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This assessment report has been 

written in order to fulfil Danish 

reporting obligations in relation  

to the OSPAR Trend Assessment on 

Dangerous Substances. The assess-

ment is based on existing informa-

tion, primarily data collected via 

national and regional Danish moni-

toring activities until 2005.

The report consists of a general in-

troduction to hazardous substances 

and their fate and potential effect 

in the marine environment, follow-

ed by the present contamination 

status and trends in Danish waters 

together with effects monitored 

through the use og biomarkers.  

Finally a discussion on future man-

agement and assessment is in-

cluded.

The assessment shows that hazar-

dous substances can be found in 

Danish waters with the highest -

concentrations in fjords and coastal 

areas close to point-sources, where 

also responses in biomarkers are 

seen. Concentrations are declining 

for older, now banned, organoha-

logen substances like DDT, whereas 

for some heavy metals the concen-

trations are increasing. For most 

substances no trends can be estab-

lished as yet.
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preface

The objective of this assessment report 
is to describe the degree of contamina-
tion from hazardous and radioactive 
substances and their temporal trends, 
as well as the effects of some of these 
hazardous substances, in the Danish 
marine environment. The assessment 
is based on existing information, pri-
marily data collected via national and 
regional Danish monitoring activities 
until 2005.
 The assessment report has been 
written in order to fulfil Danish report-
ing obligations in relation to the 
OSPAR Trend Assessment on Danger-
ous Substances.

Chapter 1 
defines hazardous substances and 
describes in general terms their fate in 
the marine environment, as well as 
effects that can be induced. The con-
cepts of risk assessment and the use 
of biomarkers are also discussed.

Chapter 2 
focuses on the hazardous substances 
included in the Danish National Aqua-
tic Monitoring and Assessment Pro-
gram 1998-2005 (NOVA and NOVA-
NA) and related activities. These in-
clude heavy metals, polyaromatic 
hydrocarbons, organohalogen com-
pounds, anti-fouling compounds, and 

a number of other organic substances, 
as well as some biological effects of 
hazardous substances.

Chapter 3 
describes the status and trends for 
radioactive substances in Danish 
marine waters, which is based on the 
long-term monitoring and assessment 
work co-ordinated by the Radiation 
Research Department of Risø National 
Laboratory.

Chapter 4 
contains a summary of the present 
state of the marine environment with 
respect to hazardous substances, as 
well as a discussion of future manage-
ment, assessment, and monitoring 
practices in relation to hazardous 
substances in the marine environ-
ment. 

A map of the Danish marine waters 
and the locations mentioned in the 
assessment can be found at page 106. 
The background documents, refer-
ences, as well as suggestions for fur-
ther reading have been compiled at 
the end of the report, together with a 
glossary and list of abbreviations in 
order to assist readers without a pro-
fessional background in ecotoxicology 
or marine ecology.
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introduction

Hazardous substances are chemicals 
introduced through human activity 
that can have a negative effect on the 
marine ecosystem. Heavy metals and 
some organic compounds occur natu-
rally, but they are considered hazard-
ous substances when found in higher 
concentrations compared to natural 
background levels. There are thou-
sands of substances that are classified 
as hazardous substances, and here 
they are grouped together according 
to their chemical similarity, or area of 
use. The following groups have been 
and remain the focus of the national 
marine monitoring programme in 
Denmark and constitute the main 
subject of this report:

heavy metals and traCe metals 
occur naturally in the environment, but 
increased inputs from human activities 
have raised concentrations above back-
ground levels. Trace amounts of certain 
metals such as copper and zinc are 
important micro-nutrients for plants 
and animals, but are toxic at higher 
concentrations.

polyaromatiC hydroCarbons
(pahs) 
are derived from crude oil products 
and from combustion of both oil prod-
ucts, including petrol, and organic 
material such as wood and household 
waste. Some PAHs are formed natu-
rally, but the majority of PAHs in the 
marine environment come from an-
thropogenic activity.

organohalogen Compounds
such as the chlorinated compounds 
PCB and DDT are persistent and 
readily bioavailable. PCB, although 
banned, is still used in Denmark in 
older installations, whereas DDT has 
been phased out. Newly developed 
halogenated aromatic hydrocarbons 
include brominated flame-retardants. 
Dioxins and furans are chlorinated 
compounds formed during combus-
tion that are also readily bioavailable 
and persistent.

anti-fouling agents 
or booster bioCides 
are toxic substances that are used to-

1
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gether with the biocide copper to pro-
tect ship hulls and marine installations 
from fouling by marine organisms. 
Fouling increases fuel consumption, 
causes corrosion, and disrupts the 
function of mechanical installations, as 
well as contributes to the spreading of 
invasive non-native marine species. 

radioaCtive substanCes 
occur naturally in the environment and 
originate both from the time of the 
formation of the earth, and from the 
bombardment of the earth by cosmic 
radiation producing radionuclides in 
the atmosphere. Man-made radioactive 

substances are also introduced into the 
environment as a result of military ac-
tivities, as well as from nuclear power 
stations. 

other groups of ChemiCals
are also presented such as plasticizers, 
detergents, additives in detergents 
and cosmetics, as well as chemicals 
used for surface treatments. These 
chemicals all occur on the OSPAR List 
of Chemicals for Priority Action, or the 
OSPAR Substances of Possible Con-
cern, but data from the Danish marine 
environment are scarce.

ospar Commission
for the proteCtion of the marine environment of the north-east atlantiC 

The 1992 OSPAR Convention is the current instrument guiding international cooperation on the 
protection of the marine environment of the North-East Atlantic. It combined and up-dated the 
1972 Oslo Convention on dumping waste at sea and the 1974 Paris Convention on land-based 
sources of marine pollution. 
 The work under the convention is managed by the OSPAR Commission, made up of repre-
sentatives of the Governments of 15 Contracting Parties and the European Commission, represent-
ing the European Community . 
 The work under the Convention is guided by the Ministerial Declarations and Statements made 
at the adoption of the Convention and at the Ministerial Meetings of the OSPAR Commission. The 
work applies the ecosystem approach to the management of human activities. It is organised under 
six strategies: 

• Protection and Conservation of Marine Biodiversity and Ecosystems 
• Eutrophication 
• Hazardous Substances 
• Offshore Oil and Gas Industry 
• Radioactive Substances 
• Monitoring and Assessment 

Cited with permission from: http://www.ospar.org/eng/html/welcome.html
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helCom
baltiC marine environment proteCtion Commission

The Helsinki Commission, or HELCOM, works to protect the marine environment of the Baltic Sea 
from all sources of pollution through intergovernmental co-operation between Denmark, Estonia, 
the European Community, Finland, Germany, Latvia, Lithuania, Poland, Russia and Sweden.
 HELCOM is the governing body of the ”Convention on the Protection of the Marine Environ-
ment of the Baltic Sea Area” - more usually known as the Helsinki Convention.
 HELCOM’s vision for the future is a healthy Baltic Sea environment with diverse biological 
components functioning in balance, resulting in a good ecological status and supporting a wide 
range of sustainable economic and social activities.
 In pursuing this objective and vision the riparian countries have jointly pooled their efforts in 
HELCOM, which is works as:

• an environmental policy maker for the Baltic Sea area by developing common environmental 
objectives and actions;

• an environmental focal point providing information about (i) the state of/trends in the marine 
environment; (ii) the efficiency of measures to protect it and (iii) common initiatives and posi-
tions which can form the basis for decision-making in other international fora;

• a body for developing, according to the specific needs of the Baltic Sea, Recommendations of 
its own and Recommendations supplementary to measures imposed by other international 
organisations;

• a supervisory body dedicated to ensuring that HELCOM environmental standards are fully 
implemented by all parties throughout the Baltic Sea and its catchment area; and

• a co-ordinating body, ascertaining multilateral response in case of major maritime incidents.

For three decades HELCOM has been working to protect the marine environment of the Baltic Sea. 
This work has been driven by the specific environmental, economic and social situation in the 
Baltic region and the specific sensitivity of the Baltic Sea. The work of HELCOM has led to improve-
ments in various fields, but further work is still needed.

Cited with permission from: http://www.helcom.fi/helcom/en_GB/aboutus
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input to 
tHe Marine environMent

The marine environment receives ha-
zardous substances irrespective of 
where the discharge takes place (Figure 
1.1). This is particularly true for Danish 
waters where the shallow Danish fjords 
and coastal waters, such as the Belt Seas 
and the Sound, primarily are affected 
by local input and shipping activities.  
 The more open waters such as the 
Baltic Sea, the Skagerrak, and the Kat-
tegat receive input from many coun-
tries through riverine discharge, land 
runoff, atmospheric deposition, and an 
intense shipping traffic. 
 The Skagerrak is also a depositional 
area for input from the eastern North 
Sea, and the North Sea itself is affected 
by inputs from major European rivers, 
atmospheric deposition, shipping, and 
offshore industrial activities such as oil 

exploration and exploitation. 
 Hazardous substances may be re-
leased to the atmosphere through com-
bustion and through direct emissions 
such as the spraying of pesticides. Sew-
age-treatment plants, industries, and 
stormwater runoff from towns are 
considered point sources from which 
hazardous substances reach the marine 
environment through watercourses, 
such as rivers and streams. Diffuse 
sources include runoff of atmospheric 
deposition on land, pesticides from 
agricultural activities, and emissions 
from traffic. Harbours, shipyards, and 
commercial activities such as oil exploi-
tation and fish farms represent direct 
discharges from point sources to the 
marine environment. Diffuse direct 
emissions and discharges occur through 
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Input from diffuse
and point sources

Air/water
exchange

of Hz Wet + dry
deposition

of Hz

Hz             THz

Chemical 
and

biological
transformation

SEDIMENT

WATER

Hz 
+ THz  sorption
  

Direct + indirect
photolysis

UV

Hz + THz

Chemical and biological 
transformation in sediment

Hz

Hz

Hz

THz

+THz

+THz Sedimentation

shipping activities where the combus-
tion of fuel and release of oil products 
and anti-fouling substances are the 
main sources. A special case is dredged 
harbour sediment that is deliberately 
dumped in an area away from the ac-
tual source. 
 Most substances that enter the 
marine environment adsorb to particles 
and organic matter in the water column 
and only a fraction can be found as 
truly dissolved. The substances may 
also be transformed by biological and 
chemical processes, creating metabo-
lites of the original substance, processes 
that occur both in the water column as 
well as in the sediment. Adsorbed 
substances ultimately sink through the 
water column down to the sediment 
where they degrade more slowly than 
in the water column, leading to higher 

concentrations of hazardous substances 
in the sediment. Hazardous substances 
can also be released from the sediment 
and temporarily returned to the water 
column through resuspension by 
strong winds and currents, or through 
changed oxygen conditions. Over time, 
most hazardous substances are buried 
in the sediment, which makes it pos-
sible to follow trends in contamination 
in sediment cores (Figure 1.2).
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Figure 1.2 

Depth profile of tri-

butyltin (TBT) con-

centrations (meas-

ured as elemental tin 

(Sn) on a dry weight 

basis (dw)) in a sedi-

ment core from the 

Sound with a sedi-

mentation rate of 1–2 

mm/year (Jacobsen, 

2000).

Figure 1.1 

Fate of hazardous substances (Hz) and transformation products (THz) of hazardous substances in the marine environ-

ment. Blue arrows indicate transport of substances and black arrows indicate transformation processes. After 

Swarzenbach et al. (1993).
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1.2 fate of Hazardous 
substances in 
tHe Marine food Web

The exposure of pelagic organisms to 
hazardous substances can take place 
either passively through the diffusion 
of dissolved compounds from the 
water phase into cells or through the 
ingestion of food particles (Figure 1.3). 
The particle-bound hazardous sub-
stances that sink out of the water 
column to the sediment become acces-
sible to sediment-dwelling organisms, 
and because sediment-dwelling organ-
isms are part of the food resource for 
many fish species, the hazardous sub-
stances may be transferred back to the 
pelagic food chain again. 
 A hazardous substance is said to 
bioaccumulate when the concentra-
tion in an organism is higher than that 
in the surrounding environment such 
as water or sediment, and biomagni-

fied if the concentration is higher in a 
predator compared to its prey. Whether 
a specific substance is bioaccumulated 
and biomagnified depends on the tar-
get species and its ability to metabo-
lize and/or excrete the substance; this 
may differ even between species with-
in a group at the same trophic level. 
Measuring the concentration of a sub-
stance in different marine organisms 
gives an indication of whether bioac-
cumulation and biomagnification oc-
curs. Many of the lipid-soluble, per-
sistent substances are biomagnified 
through the food web (Figure 1.4).
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Figure	1.3	

Transport of hazardous substances and transformation products (•) through the food web. Algae (A) represent the 

trophic level of primary producers, zooplankton (B) the trophic level of herbivores, fish and marine mammals the 

trophic level of predators. Sediment-dwelling organisms also include deposit-feeders that consume organic matter pro-

duced in the water column (Redrawn with permission from Ida-Maja Karle). The relative sizes of the organisms in this 

diagram have been changed to enhance clarity: the sizes of algae, zooplankton, and sediment dwellers have been 

magnified greatly in relation to those of the fish and the marine mammal.

Figure	1.4

Organochlorine com-

pounds in organisms 

at three different 

trophic levels in the 

marine food web 

(HCH = hexachlorocy-

clohexane; HCB = 

hexachlorobenzene). 

A B
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1.3 effect of Hazardous  
substances in  
tHe Marine environMent

Hazardous substances can have a va-
riety of long-term effects on the differ-
ent organisms in the marine environ-
ment. Such effects may include hor-
monal disturbances that affect repro-
duction, effects on the immune system 
which increase susceptibility to dis-
eases, effects on metabolic processes 
influencing growth and general fitness, 
or effects on behaviour such as changes 
in habitat selection or prey avoidance. 
Furthermore, the same substance can 
induce different effects depending on 
the type of organism.
 We often do not become aware of 
the effects of hazardous substances in 
the marine environment until they 
affect human health, economic inter-
ests, or higher animals. One of the 
most drastic examples of effects on 

humans is the Minamata incident in 
Japan, where mercury was dumped 
by the local industry into the bay 
(National Institute for Minamata Dis-
ease). The mercury accumulated in 
fish and shellfish, which were used for 
consumption by the inhabitants of 
Minamata. The result was severe neu-
ral disorders in both adults and chil-
dren, as well as deformations in newly 
born children. The Minamata disaster 
led to restrictions around the world 
on the human intake of mercury and 
other hazardous substances from fish. 
In Denmark, the EU recommendations 
concerning the quantity of fatty fish 
that pregnant women may consume 
with respect to the intake of mercury 
and dioxins are applied. 
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  An example of the economic im-
pact of hazardous substances was the 
decline in oyster farming in France in 
the late 1970s, owing to shell deforma-
tion and reduced reproduction of the 
oysters (Alzieu et al., 1981). This prob-
lem was eventually traced to the pres-
ence of TBT-based anti-fouling paints 
on boats in local marinas and har-
bours, and ultimately led to a ban on 
the use of TBT for boats smaller than 
25m. The declines in the populations 
of white-tailed eagles and of seals in 
the Baltic Sea area, caused by the 
polychlorinated aromatic compounds 
DDT and PCB in the period following 
1950, are examples of the effects of 
marine pollution becoming evident on 
higher animals. DDT was shown to 
cause shell thinning of bird eggs, and 
PCB is known to disrupt the develop-
ment of early life-stages. The breeding 
success of both eagles and seals has 
gradually improved as a result of the 

ban on the use of DDT, PCB, and other 
persistent hazardous substances (Tid-
lund & Brenner, 1998).
 Before these obvious effects can be 
seen, hazardous substances are likely 
to have affected the base of the marine 
food web, such as bacteria, algae, zoo-
plankton, and fish. These effects are 
more difficult to detect directly in the 
marine environment because the abun-
dance and productivity of these organ-
isms are dependent on several factors 
such as nutrient and food availability, 
light penetration, and physical condi-
tions. Interactions between the differ-
ent trophic levels also make it difficult 
to assess what is a direct or an indirect 
effect, but with respect to ecosystem 
health both types of effects are equally 
important. The ecological structure 
and processes in the marine ecosystem 
may thereby have been affected for a 
long time before the effects become 
evident in higher organisms.
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Risk assessment is used to determine 
whether a certain contaminant has the 
potential to impact the marine environ-
ment, and therefore should be monito-
red and eventually regulated. The basis 
of risk assessment is the comparison of 
concentrations measured in the envi-
ronment to known effect concentra-
tions derived from laboratory experi-
ments. There are several ways to assess 
effect concentrations, ranging from 
theoretical calculations based on che-
mical properties (QSAR – Quantitative 
Structure-Activity Relationships) (Vig-
hi et al., 2001), to controlled experi-
ments in the laboratory and field. Ef-
fect concentrations in the laboratory are 
determined by exposing organisms to 
a concentration gradient and compar-
ing the response to a non-exposed 

1.4 risk assessMent and  
classification of 
contaMination levels

control in a dose-response experiment. 
The most common effect concentrati-
ons used are: No Observed Effect Con-
centration (NOEC), Lowest Observed 
Effect Concentration (LOEC), the effect 
concentration at which the function of 
50% of the organisms is affected (EC50), 
and the concentration that causes the 
mortality of 50% of the organisms 
(LC50, L = lethal) (Figure 1.5). 
 Several assumptions should be 
fulfilled in order to validate effect con-
centrations that are determined exper-
imentally for use in relation to the 
marine environment. First, the species 
tested should be ecologically relevant 
in that they occur in the local environ-
ment and represent the most sensitive 
species; second, the time frame of im-
pact should reflect the exposure pattern 
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in the environment; and third, both di-
rect and indirect effects should be as-
sessed. In most cases these assumpti-
ons are not fulfilled, which is the reason 
why safety factors are applied that aim 
to protect at least 95% of the species 
present. Such a strategy is employed in 
the OSPAR ecotoxicological assessment 
criteria (EAC) (OSPAR, 1998), which 
are used in the OSPAR Joint Assess-
ment and Monitoring Programme (OS-
PAR, 2003a) to assess the risk of impact 
from hazardous substances to marine 
areas with respect to the degree of con-
tamination. EACs are derived for water, 
sediment and mussle tissue concentra-
tions. When establishing EACs, the 
contaminant should have been tested 
on at least three different species repre-
senting three different trophic levels, 
for example, algae, copepods, and fish 
(Figure 1.3). If information on direct 
environmental effect levels is available, 
it can also be included in the assess-
ment. Within the OSPAR framework, 
the concentration for an EAC is deter-
mined from published effect concentra-

tions divided by a factor of 10 to 10,000 
depending on whether the value is a 
NOEC or a LC50. The reliability of an 
EAC for a given contaminant increases 
with both the number of studies and 
the number of marine organisms in-
cluded in the assessment. If the concen-
tration of a substance in the environ-
ment exceeds the EAC, it indicates 
cause for concern. However, concentra-
tions below EACs do not necessarily 
imply a safe situation, since the back-
ground information might be insuffi-
cent at the time when the EACs are 
established. There is therfore an on-
going revision of the EACs when new 
important information is available.
 Classification of contamination can 
also be based on measured concentra-
tions, as is the case in Norway and 
Sweden. These classification methods 
do not necessarily take into account 
the concentrations at which the sub-
stance can be expected to have an ef-
fect, but rather the statistical distribu-
tion of the contaminant concentrati-
ons. The Norwegian system consists 
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A dose-response curve with the response of the effect on the y-axis as % of the unaffected 

control, and the log-distributed concentration of the substance on the x-axis. NOEC – No 

Observed Effect Concentration, LOEC – Lowest Observed Effect Concentration, EC50 or LC50 

- the concentration at which the effect (E) or lethality (L) is 50% of the control. 



Hazardous and radioactive substances in danisH Marine Waters 1�

of five classes where Class I represents 
areas with only diffuse contamination, 
and Class V represents highly impacted 
areas (SFT, 1993). The Swedish system 
also consists of five classes (Naturvårds-
verket, 1999), where Class I represents 
background levels for heavy metals, 
and is set to be zero for anthropogeni-
cally derived hazardous substances. 
No corresponding classification exists 
as yet in Denmark, but the EU Water 
Framework Directive requires that 
such a classification be implemented; 
this is discussed further in Chapter 5. 
A comparison of contaminant levels 
representing the highest environmen-
tal class for some hazardous substan-
ces is given in Table 1.1.
 In this report, the concentrations of 
hazardous substances found are com-
pared to either the OSPAR EAC-values, 
where applicable, or to the Norwegian 
classification system. Either compari-
son is used in order to facilitate com-
parison with other marine areas, and 
should not be interpreted as a classifi-
cation of the Danish marine environ-
ment.

1.4.1 biomarkers for the 
deteCtion of effeCts in the 
marine environment
Another way to assess the effects of 
hazardous substances is through the 

use of biomarkers. Biomarkers are bio-
chemical or physiological responses to 
hazardous substances in organisms 
living at a site, or transplanted to a site 
of interest. There are two groups of bio-
markers: one group that contains bio-
markers specific for the effects of a 
compound or group of compounds, 
and a second group that includes bio-
markers that integrate the effects of 
many hazardous substances (Table 
1.2). Examples of specific biomarkers 
are imposex and intersex in marine 
gastropods, which are biomarkers for 
tributyltin (TBT) contamination. Impo-
sex and intersex were the only biomar-
kers used in the Danish Monitoring 
Programme NOVA (1998-2003); they 
are described in more detail in Chapter 
2.7.1. The specific biomarkers can also 
be used to indirectly assess the concen-
tration of a contaminant if there is a 
known dose-response pattern, which 
is the case with imposex (OSPAR, 
2003b). This is especially useful where 
the limits of detection for the chemical 
analysis are higher than the levels at 
which effects are induced. One exam-
ple of such a biomarker is imposex for 
snails, which can be used for assessing 
the effect level of TBT.
  There are two issues that must be 
kept in mind when interpreting the 
results from biomarkers, as illustrated 

 Norway	 Sweden	 OSPAR	EAC	

 Quality Class I Reference Quality (provisional)

 (mg per kg dry weight) (mg per kg dry weight) (mg per kg dry weight)

Copper (Cu) <35 15 5-50

Cadmium (Cd) <0.25 0.2 0.1-1

Lead (Pb) <30 25 5-50

;PCB <0.050 0 0.001-0.01

Benzo[a]pyrene <0.005 0 0.1-1

TBT – 0 0.000005-0.00005

Table	1.1

Quality criteria for 

hazardous substances 

in sediments. The 

Norwegian and 

Swedish quality  

criteria are mainly 

based on statistical 

distributions of  

hazardous substan-

ces, whereas the 

OSPAR EACs are  

derived from ecotoxi-

cological data. The 

OSPAR EACs are pro-

visional, which means 

they should be used 

for guidance and not 

for final classification.
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Fig 1.6

Figure	1.6

Relationship between 

biochemical, physi-

ological, individual, 

and population 

responses to hazard-

ous substances 

(Adapted from Peak-

all, 1992).

Table	1.2

Some examples of techniques recommended by ICES for biological effects monitoring programmes at the national or 

international level (ICES, 2004).

Method	 Organism	 Substances	addressed	 Biological	significance

AChE inhibition Fish Organophosphates and carbamates or  Measures exposure 

 Bivalves similar molecules. Possibly algal toxins

Metallothionein Fish Measures induction of metallothionein Measures exposure and disturbance of 

induction Bivalve protein by certain metals  copper and zinc metabolism

  (e.g., Zn, Cu, Cd, Hg)  

EROD or Fish Measures induction of enzymes which Possible predictor of pathology through  

P4501A  induction metabolize planar organic contami- mechanistic links. Sensitive indicator of 

  nants (e.g., PAHs, planar PCBs, dioxins) past and present exposure

ALA-D inhibition Fish Lead Index of exposure

PAH bile Fish PAHs Measures exposure to and metabolism 

metabolites    of PAHs

Lysosomal  Fish Not contaminant-specific but responds  Measures cellular damage and is a predic- 

stability Bivalves  to a wide variety of xenobiotic  tor of pathology. Provides a link between

  contaminants and metals exposure and pathological endpoints. 

   Possibly, a tool for immunosuppression  

   studies in white blood cells

Reproductive Fish Not contaminant-specific but responds  Measurement of reproductive success

success of eelpout  to a wide variety of xenobiotic  of females and deformities in larvae

(Zoarces  contaminants and metals Provides a link between exposure and  

viviparus)   effects on a population level

Vitellogenin Fish Oestrogenic substances Measures feminization of male fish and

induction   reproductive impairment

Intersex in Gastropods Specific to organotins Reproductive interference in coastal 

gastropods   (littoral) waters

Imposex in  Gastropods Specific to organotins Reproductive interference in estuarine

gastropods   and coastal littoral waters (Nucella) and  

   offshore waters (Buccinum).
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in Figure 1.6. First, a biomarker respon-
se may not necessarily imply that there 
will be negative biological/environ-
mental effects on ecosystem function 
and structure. The biomarkers will 
thereby have the function of an early 
warning signal of potential risks. Sec-
ond, the response of a biomarker may 
be difficult to relate either to a specific 

group of compounds, or to the general 
contamination level, since the causality 
between dose and response as well as 
the time frame of impact are not fully 
established. These issues can be resol-
ved, but only through a large body of 
research and long-term evaluation of 
the biomarker in use, in conjunction 
with chemical analyses.
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described in Chapter 2.8.2. Reproduc-
tive success and lysosomal stability are 
general biomarkers in that they inte-
grate the effects of many types of ha-
zardous substances, and can be used to 
assess changes in contamination level 
over time.

 In the new Danish monitoring pro-
gramme NOVANA (2004–2009), three 
more biomarkers have been introdu-
ced: reproductive success of eel-pout 
(Zoarces viviparus), lysosomal stability 
in mussel haemolymph, and EROD 
activity, an enzymatic activity biomar-
ker for exposure to PAHs and PCB-like 
substances. All of these biomarkers are 
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2
Hazardous  
substances: 
status and 
teMporal trends

The monitoring of marine contami-
nants has for several years focused on 
contaminant levels in sediment and 
biota samples (OSPAR, 2000b; HEL-
COM, 2002). The accumulation of con-
taminants in sediment and biota can 
provide stronger evidence of the gen-
eral concentration levels in a restricted 
area, and can be regarded as a time-
integrated measure of contaminant 
levels, whereas concentrations in sea-
water vary more both day-to-day and 
season-to-season. In addition, lower 
detection limits can more easily be 
achieved for hydrophobic compounds 
such as organochlorines in sediment 
and biota, owing to their high affinity 

to particulate organic matter, and their 
high bioaccumulation potential. This 
makes determination of environmen-
tally relevant concentration levels easier 
and more reliable.
 The status of contaminant levels 
and temporal trends reported here are 
based on results from the Danish Na-
tional Monitoring and Assessment 
Programme for the Aquatic Environ-
ment 1998–2003 (NOVA 2003). The 
results and experience from NOVA 
have formed the basis for the present 
monitoring and assessment pro-
gramme, NOVANA, which runs from 
2004 to 2009.
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2.1 Monitoring of Hazardous 
substances

A monitoring programme of heavy 
metals in fish had been initiated in 
relation to OSPAR in 1979, but it was 
first with the national programme 
NOVA in 1998 that a more comprehen-
sive monitoring started, including 
both organic substances and heavy 
metals in sediment and mussels. The 
national monitoring programme is 
divided into two parts: the coastal 
waters, under the responsibility of the 
regional councils, and open waters, 
under the responsibility of the Natio-
nal Environmental Research Institute 
(NERI) (Figure 2.1). In NOVA, the re-
gional stations were chosen to repre-
sent gradients from point sources such 
as towns and harbours. Some councils 
extended the geographical coverage 
by adding regional stations or relo-

cated some of the transect stations  
to other fjords during the last years of 
NOVA. The open-water stations were 
chosen to represent diffuse contami-
nation or background levels. In the 
present monitoring programme NO-
VANA, one NOVA station from each 
region has been retained in order to 
maintain the time series, whereas the 
regions can chose to place the remain-
ing stations in different locations each 
year in order to determine spatial va-
riation. For the open waters, most of 
the NOVA stations are also used with 
in NOVANA. 
 Hazardous substances were meas-
ured annually in mussels, which al-
lowed both for temporal trend analy-
sis and the detection of special events. 
Blue mussel (Mytilus edilus) was the 
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preferred indicator organism, as it is 
stationary, have a widespread geo-
graphical distribution, and is used in 
many national monitoring program-
mes, thus facilitating comparison be-
tween regions and countries. Concen-
trations measured in blue mussels 
integrate an exposure time span of 
weeks to months. Due to the wide-
spread use of the blue mussel in mo-
nitoring, it is also included in classifi-
cation systems such as OSPAR EACs 
and the Norwegian and Swedish sys-
tems (see Chapter 1.3.1). The blue 
mussel cannot be found in some 
coastal areas in Denmark, so the soft-
shell clam (Mya arenaria) is used in-
stead. A limited comparison of the 
bioaccumulation potential between 
the two species of shellfish has been 
performed, but a more extensive com-
parison is needed to be able to trans-
late assessment criteria from blue 

mussel to soft-shell clam. The moni-
toring of hazardous substances in 
flatfish such as plaice (Pleuronectes 
platessa) and flounder (Platichthys fle-
sus) is also performed on an annual 
basis. Concentrations in fish are inte-
grated over a larger geographical area 

Figure	2.1

Map of monitoring 

stations for hazardous 

substances during 

NOVA.

Sweden

Norway

Denmark

Skagerrak

North Sea

Kattegat

Baltic
Sea

Germany

Biological effect
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Sediment

Fig 2.1
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than in mussels, owing to their migra-
tion pattern. Sediment was sampled 
twice during NOVA where the top 
centimetre was used, which usually 
integrates five to ten years of inputs 
depending on the sedimentation rate 
in the area. Contaminant levels in 
sediments can also be classified in the 
same manner as contaminant levels in 
mussels (see section 1.4). 
 The data presented in this report 
have all passed the extensive quality 
control assessment of the analyses fol-
lowing the NOVA guidelines. The re-
quirements placed by the Danish En-
vironmental Protection Agency (EPA), 
who listed the laboratories approved 
for analyses of the different matrices, 
based on their submission of quality 
assurance (QA) data and results from 
intercalibrations. For the marine ma-
trices, participation in intercalibration 
exercises under the European scheme 
QUASIMEME, or formal accreditation 
was the standard. For analyses of some 
substances for which the quality con-
trol criteria cannot be met, the Danish 
EPA appointed laboratories. Quality 
data are reported annually by the la-

boratories and only analyses that pass 
the standards set in the NOVA guide-
lines are reported to the marine data-
base MADS (http://www.dmu.dk/
Vand/Havmiljoe/MADS), where all 
results from NOVA and NOVANA can 
be found.
 The hazardous substances deter-
mined in NOVA and related activities 
were mainly chosen to comply with 
programmes under international con-
ventions such as the Helsinki Conven-
tion (HELCOM), the OSPAR Conven-
tion (OSPAR), as well as EU and na-
tional regulations (Appendix I). Some 
hazardous substances on the OSPAR 
List of Chemicals for Priority Action 
and List of Substances of Possible Con-
cern were determined once or twice 
during the period to evaluate their pre-
sence and concentration levels in or-
der to assess whether the substances 
should be included in future monitor-
ing. There are a few substances such 
as mercury, cadmium, lead, PCBs, and 
PAHs that are mandatory in Danish 
monitoring under the OSPAR Coordi-
nated Environmental Monitoring Pro-
gramme (CEMP) and more substances 
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and measurements of biological effects 
will be added to this list with time.
 In this chapter, the description of the 
geographical distribution of hazardous 
substances is based on NOVA data 
from 2003 for those substances that 
have been monitored on a regular basis, 
and where concentrations were above 
the detection limit. Temporal trends 
cover at least the five years of the NO-
VA period (1998–2003) for mussels, and 
20–25 years for heavy metals in fish. 
For substances that were part of screen-

ing activities, the main results are gi-
ven. The average concentration and 
concentrations ranges for substances 
included in the regular monitoring ac-
tivities are given in Appendix I.
 The brief information on the toxi-
cology of the different substances is 
derived from HELCOM and OSPAR 
background papers on hazardous sub-
stances and the references provided 
therein. A list of the background papers 
is given under “Where can I read more” 
page 98.
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2.2 Heavy Metals

Heavy metals comprise the group of 
non-degradable elements between 
copper and mercury in the periodic 
table of elements, and include metals 
such as cadmium, mercury, lead, cop-
per, zinc, and nickel (Figure 2.2). All 
heavy metals occur naturally in the 
environment, and have been present 
since the formation of earth. Norma-
lization to background levels is there-
fore necessary in order to assess an-
thropogenically enhanced contami-
nant levels. For sediments, normaliza-
tion to aluminium and/or lithium 
content is often used, as these ele-
ments are seldom mobilized by human 
activity. Alternatively, normalization 
to the metal content of the silt fraction 
at suitable reference stations can be 
used.

 Living organisms require trace 
amounts of some heavy metals as mi-
cronutrients to function, for example 
copper and zinc, the so-called essential 
metals. However, when excessive 
amounts are present in the organism, 
essential metals also may be detrimen-
tal to the organism (Figure 2.3). The 
other heavy metals have no known 
vital or beneficial biological functions 
for organisms and are therefore non-
essential. In the Danish monitoring 
programme, six heavy metals are in-
cluded: zinc (Zn), copper (Cu), nickel 
(Ni), mercury (Hg), cadmium (Cd), and 
lead (Pb).

2.2.1 sourCes and inputs
Heavy metals are introduced into the 
Danish marine environment from 
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Figure	2.2

Periodic table of the 

elements. The heavy 

metals monitored in 

NOVA/NOVANA are 

highlighted in orange.

point sources, such as effluents from 
sewage treatment plants and industry, 
and from diffuse sources, including 
transport by watercourses (streams 
and rivers), runoff from land, and 
deposition from the atmosphere. The 

amount of heavy metals introduced 
into marine areas from the atmosphere 
is dependent on several factors, such 
as emission quantities, distance to the 
sources, wind direction, and the 
amount of precipitation. The most 

Figure	2.3

Effects of copper on 

algae. The blue curve 

shows the effects of 

copper on algal fit-

ness when there is 

lack of copper as an 

essential metal. The 

red curve shows the 

toxic effects of cop-

per at excess concen-

trations.
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important sources for emissions of 
heavy metals into the atmosphere are 
the combustion of fossil fuels and the 
incineration of waste. 
 Precipitation from the atmosphere 
is responsible for the largest input of 
lead and zinc into Danish waters, com-
pared to the contributions from regional 
streams and point sources. Lead enters 
the atmosphere locally from fireworks 
and on a global scale from smelters. 
Cadmium and mercury are mainly 
introduced into the environment from 
point sources, such as municipal wa-
ste/disposal and industrial activities. 
Mercury enters the marine environ-
ment by atmospheric deposition, which 
for the North Sea is estimated to be 10.5 
tonnes per year, as well as by riverine 
and direct inputs which range between 
6.8 tonnes and 8.5 tonnes per year (OS-
PAR, 1999). Other sources may also 
contribute to a large extent, for exam-
ple, anti-fouling paints used on ship 
hulls introduce copper to the marine 
environment, with an estimated input 
in 1992 of 18–28 tonnes per year (Bach 
et al., 2001). 
 During the past 25 years, the use 
of heavy metals has been greatly re-
duced, which has resulted in a reduced 
discharge into the environment. This 
is especially true for the three most 
toxic heavy metals, mercury, cadmi-
um, and lead (EEA, 2003). From 1990 
to 1999, there was a pronounced de-
crease in emissions of heavy metals, 
ranging from 4% for copper to 94% 
for lead. The reduction is partly due 
to the increased cleaning of flue gases 
at power plants and district heating 
plants, whereas for lead the decline is 
due to the introduction of unleaded 
petrol. 

2.2.2 toxiCology
Non-essential metals have no known 
biological function and their levels in 
tissues are generally not well regu-
lated by biological functions in marine 
organisms. Most heavy metals are 
highly toxic to organisms and affect 
vital biological processes such as 
energy production, protein synthesis, 
and enzyme function.
 Metals generally bioaccumulate in 
tissues other than fat owing to their 
affinity to sulphur compounds, which 
are mainly found in proteins, and 
thereby inhibit the normal functioning 
of enzymes and proteins. 
 Cadmium affects vital biological 
processes such as ion exchange, energy 
production, and protein synthesis, 
mainly through interaction with the 
metabolism of essential trace metals 
such as zinc and calcium. Cadmium 
combines with sulphur-containing 
groups in proteins, thereby affecting the 
functioning of enzymes. In vertebrates, 
cadmium accumulates in kidneys and 
liver, whereas lead accumulates in 
bone.
 Mercury is considered to be one of 
the most dangerous heavy metals in 
the aquatic environment. It is found 
in both organic and inorganic forms; 
the organic form has a high toxicity 
and potential for bioaccumulation, 
and it may also biomagnify. Particu-
larly under anoxic conditions, such as 
in sediments, the transformation of 
inorganic mercury to organic forms is 
favoured. Organomercury is lipophilic 
and fat-soluble, moving across mem-
branes into fatty tissues; it tends to 
affect the nervous system, and to be 
accumulated and expressed in the 
brain. In marine ecosystems, organ-
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isms at the top of the food chain have 
been identified as the most sensitive 
species, owing to secondary poisoning 
and potential biomagnification. Inor-
ganic mercury affects a range of cel-
lular processes, in the same way as 
cadmium, based on its ability to com-
bine with sulphur-containing groups 
in proteins.
 Lead is rarely found in high con-
centrations in seawater owing to its 
high affinity for particles. Especially 
algae have been found to be very 
sensitive to lead, but lead can affect 
aquatic species at different levels in 
the food chains (EEA, 2003). 
 Detoxification in organisms may 
consist of “hiding”, or sequestering, 
the active metal ions within certain 
proteins, called metallothioneins, or 
depositing them in insoluble form in 
intracellular granules for long-term 
storage or excretion through hair, 
feathers, or fur. 

2.2.3 status and trends
The concentrations of heavy metals in 
Danish mussels in 2003 are shown in 
Figure 2.4 A-D. The Norwegian clas-
sification system (SFT) has been used 
for assessing the environmental status 
of heavy metals in blue mussels, 
whereas EAC limits have been used 
for sediments.

copper

The concentrations of copper in mus-
sels were highest in the Ringkøbing 
fjord where all stations were markedly 
contaminated (STF Class III). There 
were two areas, Århus Bugt and Little 
Belt, with only diffuse contamination 
by copper (SFT Class I), whereas all 
other areas were classified as moder-

Figure	2.4

Concentrations of A) copper, B) cadmium,  

C) lead, and D) mercury in mussels from 11 

coastal areas in Denmark, shown as average 

(bar) and maximum (line) concentrations. The 

Norwegian classification system is used for 

evaluation of the contaminant levels. For lead 

most areas are classified as SFT I.
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ately contaminated. Copper concen-
trations in sediments exceeded the 
lower EAC limit in the inner Danish 
waters, and even at one station in the 
North Sea/Skagerrak.

cadMiuM

The concentration of cadmium in mus-
sels was highest in the Sound and 
Ringkøbing Fjord that on average was 
moderately contaminated (STF Class 
II). Moderate contamination by cad-
mium was seen at one station each in 
the Wadden Sea, Randers Fjord and 
the Great Belt area. The lower EAC 
limit for sediments was exceeded for 
cadmium in all areas, and the higher 
EAC limit was exceeded in some of 
the stations in the Baltic, the Belt Sea, 
the North Sea, as well as some of the 
fjords, indicating that effects on the 
ecosystem are likely.

lead

The concentration of lead in mussels 
was highest in Ringkøbing Fjord and 
the Sound, but only at a few stations 
was the limit for moderate contamina-
tion exceeded. On the other hand, lead 
concentrations in sediments were 
above the lower EAC limit at all sites, 

and above the high EAC limit in the 
Sound, the Belt Sea, the Kattegat, and 
in some of the fjords.

Mercury

The concentration of mercury in mus-
sels was highest in the Wadden Sea, 
where one station was markedly pol-
luted (SFT Class III). The Wadden Sea 
and the Sound have been classified as 
moderately contaminated (SFT Class 
II), as has one station in the Great Belt 
area. Mercury concentrations in sedi-
ments exceeded the lower EAC limit in 
the Wadden Sea, the Sound, the Baltic 
Sea, the Belt Sea, and Århus Bugt as 
well as in some of the fjords, implying 
that there is a risk of effects on the eco-
system. The Sound region has a histo-
ry of high chemical loading over the 
past 100 years and particularly sedi-
ments from Copenhagen harbour con-
tain large amounts of mercury. The 
high mercury levels in the Wadden Sea 
can be ascribed to large inputs from the 
rivers Elbe and Weser.
 Another way to estimate the con-
tamination of sediments by some of the 
heavy metals is to normalize the con-
tent of the metal in the <63µm (silt) 
fraction to that in the same fraction in 
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sediments from reference stations. 
However, this is only valid for those 
metals that have a strong correlation 
with the silt fraction, which does not 
include cadmium or mercury owing to 
their affinity to organic matter. When 
using this approach for zinc, copper, 
nickel, and lead, the degree of con-
tamination is compared to the natural 
background concentrations repre-
sented by 100% (Figure 2.5). Especially 
for copper, but also for the other heavy 
metals in some areas, background 
concentrations are clearly exceeded.

Heavy Metals in fisH

Heavy metal concentrations were mea-

sured in flounder from the Sound, the 
Wadden Sea, the Great Belt, and the 
North Sea (Table 2.1). Nickel and lead 
concentrations were below the detec-
tion limit in most samples. For heavy 
metals, there is a Danish limit for mer-
cury in seafood of 0.5 mg/kg wet 
weight (~ 2.0 mg/kg dry weight), and 
this limit was not exceeded in any of 
the 114 fish or 95 mussel samples col-
lected in 2003. 
	 Temporal trends of metals in mus-
sels only cover the past five years, 
which in most cases is too short a time 
period to provide adequate statistical 
power for the analyses. However, for 
concentrations of mercury, cadmium, 
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Area	 Zn	 Cu	 Cd	 Hg	 Hg	muscle

The Sound    

 – Nivå Bugt ** 172 ± 8 44 ± 3 0.40 ± 0.08 0.20 ± 0.03 0.61 ± 0.07

 – Vedbæk * 172 ± 16 53 ± 10 0.73 ± 0.21 0.34 ± 0.12 0.74 ± 0.21

 – Copenhagen harbour* 188 ± 11 37 ± 10 0.38 ± 0.12 0.22 ± 0.03 0.62 ± 0.05

Great Belt ** 183 ± 8 68 ± 6 1.26 ± 0.32 0.31 ± 0.06 0.53 ± 0.08

Wadden Sea* 135 ± 11 44 ± 5 0.18 ± 0.08 0.22 ± 0.01 0.36 ± 0.02

North Sea * 186 ± 17 78 ± 8 0.57 ± 0.07 0.35 ± 0.07 0.52 ± 0.06

 – Plaice ** 176 ± 11 17 ± 2 0.23 ± 0.03 0.31 ± 0.02 0.36 ± 0.03

**: n=25 *: n=10

Table	2.1	

Metal concentrations 

in fish (flounder) 

(average ± S.D) in 

mg/kg dry weight in 

liver (except where 

otherwise noted).

Sampling of mussel 

haemolymph for 

measurement of  

lysosomal activity.
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copper, and lead in mussels, there 
were significant increases at some sta-
tions, while only the concentration of Fig 2.6

Sweden

Norway

Denmark

Skagerrak

North Sea

Kattegat

Baltic
Sea

Germany

Mussels

Fish

Increasing trend

Decreasing trend

Significance level

p<0.05

p>0.05

Cu

Pb

Pb,
Hg

Ni Ni

Cd

Hg
Cd,
Pb Cd

Figure	2.6

Temporal trends of 

metal concentrations 

in mussels: cadmium 

(Cd), copper (Cu), 

lead (Pb), nickel (Ni), 

and mercury (Hg).

Figure	2.7

Temporal trends of 

metals in fish: A) cad-

mium, and B) mer-

cury. t2 is the time it 

will take for the con-

centration to double; 

t½ is the time it will 

take for the concen-

tration to be halved; 

p is the significance 

level of the trend. The 

stippled line indicate 

the 95% confidence 

level of the trend.

nickel decreased at a single station 
(Figure 2.6).
 The temporal trends for concentra-
tions of heavy metals in fish caught in 
the Sound and at the two stations in 
the Skagerrak are based on 20 years of 
measurements, thus providing greater 
statistical power. Out of the six metals 
investigated, only cadmium and mer-
cury in fish from the Sound station 
showed a change over time (Figure 2.7 
A-B). There was a significant decrease 
in the concentrations of mercury in 
flounder from 1980 to 2003, whereas 
a significant increase in cadmium was 
observed during the same period. 
 Temporal trends of heavy metals 
in sediments cannot be assessed based 
on the NOVA data set as there are only 
two time points, and the concentra-
tions found in 2003–2004 were com-
parable to those found in 2000–2001 
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Fig 2.9
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Figure	2.9

Distribution of zinc in three sediment cores 

from Århus Bugt showing trends of zinc 

contamination time.

Figure	2.8

Distribution of metals in two size fractions 

(<63 μm (silt) and <2000 μm (whole sedi-

ment)) of sediments during three sampling 

periods: A) copper, B) zinc, C) lead, and D) 

nickel. Replicate cores were only sampled 

for in the Kattegat, where the error bars 

show the standard deviation between repli-

cates.

(Figure 2.8 A-D). However, when 
comparing these data with those col-
lected in 1985/1986, there seems to be 
a decrease in the concentrations of cop-
per in the North Sea and in Skagerrak 
during the period up to 2000–2004, 
whereas an increase in the mercury 

concentrations has occurred in the 
same areas and time period. The 
sediment cores from Århus Bugt and 
Mariager Fjord (Figure 2.9) show a two 
to three-fold increase in the concentra-
tions of heavy metals from the first 
half of the 19th century until today.
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2.3 polyaroMatic 
Hydrocarbons

Polyaromatic hydrocarbons (PAHs) are 
a group of compounds consisting of 
molecules with three or more fused 
benzene rings. Naphthalene, which is 
the only 2-ringed aromatic hydrocar-
bon, is also included in the PAH data 
presented here. PAHs originate from 
tar substances present in oil (petro-
genic PAHs), and from all types of 
incomplete combustion, whether it be 
fossil fuels such as coal, oil and gas, or 
wood and waste incineration (pyro-
genic PAHs). Some PAHs can also be 
formed naturally due to forest fires and 
volcanic activity. It is possible to relate 
the source of PAHs at a site based on 
its composition of light and heavy 
molecular weight PAHs, where heavy 
molecular weight PAHs and PAHs 
with side chains are mainly produced 

by pyrogenic sources, while light 
molecular weight PAHs mainly origi-
nate from petrogenic sources.

2.3.1 sourCes and inputs
The majority of PAHs in Danish wa-
ters in terms of weight (approximately 
75%) derive from oil spilled directly 
into the sea from ships or oil produc-
tion (Faktuelt, 2000). The major sources 
of the remaining 25% of PAHs in the 
Danish marine environment are fossil 
fuels and incomplete combustion of 
organic materials. The latter consists of 
PAHs from energy production, small 
oil or straw burners, and the transport 
sector. PAHs from combustion pro-
cesses are emitted to the air as volatile 
components or adsorbed onto partic-
les and may travel long distances be-
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fore they precipitate onto the ground 
or into the sea.
 PAHs are transported to marine 
sediments mainly due to their strong 
binding to organic matter that settles 
on the seafloor. The typical environ-
mental conditions of Danish marine 
sediments, such as low oxygen con-
centrations, low temperatures, and 
low levels of UV light, all slow down 
the degradation and thereby the PAHs 
become more persistent in these envi-
ronments. 

2.3.2 toxiCology 
PAHs are generally considered to be 
toxic to aquatic organisms. They are 
highly soluble in organic tissues and 
the radical metabolites formed during 
metabolism can interfere with proteins 
and nucleic acids in the cell, causing a 
variety of effects depending on the 
specific target. PAHs constitute the 

largest group of carcinogenic sub-
stances because many of the metabo-
lites are genotoxic in that they bind 
irreversibly to DNA molecules and 
thereby damage the genome. Concen-
trations in water down to 0.4 µg/L 
have been found to be mutagenic and 
harmful to reproduction in fish. Higher 
concentrations of PAHs can also cause 
damage to the structure of membranes, 
a so-called narcotic effect.
 When PAHs are exposed to sun-
light, the radicals formed can be ex-
tremely reactive and up to 50 000 times 
more toxic than their parent com-
pound (Boese et al., 1998; Lyons et al., 
2002). These radicals can, in turn, react 
with organic matter and produce other 
damaging radicals of non-PAH origin, 
as well as affect organisms that them-
selves do not metabolize PAHs to 
radicals. This mechanism is known as 
phototoxicity.

Oil fingerprint from the Baltic Carrier that grounded in the south of Denmark in 2001. Each type of oil has 

its own individual chemical composition. If an oil spill is detected in Danish waters from an unknown source, 

a chemical fingerprint of the oil is constructed from analysis of its PAH composition. The fingerprint can then 

be compared to oil from ships or other sources, and with the use of multivariate data evaluation, the source 

can be determined with almost 100 % accuracy (CEN, 2006). 

oil fingerprinting
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Fig 2.11
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Figure	2.11

Oil discharges into the North Sea separated into oil in production water and oil spills during 

the period 1991 to 2002.

2.3.3 status and trends
NOVA includes analyses of 26 PAHs in 
all, but with the main focus on the 16 
PAHs defined in the United States 
Environmental Protection Agency 
standard. The PAHs are separated into 
groups based on number of rings in 
their structure (2, 3, 4, or 5 rings), and 
on the presence of side chains in their 
structure. 
 The concentrations of individual 
PAHs in mussels were generally below 
the lower EAC limit except for anthra-

cene, where the lower EAC limit was 
exceeded at 44% of all sampling sites, 
with the highest levels in Horsens 
Fjord. In all but three areas the sum of 
the 16 PAHs exceeded the lower limit 
in the Norwegian classification system 
(Figure 2.10), where the Wadden Sea 
had the highest average concentra-
tion. Generally, it is the high molecular 
weight PAHs in mussels that may 
cause effects according to the assess-
ment criteria.
 The concentrations of PAHs in 
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Figure	2.10

Concentrations of total PAHs in mussels from nine coastal areas, shown as average (bar) and 

maximum (line) concentrations. The Norwegian classification system (SFT I and II) is used for 

evaluation of the contaminant levels.
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from Danish oil rigs in the North Sea 
does not show any temporal trend, 
whereas oil discharges through pro-
duction water have been increasing 
each year between 1991 and 2002 
(Figure 2.11). 
 Reports of oil spills from ships have 
been fairly constant at around 400 per 
year, with a declining tendency during 
the past few years (Grønnegaard & 
Bruun, 2004). Oil spills that may not 
have been reported to authorities, but 
that have been documented as a con-
sequence of spill incidents such as oil-
covered seabirds, have declined be-
tween 1984 and 1995 in the Baltic Sea 
and the North Sea (Skov et al., 1996). 

Photo: DMU/Anders Mosbech

sediments exceeded the lower EAC 
limit at most stations and in sediments 
the concentrations of all monitored 
PAH groups are causes of concern.
 Temporal trends for PAHs have so 
far only been determined for two sta-
tions in Roskilde Fjord, as some data in 
the 1998–2002 period are under reeva-
luation. The only significant increase at 
one of these two stations was for fluo-
ranthene, whereas the sum of PAHs 
was constant.
 Data from Norwegian and Danish 
oil fields show that up to 95% of the 
total sum of PAHs in offshore produc-
tion waters consists of low molecular 
weight PAHs such as naphthalenes. 
The amount of PAHs from oil spills 
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2.4 organoHalogen 
coMpounds

Organohalogen compounds are orga-
nic chemicals containing one or more 
atoms of a halogen (fluorine, chlorine, 
bromine or iodine); many are poly-
halogenated aromatic compounds, i.e., 
containing one or more benzene rings, 
in which one or more hydrogen atoms 
are substituted with a halogen. The 
substitution with halogens results in a 
variety of different versions of the 
compound, so-called congeners, and 
the environmental concentrations of 
these compounds are often given as the 
sum of some or all of the congeners. 
The use of polychlorinated biphenyls 
(PCBs) and organochlorine pesticides 
such as Lindane (hexachlorocyclohex-
ane (HCH)), DDT, hexachlorobenzene 
(HCB), and Chlordane is banned in 
Denmark. However, due to their che-

mical stability, and in the case of PCBs, 
their presence in older products still in 
use, they are found throughout the 
Danish marine environment and are 
therefore included in the monitoring 
programme. Brominated flame retard-
ants (BFRs) and dioxins and furans are 
considered as newer compounds of en-
vironmental concern and were screen-
ed once during the NOVA period. 

2.4.1 sourCes and inputs
PCBs have been used extensively in 
many industrial applications, includ-
ing hydraulic fluids, cooling liquids in 
transformers and dielectric liquids in 
capacitors, and as plasticizers and lu-
bricants, as well as in inks and paints. 
Although they have been banned in 
Denmark since the 1970s, PCBs are still 
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being introduced into the Danish envi-
ronment via diffuse sources such as 
atmospheric deposition, water from 
rivers with sediment-bound PCBs, old 
dumping grounds, and from houses 
with material containing PCBs (Mark-
ager et al., 1999). The ratio between the 
different congeners of PCBs is used to 
determine whether the PCBs found are 
of old or new origin. This ratio in the 
Baltic Sea has been decreasing since 
the 1980s; however, in the past 3–4 
years the ratio has been increasing 
again, indicating new inputs from 
countries where PCBs are still in use 
(Tidlund & Brenner, 1999), for exam-
ple, Russia.
 DDT is mainly used to control 
insects in crops, but has been banned 
in Denmark since the 1970s. It is still 
produced and used in Asia and Cen-
tral and South America, and possibly 
also in China and Russia (Markager et 
al., 1999). The contamination of DDT 
in Denmark today is therefore the 
result of old contamination and long-
range input.
 Lindane (HCH), HCB and Chlor-
dane are also insecticides used for soil 

and seed treatment, wood preserva-
tion, and for spraying fruits and veg-
etables. HCH and Chlordane have 
been banned in Denmark, but are still 
used in some European countries (Ta-
ble 2.2).
 Brominated flame retardants com-
prise a wide range of chemicals that are 
used in many products such as com-
puters, textiles, televisions, and cars. 
They enter the marine environment by 
diffuse routes such as long-range trans-
port in the atmosphere, discharges 
from washouts, and evaporation from 
and the destruction of products con-
taining flame retardants imported into 
Denmark. Substances that are used in 
large volumes include polybrominated 
diphenylethers (PBDEs), hexabromo-
cyclododecane (HBCDD) and tetrab-
romobisphenol-A (TBBP-A). The pro-
duction of polybrominated biphenyls 
(PBBs) ceased worldwide in 2003. 
 Dioxins and furans are by-products 
from industrial processes such as paper 
bleaching and chemical manufactur-
ing, and from the combustion of fossil 
fuels, as well as waste and wood incin-
eration, where chloride often functions 

	 	 	 								Lindane	(kg)	to	the	North	Sea

Country	 1990	 1991	 1992	 1993	 1994	 1995	 1996	 1997	 1998

Belgium 102 100-102 77-88 62-98 52-97 54-57 n.i. 56-76 101-120

Denmark 0-30 0-30 0-30 0-30 0-30 0-30 n.i. n.i. n.i.

France 175 175 175 175 175 175 120 n.i. n.i.

Germany 342 183 207-209 193-194 250-272 291 234-243 370 261

Netherlands 11 2,4 6,6 360 150-310 352-385 300 300 258-261

Norway 420 216 70 61 61 70 48 46 57

UK* 147-234 224-351 142-239 245-298 196-265 154-251 96-140 70-108 61-130

Total (kg) 1197-1314 900-1060 678-818 1096-1216 884-1210 1096-1259 798-731 798-900 738-829

n.i. No information

* There is further significiant discharge from the UK to the Irish Sea and the Atlantic.

Table	2.2

Input of Lindane  

to the North Sea

(OSPAR, 2006).
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as a catalyst in the formation of dioxins. 
The main sources to the atmosphere 
are combustion processes, which cause 
diffuse inputs into the marine environ-
ment, whereas industrial processes can 
lead to direct inputs. Dioxins and 
furans can also originate from forest 
fires and volcanic activity.

2.4.2 toxiCology
Polyhalogenated aromatic compounds 
have low water solubility, high lipo-
philicity, high stability, and high re-
sistance to biodegradation, and these 
properties result in high bioavailabil-
ity, uptake, and accumulation in the 
fatty tissues of living organisms. The 
biomagnification through the food 
chain of many such compounds has 
been reported, and the highest concen-
trations are found in top predators, 
such as seabirds and marine mam-
mals. The compounds and their meta-
bolites may disrupt the immune sys-
tem, hormone production and trans-
port, and thereby impair reproduction, 
increase susceptibility to disease, and 
damage the nervous system. PCBs and 
dioxins can bind irreversible to a vari-
ety of macromolecules such as DNA, 
as well as reversibly react with specific 
enzymes and reaction sites in the cell, 
where, for example, dioxins exhibit 
anti-oestrogenic effects by blocking 
the normal function of the oestrogen-
receptor. 
 The metabolites of polyhalogen-
ated aromatic compounds are also 
known to be toxic. For example, DDT 
and its breakdown product DDE were 
discovered to be responsible for egg-
shell thinning, causing decreased re-
productive success in predatory birds; 
this resulted in a ban on the use of DDT 

in Denmark and other countries. DDE 
also affects the testosterone concentra-
tion in porpoises, for example, which 
may have consequences for reproduc-
tion, because testosterone plays a cru-
cial role in normal male sexual differ-
entiation and sexual behaviour. Other 
contaminants that affect the hormonal 
system include the metabolites of 
PCBs that bind to the protein respon-
sible for transporting the thyroid hor-
mone thyroxin. This hormone is im-
portant for growth and development, 
so the reduced transport of this hor-
mone may damage early life stages of 
organisms. 
 The toxicity and mode of action of 
brominated flame retardants are not yet 
well understood. Some of the polybro-
minated biphenylethers screened for 
under NOVA have been classified as 
highly toxic to aquatic organisms, but 
the toxicity is dependent on the degree 
of bromination, whereby the less bro-
minated compounds are more toxic. 
Other effects, such as endocrine disrup-
tion and neurotoxic effects, have also 
been reported, but generally the envi-
ronmental effects are poorly studied.
 Dioxins are highly toxic compounds 
that can cause cancer and alter repro-
ductive, developmental, and immune 
functions. Their environmental impact 
is, however,  poorly studied. The mode 
of action is through binding to a specific 
receptor that, in turn, binds to specific 
parts of the DNA, which changes the 
gene expression of the cell.

2.4.3 status and trends

pcb
NOVA included analyses of 13 PCBs 
in all, but with the main focus on seven 
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of the congeners (CB28, CB52, CB101, 
CB 118, CB138, CB153, CB180), also 
denoted as ΣPCB7. 
	 Although a majority of countries 
in Western Europe have banned the 

use of PCBs, the sum of seven conge-
ners was found at concentrations in 
mussels that exceeded the low EAC 
limit at all but one of the areas moni-
tored (Figure 2.12). In 2004, the highest 
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concentrations were found in Roskilde 
Fjord, as was the case in 2003, and at 
some stations the concentrations also 
exceed the high EAC limit. The con-
centrations of PCBs in sediments were 
measured in 2003, and in general the 
lowest concentrations were found in 
the open marine areas, whereas high 
concentrations were found at some 
stations in the inner Danish waters, 
for example, Limfjorden and the 
Sound (Figure 2.13). 

ddt, HcH and bfr
NOVA included analyses of DDT and 
its breakdown products DDE and 
DDD, as well as HCH, reported here 
as the sum of α-, β-, and γ-HCH, the 
different congeners of HCH. 
 Concentrations of the degradation 
products of DDT, DDE and DDD, in 
mussels did not exceed the low EAC 
limit of 0.8 g/kg wet weight at any 
station. For HCH, the concentration 
was below 0.5 µg/kg wet weight for 
all stations, corresponding to insig-
nificant and moderate pollution 
according to the Norwegian classifica-
tion system. 
 The concentrations of ΣPCB7, 
DDT+DDE, and HCH in liver from 
flounder were all highest in the Sound 
area (Copenhagen); this was most 

marked for the PCB levels, which were 
2–3 times higher there than in other 
areas. Since there was no significant 
difference in the amount of extractable 
fat from the fish at the different sta-
tions, the data accurately reflect dif-
ferences in contamination level 
between the stations (Table 2.3).
 The most frequently used BFRs 
were all found in sediment, mussels, 
and fish in Denmark (Christensen & 
Platz, 2001) (Figure 2.14). An initial 
screening in 2000 of the PBDEs at ten 
sediment stations and fifteen mussel 
stations showed that the highest con-
tamination was found in sediments 
(21.5 ng/g dry weight) and mussels 
(0.811 ng/g wet weight) close to har-
bours and waste dumps (Christensen 
& Platz, 2001).
 The temporal trends of concentra-
tions of ΣPCB7, DDT, and HCH in 
mussels showed a significant decrease 
at some coastal stations in the period 
from 1998 to 2003 (Figure 2.15); how-
ever, no trends were observed at the 
majority of stations. Concentrations of 
ΣPCB7, DDT, and HCH were only 
available for fish from the Sound from 
1998 to 2003, and here a significant 
decrease in HCH concentrations were 
recorded, while a significant increase in 
ΣPCB7 concentrations were evident. 

 ΣPCB7	 ΣHCH	 HCB	 ΣDDT	 Extractable		 	

	 	 	 	 	 lipid	

 (µg/kg	ww)	 (µg/kg	ww)	 (µg/kg	ww)	 (µg/kg	ww)	 Content,	%

Copenhagen 118 ± 26.8 1.9 ± 0.3 1.1 ± 0.2 29.0 ± 8.0 10.2 ± 1.6

Vedbæk 52.5 ± 13.3 1.7 ± 0.3 0.9 ± 0.1 21.8 ± 5.3 9.5 ± 1.7

Great Belt 38.8 ± 7.0 1.8 ± 0.2 1.1 ± 0.2 19.9 ± 3.0 11.7 ± 1.3

Wadden Sea 19.0 ± 1.3 0.4 ± 0.0 0.7± 0.1 4.8 ± 0.3 9.6 ± 0.9

North Sea 32.3 ± 3.9 1.0 ± 0.1 1.8 ± 0.3 10.0 ± 1.1 12.0 ± 1.4

Table	2.3	

Organochlorine con-

centrations in floun-

der liver, given as 

average concentra-

tion ± standard error.

ww = wet weight 
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Fig 2.14
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Figure	2.14

Concentrations of brominated flame retardants in Danish marine sediments.

Figure	2.12

Concentrations of the sum of seven PCBs in mussels in the Danish marine environment, 

shown as average (bar) and maximum (line) concentrations. OSPAR EACs are used for eva-

luation of the contaminant levels.

Figure	2.13

Concentrations of the sum of seven PCBs in sediments in the Danish marine environment, 

shown as average (bar) and maximum (line) concentrations. OSPAR EACs are used for evalu-

ation of the contaminant levels. n.d. = not detected
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2.5 otHer organic substances

Several compounds chosen from the 
OSPAR List of Chemicals for Priority 
Action and List of Substances of Pos-
sible Concern were screened for dur-
ing NOVA in order to assess whether 
they should be included in the new 
monitoring programme NOVANA. 
These included additives in detergents 
(LAS), oestogenic-mimicking com-
pounds such as phthalates and nonyl-
phenolethoxylates found in plastics 
and industrial detergents, and musk 
compounds used as fragrances. There 
will be more focus on these groups in 
the future, as it has been shown that 
these compounds are toxic to aquatic 
species, bioaccumulate, and degrade 
slowly in natural environments.

2.5.1 las
Linear alkylbenzene sulphonates 
(LAS) are the most extensively used 
detergents in cleansing agents. LAS 
compounds consist of an alkyl chain 
(10–13 carbon atoms) and a sulfonate 
group attached to a benzene ring. 
They readily adsorb onto the surfaces 
of dissolved or solid particles owing 
to their high lipophilicity and low 
water solubility. Despite the high 
separation efficiency in sewage treat-
ment plants, LAS water concentra-
tions from the outlet are in the range 
of 0.02–0.9 mg/L (Danish EPA, 2002). 
LAS are only slowly degradable in 
anoxic environments and high concen-
trations may be found in the marine 
environment. In estuaries and near-
shore marine waters, LAS have been 
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found in concentrations that affect the 
normal growth and development of 
marine organisms. LAS inhibit oxygen 
uptake in fish, reduce growth, and 
affect flagella activity in ciliates and 
mussel larvae (Christensen et al., 1998; 
Hansen et al., 1997; Kimerle, 1989). 
Their mode of action is believed to in-
volve interference with ion transport 
across cell membranes. LAS are now 
on the Danish Environmental Protec-
tion Agency’s list of undesirable sub-
stances in the group of non-anaerobi-
cally degradable substances.
 LAS concentrations in coastal ma-
rine sediments were up to 22 mg/kg 
dw (Glob, 1998). The highest concentra-
tion was found in a fjord in the vicinity 
of the discharge outlet for effluents 
from a municipal wastewater treat-
ment plant.

2.5.2 oestrogen-mimiCking 
substanCes
The most severe effects ascribed to 
oestrogen-mimicking substances such 
as nonylphenols and phthalates are on 
human reproductive health, where 
they are suspected of reduceding sperm 
quality and inducing testicular cancer 
in men, and breast cancer in men and 
women, as well as causing other forms 
of cancer (Toppari et al., 1995). Although 
the oestrogen-mimicking effects of 
nonylphenols and phthalates are weak 
compared to those of many other sub-
stances and to oestrogen itself, the con-
centrations of these compounds in 
wastewater are comparatively high. 
Hence, nonylphenols and phthalates 
presumably play a significant role in 
the total oestrogen-mimicking effect of 
sludge and wastewater, which in turn 
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are the main sources of inputs of these 
compounds to the marine environ-
ment. 

pHtHalates

Phthalates are high-volume synthetic 
compounds used as plasticizers. The 
total use of phthalates in Denmark 
amounted to 9,000–14,000 tonnes per 
year in 1996. Phthalates enter the ma-
rine environment through a variety of 
routes including effluents from waste-
water treatment, industrial effluents, 
waste disposal, and atmospheric pre-
cipitation.
 Two phthalate compounds are con-
sidered to be the most toxic, namely 
DEHP (di(2-ethylhexyl)phthalate) and 
DBP (di-n-butyl phthalate). They are 
both damaging to reproduction, and 
DEHP is also carcinogenic. Generally, 
phthalates have a moderate to high 
toxicity to aquatic organisms.
 DEHP was found in sediments in 
all areas screened for in 2003 (Figure 
2.16). The highest concentrations oc-
curred in coastal waters, but DEHP 
can also be found in the Skagerrak and 
the North Sea.
 The occurrence, sources, transport, 
and fate of phthalates in the aquatic 

environment of a fjord were investiga-
ted in a study in Roskilde Fjord (Vikel-
søe et al., 2001). DEHP was the most 
abundant in water samples, with con-
centrations of 25–211 ng/L. There was 
no significant spatial variation, but a 
seasonal pattern was observed, with 
a maximum in June and a minimum 
in December. The seasonal variation 
can mainly be attributed to the higher 
solubility of phthalates at higher tem-
peratures, and also a larger dissocia-
tion from the sediment in the fjord 
during summer. 
 High concentrations were found in 
sediments from the innermost part of 
the fjord in a decreasing gradient away 
from a wastewater treatment plant. 
DEHP and Di-n-DBP were the most 
abundant phthalates in the fjord sedi-
ment. The mean sediment concentra-
tion of DEHP in Roskilde Vig was 724 
µg/kg dw, but individual concentra-
tions ranged up to nearly 2,000 µg/kg 
dw. 

nonylpHenol and 
nonylpHenoletHoxylates (npes)
NPEs are high-volume chemicals that 
have been used for more than 40 years 
as detergents, emulsifiers, and wetting 
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and dispersing agents. Nonylphenol 
and polyethoxylate-containing prod-
ucts are used in textile processing, 
pulp and paper processing, paints, 
resins and protective coatings, oil and 
gas recovery, steel manufacturing, pest 
control products, and power generati-
on. NPEs are also used in a wide range 
of consumer products, including cos-
metics, cleaning agents, and paints, 
and in a variety of applications. The 
annual consumption is approximately 
675–1. 200 tonnes/year (Pallesen et al., 
1996). The main pathways to the ma-
rine environment are through indus-
trial effluents and municipal waste-
water treatment plants.
 Nonylphenolethoxylates are de-
graded to nonylphenols, which are 
severely toxic to aquatic organisms and 
have hormone-like effects on humans. 

They induce oedema and abnormal 
mucus production in fish gills, and 
osmoregulation, respiration, and ion 
transport in mussels are affected. Non-
ylphenols stimulate the synthesis of 
vitellogenin (Vtg), which is a precursor 
to yolk protein and is synthesised in 
the liver of all egg-laying vertebrates. 
Females primarily produce the protein, 
but males produce it if they are exposed 
to oestrogen-mimicking substances. 
The presence of, for example, vitello-
genin in the plasma of male fish, and 
the development of oocytes in male 
testes, serve as sensitive biomarkers of 
effects from oestrogen-mimicking sub-
stances.
 Nonylphenol was detected in sedi-
ments in all samples screened in 2003 
(Figure 2.16), with the same geograph-
ical distribution as that of DEHP. 
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 In 1998, nonylphenols were found 
in sediment samples from 66 stations 
in the Great Belt and the Little Belt at 
concentrations of 150–33,000 µg/kg 
dw, with a mean of 1,877 µg/kg dw 
(Glob, 1998). The highest concentra-
tions were found in the fjords of Vejle, 
Kolding, Haderslev, and Odense (>3- 
500 µg/kg dw). 

2.5.3 musk Compounds
Musk compounds are widely used as 
fragrance ingredients in washing and 

cleaning agents, fabric softeners, air 
fresheners, shampoos, perfumes and 
other cosmetic products, and as food 
additives in fish baits and in cigarettes. 
Musk compounds are only partly 
degraded in sewage treatment plants 
and thus they are introduced into the 
environment via effluents from sew-
age plants and sewage sludge. The 
compounds are stable in the environ-
ment and may also biomagnify in the 
food chain.
 According to the Danish Product 
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Register, the consumption in Denmark 
is: Galaxolide 333 kg/year, mainly 
used in cosmetics and cleaning agents; 
Tonalide 33 kg/year and Traseolide 14 
kg/year, both mainly occurring in 
cleaning agents; Cashmeran and Ce-
lestolide about 1 kg/year and Phanto-
lide less than 1 kg/year. Musk xylene, 
134 kg/year, and muskketone, 20 kg/
year, are mainly used in cosmetics. 
 Phantolide (AHDI) and Tonalide 
(AHTN) were detected in the tissues of 
blue mussels sampled in Denmark in 
a Nordic screening study (Mogensen 
et al., 2004). The environmental signi-
ficance of this finding is difficult to 
assess, as there is a lack of data for syn-
thetic musk compounds. 

2.5.4 phosphate triesters 
Phosphate triesters are used as plasti-
cizers and additives in a wide range of 
products such as resins, paint, and 
metal working oils. They are highly 
toxic to aquatic organisms; they de-
grade in aerobic environments, but not 
under anaerobic conditions. Tributyl-
phosphate has been found in sediments 
from twelve stations in the Great and 
Little Belt area, with the highest con-
centration 220 µg/kg dw in Haderslev 
Fjord. The mean concentration of the 
twelve sampling stations was 65 µg/kg 
dw (Glob, 1998).

2.5.5 pfas
Perfluorinated alkylated substances 
(PFAS) are carbon chains covalently 
bonded with fluorine atoms. PFAS 
chemicals are used for the surface treat-
ment of textile and leather products, in 
detergents, in car and floor waxes, in 
the hydraulic liquids of aeroplanes, and 
in the electronics industry. They are 

released into the environment through 
wastewater, sludge, and landfills. 
 Originally PFAS were thought to 
be biologically inert, and in the last 50 
years the production and use of PFAS 
have been increasing. However, during 
the past ten years it has been discov-
ered that PFAS-related residues are 
highly toxic and very persistent in the 
environment. They are believed to 
interfere with fatty acid metabolism 
and have been found to have an ad-
verse impact on mammalian liver tis-
sues. The half-life of PFAS compounds 
in human tissues is estimated to be 
several years. 
 A Nordic survey of PFAS com-
pounds was carried out during the 
year 2003 in Finland, Sweden, Norway, 
Denmark, Iceland, and the Faroe Is-
lands (Kalleborn et al., 2004). Various 
types of environmental samples were 
taken: water samples, sediment sam-
ples from lakes and coastal waters, 
sewage sludge samples, and tissue 
samples from fish, seals, and whales. 
Perfluorinated alkylated substances 
were found in almost all the environ-
mental samples. The most commonly 
found substances were perfluorooctane 
sulphonate (PFOS) and perfluoroocta-
noic acid (PFOA). These compounds 
are known to have adverse effects on 
the environment. Concentrations in 
surface water and coastal water sam-
ples were low. In biota, the highest 
concentrations were found in liver 
samples from Danish harbour seals 
(551 µg/kg ww). A larger screening 
survey of PFOS from both freshwater 
and coastal marine areas was initiated 
in 2004 within the NOVANA pro-
gramme. 
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2.6 anti-fouling coMpounds

Fouling on ship hulls reduces speed 
during sailing, thus raising fuel con-
sumption, hampers manoeuvring, and 
causes corrosion, all with economic 
and safety consequences (Figure 2.17). 
To protect the hulls, anti-fouling com-
pounds are added to ship paints such 
as copper (cuprous oxide), which inhib-
its the settling of hard fouling organ-
isms, such as barnacles and mussels, 
along with a booster biocide, which 
inhibits the settling of soft fouling 
organisms, e.g., bacteria and algae. 
 The most toxic and effective booster 
biocide is tributyltin (TBT). However, 
in the beginning of the 1980’s, after 
approximately 20 years of use, it was 
discovered that TBT had a number of 
unexpected side effects on non-target 

Figure	2.17

Biological fouling on 

the hull of a boat.
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organisms. In 1991, the use of TBT-
containing paints for boats smaller than 
25 m was banned in Denmark and 
other European countries. The use of 
certain other anti-fouling compounds 
(Irgarol 1051, Diuron) on ships of less 
than 25 metres in length has also been 
banned in Denmark, but TBT is still 
used in paints for ships larger than 25 
metres such as ferries, tankers, and 
large trawlers (Figure 2.18). However, 
a convention banning the use of TBT 
in anti-fouling paints has been signed 
(see Chapter 4.3.1). Other booster bio-
cides have been introduced to replace 
TBT; they include Sea-nine 211 and 
Zinc Omadine.

2.6.1 sourCes and inputs
Organotins such as TBT and triphenyl-
tin (TPhT) compounds have been regi-

stered as anti-fouling substances, wood 
preservatives, disinfectants, and as 
general biocides with a wide range of 
applications, for example, in cooling 
systems (Mikkelsen, 1999). Ships, how-
ever, have been a major source of input 
of TBT to inner Danish waters (Figure 
2.19). Another source of TBT, which is 
increasing in importance as the use of 
TBT is being phased out for ships, is 
TBT-contaminated harbour sediments 
that are dredged and then dumped 
into the sea. 
 There are restrictions on the con-
centrations of PAHs and PCBs that 
such sediments can contain before 
dumping is allowed, and recently li-
mits have also been introduced for 
TBT. However, it is difficult to estimate 
the impact of contaminants in dumped 
dredged sediments because the sedi-

Figure	2.19

Estimate of the volume of water in which the TBT released from one ship during one day’s 

sailing results in a concentration of 1 ng/L, a concentration that can induce imposex in 

marine snails (Foverskov et al, 1999). 

Figure	2.18

Estimated release of anti-fouling sub-

stances from commercial shipping in 

Danish marine waters (Foverskov et 

al, 1999).
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ments are dumped in erosion areas and 
the final sedimentation area is often not 
known. 
 
2.6.2 toxiCology
TBT is considered to be the most haz-
ardous of the organotin compounds 
currently monitored. The first negative 
effects of TBT were detected in the ma-
rine environment as shell deformation 
and poor recruitment in oysters (Alzieu 
et al., 1981). It is also known to reduce 
resistance to infection in flounder, as 
well as to affect the human immune 
system. TBT also acts as an endocrine 
disrupter, leading to disorders such as 
imposex and intersex in prosobranch 
gastropods (see Chapter 2.7.1). In addi-
tion, it disrupts proton gradients in 
cells, leading to effects on energy me-
tabolism and thereby effects on growth 
in algae and bacteria.
 Irgarol 1051 is a triazine compound 
related to the herbicide Atrazine, which 
inhibits photosynthesis and is therefore 
especially toxic to algae. It is persistent 
in the aquatic environment, with low 
abiotic and biotic degradation. Diuron 
is a herbicide that also inhibits photo-
synthesis as well as causes damage to 
membranes.

2.6.3 status and trends
In NOVA, TBT and its degradation 
products dibutyltin (DBT) and mono-
butyltin (MBT) were monitored annu-
ally in mussels, whereas Diuron and 
Irgarol were screened for in water 
samples twice during the monitoring 
period. The occurrence of imposex and 
intersex as biomarkers for TBT con-
tamination was also investigated on an 
annual basis (see Chapter 2.7.1).

	 TBT and its breakdown products 
DBT and MBT were present in mussels 
at all monitoring stations in Danish 
waters, and the concentrations were 
above the high EAC limit at all sta-
tions. The highest concentrations in 
2004 were found in Randers Fjord, the 
fjords of Fyn, in the Sound and the 
Great Belt area, which are areas with 
heavy ship traffic and shipyard activi-
ties (Figure 2.20). TBT and its break-
down products have also been found 
throughout the marine foodweb in 
Denmark, with relatively high concen-
trations in fish, bivalves, and mam-
mals (Strand & Jacobsen, 2005).
 TPhT is rarely found in mussels or 
sediment, except in some harbours. 
However, TPhT has been found in some 
invertebrates, fish, and birds from the 
Belt Sea area (Strand et al., 2005).
 TBT concentrations in sediments 
were measured in 2003, and high val-
ues were generally found in Limfjor-
den, the Danish fjords, and the Sound 
(Figure 2.21). Concentrations of TBT in 
sediments exceeded the EAC limit in all 
areas. TPhT was detected in Odense 
and Horsens fjords in 1998, but other-
wise was below the detection limit.
 A temporal trend analysis for TBT 
in mussels showed that only in Århus 
Bugt, out of 14 stations, could a signi-
ficant decrease in TBT concentration 
be established.
 In 2000, the anti-fouling com-
pounds Diuron and Irgarol 1051 were 
measured in water samples; the levels 
were generally low, often with a de-
creasing gradient from the harbours. 
However, in close proximity to the 
source, the concentration of Irgarol 
1051 was higher than the recommen-
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ded water quality criteria suggested by 
the Danish EPA, which is 0.001 µg/L 
(Madsen et al., 1998). In 2001, Diuron 
and Irgarol 1051 were found in all 
harbour sediments sampled; the high-
est concentrations of Diuron were 
found in Marselisborg marina, Vejle 
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Concentrations of TBT in sediments in the Danish marine environment, shown as average 

(bar) and maximum (line) concentrations. OSPAR EACs are used for evaluation of the con-

taminant levels. n.d. = not detected.

Figure	2.20

Concentrations of TBT in mussels in the Danish marine environment, shown as average (bar) 

and maximum (line) concentrations. OSPAR EACs are used for evaluation of the contaminant 

levels.

harbour, Odense harbour, and Åbenrå 
harbour. Irgarol 1051 was found in high 
concentrations in Marselisborg marina, 
Sønderborg marina, Kolding harbour, 
and Vejle harbour (Jensen & Gustav-
son, 2001).
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2.7 biological effects of 
Hazardous substances

The only assessment of biological ef-
fects during NOVA concerned impo-
sex and intersex as biomarkers for 
contamination by TBT.

2.7.1 imposex and intersex
The determination of imposex and 
intersex in certain marine snails, so-
called prosobranch gastropods, was 
used in NOVA as a specific biomarker 
for TBT contamination (OSPAR, 2003b; 
Oehlmann, 2004). Imposex and intersex 
are terms for morphological changes 
in females. Imposex refers to the devel-
opment of male sexual characteristics 
in addition to the female characteris-
tics, and has been found to occur in 
more than one hundred species world-
wide. Intersex refers to a change of 
female sexual charactistics to male 

characteristics and is specific to the 
periwinkle (Littorina littorea). The dif-
ferent stages of imposex are classified 
using a vas deferens sequence index 
(VDSI) (Figure 2.22), while intersex is 
classified according to the intersex 
stage index (ISI). 
 Imposex has been observed in nine 
different species in Danish waters, 
together with intersex in periwinkles. 
Generally, the level of imposex is high 
in the coastal waters, but imposex is 
also found in open waters in the most 
sensitive species. Intersex occurs espe-
cially near harbours with high concen-
trations of TBT, where a large number 
of periwinkles were also found to be 
sterile owing to advanced intersex 
(Figure 2.23). A significantly reduced 
number of penial glands have also 
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Figure	2.22

Imposex development in marine snails 

(Buccinidae) from open Danish waters: 

A) Normal female without imposex. 

B) Female with an enlarged penis and a 

sequence of a vas deferens. 

C) Sterile female, which in addition to a 

penis and a vas deferens, also has a 

curled oviduct blocking the passage of 

oocytes from the ovary to the palliale 

oviduct.

Figure	2.23

The distribution of intersex severity in peri-

winkles (Littorina littorea) measured as: 

A) % sterile females.

B) ISI.

C) Average penial glands (aPK) in 13 Danish 

harbours and 19 marinas compared to 

27 stations outside harbours. 
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been found on male periwinkles in 
harbour areas.
 Other snail species have been used 
as TBT indicators in NOVA, as these 
species differ in geographical distribu-
tion, as well as in sensitivity towards 
TBT (Figure 2.24). Imposex was found 
in 90–100% of individuals of dogwhelk 
(Nucella lapillus) (VDSI = 2.2–4.0) at the 
West Coast of Denmark. In the open 
North Sea and in the Skagerrak, 11–
79% of red whelk (Neptunea antiqua) 
(VDSI = 0.1–1.4) and 15–31% of com-
mon whelk (Buccinum undatum) (VDSI 
= 0.2–0.3) developed imposex. In the 
inner Danish areas, 99% of red whelk 
(VDSI = 2.5–4.0) and 2–52% of com-
mon whelk (VDSI = 0.02–0.6) devel-
oped imposex, with the highest levels 
found in the Great Belt and the Sound. 
The netted whelk (Hinia reticulata) 
(VDSI = 0.05–3.9) is the preferred indi-
cator for coastal waters and fjords, 
where the highest levels of imposex are 
found close to harbours and in narrow 
shipping lanes.
 No temporal trends for imposex 
or intersex could be observed in 22 out 
of 25 stations between 1998 and 2003. 
In the Sound, the degree of imposex 
has decreased significantly at two sta-

tions, whereas an increase in the de-
gree of imposex was observed at one 
station.

2.7.2 new biomarkers 
for monitoring effeCts 
of hazardous substanCes

Two new general biomarkers have 
been introduced in NOVANA: repro-
ductive success in eelpout (Zoarces 
viviparus) and lysosomal stability of 
mussel haemolymph (blood). Both 
biomarkers have been recommended 
by the International Council for the 
exploration of the Seas (ICES) and are 
used in other European monitoring 
programmes (Neuman et al., 1999; 
Moore et al., 2004). They were chosen 
because they do not demand sophis-
ticated instrumentation and can be 
applied in most areas around Den-
mark.
 The eelpout is a stationary fish, 
which carries its brood of larvae in the 
ovary cavity. The eggs begin to mature 
in late summer, one year before ovula-
tion; after fertilization, the larvae de-
velop in the ovary over a period of 5 to 
6 months before their release in winter. 
Owing to the strong maternallarval 
relationship, the larvae will reflect the 

Figure	2.24

The frequencies of females with imposex 

or intersex in six species of prosobranch 

gastropods, all sampled in the same area 

in the southeastern part of the Kattegat 

between Kullen and Gilleleje. The differ-

ences in imposex frequency indicate the 

different sensitivities of the species 

towards TBT.
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Figure	2.25

Classification of gross abnormalities observed in eelpout broods: A) early dead larvae with-

out characteristic malformations; B) yolk sac or intestine defects; C) bent shape axial defor-

mations; D) spinal axial deformations; E) eye defects including rudimentary or missing eye(s); 

F) cranio-facial defects; G) Siamese twins, more or less separated; and H) others, including 

calcified larvae from previous year’s brood (not shown). Reproduced with kind permission of 

Springer Science and Business Media.
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nutritional and exposure history of the 
female, thereby also reflecting the state 
of the environment for the area of ha-
bitation. The development of deformi-
ties in the larvae is mainly attributed 
to the impact of contaminants, although 
early dead larvae and small-sized lar-
vae may be the consequences of other 
environmental factors, such as oxygen 
depletion or poor nutritional status 
(Strand et al., 2004). In areas regarded 
as reference areas, levels of deformities 
generally fall between 0–2% of the fe-
males having more than 5% deformed 

larvae. In NOVANA, eight different 
classes for the classification of deform-
ities are used (Figure 2.25).
 A large number of other biomarkers 
have been developed for the eelpout, 
and in NOVANA, fecundity, condition 
index, and liver somatic index of the 
female are used. As a supplement, it is 
recommended to measure the activity 
of detoxification enzymes (EROD activ-
ity) (Stagg & McIntosh, 1998), which 
provides a measure of the possible im-
pact of aromatic organic hazardous 
substances such as PAHs and PCBs. A 

Figure	2.26

EROD activity in male and female (mea-

sured as pmol/min*mg protein) eelpout. 

Fakse Bugt represents a less contami-

nated area. 

Figure	2.27

Sampling stations 

for eelpout in the 

preliminary study in 

2001–2002.
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Figure	2.28

Proportion of the broods examined with elevated levels of deformed larvae (types B-G from 

Figure 2.25) in the ten sampling areas in 2001 and 2002. n = number of broods examined at 

each station (Strand et al., 2005). 
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 4. Fredriksværk
 5. Roskilde
 6. Lindø
 7. Odense
 8. Århus
 9. Egense
 10. Ålborg
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(Nakskov 2002)
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Types of deformations B - G

B Yolk sac or intestine defects
C Bend shape of the spinal axis
D Spiral shape of the spinal axis
E Eye defects or eyes absent
F Cranio-facial defects
G Siamese twins, more or less 
 separated

Figure 2.29Figure	2.29

Distribution pattern of deformed larvae (types B–G) in broods from two highly affected 

areas, Stations 3 and 4 in Figure 2.28. n = number of broods examined (Strand et al., 2004).

pilot study performed in 2002 showed 
that EROD activity in eelpout was 
elevated close to Lindø shipyard in 
Odense fjord, compared to that at 
other sites (Figure 2.26). Sex differen-
tiation of the larvae can also be used 
as an indication of hormone-disrupt-
ing hazardous substances (Larsson & 
Förlin, 2002).
 Preliminary studies were perfor-
med on eelpout from ten sites in Den-

mark in 2001 and 2002 (Figure 2.27, 
map). Three of these areas could be 
classified as less contaminated or re-
ference areas (areas 1, 2 and 9), while 
in the seven other areas, more than 5% 
and up to 53% of the females had 
broods with more than 5% deformed 
larvae (Figure 2.28). The types of de-
formities also varied between sites, 
reflecting the different effects of con-
taminants (Figure 2.29).



Hazardous and radioactive substances in danisH Marine Waters �2

Figure	2.30

Cell death due to lysosomal instability: 

A) normal blood cells, B) 50% dead blood 

cells, and C) 100% dead blood cells. Nor-

mal blood cells are irregularly shaped and 

weakly dyed compared to dead blood cells 

that are more round and strongly dyed.
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 The other general biomarker used 
in NOVANA is lysosomal stability of 
mussel haemolymph. Lysosomes are 
organelles in the cell where organic 
hazardous substances such as PAHs 
are metabolized. The metabolized 
product can interfere with the mem-
brane of the lysosomes, as can other 
hazardous substances such as heavy 
metals. If the membranes are compro-
mised, the lysosomes will burst and 
cause cell death. This phenomenon is 
used in an assay where haemolymph 
cells are sampled, the lysosomes dyed, 
and the time to cell death is measured 
(Figure 2.30). For healthy mussels, the 
time to cell death is around 120 min-
utes, but for affected mussels from 
contaminated areas it is shorter (Fig-
ure 2.31). 
 Delayed sexual maturation and 
skewed sex ratios in mussel popula-
tions can also be used as biomarkers 
for hazardous substances, which was 
shown in a pilot study of these biomar-
kers in a contaminated area and a 
reference area in Odense fjord (Ærte-
bjerg et al., 2005).

Figure	2.31

Lysosomal stability in the haemolymph of 

mussels from the Danish marine environ-

ment. The green line indicates the lower 

limit of reference areas and the red line indi-

cates significant differences compared to 

reference areas. 
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radioactive 
substances: 
status and 
teMporal trends 3Radioactive substances occur naturally 
in the environment and originate 
mainly from the matter of which the 
solar system and the earth are formed 
and partly from the interaction of the 
earth’s atmosphere with high-energy 
cosmic radiation, mainly from the sun. 
Examples of the first type of naturally 
occurring radionuclides are isotopes 
of uranium, thorium, and potassium, 
with half-lives of the same order of 
magnitude as the age of the earth, i.e., 
billions of years. Examples of the sec-
ond kind of naturally occurring radio-
nuclides are tritium (3H, super-heavy 
hydrogen) and carbon-14 (14C), with 
half-lives of 12 years and 5.700 years, 
respectively.
 The long-lived isotopes uranium-
235 (235U), uranium-238 (238U), and 
thorium-232 (232Th) are transformed 
into series of decay products, which are 
radioactive and therefore contribute 
additional radioactive substances to the 
environment, i.e., radium-226 (226Ra) 
and polonium-210 (210Po), with half-
lives of 1600 years and 140 days, re-
spectively.

Therefore, Danish marine waters con-
tain naturally occurring radioactive 
substances like all other marine areas 
in the world. One cubic metre of sea-
water typically contains 1 Bq 3H, 4 Bq 
14C, 40 Bq 238U, 4 Bq 226Ra, 4 Bq 210Po, 
and 12000 Bq 40K (National Academy 
of Sciences, 1971).
 The development and use of nu-
clear energy for military and peaceful 
purposes have resulted in the produc-
tion of a range of man-made radioac-
tive substances. Atmospheric nuclear 
explosions distribute all radioactive 
substances produced to the environ-
ment, whereas nuclear explosions un-
derground give rise to small or no 
releases of radioactivity to the environ-
ment. Routine operations of nuclear 
power plants cause small, controlled 
releases of radioactivity, while accidents 
at nuclear power plants may cause 
considerable releases of radioactivity 
to the environment. Man-made radio-
nuclides of particular importance for 
man and the environment are stron-
tium-90 (90Sr) and caesium-137 (137Cs), 
which are formed by nuclear fission. 
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Both of these radionuclides have half-
lives of about 30 years, which means 
that once released to the environment, 
they remain there for many years. Fur-
thermore, 90Sr and 137Cs are incorpo-
rated into and transported through 
food webs because strontium and cae-
sium are chemically similar to calcium 
and potassium, which are important 
constituents of all biological systems. 
Thus, these two radioisotopes may 
pollute foodstuffs and cause radiation 
doses to humans. Other man-made 
radionuclides of importance are plu-
tonium-239 (239Pu) and technetium-99 
(99Tc), with half-lives of 24.000 years 
and 210.000 years, respectively.
 There are three main causes for the 
occurrence of man-made radioactive 
substances in Danish waters. First, dur-
ing 1950–1980, the United States and 
the Soviet Union carried out atmos-
pheric nuclear weapons tests, which 
peaked in the 1960s and caused radio-
active contamination of the entire 
Northern Hemisphere. This contami-
nation is still significant in both mari-
ne and terrestrial environments (UN-
SCEAR, 2000). Second, the accident at 
the Chernobyl nuclear power plant in 

1986 caused heavy radioactive pollu-
tion in the environment close to the 
power plant and significant fallout 
over the Baltic Sea. Denmark did not 
receive serious amounts of radioactive 
fallout from the Chernobyl accident 
partly owing to a lack of rainfall when 
the first radioactive cloud passed over 
Danish territory. Third, the operation 
of the two European facilities for re-
processing of spent nuclear fuel, Sella-
field in the UK and La Hague in Fran-
ce, have caused releases to the sea of 
radioactive substances, which have 
been transported to the North Sea and 
to some extent further to the Baltic 
Sea.
 Since the 1960s, Risø National La-
boratory has carried out studies on en-
vironmental radioactivity in Denmark 
focusing on 90Sr and 137Cs. These stud-
ies have considered national obliga-
tions according to the Euratom Treaty, 
by which member states are required 
to carry out monitoring of radioactivity 
in air, water, and soil, and to the Hel-
sinki Convention (HELCOM), which 
covers protection of the environment 
of the Baltic Sea including from radio-
active substances.
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Risø’s current monitoring programme 
for the inner Danish waters covers 
samples of seawater, sediments, and 
biota (macroalgae and fish). Seawater 
samples of 50–100 litres are collected 
twice a year with assistance from the 
Royal Danish Administration of Navi-
gation and Hydrography. Samples of 
surface and bottom water are collected 
from twelve locations around Sjælland, 
and sediment samples of 1–3 kg are 
collected from four locations around 
Sjælland by the National Environmen-
tal Research Institute. Samples of ma-
croalgae of 2–4 kg are collected quar-
terly from Klint near Nykøbing Sjæl-
land and fish samples are collected 
annually from Bornholm, Hundested, 
and Hirtshals. The positions for the 
sampling of seawater are shown in 

3.1 Monitoring of  
radioactive substances

Figure 3.1, which also shows one of the 
positions for the sampling of sedi-
ment.
 All the sample types mentioned are 
pre-treated and processed chemically 
in order to isolate the radionuclides in 
question. Different techniques are 
applied for seawater samples for the 
initial pre-concentration of the radio-
nuclides. Special chemicals are used to 
adsorb caesium from the seawater 
samples. For strontium, chemical pro-
cedures are applied in order to isolate 
strontium from other, in particular 
naturally occurring, radionuclides in 
the sample. Sediment and biota sam-
ples are freeze-dried, followed by ash-
ing to remove the organic material.
 The content of 137Cs in the samples 
is determined by gamma spectrometry, 
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where the characteristic gamma radia-
tion from this radionuclide is identified 
and quantified using germanium 
detectors. Strontium-90 in the samples 
is determined indirectly by analysing 
yttrium-90 (90Y), which is a short-lived 
decay product of 90Sr. The beta radia-
tion from 90Y is measured in Geiger-
Müller counters. Corresponding meas-
urement techniques are used for other 
radionuclides.
 Good quality of the analytical re-
sults is ensured primarily by careful 
work through all sample procedures, 
including sampling, pre-treatment, 
chemical analysis, radiometric analy-
sis, and calculation of the results. In 
addition, the analytical procedures 
used include the use of yield tracers, 
which makes it possible to determine 
the chemical yields for each sample and 

correct the final results correspond-
ingly. Participation in international 
intercomparisons of laboratory analy-
ses is important to ensure that the ana-
lytical quality is acceptable, and there-
fore Risø frequently takes part in such 
exercises. Risø’s analytical results gen-
erally are very satisfactory in these 
intercomparisons of laboratory analy-
ses, e.g., as described by HELCOM 
(2003).

strontium-90
The concentrations of 90Sr in seawater 
collected around Sjælland since the 
1960s vary from about 40 Bq/m3 in 
1965 to 2–10 Bq/m3 in 2004 (Figure 
3.2). The dominant source of 90Sr con-
tamination in Danish waters is fallout 
from the atmospheric nuclear weap-
ons tests carried out by the United 

Fig 2.14
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Figure	3.1

Sampling stations for 

measurements of 

radioactivity around 

Sjælland. The sedi-

ment station is 

denoted Kattegat.
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States and the Soviet Union, which 
peaked in the beginning of the 1960s. 
This explains the declining trend in 
the concentrations since 1965. After 
1985, the decline of the concentration 
of 90Sr in surface water is slower than 
that in bottom water. The bottom wa-
ter is dominated by saline water from 
the North Sea, which enters the Baltic 
Sea, while the surface water is domi-
nated by brackish water flowing from 
the Baltic Sea to the North Sea. The 
higher concentrations in surface water 
are due to runoff of 90Sr from the large 
catchment areas of the Baltic Sea com-
bined with the slow exchange of water 
between the Baltic Sea and the North 
Sea.

Caesium-137
The concentrations of 137Cs in seawa-
ter collected around Sjælland since the 
1970s show a time course quite differ-
ent from that of 90Sr (Figure 3.3). In the 
1970s, the concentrations of 137Cs were 
about 30 Bq/m3 and, as for 90Sr, they 
were dominated by fallout from the 
atmospheric nuclear weapons tests. 
However, in 1979 the concentrations 
increased to about 100 Bq/m3 in bot-
tom water and 50 Bq/m3 in surface 
water owing to discharges from the 
reprocessing facility Sellafield in Eng-
land. These discharges were at their 
maximum in 1975 and caused a com-
prehensive pollution of European 
coastal seas including the inner Dan-
ish waters, where the concentrations 
peaked four years later. After 1975, 
Sellafield succeeded in reducing the 
discharges of 137Cs considerably, which 
was also reflected in the concentra-
tions in Danish waters. In 1986, the 
Chernobyl accident occurred in a Rus-

Figure	3.2

Concentrations of Strontium-90 in seawater around Sjælland.

Figure	3.3

Concentrations of Caesium-137 in seawater around Sjælland.
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sian nuclear power plant near Kiev, 
from which large amounts of radioac-
tive pollution were distributed over 
Europe, causing considerable pollution 
of the Baltic Sea, particularly in the 
Bothnian Sea and the Gulf of Finland. 
This pollution resulted in an increase 
in 137Cs concentrations in surface wa-
ter to about 140 Bq/m3 and about 90 
Bq/m3 in bottom water. Since 1986, the 
137Cs concentrations have decreased, 
with relatively higher concentrations 
remaining in surface water than in bot-
tom water because the pollution results 
mainly from the Baltic Sea.
 Following the Chernobyl accident 
in 1986, Risø started collecting seawater 
samples from Bornholm; Figure 3.4 
shows results from analyses of these 
samples. In addition to 137Cs, this graph 
shows results for another radioactive 
caesium isotope, 134Cs, which also ori-
ginates from the Chernobyl accident. 
This isotope has a half-life of 2 years, 
which is why its concentrations in sea-
water since 2000 have been reduced to 
levels below the limit of detection.
 The concentrations of 137Cs in cod, 
herring, and flatfish from Sjælland and 
Bornholm (Figure 3.5 a-c) reflect the 
levels of the Chernobyl fall-out, with 
higher concentrations in fish from 
Bornholm than in those from Sjæl-
land.

teChnetium-99
The reprocessing facilities Sellafield 
and La Hague have discharged radio-
nuclides other than 137Cs to the sea. 
One of these is 99Tc, which like 137Cs 
remains dissolved in seawater and 
therefore is transported over large 
distances. Figure 3.6 shows concentra-
tions of 99Tc in Danish waters during 

Figure	3.5

Concentrations of Caesium-137 in A) cod, B) herring, and C) flatfish 

collected at Bornholm and Sjælland.

Figure	3.4

Concentrations of Caesium-134 and Caesium-137 in surface seawater 

collected at Svenskehavn on Bornholm.
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1984–1993 and 1998–2004. During 
1981–1990, discharges of 99Tc from La 
Hague dominated over those from 
Sellafield and gave rise to concentra-
tions in Danish waters of 2–4 Bq/m3. 
From 1994, the discharges of 99Tc from 
Sellafield increased considerably, 
which was reflected in Danish waters 
four years later, when the concentra-
tions increased to 2–3 Bq/m3. Blad-
derwrack (Fucus vesiculosus) has a 
preferential uptake of 99Tc, with a 
concentration factor of 100.000 Bq/kg 
dry weight per Bq/kg seawater. This 
is reflected in Figure 3.7, which shows 
the levels in the macroalgea bladder-
wrack collected at Klint since 1983. The 
concentrations of 99Tc vary up to 200–
250 Bq/kg dry weight and reflect the 
discharges from La Hague and Sella-
field.
 The salinity in Danish marine wa-
ters is characterised by geographical 
location between the North Sea and 
the Baltic Sea; the salinity varies from 
30–35 psu, corresponding to Kattegat 
bottom water, to 7–10 psu correspond-
ing to surface water at Møn and 
Gedser. The concentrations of 137Cs 
and 99Tc collected around Sjælland in 
1999 are shown in Figure 3.8 as a func-
tion of salinity. It appears that the 99Tc 
concentrations are positively correla-
ted with salinity, while the 137Cs 
concentrations are negatively corre-
lated with salinity. The data illustrate 
that 137Cs originates from Chernobyl 

Figure	3.6

Concentrations of Technetium-99 in inner Danish waters.

Figure	3.7

Concentrations of Technetium-99 in bladderwrack collected at Klint, 

North Sjælland. 

Figure	3.8

Concentrations of Caesium-137 and Technetium-99 in Danish waters 

in 1999 shown as a function of salinity. 
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fallout over the Baltic Sea and flows 
with the less saline surface water 
through the inner Danish waters to 
the North Sea, while 99Tc originates 

from Sellafield and follows the saline 
bottom water inflow from the North 
Sea into the Baltic Sea.

Photo: DMU/Ingela Dahllöf
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3.2 risk assessMent

Radiation doses to man from man-
made radioactivity in Danish waters 
have been studied in connection with 
the MARINA-BALT project (EC, 2000). 
This project included the calculation 
of radiation doses to individuals hav-

ing high consumption rates of fish, 
crustaceans, and shellfish, and their 
residence in coastal areas. Figure 3.9 
shows the annual radiation doses to 
individuals living near the Kattegat 
during 1950–2000 according to the 
source of pollution. The sources are: 
fallout from the Chernobyl accident, 
dumping of radioactive waste into the 
Baltic Sea, routine liquid discharges 
from nuclear power plants into the 
Baltic Sea, liquid discharges from the 
reprocessing facilities Sellafield and 
La Hague, liquid discharges from nu-
clear research establishments into the 
Baltic Sea, and fallout from the atmos-
pheric nuclear weapons tests. The ra-
diation doses arise mainly from the 
two radionuclides 134Cs and 137Cs. The 
graph illustrates the time course of the 

Figure	3.9

Radiation doses during 1950–2000 to individuals near the Kattegat 

from different sources owing to radioactive contamination of marine 

waters. 
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dose rate and the relative significance 
of the releases from the different 
sources. The calculated annual dose 
from 1950 to 2000 varied from 1 µSv 
to 40 µSv. The largest contribution is 
from the Chernobyl accident in 1986. 
The contribution from the Chernobyl 
accident was 70% of the total radiation 
dose from man-made radioactivity in 
the Kattegat in 1986, while in 2000 the 
contribution dropped to 65%. For 
comparison, the naturally occurring 

radionuclides in Danish waters cause 
annual radiation doses of 700 µSv, 
mainly from 210Po in marine organ-
isms with a high up-take of this radio-
nuclide (crustaceans and shellfish).
 The radiation doses from man-
made radioactivity are considerably 
lower than the annual dose limit of 
1.000 µSv for members of the general 
public, as recommended by the EU 
(Council Directive 96/29, 1996).
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perspectives on  
current status  
and tHe future  
of ManageMent

The data collected during the NOVA 
and NOVANA programme from 1998 
to 2005 and related activities have pro-
vided the basis for the first compre-
hensive assessment of contaminant 
levels in the Danish marine environ-
ment. 

4
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4.1 status and trends

The status of the Danish marine envi-
ronment with respect to hazardous 
substances gives rise to concern. Most 
of the hazardous substances included 
in the monitoring programme have 
been detected in the Danish marine 
environment (Annex I). However, it 
should be emphasized that for many 
hazardous substances the monitoring 
programme has been limited to a one-
time screening, and that adequate 
sampling for statistical evaluation of 
temporal trends only exists for a lim-
ited number of hazardous substances. 
It is questionable whether there are 
areas that can be considered as truly 
uncontaminated as most substances 
can be detected over the entire area, 
although in the open waters in the 
Kattegat, the Skagerrak, and the North 

Sea contaminant levels are relatively 
low. The most impacted areas are 
fjords and coastal regions close to 
major point sources and with heavy 
shipping traffic. 
 Increased regulation of the use of 
hazardous substances has resulted in 
a reduction in the consumption of 
substances such as polyhalogenated 
aromatic compounds (PCBs and DDT), 
mercury, lead, and TBT, but so far only 
a few declining trends can be detected 
in the marine environment based on 
the NOVA data (Table 4.1). However, 
other studies have shown that the 
concentrations of PCBs and DDT have 
declined by about one order of magni-
tude since the 1980s. Of the 142 possible 
temporal trends that could be calcu-
lated for hazardous substances in mus-
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Substance	 0	 +	 −	 Power	%	 Number	of	years	to

	 	 	 	 	 achieve	80%	power
Cd 12 2 0 15 11
Cu 12 2 0 23 11
Ni 13 0 1 7 14
Pb 11 3 0 15 12
Zn 14 0 0 38 10
Hg 13 1 0 10 13
ΣPCB7 12 0 2 25 10
DDE 12 0 2 7 16
γ-HCH 9 0 5 13 12
TBT 13 0 1 8 13
Fluoranthene 1 1 0 7 15

Table	4.1. Number of temporal trends for hazardous substances in mussels calculated from 

NOVA data that show no significant trend (0), an increasing trend (+), or a decreasing trend 

(−). The power calculation is based on an average for all stations included. 

sels using NOVA data, the majority 
(122) showed no significant trend over 
time. Eleven declining trends could be 
established, all of which were for com-
pounds that have been phased out or 
are heavily regulated such as HCH, for 
which five statistically significant 
declining trends could be established. 
Nine temporal trends showed signifi-
cant increases, and this group also 
included regulated hazardous sub-
stances such as the heavy metals cad-
mium, copper, and mercury. The aver-
age statistical power for detecting a 
10% change is low, and it is estimated 
to take between 10 and 16 years to reach 
sufficient statistical power for all sta-
tions included, provided that the trends 
from now on are monotonic (i.e., all in 
the same direction, whether up or 
down), and that sampling is continued 
on an annual basis. To establish tempo-
ral trends using sediments will take 
even longer, because the sampling fre-
quency has been reduced in the present 
monitoring programme to once every 
fifth year. After the conclusion of the 

new monitoring programme NOVANA 
in 2009, better statistical power should 
have been achieved for hazardous 
substances in mussels.
 Our knowledge of the spatial dis-
tribution and temporal trends for 
newer hazardous substances such as 
brominated flame retardants is poor, 
and will be for many years ahead, as 
there is a time lag between the identi-
fication of hazardous substances and 
their inclusion in a screening or moni-
toring programme. The introduction of 
general biological effects biomarkers 
into the new monitoring programme 
is one way to attempt to include an 
assessment of environmental risks of 
substances that have not been subject 
to chemical analysis, as well as to pro-
vide a measure of the integrated con-
tamination level. However, these gen-
eral biomarkers do not provide infor-
mation concerning which particular 
hazardous substance or combination 
of substances that are responsible for 
the response detected. 
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4.2 tHe ecosysteM approacH 
to ManageMent

The European Commission has in 
2005, due to increasing concerns for 
the environmental state of European 
oceans and seas, issued its Thematic 
Strategy for the protection and conser-
vation of the marine environment, in 
an attempt to create an overall, inte-
grated policy. The EU Marine Strategy 
Framework Directive was adopted in 
2008, which is intended to be the legal 
instrument aimed at implementing the 
Thematic Strategy proposed. The Ma-
rine Strategy has the following aim: 
 “The Marine Strategy is aimed at 
protecting Europe’s seas and oceans 
and ensuring that human activities in 
these seas and oceans are carried out 
in a sustainable manner so that we and 
future generations can enjoy and ben-
efit from biologically diverse and 

dynamic oceans and seas that are safe, 
clean, healthy and productive.” 
 A central theme in the Marine 
Strategy is to develop and apply an 
“Ecosystem Approach” (EC 2005), de-
fined as: “the comprehensive integra-
ted management of human activities 
based on best available scientific 
knowledge about the ecosystem and 
its dynamics, in order to identify and 
take action on influences which are 
critical to the health of the marine 
ecosystems, thereby achieving sus-
tainable use of ecosystem goods and 
services and maintenance of ecosys-
tem integrity.”
 With respect to hazardous sub-
stances, the following goals are inclu-
ded in the Marine Strategy Direc-
tive:
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• To phase out pollution in the ma-
rine environment so as to ensure 
that there are no significant impacts 
or risks to human and/or ecosys-
tem health and/or on uses of the 
sea. 

• To progressively reduce dischar-
ges, emissions, and losses of sub-
stances hazardous to the marine 
environment with the ultimate aim 
to reach concentrations of such 
substances in the marine environ-
ment near background values for 
naturally occurring substances and 

close to zero for manmade syn-
thetic substances. 

• To prevent pollution from ionizing 
radiation through progressive and 
substantial reductions of dischar-
ges, emissions, and losses of radi-
oactive substances, with the ulti-
mate aim to reach concentrations 
in the marine environment near 
background values for naturally 
occurring radioactive substances 
and close to zero for artificial ra-
dioactive substances. 
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The near future will bring into force 
current EU and Danish policies with 
regard to hazardous substances and 
other stressors on the marine environ-
ment, under which the implementa-
tion of the Water Framework Directive, 
the Natura 2000 Directives and the 
Marine Strategy is central. The WFD 
operates with threshold concentrations 
for hazardous substances, so-called 
Environmental Quality Standards 
(EQS). EU adopted EQS-values for 41 
hazardous substances in 2006 (EU 
2006), which all relate to concentra-
tions in water as EQS for sediment and 
biota are still tentative due to lack of 
sufficient background data. However, 
concentration levels in biota are 
included if it is judged that the con-
taminants present a risk to top preda-

tHe future4.3

tors or humans owing to secondary 
poisoning from the intake of food from 
aquatic sources. 
 These threshold levels are based on 
extrapolations of Predicted No-Effect 
Concentrations (PNEC), according to 
the Technical Guidance Document that 
supports the Commission Directive on 
risk assessment (EU 1996). This is a 
similar approach to the derivation of 
OSPAR EAC limits (OSPAR, 1998; Lep-
per, 2002) (see Chapter 1.3.1), or by 
using Species Sensitivity Distributions 
(SSD). The EQS includes an application 
or an uncertainty factor between 10 and 
1,000 as a precaution when using the 
NOEC values determined in the hazard 
identification. The size of the applica-
tion factor used depends on the confi-
dence with which the PNEC can be 
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derived from the data available, that is, 
it depends on the quantity and quality 
of the data and on the number of 
trophic levels, taxonomic groups, and 
life styles representing various feeding 
strategies for which data are available. 
The uncertainty in the extrapolation 
from laboratory toxicity tests on a lim-
ited number of species to the “real” 
environment is thereby considered to 
have been addressed, by which the 
most sensitive species should also be 
protected, which implies that below the 
EQS, adverse effects are unlikely to 
occur in the marine environment. 
 As the EQS for a substance is ex-
pressed as an annual average, a so-
called Maximum Admissible Concen-
tration Quality Standard (MAC-QS) is 
also used in the WFD. MAC-QS relates 
to “short-term transient exposure”, 

with the intention that it should not be 
exceeded at any time. A MAC-QS is 
derived on the basis of the lowest acute 
toxicity test available. Below the MAC-
QS, adverse effects due to short-term 
exposure are predicted to be unlikely 
to occur in the marine ecosystem. 
 Furthermore, the Water Frame-
work Directive includes measures for 
many hazardous substances in order 
to bring about a cessation of emissi-
ons, discharges, and losses within 20 
years after the substances are included 
in the directive. 
 In the quality objectives within the 
WFD, both the chemical and biological 
status of the environment should be 
assessed using both physico-chemical 
and biological quality elements. The 
definitions of the physico-chemical 
and biological quality elements in the 
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WFD are provided in Table 4.2 and 
Table 4.3, respectively. The assessment 
shall identify whether the chemical 
and biological status is high, good, 
moderate, poor, or bad as the worst 

case. The WFD physico-chemical and 
biological quality standards are in-
tended to protect the structure and 
function of ecosystems in transitional, 
coastal, and territorial marine waters 

High

status
The level of 
diversity and 
abundance of 
invertebrate 
taxa is within 
the range  
normally asso-
ciated with 
undisturbed 
conditions.
All the distur-
bance-sensi-
tive taxa asso-
ciated with 
undisturbed 
conditions are 
present.

Good

status
The level of 
diversity and 
abundance of 
invertebrate 
taxa is slightly 
outside the 
range associ-
ated with the 
type-specific 
conditions.
Most of the 
sensitive taxa 
of the type-
specific com-
munities are 
present.

Moderate	

status
The level of 
diversity and 
abundance of 
invertebrate 
taxa is moder-
ately outside 
the range 
associated 
with type- 
specific condi-
tions.
Taxa indicative 
of pollution 
are present.
Many of the 
sensitive taxa 
of the type-
specific com-
munities are 
absent.

Poor

status
The relevant 
biological 
communities 
deviate sub-
stantially from 
those normally 
associated 
with undis-
turbed condi-
tions.

Bad

status
Large portions 
of the relevant 
biological 
communities 
normally asso-
ciated with 
undisturbed 
conditions are 
absent.

Table	4.2	 

Physico-chemical quality elements for specific synthetic pollutants. Definitions from WFD 

annex V to the directive 2000/60/EC.

Table	4.3 

Biological quality elements for benthic invertebrate fauna as an example of a relevant bio-

logical community. Definitions from WFD annex V to the directive 2000/60/EC.

	 High	status	 Good	Status	 Moderate	status
Concentrations close to  Concentrations not in  Conditions consistent
zero and at least below  axcess of the standards set  with the achievement
the limits of detection of  in accordance with the  of the values specified
the most advanced  procedure in the Technical  for the biological quality
analytical techniques  Guidance Document (TGD)  elements
 in general use. for WFD, e.g. concentra-  
  tions below EQS.
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(and freshwaters) from any significant 
alterations by the impact of hazardous 
substances. According to current sci-
entific knowledge, the objective of 
maintaining ecosystem function can 
best be achieved by protecting the 
community structure, for example, 
species diversity, abundance, and 
seasonal dynamics. Thus, not only 
toxic or adverse effects on growth or 
reproduction should be considered 
when assessing possible impacts on 
community structure by a hazardous 
substance, but also all relevant effects 
on the population dynamics and 
abundance of species. For example, 
effects on behaviour or avoidance of 
the habitat should also be accounted 
for. It is generally accepted that com-
munity structure is preserved by pro-
tecting the most sensitive species 
known and by accounting for addi-
tional uncertainties due to limitations 
in the data available (Lepper, 2002).
 Using EQS in the ecotoxicological 
risk assessment of priority substances 
means that significant alterations 
owing to the impact of hazardous sub-
stances are not tolerated on a popula-
tion level, as the whole ecosystem 
should be protected; the underlying 
reason for this is probably that the 
nature of this problem is considered 
to be less reversible. If persistent con-
taminants appear in the environment, 
they will often remain there for dec-
ades and thereby pose a continuous 
threat. Therefore, the acceptance of “a 
slight impact on diversity and abun-
dance”, as defined in the biological 
quality elements to achieve “good sta-
tus”, will not be suitable for use in 
assessing the impact of hazardous sub-
stances, because by the time hazardous 

substances have caused effects on po-
pulations, the changes can be conside-
red to be almost irreversible. The defi-
nition of “good status” in the following 
assessment will therefore be based on 
the ecotoxicologically derived chemical 
quality criteria (Table 4.4) and consid-
ered to be achieved if the concentration 
in the environment does not exceed the 
EQS derived in the WFD (Lepper, 
2002).
 As described earlier (Chapter 1.3.1), 
both the Swedish and the Norwegian 
national five-class schemes of environ-
mental assessment criteria for hazard-
ous substances are based on the amount 
of deviation from background levels, 
with the focus on concentration levels 
in sediment and biota. The same ap-
plies for the OSPAR Ecotoxicological 
Assessment Criteria (EACs) that are 
derived from ecotoxicological thres-
hold levels, which have been extrapo-
lated from exposure levels in seawater 
to corresponding levels in sediment 
and biota. The intention was that the 
contaminant data for biota could addi-
tionally be used to assess the exposure 
level in situations where organisms at 
the lower trophic levels in the pelagic 
or benthic communities may be at risk. 
This was a first step to attempt to in-
clude the environmental risks of con-
taminant-induced effects on the ma-
rine ecosystem in the assessments of 
measured contaminant levels.
 It was suggested at a recent OSPAR 
workshop that the quality standards 
EQS and MAC-QS in the WFD should 
also be converted to corresponding 
accumulation levels in biota (OSPAR, 
2004), as is the case for the EACs. One 
major argument for this conversion is 
that most contaminant data from the 
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marine monitoring programmes in the 
Baltic Sea and the North Atlantic con-
sist of chemical analyses of concentra-
tion levels in sediment and biota 
samples. An extrapolation from assess-
ment criteria for seawater to assess-
ment criteria for sediment and biota is 
therefore necessary if this general stra-
tegy for the monitoring of contami-
nants is to be comparable for example 
between OSPAR and the Water Frame- 
work Directive. If this is not done, it 
could result in the cessation of existing 
time series of measurements, which 
first in recent years have reached a 
length, and thereby a statistical power, 
for temporal trends to be assessed. An 
additional practical consideration is 
that it takes a much larger sampling 
regime to evaluate contaminant levels 
using water samples, with short-term 
variations in concentrations, com-
pared to the sampling of biota and se-
diments, which integrate concentrati-
ons over longer periods. Another im-
portant consideration is that lipophilic 
contaminants, comprising most of the 
organohalogens, do not associate with 
water, so their concentrations in water 
are very low, thus presenting serious 
analytical problems and often requir-
ing more expensive equipment for their 
determination in water.
 Based on the discussion above, the 
following basic principles (see Table 
4.4) are suggested for deriving a five-
class scheme for environmental as-
sessment criteria for synthetic priority 
substances, which takes into account 
the objectives for both the chemical and 
the biological quality elements within 
the WFD and within OSPAR. The sta-
tus Classes I and II refer to the high and 
good chemical quality standards de-

fined in the WFD, that is, near-zero 
concentration and below the EQS, re-
spectively. In this approach, as an exer-
cise, three additional status classes, 
Classes III, IV, and V, have also been 
integrated, so that the assessment cri-
teria derived can be compared with the 
five-class scheme of assessment criteria 
that has been used in Sweden and Nor-
way. These status classes correspond 
to concentration levels lower than and 
above the LC50-value from which the 
MAC-QS-value was derived. However, 
it must be emphasized that all thresh-
olds in this scheme refer to mean con-
centrations, which may cause acute 
effects in short-term episodic events, 
and not to exposure level. Addressing 
acute effects by mean concentrations, 
as in status Classes III and IV, may 
therefore not be completely consistent, 
but the definition of the status classes 
should rather be seen as a potential 
tool that may be useful in the interpre-
tation of monitoring data and the de-
velopment of monitoring strategies. 
Full definitions of the five status classes 
are given in Table 4.4. 
 This five-class approach has been 
applied in a study of TBT contamina-
tion in the Skagerrak and Kattegat 
(Strand et al., 2006). In this study, an 
extensive set of Nordic data on TBT 
concentrations in seawater, mussels, 
and sediment, together with data on 
the effects of TBT (i.e. imposex and 
intersex) in five species of marine 
snails, were combined into an inte-
grated assessment of the environmen-
tal conditions. The analyses showed 
that the open waters of the Skagerrak 
can generally be classified as Class II 
or III, while coastal waters are generally 
classified as Class III or IV and har-
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Status	Class	I:		 High	status. Concentration of priority substance is close to zero and 

at least below the limits of detection of the most advanced analytical 

techniques in general use.

 An assessment of the achievement of the objective also requires that 

no biological effects can be detected at the individual nor at the pop-

ulation level that can be related specifically to exposure to the priority 

substance. For example, the response must not be significantly diffe-

rent from the natural background level.

Status	Class	II:		 Good	status. Concentration of priority substance is not in excess of 

the chemical quality standards, e.g., it is below the ecological quality 

standard (< EQS = < PNEC).

 Adverse effects in the most sensitive species caused by long-term 

exposure to the priority substance are predicted to be unlikely to 

occur.

Status	Class	III:		 Moderate	status. Concentration of priority substance is not in 

excess of the so-called maximum admissible concentration quality 

standard (< MAC-QS = < 1/10 * LC50).

 Risk of adverse effects in the most sensitive species caused by long-

term exposure to the priority substance. However, adverse effects in 

the most sensitive species caused by short-term exposure are pre-

dicted to be unlikely to occur in the marine ecosystem.

Status	Class	IV:		 Poor	status. Concentration of priority substance is not in excess of 

the LC50-value derived for the most sensitive species (< LC50). 

 Substantial deviations of relevant biological communities can occur 

due to adverse effects caused by long-term exposure to the priority 

substance in both the more and the less sensitive species. In addition, 

there is a risk of adverse effects caused by short-term exposure in 

the most sensitive species.

Status	Class	V:		 Bad	status. Concentration of priority substance is in excess of LC50-

value derived for the most sensitive species (> LC50). 

 Severe alterations of relevant biological communities occur due to  

adverse effects in the more and the less sensitive species caused by 

long-term exposure to the priority substance. Risk of adverse effects 

caused by short-term exposure in both the more and the less sensi-

tive species.

Table	4.4

Suggested basic principles for the derivation a five-class scheme of environmental assess-

ment criteria for synthetic priority substances.
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Figure	4.1

Classification of TBT contamination in the Skagerrak and the Kattegat based on nordic data for TBT in sediment 

and molluscs as well as imposex/intersex levels in marine gastropods. The small coloured circles indicate harbour 

areas, which are not included in the GIS-based classification of the general TBT levels in the coastal and open 

waters.
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bours as Class IV or V (Figure 4.1) 
Consequently, TBT seems to pose a 
significant risk to marine organisms 
in this region. There is a risk of chronic 
effects in most coastal waters, and 
there is even a risk for more severe 
effects in shallow fjords and in the 
proximity of harbours. The TBT level 
does not seem to pose a risk in most 
parts of the open waters of the Skager-
rak; however, in the open waters of 
the Kattegat, there may still be a risk 
of chronic effects.
 A further complication is the need 
for synchronization with the Habitats 
Directive that aims to protect biodiver-
sity. The Habitats Directive provides 
for the creation of a network of special 
areas of conservation called Natura 
2000, to “maintain and restore, at fa-
vourable conservation status, natural 
habitats and species of wild fauna and 

flora of Community interest”. One of 
the indicators suggested for ensuring 
that marine areas are at a favourable 
conservation status is the presence of 
hazardous substances (Dahl et al., 
2004), where both their concentrations 
in sediments and biota, as well as 
biomarkers, can be integrated into the 
assessment.
 Finally, it should be pointed out 
that the criteria in the Water Frame-
work Directive have been set for in-
dividual hazardous substances. This 
implies that one area can be deemed 
as having a wide range of different 
environmental statuses based on the 
assessments of individual substances; 
as yet, no recommendations have been 
agreed concerning how to weigh and/
or aggregate the various assessments 
of individual hazardous substances.
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5
conclusions

Many activities aimed at reducing con-
tamination of the seas have been initi-
ated and implemented since the 1970s. 
They have led to a drastic reduction of 
deliberate contamination, such as a ban 
on the dumping of chemical waste into 
the sea and reductions in contaminant 
discharges from point sources. Past and 
present initiatives, including monitor-
ing activities, have also raised aware-
ness of marine pollution by hazardous 
substances, in manifestations and 
policies such as the recent EU Marine 
Strategy Framework Directive.
 It has so far been difficult to detect 
the impact of these reductions directly 

in the marine environment, although 
there have been positive reductions in 
some of the older hazardous sub-
stances. Many hazardous and radioac-
tive substances can be found in the 
Danish Marine environment today. 
The most impacted areas are fjords 
and coastal areas, close to point sour-
ces, whereas the more open waters are 
less contaminated. Using the Norwe-
gian and OSPAR classification sys-
tems for assessing the status of the en-
vironment, and the temporal trend an-
alysis the following conclusions can be 
drawn.
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heavy metals
• For mercury and cadmium there 

are areas, based on concentrations 
in mussels, that are classified as 
moderately contaminated (SFT 
class II), whereas for lead all areas 
belong in SFT class I. For copper no 
area can be classified as SFT class I, 
and many areas can also be classi-
fied as moderate (SFT class II) to 
markedly contaminated (SFT class 
III).

• Heavy metals in sediments show 
that for cadmium, lead and copper 
there are no areas that are under the 
lowest EAC limits and in some 
cases like The Sound, the Belt Sea 
and some of the fjords also the 
higher EAC limits are exceeded 
indicating that effects on the eco-
system are likely. For mercury the 
lower EAC limit is exceeded in 
some areas like The Sound, The 
Wadden Sea and the Belt Sea, 
whereas there are no areas where 
the higher EAC limit is exceeded.

• The temporal trends show that in 
most cases, changes in heavy metal 
concentrations cannot be estab-
lished. There are increasing trends 
at some stations for cadmium, cop-
per, lead and mercury, whereas it is 
only for nickel at one station where 
there is a significant decrease.

polyaromatiC hydroCarbons
• Concentrations in mussels show 

that most areas are under the lower 
EAC-level for individual PAHs, but 
as the sum of 16 PAHs most areas 
can be classified as moderately 
contaminated (SFT Class II). The 
data for temporal trends of PAHs 
is so far very limited.

• For sediments the lower EAC limit 
is also exceeded at most stations, 
and in some cases the higher EAC 
limit.

organohalogen Compounds
• The sum of seven PCBs in mussels 

exceed the lower EAC limit in most 
areas, and in some cases also the 
higher EAC limit. For DDT and it 
breakdown products DDE and 
DDE, all areas are below the lower 
EAC limit. The HCH-congeners are 
still found at some station at levels 
which can be classed as moderately 
polluted (SFT class II), but the 
majority of areas belong to SFT 
class I.

• The largest number of significantly 
decreasing temporal trends is 
found for organohalogen com-
pounds, with no increasing trends 
detected.

tributyltin (tbt)
• All areas in the Danish marine en-

vironment are heavily affected by 
TBT, in many cases at levels ten 
times above the highest EAC limit 
for mussels and sediments, and 
even above 100 times the level of 
the high EAC limit for sediments.

• Decreasing temporal trends for TBT 
has been found at one station, but 
mainly no trends can be estab-
lished.

biologiCal effeCts
• The high concentrations of TBT 

have induced imposex and intersex 
in marine snails throughout the 
Danish waters.

• New biomarkers show that other 
effects than imposex and intersex 
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on the marine environment are 
present, although the link between 
which substance, or which combi-
nation of substances, that cause 
these effects is difficult to estab-
lish.

Furthermore, contamination by newer 
substances is difficult to assess, as is 
the overall contribution of hazardous 
substances to the present state of the 
environment. The introduction of haz-
ardous substances into the monitoring 
programme NOVA in Denmark consti-
tuted the beginning of the assessment 
of the status and trends in Danish 
waters. However, it should be kept in 
mind that monitoring and the assess-
ment of status and trends comprise an 
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on-going, iterative process closely 
linked to research. Better understand-
ing of causality between exposure and 
effects on populations, communities 
and ecosystems, risk assessments of 
new substances, and new analytical 
methods will continuously necessitate 
making changes in assessment criteria 
and the priorities for monitoring.
 The new monitoring programme 
NOVANA will, in the years to come, 
further strengthen the assessment abil-
ity. However, based on the data avail-
able today, it will be post-NOVANA 
before clear conclusions can be made 
regarding the impacts of past and 
present initiatives to reduce contami-
nant levels in the sea.
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glossary 
and abbreviations

The glossary and list of abbreviations is based on (1) the NERI glossary, (2) the EEA multilin-

gual environmental glossary available at http://glossary.eea.eu.int/EEAGlossary.

Accumulation	bottoms – A sub–surface 

area where settling particles are accumula-

ted. Usually biologically very active sites.

Acute	toxic	effects – Effects that occur 

within a short period of exposure in relation 

to the organism’s life span. See also chronic 

toxic effects.

Al	– Aluminium, an element.

BAT – Best Available Technology.

Benthic – Living on the bottom under a 

body of water. See also pelagic.

BEP – Best Environmental Practice.

Biodegradation – The natural process 

whereby microbes degrade (consume) a 

substance, e.g., oil.

Biological	effects	monitoring – Specific 

monitoring of biological effects likely to be 

caused by hazardous substances.

Biota – All living organisms of an area; the 

flora and fauna considered as a unit.

Bq	– Becquerel, a unit used for radio- 

activity.

BRC – Background reference concentration.

Bunker	oil – Heavy oil, used as boat and 

tanker fuel.

By-product – A product or service deriving 

from a manufacturing process that is not the 

primary product or service being produced.

Carbon	(C) – An element.

CAS – Chemical Abstract Services, provides 

an identification system for chemical sub-

stances, where each substance is given a 

CAS number.

Cd	– Cadmium, an element classified as a 

heavy metal.

Chronic	toxic	effects – Effects that occur 

during a relatively long period, usually over 

more than 10 % of the life span of the 

organism. See also acute toxic effects.

Congener – A chemical term for many vari-

ants or configurations of a common chemi-

cal structure.

Crude	oil	– The primary state of oil. Crude 

oil has not yet been refined into different 

petroleum products.

Cu	– Copper, an element classified as a 

heavy metal.

Density	– The mass (weight) of a unit vol-

ume of a substance. Water, for instance, has 

a density of (approximately) 1 kg/L.



Hazardous and radioactive substances in danisH Marine Waters ��

Dispersion – Fine droplets of oil are trans-

ferred into the water. Usually occurs when 

the surface oil slick is disrupted by breaking 

waves. The opposite of emulsification.

Distillation	fractions – The different (usu-

ally commercially interesting) petroleum frac-

tions in a heavy oil. At atmospheric pressure, 

gasoline is distillable at around 10°C, jet fuel 

at 200°C, and diesel at 300°C.

DSD – Dangerous Substance Directive.

EAC – Environmental Assessment Criteria

EcoQO – Ecological Quality Objective.

Emulsification – The process of water be-

coming mixed with oil, in severe cases cre-

ating a very viscous “mousse”. The opposite 

of dispersion.

EQS	– Ecological Quality Standard.

Hazardous	substances – Substances or 

groups of substances that are toxic, persist-

ent, and liable to bioaccumulate, and other 

substances or groups of substances which 

give rise to an equivalent level of concern.

HCH	– Hexachlorocyclohexane (Lindane).

HELCOM – See Helsinki Convention.

Helsinki	Convention – The Convention on 

the Protection of the Marine Environment 

of the Baltic Sea Area, 1992 (entered into 

force on 17 January 2000), also called the 

Helsinki Convention, which is administered 

by the Helsinki Commission (HELCOM).

Hg – Mercury, an element classed as a heavy 

metal.

ICES – The International Council for the Ex-

ploration of the Sea (ICES) is the oldest in-

tergovernmental organisation in the world 

concerned with marine and fisheries science. 

The council was first established in Copen-

hagen in 1902, but now operates under the 

terms of the 1964 Convention for the Inter-

national Council for the Exploration of the 

Sea. Since its establishment in 1902, ICES 

has been a leading scientific forum for the 

exchange of information and ideas on the 

sea and its living resources, and for the pro-

motion and coordination of marine research 

by scientists within its member countries. The 

area of competence of the council is, broadly 

speaking, the Atlantic Ocean and its adjacent 

seas, with an emphasis on the North Atlan-

tic. There is no precise delimitation of this 

area.

IMO – International Maritime Organisation, 

a UN organisation concerned with shipping 

and pollution from shipping.

Imposex – A pseudo–hermaphroditic con-

dition in female gastropods (snails) caused 

by TBT and manifested by the development 

of a false penis.

Inorganic	– Substances or elements not 

containing carbon.

Interfacial	tension – An intermolecular 

force between two surfaces. For example, 

the interfacial tension governs the shape of 

a liquid droplet (how spherical it is).

Intersex – Change of female sexual charac-

teristics to those of the male, specific to the 

periwinkle (Littorina littorea).

ISI – Intersex Stage Index.

Isomers	– A chemical species with the same 

number and types of atoms as another che-

mical species, but possessing different prop-

erties.

Li	– Lithium, an element.

Littoral	zone – The marine ecological realm 

situated roughly between the high–tide level 

and the limit of the continental shelf. It is 

characterised by intricate inter–relationships 

between floral and faunal populations, high 

wave energies and, in the intertidal subzone, 

by alternating submergence and exposure.

Metabolites – Breakdown products of sub-

stances that are the result of chemical and 

biological tranformation processes.

Microsievert	– A unit for exposure to radio-

activity.

Ni	– Nickel, an element classified as a heavy 

metal.

Normalisation – adjusting a measured con-
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centration to a common factor, for example, 

adjusting the concentration of a heavy metal 

to background values.

Organic – A substance containing carbon

Organotin – A substance in which the tin 

atom is bound to a carbon–containing sub-

stance.

OSPAR – See OSPAR Convention.

OSPAR	Convention – Convention for the 

Protection of the Marine Environment of 

the Northeast Atlantic. It was opened for 

signature at the Ministerial Meeting of the 

Oslo and Paris Commissions in Paris on 22 

September 1992. The convention entered 

into force on 25 March 1998, and is admin-

istered by the OSPAR Commission.

PAH	– Polyaromatic hydrocarbon.

Pb	– Lead, an element classified as a heavy 

metal.

PCB	– Polychlorinated biphenyls.

Pelagic	– Living in or frequenting the water 

column. Applied especially to organisms 

that live in the upper water layers of the 

sea, away from the coast. See also benthic.

Photo-oxidation – A chemical process 

whereby the energy of sunlight (or artificial 

light) causes chemical reactions.

POP – Persistent organic pollutant.

psu – Practical salinity unit.

Radioactive	contamination – The conta-

mination of any material, surface, environ-

ment or person by radioactive substances. 

In the specific case of the human body, this 

radioactive contamination includes both 

external skin contamination and internal 

contamination irrespective of method of 

intake.

Radioactive	substances – See radionuclide.

Radioactivity – Spontaneous emission of 

radiation, normally alpha or beta particles, 

often accompanied by gamma rays, from 

the nucleus of an (unstable) isotope.

Radionuclide – A nuclide that exhibits radi-

oactivity.

Sediment – Solid particles of organic and 

inorganic material at the sea floor.

Sedimentation – Deposition of material of 

varying size, both mineral and organic, away 

from its site of origin by the action of water, 

wind, gravity or ice.

Sievert	– See microsievert.

Solubility – A measurement of the mass of 

a solute (solid, liquid or gas) that will dissolve 

in a given volume or mass of solvent. When 

dissolving one liquid in another, it is also 

called miscibility.

Specific	gravity	– See density.

TBT – Tributyltin, a very toxic organic com-

pound containing tin. It is used in anti–foul-

ing paints on vessels and fixed marine struc-

tures.

Toxicity	– The degree of danger posed by a 

substance to animal or plant life.

Trophic	level – The feeding position of an 

organism in the food web.

Vapour	pressure – Vapour pressure is a 

measure of the tendency of a material to 

change into the gaseous or vapour state, 

and it increases with temperature.

VDSI	– Vas Deferens Sequence Index.

Weathering	– A number of physical, biolo-

gical, and chemical processes that, for exam-

ple, degrade oil.

WFD – Water Framework Directive.

Zn	– Zinc, an element classified as a heavy 

metal.
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annexes
Map of tHe danisH Marine Waters
The estuaries, coastal waters and open marine waters mentioned in the report are indicated on 

the map on the opposite page. Names referring to the numbers on the map are listed below. 

The translation of the Danish names to English are: “Bredning“ – a broad; “Bugt“ – a bay; 

“Bælt“ – a belt; “Bælthav“– a belt sea; “Fjord“ – an inlet, but often used as a general term for 

estuaries and should not be confused with the definition of a classical fjord with a sill; “Nor“ – 

a cove; “Sund“– a strait or sound; “Vig“ – a cove; “Øhav“ – archipelago; “Farvand“ – waters.

Danish marine sub areas

1 Agerø

2	 Copenhagen

3	 Egense

4	 Fakse

5	 Fakse Bugt

6	 Flensborg Fjord

7	 Frederiksværk

8	 Frederikssund

9	 Gilleleje

10	 Haderslev Fjord

11	 Horsens Fjord

12	 Kolding Fjord

13	 Kulhuse

14	 Køge Bugt

15	 Langerak

16	 Limfjorden

17	 Lindø

18	 Mariager Fjord

19	 Nakskov

20	 Nibe Bredning

21	 Nivå

22	 Nivå Bugt

23	 Odense

24	 Odense Fjord

25	 Randers Fjord

26	 Ringkøbing Fjord

27	 Roskilde

28	 Roskilde Bredning

29	 Roskilde Fjord

30	 Ros  kilde Vig

31	 Rungsted

32	 Skuldelev

33	 Sønderborg

34	 Vedbæk

35	 Vejle Fjord

36	 Åbenrå

37	 Ålborg

38	 Århus

39	 Århus Bugt
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Substance	 Average	concentration	and	range		 Criteria	by	which		
	 1998-2004	 the	substances	were		
	 	 selected	

Sediment	 	Biota	 Water	

	 	 Mussel*	 Fish**	 	

Heavy	metals	 mg/kg dw mg/kg dw mg/kg dw mg/l	

Lead (Pb) 29 1.2 0.3/0.5 n.m OSPAR (A), CEMP,  
 [4.8-108] [0.1-5.6] [<0.2-8.0]  HELCOM, NSC, Nat I, EU
Cadmium (Cd) 0.41 1.25 0.70/0.80 n.m OSPAR (A), CEMP, HEL 
 [0.01-1.9] [0.28-7.2] [<0.02-20]  COM, NSC, EU
Copper (Cu) 17 11.6 53/21  HELCOM, NSC, EU 
 [0.7-42] [2.3-120] [2.4-232] n.m
Mercury (Hg) 0.13 0.149 0.51/0.4  OSPAR (A), CEMP,  
 [0.001-0.67] [0.005-0.892] [0.01-2.5] n.m HELCOM, NSC, EU
Nickel (Ni) 19 2.8 0.3/0.6 n.m
 [1.5-54] [0.3-51] [<0.2-6.7]  HELCOM, Na II
Zinc (Zn) 91 127 159/158  HELCOM, NSC, Na II
 [6.2-260] [57-313] [8-384] n.m

Pesticides mg/kg dw µg/kg ww µg/kg ww µg/l	

Aldrin n.m n.m n.m n.m OSPAR (B), NSC, EU
Atrazine n.m n.m n.m 0.007  NSC   
    [0.007-0.009] 
DDT 0.44 0.20 1.3/1.6 n.m OSPAR (B), HELCOM, 
[0.04-17] [<0.1-6.0] [<0.1-9.8]  NSC, EU 
DDE 0.57 0.5 10.9/9.3 n.m OSPAR (B), HELCOM, 
[0.04-15] [0.1-2.9] [0.4-70]  NSC, EU
Dieldrin n.m n.m n.m n.m OSPAR (B), NSC, EU
Diuron n.m n.m n.m 0.039  PP
    [0.01 - 0.17] 
Endrin n.m n.m n.m n.m OSPAR (B), OSPAR (B)  
     NSC, EU
Irgarol 1051 n.m n.m n.m 0.008 PP   
    [0.004-0.054] 
Isodrin n.m n.m n.m n.m OSPAR (A), NSC, EU
gamma-Lindane 0.50 0.2 1.0/2.0  n.m OSPAR (A), HELCOM,
 (HCH) [0.04-3.7] [0.1-0.5] [0.3-6.5] NSC, EU 
Simazine n.m n.m n.m 0.0125 
    [0.008-0.091] 

Polyaromatic	hydrocarbons	(PAHs),	including	Naphthalene	
	 µg/kg dw µg/kg ww  

Naphthalene 49 5.9 n.m n.m Nat I, PP
 [4-180] [1.6-164]  
Σ 16 PAHs 1391 59 NOVA n.m OSAR (A), CEMP, Nat I
 [70-8070] [4-960] 

Appendix	I.

Summary table of hazardous substances that were included in the NOVA monitoring programme and screening 

activities. 
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Substance	 Average	concentration	and	range		 Criteria	by	which		
	 1998-2004	 the	substances	were		
	 	 selected	

Sediment	 	Biota	 Water	

	 Mussel*	 Fish**	 	

Phenols	 µg/kg dw    

Nonylphenol 85 n.m n.m n.m OSPAR (A), NSC, PP
 [<0.5 - 610]

Halogenated	aliphatic	hydrocarbons	
	 µg/kg dw µg/kg ww µg/kg ww  

1,2-dichlorethane n.m n.m n.m N.D EU, NCS
Trichlorethylene n.m n.m n.m N.D EU, NCS
Trichlormethane n.m n.m n.m N.D EU, NCS
Hexachlorbenzene 0.10 0.1 1.2/1.3  OSPAR (B), HELCOM, 
(HCB) [0.03-0.6] [<0.1-0.8] [<0.1-6.7] n.m  NSC, EU

Polychlorinated	biphenyls	(PCBs)
	 µg/kg dw µg/kg ww µg/kg ww  

Σ 7 PCBs 4.1 53 3.4  OSPAR (A), CEMP,
 [0.4-49] [0.3-23] [17-157] n.m  HELCOM, NSC, EU

Organotin	compounds	
	 µg Sn/kg dw µg Sn/kg ww	   

Tributyltin (TBT) 12 10.7 n.m n.m OSPAR (A), HELCOM, Na
[0.1-150] [0.4-136]   I, NSC
Dibutyltin (DBT) 3.6 5.9 n.m n.m OSPAR (A), Na I, NSC
 [0.4-51] [0.3-83] 
Monobutyltin 3.2 2.8
 [0.5-20] [<0.1-31] n.m n.m OSPAR (A), Na I, NSC

OSPAR (A): OSPAR List of Chemicals for Priority Action
OSPAR (B): OSPAR Substances of Possible Concern
CEMP: OSPAR Co-ordinated Environmental Monitoring Programme
NSC: North Sea Conferences
EU: EU priority substances, List I
Nat I: Candidate substances for the Danish list of priority substances
PP: Precautionary Principle
* Mussel: Average value of Mytilus edulis and Mya arenaria, range for M. edilus (preferred species)
**  Fish: Flounder/Plaice average, range flounder (preferred species)

Σ 7 PCBs = CB28 + CB52 + CB101 + CB118 + CB138 + CB153 + CB180
Σ 16 PAHs = Naphthalene + Acenaphthylene + Acenaphthene + Fluorene + Phenanthrene + Anthracene + Fluoranthene + 
Pyrene + Benz[a]anthracene + Chrysene/triphenylene + Benzo[b,j,k]fluoranthene +Benzo[a]pyrene + Dibenzo[a,h]anthracene 
+ Benzo[g,h,i]perylene + Indeno[1,2,3-c,d]pyrene

N.D. =  Not detected
n.m. =  Not measured
dw =  Dry weight
ww =  Wet weight
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This assessment report has been 

written in order to fulfil Danish 

reporting obligations in relation  

to the OSPAR Trend Assessment on 

Dangerous Substances. The assess-

ment is based on existing informa-

tion, primarily data collected via 

national and regional Danish moni-

toring activities until 2005.

The report consists of a general in-

troduction to hazardous substances 

and their fate and potential effect 

in the marine environment, follow-

ed by the present contamination 

status and trends in Danish waters 

together with effects monitored 

through the use og biomarkers.  

Finally a discussion on future man-

agement and assessment is in-

cluded.

The assessment shows that hazar-

dous substances can be found in 

Danish waters with the highest -

concentrations in fjords and coastal 

areas close to point-sources, where 

also responses in biomarkers are 

seen. Concentrations are declining 

for older, now banned, organoha-

logen substances like DDT, whereas 

for some heavy metals the concen-

trations are increasing. For most 

substances no trends can be estab-

lished as yet.


	Hazardous and Radioactive Substances in Danish Marine Waters
	Title Page
	Preface
	Contents
	1 Introduction
	1.1 Input to the Marine Environment
	1.2 Fate of Hazardous Substances inthe Marine Food Web
	1.3 Effect of Hazardous Substances in the Marine Environment
	1.4 Risk Assessment and Classification of Contamination Levels

	2 Hazardous Substances:Status and Temporal Trends
	2.1 Monitoring of Hazardous Substances
	2.2 Heavy Metals
	2.3 Polyaromatic Hydrocarbons
	2.4 Organohalogen Compounds
	2.5 Other Organic Substances
	2.6 Anti-fouling Compounds
	2.7 Biological Effects of Hazardous Substances

	3 Radioactive Substances:Status and Temporal Trends
	3.1 Monitoring of Radioactive Substances
	3.2 Risk Assessment

	4 Perspectives on Current Status and the Future of Management
	4.1 Status and Trends
	4.2 The Ecosystem Approachto Management
	4.3 The Future

	5 Conclusions
	Glossary and Abbreviations
	Where can I read more?
	Contributors and Acknowledgements
	References
	Annexes
	Map of the danish marine waters
	Summary table of hazardous substances
	Data Sheet

	Back site

