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Foreword

On behalf of the Central Command for Marine Emergencies, the IfAO, under the leadership of UEG
AG Monitoring, developed a proposal for an “examination concept for major pollutant incidents to
determine the environmental impact in the German North and Baltic Seas” (IFAO 2016).

The guidelines presented here are a shortened and revised version of the research concept mentioned
above by UEG AG Monitoring. It is designed for use in an emergency. Accordingly, the text is reduced
to the essential aspects. Literature citations have been removed from the text, but the literature list of the
research concept is included in the Appendix. The chapter numbering of the guide is based on that of
the concept in order to make it easier to find the literature used as well as further information.
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Background and objectives

1 Background and objectives

Photo: CCME

The German North Sea and Baltic Sea are marine areas with a very high volume of shipping traffic.
Accordingly, some of the busiest shipping routes in the world are located here.

The increasing use of the seas, especially the increasing number of wind farms, also increases the risk
of shipping accidents and the associated release of pollutants into the environment. Most often, mineral
oil or oil derivatives end up in the sea. Despite the gratifying decline in tanker accidents, the risk of
accidental oil pollution remains.

As part of the BEF-AWARE I project (2012-2014), coordinated by the Bonn Agreement, a higher
probability of the occurrence of shipping incidents/oil spills was determined for the southern North Sea,
with its very busy shipping routes along the Belgian, Dutch, and German coasts, in comparison to other
regions of the wider North Sea.

For the busy Baltic Sea, there has been a steady increase in shipping traffic over the past few decades.
About 15% of the world's sea trade is here. After the construction of new oil terminals in Russia, a
further increase in oil shipments can be expected in the future.

In the event of a pollution incident, there is a high probability that very sensitive habitats will be affected
by pollution. Against this background, a monitoring concept for determining the environmental impact
of major pollution incidents in the North and Baltic Seas is presented. The focus is on coastal and
transitional waters and the immediately adjacent coastal habitats, since these regions are expected to
have the greatest impacts from pollution with oil or other environmentally hazardous chemicals.
Although the focus of the concept is on oil spills, the examination approaches can also be transferred to
incidents involving other Hazardous and Noxious Substances (HNS).

The concept includes chemical, bioeffect, biological, and habitat monitoring with the requisite
methodology. It differentiates between immediate monitoring for the first assessment of the magnitude
of the incident, and long-term monitoring to determine damage and restoration of habitats and
communities.

The necessity of creating a monitoring concept arises from recommendation 20 from the report of the
independent expert commission “Havarie Pallas” (“Grobecker Commission”, Berlin 2000) and the fifth
milestone report on subproject 7 “Environment” of the project “Improving emergency preparedness and
of emergency management in the North Sea and Baltic Sea”. In the event of damage, such monitoring
should, on the one hand, provide the scientific basis for describing and assessing the damage and, on the
other hand, should be used to list costs in the context of insurance accounting.
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Introduction

2 Introduction

2.1 Qil as an environmental pollutant

Photo: CCME

Oils (mineral oil, crude oil) are extremely complex mixtures of thousands of substances, of which
hydrocarbons (HC) make up by far the largest group of substances (usually > 75%). Relevant minor
admixtures are nitrogen, sulphur, and oxygen-containing compounds and complexed metals (e.g., iron,
nickel, vanadium).

Based on their chemical structure, HC are grouped into alkanes (paraffins), cycloalkanes (naphthenes),
and aromatic compounds. The relative proportions of these components vary between crude oils of
different origins and determine their physical properties. Alkanes and cycloalkanes make up the bulk of
most crude oils. Depending on the number of their carbons and the temperature, they are highly- to non-
volatile, liquid or solid compounds (waxes).

Most alkanes and cycloalkanes only have a low toxic potential towards aquatic organisms. Aromatics
are partially water-soluble and are generally classified as the significantly more toxic and
environmentally relevant components. They are therefore a particular focus of pollutant incident
monitoring.

As soon as oil escapes onto the water surface as a result of an incident or other event, it is subject to
various physical and chemical changes, which are known as weathering processes. The following
weathering processes take place: dispersion, evaporation, spreading, emulsification, dissolution, photo
oxidation, sedimentation, and biodegradation.

The speed and relevance of individual changes, which occur both at different times and parallel to one
another, depend essentially on the type of oil and the prevailing hydrographic and meteorological
conditions. In general, dispersion, evaporation, spreading, and emulsification are important in the initial
phase after a spillage, while oxidation, sedimentation, and biodegradation are long-term processes that
determine the ultimate fate of the oil.

11



Introduction

2.2 Summary of monitoring studies after previous major oil and chemical

incidents to date

|

Photo: S. Wahrendorf %

The CEDRE and ARCOPOL studies showed that pollutant incident monitoring always includes the
following three monitoring components:

Chemical monitoring: determination of pollutant contamination in different compartments (water,
sediment, biota).

Bioeffect monitoring: reactions to exposure to pollutants at a sub-individual and individual level (bio
tests, biomarkers).

Biological monitoring: examination of harmful effects on population and/or community level
(population dynamics, structural parameters).

In addition, further environmental compartments and components were regularly selected for

environmental monitoring: pelagic, benthos, birds, and marine mammals.

Comparison of the monitoring programmes as part of the CEDRE study (Laruelle & Calvez 2005)
revealed the following findings:

e The environmental components, which were examined more or less intensively depending on the

pollutant incident, were the pelagic, the benthic area of the sublittoral and eulittoral, the
supralittoral with the adjoining terrestrial area, as well as birds and marine mammals.

The main focus was on monitoring activities in the benthic area and especially in the eulittoral,
where drifting oil slicks ultimately stranded and the oil accumulated.

The pelagic was examined more closely when local fishery or aquaculture was affected or
threatened by oil pollution.

In the event of a leakage of light oil or in the event of strong natural dispersion, monitoring was
mostly focused on the sublittoral benthic area.

Supralittoral and adjacent terrestrial areas were examined when these areas were polluted by the
influence of wind and spray and when competent experts (botanists) were available.

With regard to birds and marine mammals, interest in monitoring increased when significant local
populations were present, when mortality was high, or when individual species were considered
particularly worthy of protection.

12
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As a result of the evaluation of the monitoring activities, the following deficiencies and monitoring

priorities were identified within the framework of the ARCOPOL project:

e A general problem was the lack of coordination of monitoring programmes. According to the
recommendation by Kirby & Law (2010), “environmental groups” should be set up to monitor
and control all aspects of monitoring. At the national level, experts for individual components of
a pollutant incident monitoring system should be named in advance. Instead of particular
scientific interests, a multidisciplinary approach should have priority.

o The lack of reference data/preliminary data made it difficult to identify and assess the effects of
pollutants. Long-term monitoring programmes are required to generate the necessary reference
data. The implementation of the Water Framework Directive (WFD), the Marine Strategy
Framework Directive (MSFD), and the Habitats Directive (HD) in national monitoring
programmes should result in more usable preliminary data being available in the future.

e There were also frequent gaps in knowledge about the biology of selected bioindicators. This has
a particularly negative impact when pollutant effects are to be recorded on a sub-individual
(biomarker) and individual level. The choice should be of recognized and ecologically relevant
species. Relevant selection criteria were determined as part of the EU project EROCIPS.

e In most cases, only short-term verifiable environmental damage was monitored after pollutant
incidents and long-term effects were not examined or not recognized as such. In this respect,
there is usually a fundamental lack of knowledge about long-term pollutant effects after incidents,
although it can be assumed that these exist.

o The assessment of long-term effects can, however, be more difficult due to the natural variability
of biological systems and chronic background pollution.

e The lack of standardized guidelines/procedures for implementing monitoring programmes is also
widespread. These are considered to be absolutely necessary, also in view of the fact that
programmes must always be flexibly adapted to the specific circumstances of a specific pollutant
incident. The recommendations developed within the framework of the PREMIAM project in
Great Britain can serve as a guideline for the development of monitoring guidelines in other
countries.

e Furthermore, there is widespread ignorance about the environmental hazard caused by HNS after
shipping incidents.

13
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2.3 Dispersants

In addition to mechanical methods, chemical methods are also available for dealing with oil at sea. In
terms of their mechanism of action, a distinction can be made between different product classes for
chemicals. Oil herders and solidifiers increase the viscosity of the oil by contracting or solidifying it,
thus facilitating mechanical removal. Demulsifiers and synthetic sorbents should ultimately increase the
effectiveness of the absorption or skimming of oil. However, by far the most common dispersants used
are those which promote the natural dispersion of oil and thus distribute it more firmly in the water
column.

Effect of dispersants

When using a dispersant, the oil is broken up into tiny droplets and distributed in the water body from
the surface of the sea. This results in a greatly increased surface area of the oil, which increases the
bioavailability for microorganisms so that the oil can biodegrade more quickly.

Use of dispersants and NEBA

The use of a dispersant should always take place after carefully weighing the possible advantages and
disadvantages in the specific individual case. A structured, step-by-step decision-making process is
possible using the NEBA concept (net environmental benefit analysis), which is recommended by
EMSA and IPIECA/OGP to weigh up the pros and cons of using a disperser. The NEBA process is
based on the following four steps:

e Collecting and evaluating data: site examination; oil drift, weather conditions;

e Predicting what both non-intervention and the use of a dispersant would mean for threatened habitats;

e Weighing up different control measures with regard to ecological and socio-economic advantages
and disadvantages;

e Choosing the best control measures that minimizes damage caused by the oil and at the same time
promises the fastest regeneration of the marine environment.

14



Introduction

2.4 Enforcement of costs for pollutant incident monitoring

After an oil spill, the often very high costs for the necessary response and cleaning measures are the
focus of claims for damages against the polluter. In addition, there are costs associated with recording

and assessing environmental damage as part of more or less extensive pollutant incident monitoring.

In the first versions of the International Convention on Civil Liability for Oil Pollution Damage and the
International Oil Pollution Compensation Funds (IOPC Funds) from 1992, environmental damage after
oil incidents was not taken into account. Only current costs and economic losses were eligible for
reimbursement.

With regard to claims for reimbursement for pollution incident monitoring, the following should be
noted:

e The conditions under which compensation can be considered are very restrictive.

o In the first place, measures within the scope of immediate monitoring or in the acute pollution phase
of an incident are reimbursable. Monitoring should accompany the oil response and cleaning
measures as far as possible.

e Monitoring programmes are mainly classified as necessary in the event of major environmental
damage. Criteria are, for example, a large area affected and the deterioration of commercial fish
stocks and shellfish.

e The willingness to reimburse monitoring activities increases with increasing extent of the
environmental damage.

e Environmental studies should primarily address the question of whether measures to restore the
original state of the environment are necessary and feasible.

e The necessity of monitoring measures must be justified in detail. All measures must be documented
in detail.

e International Tanker Owners Pollution Federation (ITOPF) experts should be involved in the design
of a monitoring programme.

15



Relevant aspects of pollution incident monitoring

3 Relevant aspect

—

»r -
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Guidelines for marine environmental monitoring after a pollution incident have been drawn up in various
countries. Examples are the PREMIAM project carried out in Great Britain, the Oil Spill Monitoring
Handbook (AMSA 2016) published by the Australian and New Zealand authorities for maritime safety,
and recommendations for action to carry out pollutant incident monitoring from the French research and
documentation centre for accidental water pollution CEDRE (Brest). Corresponding publications cited
at various points in this report were, among others, also published by the regional marine protection
conventions OSPAR and HELCOM, as well as ITOPF.

A comparison of the guidelines shows that the monitoring programmes are essentially the same with
regard to the environmental components to be monitored. The following monitoring activities and
environmental components are considered to be particularly relevant for pollutant incident monitoring.

e Chemical monitoring is used to determine the contamination of the environmental compartments
water, sediment, and biota by the pollutant(s) that have escaped.

o Bioeffect monitoring records the toxic effects of pollutants on selected bioindicators.

e Biological monitoring should record the harmful effects on the biological ecosystem components
benthos, fish, birds, marine mammals, and habitats.

An essential general goal of pollution incident monitoring is the decision as to whether there are
environmental impacts and, if so, which measures are necessary to restore the environment to the state,
which existed before the pollution incident.

3.1 Chemical monitoring

After a shipping incident with the escape of crude oil, oil derivatives, or other chemicals, the
determination of the contamination of various environmental compartments is a central component of
pollutant incident monitoring.

Objectives

e Chemical monitoring of water, sediment, and organisms primarily pursues the objective of
determining the extent and intensity of pollution shortly after the release of pollutants as well as the
decrease in pollution over time.

e The primary evaluation criterion of chemical analysis data is the restoration of the chemical reference
state. This can be the condition immediately before the incident occurred or, in the case of long-term
monitoring, the condition that is present in a representative reference area.

e It isused to clearly identify the polluter and thus to preserve evidence and assert claims for damages.

In addition, the results of chemical monitoring are an important decision criterion for whether and, if so,
which measures are necessary to restore the original condition (reimbursement of costs).

16



Relevant aspects of pollution incident monitoring

3.2 Bioeffect monitoring

Objectives

Biological effect monitoring is used to record pollutant-related effects and/or effects on organisms as a
result of pollution in the environment. In this respect, this type of monitoring is of particular relevance
in the event of hazardous incidents, where a high level of exposure can be assumed.

A distinction must be made between biotests (bioassays) and biomarkers as monitoring tools for
recording bioeffects:

e Biotests measure the ecotoxicity of environmental samples on selected test organisms under
standardized laboratory conditions. A distinction is made between in-vitro and in vivo biotests. In-
vitro tests mostly use cell lines as biological detectors, while in vivo tests are carried out with living
organisms.

e Biomarkers are measurable biochemical, physiological, or morphological changes (so-called
endpoints) that arise as reactions to physical and chemical environmental pollution. Biomarker
studies are primarily carried out on organisms exposed in the field (bioindicators).

3.3 Biological monitoring

Objectives

Monitoring of benthos and the species groups fish, birds, and marine mammals serves to record and
assess the damage to these relevant ecosystem components after a pollution incident. This is mainly
done by comparing the condition caused by the pollution with the condition of the same biological
components that are not affected by the pollution incident. In the course of pollution incident monitoring,
the process of restoring the original condition or a comparable representative condition is monitored.
An important objective of monitoring is the decision-making as to whether measures for restoration are
necessary or not, and determination of the regeneration process in connection with the impairment of
the ecosystems.

Primarily, the results of the species groups/habitats not affected by the pollution incident that were
examined in parallel should be included in the assessment of the regeneration process. If necessary, a
reference status can be defined using existing preliminary data with reference to affected species
groups/habitats.

3.3.1 Benthos

As a component of the food web, benthic organisms are of considerable importance for the marine
ecosystem. Because of this key role and the function of many organisms as indicators for changes in the
surrounding environment, macrophytobenthos and macrozoobenthos are routinely examined as quality
components in various monitoring programmes in German coastal waters.

Macrophytobenthos

Benthic macrophytes fulfil numerous ecological functions and are also of great economic importance.
They serve many organisms (such as fish, crabs, and birds) as a habitat, a source of food and a substrate
for spawning.

Eelgrass Zostera marina is an ideal bio-indicator for studying the effects of oil. The effect of oil on
eelgrass varies from minor to severe, depending on water depth, type of oil, and surrounding local
conditions.
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Other macrophytes, such as bladderwrack Fucus vesiculosus, are less sensitive to oil exposure.
Macrozoobenthos

The term macrozoobenthos covers invertebrate organisms that live on or in the seabed and do not pass
through a sieve with a mesh size of 1 mm.

An example of a trophic key group of macrozoobenthos (e.g., for benthophage seabird species) are
mussels, which are particularly sensitive to a pollution incidents due to the predominantly sessile way
of life of adults, their diet as a filter feeder, and their widespread use as bioindicators.

Most crustaceans are very sensitive to exposure to oil because they accumulate HC very quickly.

3.3.2 Fish

Fish can be harmed directly or indirectly by oil derivatives. Direct damage includes the absorption of
oil droplets, absorption of dissolved oil components via the gills or other areas of the body surface, as
well as impairment of the viability of fish eggs and larvae. Fish can also be indirectly affected by damage
to their habitat and/or food sources caused by oil.

3.3.3 Birds

Birds are particularly noticeable victims of oil spills. They are therefore the focus of public attention in
the event of such a spill. The harmful effects of oil on birds have two different levels:

o Individual birds are directly or, less noticeably, indirectly affected by oil pollution;

e Large concentrations of birds or breeding colonies of particularly sensitive species can be severely
threatened locally after a pollution incident, or large parts of a population can be endangered (e.g.,
shelduck in the moulting season).

On the basis of expert judgements, Tasker & Pienkowski (1987) assigned an Oil Vulnerability Index
(OV]) to various sea bird species in the North Sea. The index takes into account the length of time a
species spends on the water surface, the importance of the North Sea population for the world population
of the species, and the size of the total world population.

3.3.4 Marine mammals

Marine mammals, such as seals and whales, are among the species groups that enjoy particularly high
public attention in the event of an oil incident. As potentially conspicuous victims of oil spills, like birds
they have long been part of pollutant incident monitoring systems.

Harbour seal, grey seal, and harbour porpoise are the only marine mammals regularly occurring in large
numbers in German waters. In the North Sea, the probability that these species will become victims of
oil or chemical pollution is higher due to their significantly higher number of individuals than in the
Baltic Sea.

3.3.5 Habitats
The most obvious environmental consequences of an oil spill do not include the chemical/toxic effects,
but damage caused by direct contact between living organisms and habitats with oil or oil products. In

habitats such as salt marshes, mussel beds, and eelgrass meadows, smothering with an oil slick leads to
severe long-term damage.

Salt marshes that occur in the zone between land and sea are considered to be particularly sensitive
habitats. If they are contaminated with oil, their regeneration is generally slow. This is especially true
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when oil penetrates deeper into the soil and leads to long-term contamination. Salt marsh plants show
considerable differences in terms of their sensitivity and regenerative capacity. Annual herbs are
predominantly the most sensitive to oil pollution, while grasses and perennial herbs are less sensitive.
Persistent species with underground rhizomes and possibly vegetative reproduction have a
comparatively high potential for regeneration.
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4 Surveillance programmes in German marine
monitoring
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Long-term and routinely collected marine environmental data, such as those collected within the
framework of regular marine surveillance, are a main source for the acquisition of preliminary or
reference data, which represent an important tool for assessing the environmental damage caused by
incidents. The core elements of maritime surveillance are monitoring programmes combined under the
umbrella of the Federal/State Committee North and Baltic Sea (BLANO), the Federal/State
Measurement Programme (BLMP). This means that relevant EU and national regulations are
implemented, as well as obligations from regional marine protection agreements. The most important
are the WFD, MSFD, Directive on environmental quality standards in the field of water policy, the HD,
the Birds Directive (BD), and the OSPAR and Helsinki Conventions (HELCOM). In addition, the
monitoring requirements from the Trilateral Wadden Sea Cooperation (TWSC) are part of BLMP. The
current federal/state monitoring programmes are described in the monitoring manual with its data sheets
(http://www.meeresschutz.info/monitoringhandbuch.html).

The separate Annex II of the monitoring concept (IFAO 2016) contains tabular lists of monitoring
programmes (MP) that generate data that could be relevant as preliminary data/reference data for
pollution incident monitoring. These are:

e Pollutants and bioeffects MP;

e Benthic habitats (fauna and flora) MP;
e Fish fauna MP;

¢ Bird fauna MP.
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5 Deficiencies in marine monitoring in terms of

advance data

In principle, all environmental components identified as relevant for pollution incident monitoring are

recorded as part of current marine environmental monitoring. However, there are definitely regional

deficits with regard to spatial coverage and frequency of individual parameters.

According to the federal structure, coastal states are mainly responsible for monitoring in their own
coastal waters; hence, the deficits identified and the recommended solutions are listed in the regional

context and presented in tabular form in the study concept (IfAO 2016). In addition, there are even more

extensive tables in Appendix II of the concept which contain the monitoring activities for the respective

German coastal areas that are potentially relevant as sources of preliminary or reference data for the
monitoring components of pollutant incident monitoring (Appendix II Tab. § - 11).

The following statements result from the deficit analysis:

Overall, it can be stated that, in the context of monitoring the state of the German marine areas, the
environmental components and parameters that are relevant for pollution incident monitoring, and
that can potentially serve as preliminary data or reference data, are monitored.

In general, greater spatial coverage is necessary of monitoring points in areas with a high risk of
danger from the occurrence of pollution incidents as a result of a shipping incident. The priority is to
monitor those habitats that are particularly sensitive and potentially suffer long-term damage (e.g.,
salt marshes, eelgrass stands, mussel beds).

There is a shortage of preliminary data on macrozoobenthos communities in the eulittoral or
sublittoral riparian zones. These marine compartments are particularly severely affected by oil and
should be monitored particularly intensively in the context of pollution incident monitoring.

Federal state monitoring programmes are inconsistent with regard to the frequency and season of
sampling biota (mussels) to determine pollution. There should be harmonization in accordance with
the monitoring recommendations of OSPAR and HELCOM.

There is a general lack of reference data for selected bioindicators (bioeffect monitoring) in coastal
waters.

There are only limited preliminary data on marine pollution with oil-specific alkylated polycyclic
aromatic hydrocarbons (PAHs) and alkanes (data available in the Federal Hydrography Agency
(BSH)). There is hardly any knowledge available for HNS that are transported on a large scale by
ships.
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6 General monitoring principles
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6.1 Monitoring design and strategy

Within the framework of monitoring, the effects of a pollution incident must be separated from natural
variations in environmental conditions. If suitable preliminary data are available from the impaired area
and from a reference area (which is as similar as possible to the affected area) that is not influenced by
the damage event, this can be done according to the principle of the BACI model (Before/After-
Control/Impact) or of the “Beyond BACI” model (Underwood 1992).

If preliminary data are not available or if reference studies cannot be carried out (e.g., due to the lack of
suitable reference areas), environmental monitoring must inevitably be based exclusively on studies
along a gradient of the pollutant concentration.

Each environmental impact assessment is usually based on the following characteristics:

¢ Biological components and key indicators;
e Pollutants in various environmental compartments;

¢ Physico-chemical environmental parameters that are characteristic of a habitat/biotope.

When designing pollutant incident monitoring, the following must be determined or specified (Law et
al. 2011):

e Spatial and quantitative extent of damage;

e Issues and objectives of the monitoring programme;

e Most threatened/sensitive habitats/biotopes;

e Selection of monitoring parameters;

e Spatial scope of surveillance;

e Advance data from habitats/biotopes;

e Design and selection of evaluation and assessment procedures.

In principle, it should be possible to describe the condition of an affected area before a pollution incident
as a starting point for its development over time using the most current data possible. For this purpose,
the selected environmental components must be recorded in the short term in order to be able to carry
out an initial assessment of environmental impact and resulting consequences. The subsequent recording
of the temporal development of monitoring data is important because examination frequency must also
be based on how quickly pollutant concentration decreases and the process of regeneration progresses.
Development over time along the gradient of pollutant concentration must also be recorded so that
anthropogenic changes after pollution can be distinguished from natural changes in view of the high
spatial and temporal variability of the parameters.

As a measure for recording the effects, there are three approaches:

e Comparison with reference data / data from preliminary examinations in this area;
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e Comparison with the development in the reference area;

e Comparison with areas of different pollution levels (gradient).

In practice, none of these approaches alone will allow satisfactory assessment of environmental impact
after an incident. Usually a combination of all three approaches is appropriate.

The monitoring concept also provides for a distinction between immediate and long-term monitoring.

Immediate monitoring includes initial recording of the damage situation, examination of areas that
have not yet been influenced or reference areas as starting values, as well as determination of habitats
and communities that are mainly affected in order to be able to set up long-term monitoring.

Long-term monitoring, the “real” medium to long-term pollution incident monitoring, records the
change in pollution in space and time. This monitoring also examines the pollution effect on biological
components and habitats and the question of whether it is possible to restore the original condition which
existed before the pollution incident occurred or a comparable reference condition.

Preliminary data from regular marine environmental monitoring or from individual studies are an
important basis for assessing the environmental impact of a pollution incident. These data must come
from long-term monitoring studies, which had been carried out in the damaged area before the incident
(“temporal reference”), or data from comparable habitats (“spatial reference”).

Reference samples are another important tool for assessing environmental damage after a pollution
incident. They serve to assess and document the original condition of affected habitats and — in the
course of pollutant incident monitoring — to assess the regeneration process of damaged habitats. The
environmental conditions of the reference area should correspond as closely as possible to the natural
conditions of the contaminated area (morphology, heights, exposure, sediments, communities, species).
Areas/station grids for which advance data is available should be included as far as possible.

All examinations in the reference area should correspond in type and scope to examinations in the
contaminated area and should be carried out at the same time. If possible, it must be ensured that all
components that are documented in the contaminated area are also examined in the reference area.

If the polluted area is in an area with specific natural gradients, such as an estuary, it may not be possible
to find a reference area with the same conditions as the polluted area. In this case, it should be checked
whether several reference areas are to be identified that depict the natural gradient and thus include the
polluted area.

The examination of selected bioindicators/types of indicators for chemical and/or bio-effect monitoring
is a core element of any pollution incident monitoring. The selection of suitable species should be based
on several criteria:

e Frequent occurrence in the affected area and in the wider geographic area;

e Sensitivity to oil or other pollutants;

e Species with a functional and/or structural key ecosystem function ;

e According to the WFD, sensitive taxa should be used for an impact assessment;
e The physiology and ecology of the species concerned must be known.

Theoretically, the duration of pollution incident monitoring should be determined by the objectives
set at the beginning of monitoring and their achievement. In practice, however, a certain flexibility is
required. Adjustments to the original programme design may be necessary due to current monitoring
findings. There is no reason to start or stop all monitoring activities at the same time. Depending on the
duration of regeneration, temporal monitoring requirements for different habitats or components differ.
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In any case, a “minimum programme” should be considered if it is not necessary or possible to monitor
all of the environmental components mentioned in Chapter 3. The selection of the components to be
examined and definition of the scope of a minimum programme are made against the background of the
specific pollution incident and the habitat(s) affected by pollution. In general, depending on the degree
of sensitivity, protection status, and degree of natural spatial variability of a habitat, the requirements
for a minimum programme can also vary.

Even with a minimal programme, regardless of the scope and general conditions of a pollution incident,
chemical and biological test components must be examined.

In order to determine the restoration of the original state or a reference state of an area affected by
pollution, long-term monitoring is also required as part of a minimal programme.

Conditions under which the implementation of a minimum programme can be considered justified and
“sufficient” are, for example:

e The volume of oil that has leaked is relatively small;

e The oil is far from the coast at greater water depths (> 20 m) and eulittoral or near-shore habitats and
the coast are not affected by pollution;

e Only a habitat of relatively low sensitivity and a high regeneration potential is affected.

Objectives that are followed with monitoring are:

e Preservation of evidence on the liability of the polluter;
e Pollutant characterization for the selection of measures;
e Assessment of environmental impact;

e Public information. In principle, relevant findings are also used for the topic of “occupational safety”.
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6.2 Sampling strategies and methods

Sampling

No generally valid recommendations can be given for the selection of sampling locations and number
of samples. The parameters depend on conditions in the individual situation and the following variables:

e Amount of leaked oil/pollutant and type of oil;

e Weathering behaviour of the oil/pollutant;

e Topography and exposure of contaminated area;

e Heterogeneity of polluted area in terms of biotopes/habitats;

e Natural variability of components examined;

e In particular, gradients that exist in the area due to these anthropogenic and natural factors.

After this preliminary investigation, the entire examination area (polluted area plus reference area)
should be divided into examination units (sub-areas), each of which is homogeneous in terms of natural
and pollution-dependent parameters. For an individual, inherently homogeneous sub-area, it must then
be decided which methodological approach (selective / random / systematic sampling) is to be followed
when determining the sampling station network (AMSA 2003) (Table 1).

In practice, due to the limited number of samples, the seemingly homogeneous sub-area (see above) will
be well covered spatially, with a network of sampling stations evenly distributed over it. If the
determination of individual sampling positions takes place without detailed knowledge of local
conditions, the principle of randomness with regard to the object of examination is largely preserved
with this approach.

The above principles should be applied analogously in all habitats of the supralittoral (beaches and salt
marshes), eulittoral, and sublittoral when defining the station network.

6.3 Assessment process

The status of marine waters is assessed within the framework of EU directives (WFD, MSFD, HD/BD)
and regional agreements on marine protection (OSPAR, HELCOM, TWSC) against the background of
a “reference status”. In the case of the WFD and MSFD, the statuses to be achieved are “good ecological
status” / “good ecological potential” or “good environmental status (GES)”. The regional marine
protection conventions OSPAR and HELCOM use their own assessment procedures for the holistic
overall assessment of their convention areas. The assessment procedures differ.
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Table 1: Approaches to the selection of sampling stations

Sampling approach |Characteristic Potential application

e Targeted selection of a relatively o Preferably immediate monitoring
few stations/samples in contamina- |e Monitoring in the event of low environ-
ted and non-contaminated locations | mental pollution

e Requires knowledge of distribution |e Chemical monitoring (Oil characterization /
of environmental characteristics of chemical fingerprint)
relevant parameters

e Documentation/justification of sta-
tion selection (preservation of evi-

Selective station selec-
tion

dence)
. e Large number of stations e Homogeneous sites such as offshore areas
Random station selec- L . .
d e Scientifically adequate or long, uniformly structured sections of
ion L
e Adequate for legal examination coast
e Large number of stations o In the case of extensive pollution of various
e Scientifically adequate habitats
- | ® If heterogenecously structured habitats are
Random layered o If necessary, adequate for legal exa g y
. . mination polluted
/stratified station selec- o . .
tion e Division of inhomogeneous study ¢ E.g., heterogeneous coastal areas with
areas into homogeneous sub-struc- sampling transects perpendicular to the
tures/habitats. Random station sel- coast for each type of coast
ection within delimited habitats e Bays, inner coastal waters

e Station network or uniform pattern |e In large areas with unknown distribution of

of sampling points distributed over pollution
a defined area e E.g., transect sampling from a ship to deter-
. . o Taking samples at regular or defined| mine offshore pollution
Systematic selection of | . oy . L
intervals e With inconspicuous contamination (e.g.,

stations .
covered oil)

o Salt marshes, possibly in different stages of
development, sampling of transects / per-
manent squares

Sources: AMSA (2003), ITOPF (2012a), supplement IfAO

With regard to oil contamination, the method of these assessment approaches has not yet been
adequately examined (BLMP 2012c). Existing deficits should be remedied by the start of the second
MSFD management cycle (2018 - 2024).

An assessment according to the MSFD and WFD must take into account the possibly very different
sizes of the damaged area on the one hand, and water bodies or MSFD area on the other. In the absence
of a standard procedure, this problem of different reference values must be carried out and will need to
be discussed, taking into account the specific objectives.

Monitoring provides results on pollutant dispersion and on the various environmental impacts, which
also change over time. Their assessment must show whether these are significant or serious, whether
recovery measures (compensation) may also be necessary and, if so, to what extent.

As long as there are no adapted assessment procedures for this, existing procedures must be used.

Assessment of the consequences of the incident must therefore take into consideration the specific
spatial and temporal reference to the incident using the parameters provided in this guide.
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An assessment according to WFD and MSFD is, above all, in the case of major incidents, to be carried
out in addition to this in order to check whether the consequences of the incident can be mapped using
the WFD and MSFD instruments at the level of the water body or even the marine region.

6.4 Transport and storage

In principle, samples should be sent to the laboratory commissioned with the examination as soon as
possible after taking the sample. For logistical and cost reasons, however, it is appropriate to collect a
number of samples before they are dispatched. For longer transport times (e.g., by ship), refrigerators
and freezers may be required.

It is possible that when the samples are collected it is not yet clear who will process the samples or when
a laboratory can accept them. In these cases, the samples must be stored appropriately in order to ensure
sample integrity. Recommendations for the storage of samples are given in Chapter 9 (methodological
in