mn. In this capacity, the cycling of organic carbon has 
a profound influence on many aspects of the ecology as 
well as the climate on Earth. The distribution of organic 
carbon in sediments not only affects the burial removal 
and other early diagenetic processes but also influences the 
distribution of HOCs such as PCBs, which are sorbed to 
the sedimentary organic matter. 
In this thesis the distributions of PCBs and organic carbon 
in coastal sediments are studied. The performed studies 
include both field and theoretical work. Various 
geochemical, geophysical and statistical methods have 
been employed. The first overbearing objective was to 
study how sedimenting organic carbon varies spatially and 
temporally with special regards to its origin. The second 
main objective was to study how the concentrations of 
PCBs vary spatially in near-surface continental shelf 
sediments.  

Distribution of organic matter in 
coastal sediments 
The study of the distributions of organic matter in coastal 
sediments is a major field in the Earth Sciences. Paper I 
addresses some organic matter distribution processes that 
are of importance for the spatial distribution of PCBs in 

coastal sediments studied therein. The natural variation in 
sources of organic carbon to sediments in an estuarine 
environment is studied in paper III. Further, in paper IV 
the temporal variations in the stable carbon isotope ratios 
of sedimenting particulate organic matter are used to infer 
seasonal variations in the carbon source. 

Sources of  organic matter to coastal sediments 

Organic matter in coastal sediments is originating from 
terrestrial runoff and from marine phytoplankton (Prahl et 
al., 1994; Hedges et al., 1997) with minor contributions 
from other sources such as the benthic flora 
(Romankevich, 1984). In an estuarine environment 
freshwater phytoplankton can also contribute substantially 
to the sediment organic matter (Matson and Brinson, 1990; 
paper III).  
 
Two very important methods used to identify the sources 
of sedimentary organic matter are stable carbon isotopes 
and atomic carbon and nitrogen ratios (Meyers, 1994; 
1997). In particular when the two methods are combined a 
powerful instrument is put in the hands of the scientist 
trying to find out the sources of sedimentary organic 
matter (Hedges et al., 1997; Paper III and IV). 
In early applications of stable carbon isotopes in the Earth 
Sciences, only three sources of variations itn the stable 
carbon isotope compositionn of sedimentary organic 
matter were recognized. They were terrestrial, freshwater 
and marine (e.g. Eckelman, 1962) and were identified by 
their respective isotopic fractionation with regards to their 
ultimate source (carbon dioxide). However, more recent 
research by biologists both in the field and in the 
laboratory, have shown that the picture is more complex 
than that. Not only does the fractionation vary as a 
consequence of the concentration of dissolved carbon 
dioxide but most phytoplankton seem to be able to utilise 
bicarbonate as an inorganic carbon source for their 
metabolism instead of carbon dioxide (Burkhardt et al., 
1999; Rau et al., 2001). The different phytoplankton 
species do not react similarly with regards to the 
fractionation during carbon uptake under set 
environmental conditions (Burkhardt et al., 1999). These 
processes are embedded in the geological record and 
challenge the scientist to posses a good knowledge of the 
regional ecology as well as physical characteristics for 
proper interpretation of the isotope data.  

 5



Processes affecting the organic matter in coastal 
sediments 

In the open ocean, it could somewhat simplistically be said 
that two variables control the flux of organic carbon to the 
sediment surface and hence its sediment concentration, 
namely primary production and depth (Romankevich, 
1984 p68; Meyers, 1997; Middelburg, 1997). In the deep 
ocean the depth determines the travel time of the organic 
particle to the bottom and the time available for 
mineralisation. Also in the coastal environment the 
importance of primary production persists but the role of 
depth has changed. Here it determines the mechanical 
energy of the bottoms, which has profound effects on the 
concentrations of organic carbon due to resuspension of 
the fine organic particles (Romankevich, 1984 p129; 
Wainwright and Hopkins, 1991). The water depth and 
mechanical energy also has a large influence indirectly on 
the dissolved oxygen concentrations of the sediment 
surface. This is another key variable in the mineralisation 
of organic matter (Canfield, 1994; Meyers, 1997); 
particularly the cycling between different concentrations of 
dissolved oxygen concentrations appear to be of 
importance (Aller, 1994). All these processes combine to 
result in a situation where there exist different levels of 
organic concentrations in different bottom types such as 
accumulation vs. transport bottoms even in a limited 
coastal area (paper I). 
The shallow water organic carbon concentration maximum 
occurs in shallow inland seas, upper part of the shelf, 
lagoons or bays where the high sedimentation rate of 
organic matter cause very low to non-existing dissolved 
oxygen concentrations unfavourable to macrobenthos 
(Romankevich, 1984). These situations can occur very 
close both in depth and distance from well-oxygenated 
bottoms in accumulation bottoms in areas with restricted 
water circulation such as an archipelago (Paper I and III). 
There has been a regained interest in an old hypothesis 
(e.g. Suess, 1973) about the importance of the mineral 
surfaces for the preservation of OC in sediments 
(Mayer1994; 1999; Hedges and Keil, 1995; Ransom et al., 
1998). This hypothesis holds that the preservation of OC in 
sediments is a direct function of the surface area of the 
inorganic phase and its pores, where the organic matter can 
be protected from microbial attack. From delivery of the 
DOC and POC by either primary production or from 
continental runoff, the organic matter can partition to these 
protective sites several times before the final burial and 
preservation in the sediments. 
In continental shelf sediments there is generally a strong 
correlation between grain size and organic carbon content 
(e.g. Romankevich, 1984). This observation can be 
explained by the theory of coatings of the equivalent of a 
monolayer coating of OC on the mineral grains described 
above (Mayer, 1994). Depending on the nature of the 
particles and other physical and chemical variables 
coatings less than a monolayer up to more than a double 
layer of OC can occur in different environments (Hedges 
and Kiel, 1995). 

There is also a direct relationship between water content 
and porosity of sediments. Considering only one particle 
size at a time, the only way to change the porosity of a 
sediment is to pack the particles differently and mixing 
different particle sizes always decrease the porosity (e.g. 
Herdan 1960p180ff). The relationship between the 
porosity of sediments and their grain size distributions is 
not a simple one, but in general there is a strong negative 
correlation between the mean particle size and the water 
content (or porosity) in the way that sediments composed 
of fine particles generally have higher water content or 
porosity then coarser sediments. This relationship has been 
developed and used for lake sediments by Håkanson 
(1977; 1983). In this fashion, the often observed strong 
relationship between water content and organic matter 
content (e.g. Carman and Cederwall, 2001) can be 
explained, since smaller particles in general have relatively 
larger surface areas. Here I do not take differences in shape 
between different particle sizes into account. This means 
that accumulation bottoms where fine particles settle 
continuously should have higher OC concentrations 
compared to transport bottoms, where fine particles are 
only intermittently deposited. 
Porosity is a key variable in sedimentology in the sense 
that it is required in calculating the concentrations of solids 
or dry matter in sediments. As in paper II, if one wants to 
calculate the inventory I of some chemical in sediments, 
one must know the concentration, C, of that chemical per 
mass of dry matter, the density of the solids ρ, the area, A, 
the depth of the (here assumed homogeneously) mixed 
layer, zmix and the porosity, φ,: 

 
( )φρ −⋅⋅⋅⋅= 1mixzACI   (1) 

 
Of course the model of constant porosity mixing in marine 
sediments is a strong simplification of observed porosity 
profiles, which has its only merit in facilitating the 
computations in models of e.g. diagenetic processes such 
as bioturbation (Berner, 1980). However, for the purpose 
of calculating the continental shelf inventories of PCBs 
(paper II), the constant porosity mixing model is adequate 
(Mulsow et al., 1998).   

Distribution of polychlorinated 
biphenyls in coastal sediments 
The chemical structure of a PCB is a biphenyl where two 
or more hydrogen atoms have been substituted by chlorine 
atoms (Figure 1). 
 

Cl

Cl

Cl

 
 
 
 
 
 
 
Figure 1. PCB #32.  
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There are 209 theoretically possible PCBs or PCB 
congeners. Some of the PCB congeners are very unlikely 
to be produced during industrial production of PCBs and 
consequently not found in environmental samples. In this 
thesis no distinction is made between the terms PCBs and 
PCB congeners, they are used interchangeably. 
There is a systematic way to classify the PCBs according 
to International Union of Pure and Applied Chemists 
(IUPAC)1. 
PCBs are chemically and thermally very stable, which 
together with their electrically insulating properties made 
them very useful industrially. They were used as oils in 
transformers, capacitors and in cables, as plasticising 
agents, and as additives in hydraulic oils and paints, 
especially marine hull paints (Wachtmeister and 
Sundström, 1986). The largest use was in electro-technical 
applications – in transformers and capacitors. As a 
commercial product, PCBs were manufactured as mixtures 
of the individual PCBs. Depending on the composition the 
specific mixture, it got an overall degree of chlorination 
(20-80%), which determines the gross physical properties 
of the mixture. Depending on where the PCB mixtures 
were manufactured, the specific formulations got different 
product names. In the United States, they were sold as 
Aroclor 1016, 1242, 1248, 1254 and 1260, with increasing 
degree of chlorination. In Western Germany, France and 
Spain, they were manufactured as Clophen, A30, A40, 
A50 and A 60, with increasing degree of chlorination. In 
the former Eastern Bloc of Europe the product name was 
Sovmol.  
PCBs were commercially introduced in the United States 
in 1929. It was also around this time the usage of PCBs 
was spread to other developed countries. PCBs were first 
used in Sweden around 1930. The sales of PCBs in the 
United States peaked in the late 1960s, exceeding 30 
Kt*year-1 (Schwarzenbach et al., 1993). The production in 
France and Spain reached a maximum in mid-1970s, 
reaching 9.6 and 1.9 Kt*year-1, respectively (Tolosa et al., 
1995). The very same properties which made PCBs a 
useful compound industrially, places PCBs among the 
most persistent environmental contaminants. PCBs were 
discovered in the environment in the mid-1960s by Sören 
Jensen in (Jensen, 1966). According to recent estimates the 
sources of emissions to the environment varied between 
the different congeners. The heavier, more chlorinated 
PCBs were mainly emitted by accidental fires in closed 
systems such as capacitors and transformers, whereas the 
lighter ones were mainly emitted by usage in open systems 
such as oils, sealants, paints (Breivik et al., 2002a). 

Restrictions on production, sale and usage of PCBs in the 
United States were first instituted in 1971. The production 
and use of PCBs was banned in the United States in 1977. 
In other parts of the world it took longer time to stop the 
production of PCBs. Throughout the 1970s there was no 
reduction in the production of PCBs in France, Italy and 
Spain (Burns and Villeneuve, 1987). 

                                                 
1 First, count the sum of the number of chlorine atoms on each 
phenyl ring. This determines if the PCB is a dichloro-, trichloro- etc 
biphenyl. Start numbering the chlorine atoms with the ortho 
position as number one from 2 to 5 on the phenyl ring with the 
most chlorine atoms. Then start numbering the chlorine atoms in 
the same way on the other phenyl ring with number 2’ to 6’. This 
means that a biphenyl ring with two chlorine atoms on the 2 and 6 
position on one of the phenyl rings, and one chlorine atom at the 4’ 
position on the other phenyl ring would be a 2,4,6’-
trichlorobiphenyl (IUPAC # 32), see figure 1. 

In spite of the bans, a lot of the PCBs were still in use, 
mostly in electrical equipment. From this equipment, from 
landfill sites, and as a result of incineration of wastes, 
PCBs can still reach the atmosphere (Sanderson and Weis, 
1989; Jones et al., 1992). Other sources of PCBs to the 
atmosphere are re-evaporation from land and water 
surfaces where they have been deposited by wet and dry 
deposition from the atmosphere (Baker and Eisenreich, 
1990; Jones et al., 1992). Via the atmosphere, PCBs are 
transported in the vapour phase over very long distances 
and are today globally distributed (e.g. paper II). 
Large urban and industrial areas are likely to have been 
major sources of PCBs and still deliver substantial 
amounts (Halsall, 1995; Axelman and Broman, 2002; 
Breivik et al., 2002a). With few rural point-source 
exceptions, population density is probably a good indicator 
of the general geographical usage pattern of technical 
applications including industrial chemicals such as PCBs. 
Breivik et al (2002b) used population size as the indicator 
of the consumption of PCBs. The consumption figures 
were then used for deriving different emission estimates of 
PCBs (Breivik et al., 2002a). The historical annual 
emissions during the approximate 70 years since PCBs 
were first used commercially range from about 1 ton to 
more than 2 Kt for the different congeners according to a 
mid-emission scenario by Breivik et al (2002a). In the 
same study the figures for the high-emission scenario 
range from 0.02 Kton to more than 0.01 Mtonnes. These 
uncertainties in the emissions are a major challenge in 
interpreting the results of the different studies on 
environmental concentrations of PCBs. 
In addition to wet and dry atmospheric deposition, river 
input can also be a major source of PCBs to large lakes 
and coastal seas (Burns and Villeneuve, 1987; Bopp et al., 
1993; Blanz et al., 1999). The two major processes 
removing PCBs from the water column is volatilisation 
and sedimentation. For substances such as PCBs with low 
vapour pressure, which are persistent and particle reactive, 
one of the ultimate sinks is burial in the sediments and 
soils (e.g., Baker and Eisenreich, 1989; Burns and 
Villeneuve, 1987; Axelman and Broman, 2001, paper II). 
However, sediment can also act as sources of PCBs to the 
water and atmosphere in the shorter time perspective (e.g., 
Larsson, 1985).  
 
In a recent EU research project (GLOBAL-SOC), in which 
paper II was one contribution, the estimated global 
inventories of PCBs were calculated for the first time. The 
two dominant biogeospheric inventories were found to be 
the continental shelf sediments (Paper II) and continental 
soils (Meyer et al., 2003). For the global continental shelf 
inventory of PCB153, see figure 2. In this research project 
we could account for approximately between 10 and 100 
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% of the emitted PCBs, depending on congener. The major 
sink processes were identified as burial in sediments, 
reaction with atmospheric hydroxyl radicals and settling to 
the deep ocean. Using mass balance arguments and 
diagnostic environmental congener fingerprints (Axelman 
and Gustafsson, 2002), it was found that the HO•  sink are 
grossly over estimated, especially for the lighter 
congeners, if published laboratory-derived reaction rates 
were simply extrapolated to the global atmosphere 
(Anderson and Hites, 1996). 
As with the organic matter, the distribution of PCBs in 
coastal sediments depend on several variables. There is 
however one major difference between the two and that is 

the extreme recalcitrance of PCBs toward degradation 
under environmental conditions. Apart from this, the 
distribution of PCBs mimic that of particulate organic 
matter (POM) in marine environment to a great extent due 
to the strong PCB sorption to POM.  This affinity of PCBs 
toward POM is reflected in the findings of the global PCB 
distributions charted in the GLOBAL-SOC project with 
the major inventories being the continental shelf sediments 
and continental soils.  
 
 

 

 
Figur 2. Global invetories of PCB153 in tonnes in continental shelf sediments (in grey). 
 

Environmental statistics 
My purpose here is to discuss the various statistical 
methods I have used in the different papers. In the earth 
sciences it is not uncommon that practical aspects will 
determine what statistical methods are employed. As an 
example it may not be logistically possible to obtain a 
relative large number of random independent samples. 
Instead, the samples may only be semi-randomly taken, 
e.g. from a pre-defined limited area, and therefore or for 
other reasons may not be independent of each other. The 
sample size may not be large enough to draw any 
conclusions on which distribution should be used. Often 
the only way then to increase the number of observations 
is to pool data from different locations and times. This can 
cause an undesired increase in the variance of the sample. 

Spatial dependence of  environmental data 

One important property of environmental data is that they 
are often spatially dependent. This dependency can be 
used as a basis for defining different (sub-) populations. In 
Paper II, the PCB concentration data were classified as 
either local regional or remote with respect to their 
distance from the presumed sources. Instead of estimating 
the mean and variance of a simple random sample (SRS), a 
stratified estimate of the mean and variance was obtained. 
The result of this classification was a decrease in the 
variance of the samples. Although the number of 
observations in each sub-sample was of equal size and the 
amount of censored data (observations below detection 
limit) was the same, the relative standard deviation 
decreased from local to regional to remote.  
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 The lognormal distribution 

The probability density function of the two-parameter 
Λ(λ,ζ) lognormal distribution together with its mean, 
median and variance are given below (Aitchison and 
Brown, 1957). If the stockhastic variable X has the 
following probablity density function 
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where -∞ < λ< ∞ and ζ > 0, X is said to have a lognormal 
distribution. This definition means that the logarithm of X 
is normal distributed with parameters λ and ζ. 
The mean and median for X are 
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The variance of X is defined as: 
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The parameters λ and ζ are estimated by their Maximum 
Likelihood (ML) estimators (MLEs), which are the log-
transformed arithmetic mean and standard deviation 
respectively. 
The lognormal distribution has several properties, which 
make it a very suitable distribution to use when analysing 
environmental data compared to the normal distribution 
(Paper II). See figure 3 for an example of lognormal 
distributed data. The first one is that confidence intervals 
for the median and arithmetic mean can only be positive. 
This is not always the case with the Normal distribution 
depending on the properties of the sample (see e.g. Paper 
I). The second advantage with the lognormal distribution is 
its inherent positive skewness. Environmental data 
typically has some extreme values. With the normal 
distribution this severely affects the arithmetic mean and 
one may be tempted to consider such observations as 
outliers. 
Of course the lognormal distribution has its weak points. 
When the lognormal distribution is suitable to use is 
primarily determined by three factors in environmental 
applications. 
• The sample size 
• The degree of censoring 
• If there are any physical reasons to believe that the 

population sampled would be log normal distributed 
 

When samples are small (n<10) and censored (i.e. a 
detection limit is present), the lognormal arithmetic mean’s 
(see equation 3) dependence on the variance of the sample 
can generate estimates that are meaningless. Under such 
circumstances it can therefore be preferable to use other 
methods to estimate the arithmetic mean than methods 
assuming a lognormal distribution of the data such as 

maximum likelihood and least square methods. Examples 
of methods not assuming a lognormal distribution are 
uniform distribution of censored data between zero and the 
detection limit, replacing censored data with half or full 
detection limit (Gilliom and Helsel, 1986) or the 
untransformed arithmetic mean (used in paper II). The 
untransformed arithmetic mean is an unbiased estimator of 
the arithmetic mean of lognormal data (Shimizu, 1989) 
and is therefore appealing to use. 

Inferences about the mean and standard deviation from 
censored data 

Censored data, i.e. data reported as below the detection 
limit is a common property of environmental data since 
elements or compounds in trace concentrations are 
investigated. There are several methods to choose from 
regarding how these censored data should be used in the 
statistical analysis. There are mainly four factors to 
consider when determining which method (Helsel and 
Gillion, 1986; Gilliom and Helsel, 1986) to use: 
 
• to what degree is the data censored (i.e., how large 

fraction of the total data are censored)? 
• how large is the sample in total (i.e., censored plus 

uncensored data)? 
• what is the assumed distribution of the data (e.g., 

normal or lognormal)? 
• what should be estimated (i.e., mean, median or 

variance)? 
The different methods used to estimate the mean and 
median in paper II include ML estimates and a simple 
(untransformed) arithmetic mean. The use of data below 
the detection limit(s) greatly improves the estimates of 
both the mean and variance of the samples. For example 
the study in paper II would not be possible without 
censored data. Using the methods for censored data (e.g. 
Cohen 1959; 1961; 1991) improves the estimates 
compared to simple substitution methods and also give 
more information on e.g. confidence intervals. 
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Figure 3. Lognormal distributed data with a detection 
limit. Please note that the bar below the detection limit 
represents all observations between 0 and the detection 
limit. 
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Summary of the papers 

Paper I 
Hydrophobic organic compounds such as PCBs associate 
with natural organic matter in the aquatic environment. It 
was hypothesized that sediment organic matter underlying 
different water depths and in different bottom types may 
have different sorptive properties, which potentially could 
influence the distribution of PCBs among marine 
sediments. To test this, sediment samples underlying 
different water depths and with different properties (e.g., 
redox and bioturbation) were collected in the Stockholm 
archipelago and analysed for PCB congeners, spanning a 
wide range in physico-chemical properties. The study 
concluded that at the available resolution it was not 
possible to statistically establish any dependence of PCB 
distribution on bottom type. The congener fingerprints and 
also the PCB concentrations, when normalised to organic 
carbon concentrations, were the same between sites.  

Paper II 
In this study the global inventories of eight different PCBs 
in continental shelf sediments were estimated using a 
Geographical Information System (GIS) model and 
statistical methods applied to a PCB concentrations 
database made up of 4214 congener-specific sediment 
samples.  Additional information considered included a 
geographical database containing information on 
approximately 100 000 population centres distributed 
globally, global geochemical estimates of surface sediment 
properties, as well as detailed geographical information on 
coastlines, and definitions of 18 sub-basins of the world 
ocean continental shelves. To account for near-urban 
sampling bias, the sediment samples were classified as 
local (<1 km), regional (<10 km) or remote (>10 km) 
depending on their distance to the outer border of the 
nearest population centre. It was discovered that the global 
shelf sediment inventories of individual PCB congeners 
make up significant fractions of their recently updated 
cumulative global emission estimates. An intriguing 
finding was that the many infamous and highly 
contaminated surface sediments of urban harbors and 
estuaries of contaminated rivers cannot be of importance 
as a secondary source to sustain the concentrations 
observed in the remote sub basins.  The summed PCB 
inventory of the global Local sediments is only a small 
fraction (0.2-0.5%) of the global shelf inventory, which 
instead is dominated by the vast Remote sediments (87-
97%). The remote sub-basin of the North Atlantic Ocean 
contains approximately half of the global shelf sediment 
inventory for most of the PCBs studied.  
The median, or typical, concentration of PCB 52 found in 
the Remote class sediments were about 0.5 ng/gdw in the 
North Atlantic, Mediterranean, and Baltic Sea, dropping to 
about 0.02 ng/gdw in the Southern Ocean basins and in the 
Arctic Ocean.   
The estimated PCB inventory in the global shelf sediments 
corresponds to about 10% of maximum cumulative global 
emission estimates by Breivik et al. (2002a) for low-

chlorinated congeners. However, for the more 
bioaccumulable, higher chlorinated, congeners the shelf 
reservoirs account for up to 80% of the estimated 
maximum global emissions. These shelf inventories 
represent 1-6% of the global industrial production of 
PCBs. The global burial fluxes were estimated to be on the 
order of 8-24 ton/yr each for the eight major congeners 
investigated. Also here the shelf constituting a more 
significant removal sink for the more chlorinated 
congeners. The permanent removal into deeper shelf 
sediments of PCB 153 and PCB180 suggests that their 
mean global environmental residence times are on the 
order of 100 years. 

Paper III 
The efficiency of bottom sediments in the inner Stockholm 
archipelago, Northwestern Baltic proper, acting as a trap 
for freshwater-derived organic carbon was estimated in 
this study. Two large datasets were combined into a mass 
balance model.  First, a high-resolution time-series dataset 
on the freshwater inflow of total organic carbon (TOC), 
covering four full years, showed distinct seasonal 
variations and an annual freshwater TOC input of 28 Gg 
yr-1. Estimation of the sediment burial flux of organic 
carbon (OC) in the Inner Archipelago (IA) was based on 
an extensive sediment sampling of seismically-defined 
accumulation bottom areas; an IA-averaged OC content of 
56 ± 16 mg gdw-1 resulted in an IA-wide bottom sediment 
deposition of 3.1 Gg yr-1. 
The apportionment of the freshwater-OC fraction of the 
sediment deposition was constrained by the stable carbon 
isotope ratios of an extensive set of sediment samples from 
both source and receiving areas. This evaluation suggests 
that 39 % of the sedimenting OC was derived from Lake 
Mälaren, which corresponds to only 4 % of the annual 
TOC import from Lake Mälaren. A 4% trapping efficiency 
of freshwater-derived organic carbon through the 
approximately 30 km long transect through the inner 
Stockholm archipelago supports other recent findings of 
conservative mixing of freshwater-derived organic carbon 
over long distances in the low-salinity zone of boreal 
estuaries. Thus, there exist a large potential for long range 
water-borne transport of OC and OC-associated nutrients 
and hydrophobic organic pollutants from urban Stockholm 
to more pristine offshore Baltic Sea ecosystems. 

Paper IV 
The seasonally varying sources of particulate organic 
matter (POM) to the water column of the central 
Stockholm archipelago, Baltic Sea, were studied using 
samples collected with cylindrical sediment traps. The 
sediment traps were positioned at two different water 
column depths (either side of the seasonal pycnocline) 
with a total study period of over one year with 2-3 months 
deployment resolution. The bottom sediment trap 
consistently exhibited slightly higher carbon-to-nitrogen 
(C/N) mol ratios and slightly higher stable carbon isotope 
composition (δ13C) than the surface trap. The seasonal 
range in the surface trap was C/N of 8.0 – 10.2 and δ13C of 
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–25.1 to –23.0 ‰, with seasonal averages of 8.5 and – 24.5 
‰, respectively. These values are typical for Baltic Sea 
phytoplankton and thus suggest a dominance of marine 
autotrotrophic production as the dominant source of 
suspended POM to the central Stockholm archipelago. 
Hence, despite the proximity of the study area to the major 
freshwater source of Lake Mälaren, located in the 
innermost archipelago, in the city of Stockholm, terrestrial 
POM was not a major contributor to suspended POM in 
the archipelago. Instead, the temporal and depth-varying 
variations in C/N and δ13C were suggestive of secondary 
influences from resuspension, microbial grazing, 
successions in phytoplankton community, and possibly 
variations in carbon uptake mechanisms of the marine 
autotrophically primary-produced organic matter. 

Conclusions 
The major conclusions from this thesis are: 
• The continental shelf sediments are key global 

inventories and ultimate sinks of PCBs.  Depending on 
congener, 10-80% of the cumulative historical 
emissions to the environment are accounted for in 
continental shelf sediments. 

• The many infamous and highly contaminated surface 
sediments of urban harbours and estuaries of 
contaminated rivers cannot be of importance as a 
secondary source to sustain the concentrations 
observed in remote sediments. Of the global shelf PCB 
inventory < 1% are in sediments near population 
centres while ≥ 90% is in remote areas (> 10 km from 
any dwellings). The remote sub-basin of the North 
Atlantic Ocean contains approximately half of the 

global shelf sediment inventory for most of the PCBs 
studied. 

• The inner Stockholm archipelago has a low (≈ 4%) 
trapping efficiency for freshwater-derived organic 
carbon.  The corollary is a large potential for long-
range waterborne transport of OC and OC-associated 
nutrients and hydrophobic organic pollutants from 
urban Stockholm to more pristine offshore Baltic Sea 
ecosystems.  
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