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General monitoring principles 

Table 2: Continuation: Summary of the essential components of monitoring 

Monitoring (implementation) Further development, 
optimization, inclusion of 

further measured 
variables, placement of 

measured variables, 

… Final report 

Sampling, field survey, 
mapping 

Transport 
samples 

Examinations 
(analyse 

samples & field 
data) 

Results, 
evaluations 

Interim report 

What, when Who Who Who Who Who Who  

            Who: also see list of experts 

Aerial 
surveillance 

Aerial 
surveillance 

Modelling Modelling 

Decision 

9-10
water, beach, 
soil, biota - 
depending on 
the extent to 
which they are 
affected 

Laboratories, 
possibly staff 
on site 

Research 
laboratories, 
BSH 

Laboratories, 
team of experts 
and coordinator 

Observation of long-term 
effects and recovery 

M-Coordin.
Expert team 
UEG? 

Depending on 
how affected 
they are 

Laboratories, 
possibly staff 
on site 

Research 
laboratories 

Laboratories, 
team of experts 
and coordinator 

Observation of long-term 
effects and recovery 

M-Coordin.
Expert team 
UEG? 

Depending on 
how affected 
they are 

Laboratories, 
possibly staff 
on site 

Research 
laboratories 

Laboratories, 
team of experts 
and coordinator 

Observation of long-term 
effects and recovery 

M-Coordin.
Expert team 
UEG? 

1 -? 
(+1 - ?) 

1 -? 
(+1) 

2 -? 
(+1) 

(+2 after receipt 
of samples) 

8 - 14 14 - 360 30; 360; 1000; 
… 

Immediate monitoring Long-term monitoring 
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7 Monitoring of relevant components (data sheets) 

Chapter 7 is the core of the guidelines. Instructions for chemical, bioeffect, and biological pollutant 
incident monitoring are given in 15 data sheets. Particular attention is paid to important components 
such as benthos or birds, as well as relevant habitats such as eelgrass or salt marshes. In the biological 
data sheets, an attempt has been made to maintain the same structure for better clarity by dealing with 
relevance, sensitivity, parameters, immediate and long-term monitoring, methods and evaluation in sub-
chapters. 

7.1 Data sheet for general instructions for pollutant incident monitoring 

This data sheet contains instructions and activities that, regardless of the environmental components 
affected by an oil or other pollution incident, should always be carried out as part of pollution incident 
monitoring. Initial monitoring activities must be undertaken at an early stage while oil/pollution control 
is still ongoing. For example, situation surveys (which primarily serve to determine response and/or 
cleaning strategies) also provide relevant basic information for pollution spill monitoring. Overall, the 
activities carried out in the first hours to days after a pollution incident can make a decisive contribution 
to damage assessment and the conceptualisation of an adequate examination of a pollution incident. 

The following list of instructions mainly relates to immediate monitoring, which covers the period from 
the first days to weeks after the occurrence of the pollution incident. In some cases, however, these are 
also general recommendations, which should be implemented at any time during the monitoring process. 

Basically, every pollution incident requires an individual monitoring approach. After serious pollution 
incidents in particular, the activities required for an environmental impact assessment can usually not 
be determined with certainty at the beginning. In this respect, it is better to collect more extensive data 
and samples at an early stage than to leave out areas that might only be considered important at a later 
time. 

Situation investigation 

In the event of a pollution incident, the emergency team initiates various measures to examine the state 
of affairs, the results of which are also important for pollution incident monitoring. Additional data 
relevant to monitoring must also be recorded. 

• Aircraft-based reconnaissance of the area involved in the incident. Large-scale coverage of the
affected area.

• Use of oil drift models in order to obtain information on the dispersion and possible stranding of the
oil.

• Aerial photos should be taken of both the affected and threatened coastal areas before oil is stranded
there.

• Collection of weather and hydrographic data in order to evaluate the influence on the weathering
process of the oil.

Photo: J. Voß 
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7.2 Chemical monitoring data sheet 

Relevance 

After a pollution incident, the identification and determination of the leaked oil or other pollutants in the 
compartments water, sediment, and biota is a core element of pollution incident monitoring in order to 
quantify and evaluate its effects on the environment. Furthermore, the chemical analysis of 
environmental samples is used to clearly identify the source of pollution (e.g., to preserve evidence for 
claims for damages) and to estimate the effects on various environmental components (e.g., to optimize 
response measures). 

For trace metals, HC, and numerous organic pollutants, extensive data sets exist from longstanding 
marine environmental monitoring in Germany, which can possibly be used for evaluating reference 
conditions. However, there is no such data for many of the goods and hazardous substances transported 
at sea because they are not measured in the monitoring programmes. For these substances it is of 
particular importance to obtain data from reference areas. 

Chemical monitoring after an oil or pollution incident 

Oil and other pollutants are quickly diluted in water, depending on hydrographic and meteorological 
boundary conditions, which is why initially high concentrations decrease in a short time. An analysis of 
water is therefore generally only relevant in the initial phase of monitoring. In sediment and biota, oil 
and numerous other (especially lipophilic) pollutants can be detected in higher concentrations for a 
significantly longer time because the substances accumulate here. Pollutant measurements are usually 
repeated at shorter intervals at the beginning of monitoring than during a later phase, in order to 
optimally record the kinetics of pollution. The measurements should finish when the pollutant load has 
fallen back to the level before the incident/event. 

The volume of samples that should be collected after a pollutant incident can be large. It can include 
water from different depths, sediment and biota from the sublittoral and eulittoral zones, and beach 
areas. In order to optimize the effort, it may be useful to combine the various processes with one another 
and, for example, use data from remote sensing for planning the sampling of more specific processes. 
Remote sensing data can also be used for the spatial interpolation of specific point analyses. For the 
purpose of preserving evidence, it is appropriate to first take more samples and use some of them as 
reserve samples. 

Following the escape of oil or oil derivatives, the most important chemical parameters to be analysed 
are the total hydrocarbon content (THC), n-alkanes, aromatic HC, and special biomarkers (steroids, 
triterpenes). These substance groups and their relevant monitoring parameters are summarized in Table 
4. 

Photo: S. Wahrendorf 
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Table 4: Chemical study groups and their relevant monitoring parameters 

Parameter Sampling Matrix Analytical method Monitoring objective 

THC 
(total hydrocarbon 
content) 

Remote sensing 
in situ discreet 

W 
W 
W, S, B 

UV-vis spectroscopy Immediate monitoring: 
determination of input and spread 
of oil pollution; detection of hot 
spots 

n-Alkane discreet W, S, B GC, GC-MS Determine oil exposure in the 
environment and its development 
over time; main components of oil 

Aromatic 
compounds 
- BTX
- EPA-PAK
- alkyl. 2- and 3-
ring aromatic
compounds

discreet W, S, B GC-MS Determine oil exposure in the 
environment and its development 
over time; relevant toxic 
substances 

Biomarker 
(steroid, terpene) 

discreet W, S, B GC-MS Identify culprit of the pollution; 
relevant for both immediate and 
long-term monitoring; 
relevant for preservation of 
evidence 

W: water, S: sediment, B: biota 

Immediate monitoring 

Immediately after an oil spill, and in the following days or weeks, the focus of chemical analysis is on 
the following: 

• Determination of the extent of oil contamination on the water and on beaches by means of remote
sensing (aircraft, satellite). Such data are also helpful for planning further sampling and the area-
based interpolation of the results of the other analyses.

• Determination of the extent of the oil contamination in the water. For this, the THC in the water
column and the horizontal spatial extent of the pollution, for example measured by means of UVF
spectroscopy.

• When using a dispersant, the entry of oil into the water column must also be recorded. Sediment
samples should be used to check whether the seabed is also contaminated.

• Detailed analysis of the chemical composition of leaked oil or oil derivatives (chemical fingerprint)
provides:
- information on whether, where, and in what concentration specific fractions of oil are transferred

into the water column, into sediments, and biota; and
- information that can be used to clearly identify the polluter and thus to preserve evidence and assert

claims for damages.
• The collection of heavily oiled sediment or biota (e.g., mussels) for quantitative determinations is

usually not necessary, as strong contamination can already be seen visually. However, it is
appropriate to take such samples for preservation of evidence or as reserve samples for later use.

• If possible, reference samples should be taken in areas threatened by oil pollution.
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Optical-spectroscopic methods (e.g., ultraviolet fluorescence spectroscopy (UVFS)) are particularly 
suitable for rapid, semi-quantitative screening of THC. In addition to the examination of individual 
samples in the laboratory, they also allow, for example, continuous in situ measurements with portable 
UVFS measuring devices and are even used in remote sensing processes. Despite their limited 
specificity, they are therefore of great importance and are used – especially within the first days of an 
oil pollution incident– when viewing large areas, for semi-quantitative estimates of quantities, and for 
identifying hot spots. The method also enables different types of oil to be distinguished. 

However, complex laboratory procedures are necessary to determine specific oil components in a 
sample. This requires individual samples that can show a high degree of variability. 

A combination of gas chromatography with mass spectrometry (GC-MS) is the method of choice for the 
determination of aromatic HC, which, due to their environmental relevance, are a focus of chemical 
analysis. With it, the spectrum of individual HC contained in a sample can be recorded specifically and 
quantitatively. As part of regular environmental monitoring, the measurement of 16 PAHs selected by 
the United States Environmental Protection Agency (EPA) is customary. However, these PAHs are not 
very characteristic of oil. Therefore, the quantitatively more important alkylated 2- and 3-ring aromatics 
must also be recorded. In order to preserve evidence and for long-term monitoring, characteristic 
indicator compounds (biomarkers, PAHs) that are specific for the leaked oil must be analysed. 

PAHs are usually not analysed in tissue samples from fish because they are not accumulated due to the 
effective metabolism of foreign substances. Instead, the detection of PAH metabolites in bile can be 
used as an indicator of PAH exposure. 

Pollutants other than oil may require different analytical methods. These must be agreed in each case 
with the assigned laboratories or other experts. Sampling should also be adapted specifically to the 
pollutant involved. 

Evaluation criteria 

The primary criterion for evaluating chemical analysis data is comparison with the reference status. This 
can be the condition prior to the occurrence of the incident or, in the case of long-term monitoring, also 
the condition that exists in a comparable, representative reference range. 

Furthermore, criteria of the WFD or of OSPAR/HELCOM should be used for the evaluation of chemical 
data. According to the WFD, the chemical status of priority substances and certain other pollutants is 
assessed according to environmental quality standards (EQS) set out in the Surface Waters Regulations 
(OGewV 2016). Annex 7 of the OGewV lists, among others, the maximum permissible concentrations 
for some substances in transitional and coastal waters. Appendix 8 lists requirements for the assessment 
of measurement results. 
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7.3 Bioeffect-monitoring data sheet 

Relevance 

In the context of pollution incident monitoring, ecotoxicological methods can make an important 
contribution to recording and evaluating the effects of pollutants on various environmental 
compartments. Depending on the objective, a distinction must be made between bioassays and 
biomarkers as monitoring tools (see 3.2 Bioeffect monitoring). Biotests are used when the 
ecotoxicological effects of water and sediment samples are to be determined under laboratory 
conditions. As a rule, this is primarily appropriate in the acute phase of a pollution incident. Biomarkers, 
on the other hand, are suitable for recording pollution effects in the field (in situ) using suitable biota 
(bioindicators). With the range of established biomarkers available, stress-induced changes can be 
detected at different levels of biological organization. Bioeffect examinations, regardless of whether it 
is a biotest or a biomarker, should be accompanied by chemical analysis so that it can be seen if the 
determined toxic effects are related to the pollution. 

Bioeffect monitoring after an oil or pollution incident 

The decision as to whether and which bioeffect methods are used after a leakage of oil or other pollutants 
must be made case by case against the background of the specific environmental pollution. The 
following questions can help to choose the appropriate ecotoxicological investigation approach: 

• Which chemical(s) has/have leaked? Is/are they potentially toxic or is there uncertainty about the
toxicity?

• Where did the chemical(s) leak and where are they moving to?
• What is the physical behaviour of the chemical(s) in sea water?
• What are the key ecological and economic species in the vicinity of the incident site?
• Does the time of the leakage of the oil or the chemical(s) coincide with seasonally important

biological processes (e.g., spawning season, main growth period)?
• Is/are the leaked substance(s) persistent and tend(s) to bioaccumulate?

Biotests

The use of biotests to determine the ecotoxicological effect potential of water and sediment samples is 
advisable under the following conditions: 

Water samples 

• If, after a major leak of oil, due to the type of oil (especially with a high proportion of easily soluble
components) and based on model calculations, increased oil concentrations in the water can be
expected.

• If the incident occurs in a relatively sheltered area, where there is little water exchange and little
dilution of oil or other chemicals.

• If a dispersant is used and this results in an increased transfer of dispersed oil into the water column.

Photo: S. Wahrendorf 
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• When one or more chemicals are released and their toxicity is not known individually or in
combination.

Sediment samples 

• If the pollution incident occurs near the coast and oil comes into contact with sediment in shallow
coastal areas.

• If the pollutant that has leaked is a “sinker” and/or the substance is hydrophobic and therefore binds
particularly well to suspended matter and sediment.

• If, due to special circumstances (use of a disperser, hydrological/meteorological situation, wave
action), contamination of sediment is to be expected.

Selection of biotests 

Biotests used in the context of statutory monitoring tasks are based on the use of plants and animals as 
test organisms. In marine and brackish water areas, biotests are used in Germany for ecotoxicological 
assessment of dredged material. A test palette of organisms at different trophic levels is used. 

Table 5 summarizes information on various common biotests. The Federal Institute of Hydrology (BfG) 
recommends the luminescent bacteria test and a marine algae and small crustacean test for 
ecotoxicological assessment of dredged material. This basic set of standardized in vivo biotests can also 
be used quickly in the context of pollution incident monitoring to test the toxic potential of water and 
sediment samples. 

In order to record the interactions of toxic pollutants on different groups of organisms or trophic levels, 
a range of different biotests should always be used for examinations. 

The final report of the CHEMSPILL project provides recommended information on the use of biotests 
and the selection of test organisms in connection with HNS pollution incidents. The use of biomarkers 
after a pollution incident is also dealt with there. 

Table 5: Biotest procedure to determine the toxic potential of environmental samples 

Test method Organism Toxicit
y 

Terminal 
point Test matrix Time Guidelines Reference 

Luminescent 
bacteria test Vibrio fischeri acute 

Inhibition of 
bio-
luminescence 

Water, pore 
water, eluate 

30 
min 

DIN EN 
ISO 
11348-2 

BfG 
(2011b) 
PREMIAM 
(Law et al. 
2011) 

Marine algae 
test 

Phaeodactylu
m tricornutum chronic Growth rate Water, pore 

water, eluate 72 hr DIN EN 
ISO 10253 BfG 

Small 
marine 
crustacean 
test 

Corophium 
volutator acute Mortality, 

deformity Sediment 10 
days 

DIN EN 
ISO 16712 

BfG, 
PREMIAM 

Small 
marine 
crustacean 
test 

Tisbe 
battagliai acute Mortality 

Sediment, 
pore water, 
eluate 

48 hr ISO 14669 PREMIAM 

Oyster 
embryonic 
development 

Crassostrea 
gigas acute Mortality, 

deformity 
pore water, 
eluate 24 hr ICES 

TIMES 11 PREMIAM 
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Biomarker 

The use of biomarkers to detect the effects of pollutants on biota is appropriate under the following 
conditions: 

• If the contaminated area has dominant species that can serve as bioindicators to determine toxic
exposure. This applies, among others, to the widespread epibenthic blue mussel (Mytilus edulis),
which, for example, occurs on mussel beds, reefs, sediment in the eulittoral and sublittoral, and in
eelgrass meadows.

• If long-term pollution and serious biological damaging effects are to be expected.
• If commercially used species (fish, mussels) in or around the incident area are or could be affected.

Selection of biomarkers

The following mussels and fish are particularly suitable for biomarker studies in the German North Sea 
and Baltic Sea. They meet many of the criteria that bioindicators must meet (see Section 7.1). In 
addition, these species can also be used for accompanying chemical analysis. 

• Mussel (Mytilus sp.)
• Baltic macoma/clam (Macoma balthica)
• Flounder (Platichthys flesus)
• Dab (Limanda limanda)
• Eelpout (Zoarces viviparus)

For the selection of suitable biomarkers, the advice of competent experts must be obtained (expert 
network). In the event of contamination with oil or oil derivatives, biomarkers must be selected that 
indicate exposure or effects of toxic HC. As with biotests, a combination of several biomarkers 
(biomarker palette) should be used if possible because this greatly increases the indicative significance 
of biomarker findings. 

In previous large pollutant incidents, the focus was on biomarkers that indicate exposure to HC, 
especially PAHs. In addition, biomarkers were selected on various occasions which are used as 
indicators for general health status. 

Table 6: Frequently used biomarkers for the detection of pollution effects 

Biomarker Organism group Examination 
matrix Indicator for Monitoring 

timeframe 

EROD activity Fish liver Induction of 
detoxification  

days - months 

Lysosome stability Mussel haemocytes Subcellular damage days - months 
- years

ACHE inhibition Mussel gill General indicator for 
physiological status hours - months 

DNA adduct 
micronuclei comet 
assay 

Fish 
Mussel blood, gill, liver Genotoxic damage days - months 

Histopathology of 
liver tumours Fish liver Neoplastic damage months - years 
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Biomarker Organism group Examination 
matrix Indicator for Monitoring 

timeframe 

Gonadal 
histopathology 

Fish 
Mussel ovary, testes Reproductive disorder months - years 

Immediate monitoring 

As part of the assessment of the situation after the occurrence of a pollution incident, the decision aids 
mentioned in the introduction must be used to check whether the use of biotests and/or biomarkers is 
justified. Since biotests are intended to provide information on acute ecotoxicity of the pollution, 
sampling is required as part of immediate monitoring, while sampling for biomarker examinations is 
usually only appropriate at a later point in time. 

• If biotests are to be carried out, it must be decided whether only water samples should be examined
or sediment samples as well. For logistical reasons, it is appropriate to sample both matrices first.
Sediment samples can be examined if the result of the bioassay with water samples suggests sediment
contamination.

• With the help of a biotest palette, the spatial extent of the toxicological effective area in the water
body (impact zone) should be determined.

• Sampling for biotests should be carried out in connection with in situ measurement of oil
contamination of the water body using UVFS (see 7.2 Chemical monitoring data sheet). This ensures
that the samples actually come from a contaminated body of water. In addition, data from
spectroscopic measurement can be related to the toxicological findings.

• When sampling water and sediment, it must be ensured that the samples are not contaminated with
HC. Instructions for contamination-free sampling can be found in the Appendix (Chapter 10).

• If a dispersant was used to combat an oil spill, it is essential to determine the ecotoxicological
potential of water samples with the help of biotests.

Long-term monitoring 

• After a serious pollution incident, repeated sampling for biotests is advisable, even in the initial phase
of long-term monitoring. The kinetics of the decrease in toxic potential in water and possibly in
sediment can only be determined by taking multiple samples.

• Whether biomarkers can make a meaningful contribution to the assessment of spatial/temporal
development of the environmental damage has to be decided on a case-by-case basis and with the
help of experts. Factors such as, for example, the extent of pollution, habitat type, presence of suitable
bio-indicators, and presumable regeneration time, should be considered in decision-making.

• Professional sampling of bio-indicators should be carried out by the institute/laboratory that is
commissioned with the biomarker examinations (see file of expert network).

Methods and evaluation 

Biotests: Biotests must be carried out as soon as possible because changes in bioavailable substances 
can occur even with proper storage. Prompt findings are required anyway to assess the toxic 
contamination of the pelagic and possibly the seabed. Samples must be refrigerated (4 ± 2 °C) until they 
are handed over to the analysis laboratory. 

Determination of the ecotoxicological potential of water and sediment samples with the biotests 
mentioned is carried out using standardized test methods. In addition, the AQS leaflets published by the 
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Federal/State Working Group on Water (LAWA) should be used as supplementary methodological 
instructions. 

Usually, the effectiveness of aqueous samples is examined. For sediment samples, pore water or eluates 
are used as the test matrix. The BfG uses the pT method (potentia Toxicologiae) for the evaluation and 
ecotoxicological classification of these environmental samples. The pT value indicates the number of 
times a sample has to be diluted in a ratio of 1:2 so that it no longer has any observed toxic effects. The 
toxicity classes are assigned to the handling categories “harmless”, “critical”, and “dangerous”. 

The assessment of sediment samples is increasingly carried out using sediment contact tests, for example 
the small amphipod test with Corophium volutator. Since undiluted sediment samples are used, an 
assessment according to the pT method is not possible and an individual assessment must be made 
instead. 

The following DIN procedures must be observed when taking samples for biotests: 

• DIN EN ISO 5667-16 [Feb. 1999] – Water quality — Sampling — Part 16: Guidance on biotesting
of samples

• DIN EN ISO 5667-9 [Oct. 1992] – Water quality — Sampling — Part 9: Guidance on sampling from
marine waters

• DIN EN ISO 5667-19 [Sep. 2004] – Water quality — Sampling — Part 19: Guidance on sampling
of marine sediments

Biomarkers: There are good instructions for the use of many common biomarkers. JAMP (Joint 
Assessment and Monitoring Programme) operating instructions are available for the biomarkers 
recommended by OSPAR. Methods for various biomarkers are also described in the ICES TIMES 
series. Last but not least, the “Technical Report on Aquatic Effect-Based Monitoring Tools”, published 
by the EU in the context of the WFD, should be mentioned; in the annex there are various biomarker 
fact sheets with methodological information. 

Preliminary data / data storage 

• Biotests: Marine biotests are not part of regular marine environmental monitoring. However, they
are used to assess the toxic potential of dredged material in the context of expansion and maintenance
measures for shipping lanes or ports.

• Biomarker: With the exception of TBT effect monitoring commissioned by the NLWKN, bioeffect
investigations are only routinely carried out by the Institute for Fisheries Ecology, Thünen Institute
(TI). One focus of this monitoring is the occurrence of fish diseases and histopathological liver
changes. The monitored areas are in the coastal waters and in the EEZ. For the German Baltic Sea,
biomarker data are available from multi-year international research projects and from pilot studies
commissioned by the LUNG. The data was mainly obtained from the eelpout (Zoarces viviparus),
which has proven to be a bioindicator for toxic effects on reproduction.
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7.4 Macrophytobenthos data sheet 

Relevance 

In the various national and international measurement programmes, macrophytes are some of the species 
that characterize habitat type and/or serve as a quality component for assessing the state of a water body 
or ecosystem. In particular, eelgrass (Zostera marina) and dwarf eelgrass (Zostera noltei) (see Eelgrass 
meadow data sheet, Chapter 7.9.1) on soft soils and bladder wrack (Fucus vesiculosus) are important 
indicator species for assessing the ecological status of a water body. Reed beds, brackish meadows, and 
salt marshes, which characterize the aquatic-terrestrial transition area and are used for the assessment, 
are dealt with in the Salt marsh data sheet (Section 7.9.7). 

Sensitivity 

Benthic macrophytes fulfil numerous ecological functions and are also of great economic importance. 
They serve many organisms (such as fish, crustaceans, and birds) as a habitat, a source of food, and a 
substrate for spawning. After extensive damage to a macrophyte population, these are no longer 
available in the long term. Oil can have negative effects on associated phytal fauna in and on the seabed 
as well as on macrophytes. 

Eelgrass is particularly sensitive to oil pollution due to the long regeneration time after damage. The 
effect of oil on eelgrass varies from minor to severe, depending on water depth, type of oil, and 
surrounding local conditions. Eelgrasses are dealt with in a separate data sheet (see Eelgrass meadow 
data sheet, section 7.9.1). 

Parameter 

The following examination methods can be distinguished based on the nature of the substrate and the 
resulting macrophyte occurrence: 

• Investigation of spermatophytes (seed-bearing plants) on soft substrates
• Investigation of macroalgae on hard substrates such as stones or other reef structures
• Investigation of the respective phytal fauna (see Macrozoobenthos data sheet,

section 7.5)

Biotic parameter 

In the event of a pollution incident, the following parameters of macrophyte vegetation must be 
examined: 

• Species composition, extent (species), degree of coverage, biomass, location, depth dispersion

Hydrological parameters

• Temperature, salinity, oxygen concentration/saturation, and turbidity

Photo: Uli Kunz 
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Geophysical properties of surface sediments 

• Samples of surface sediments
• On-site recording of colour, grain size, odour, inclusions, and any possible organic layers

Sampling strategies

Due to the dependence of macrophyte vegetation on prevailing substrate structures and water depth, all 
affected sub-areas within a contaminated area should be completely covered by a sampling station grid. 
In particular, any existing depth zonation in the area must be taken into account. When defining a 
network of stations for the examination of macrophyte communities, existing data for sensitivity 
mapping must be taken into account. Within the contaminated area, all existing differently sensitive 
areas must be examined. 

In addition to fundamental considerations of the location (eulittoral or sublittoral) and nature of the 
substrate (soft or hard substrate) and the associated occurrence of Spermatophytes or adherent 
macroalgae, when choosing the sampling design it must be remembered that the results obtained from 
monitoring should be comparable to previous studies in the relevant area. Data on the occurrence of 
macrophytes in the German North Sea and Baltic Sea are regularly collected as part of BLMP 
monitoring, or mandatory examinations to examine the environmental impact of large-scale technical 
projects. 

Investigation of suitable reference areas 

In order to record the damage after a pollution incident and to monitor the regeneration process of 
contaminated macrophyte vegetation, it is essential to examine a suitable reference area at the same 
time. As part of the initial examination (immediate monitoring) of the affected area, a reference area 
unaffected by the pollution incident should therefore be identified and examined simultaneously. The 
environmental conditions of the reference area should correspond as closely as possible to the natural 
ancillary conditions of the contaminated area (substrate structure, sediment quality, water depth, species 
spectrum, individual density). Nearby stations that are already being sampled as part of existing 
measurement programmes (e.g., WFD, North Sea tidal flat mapping, or Trilateral Monitoring and 
Assessment Programme) should be examined here in particular. 

All examinations in the reference area should correspond in type and scope to examinations in the 
contaminated area and be carried out at the same time. It should be noted that all macrophyte-covered 
substrates and depths that are documented in the contaminated area are to be examined. 

Immediate monitoring 

• As part of the investigation and assessment, a decision must be made as to whether there is a threat
of contamination of the macrophyte community. The flat sublittoral, eulittoral and supralittoral are
primarily at risk. For the examination of the upper eulittoral and the supra-littoral on soft-substate
coasts, see the Salt marsh data sheet (Section 7.9.7).

• If there are reefs, they must be checked to see if they are at a depth that allows macrophytes to grow.
• In order to assess the damage caused by contamination and to monitor the regeneration process,

suitable reference areas must be identified and examined at the same time.
• The initial examination of the macrophyte vegetation in the contaminated area and in a suitable

reference area must always be carried out as early as possible after a pollution incident. If the coastal
zone is expected to be contaminated by drifting oil, samples may need to be taken as a precaution in
order to be able to characterize the initial state (temporal reference) of the area.
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• If the macrophyte vegetation is only partially polluted, representative reference samples should be
taken in non-polluted areas. Future contamination of possible reference sites or areas must be
prevented.

• Heavily contaminated areas should be examined to document the degree of damage. Samples of
adhering oil should be taken for chemical analysis to clearly identify the cause (chemical fingerprint
or preservation of evidence, see Chemical monitoring data sheet, section 7.2).

• Contaminated areas or damage to macrophyte vegetation or macrozoobenthos organisms living there
must be documented by photos or underwater video to secure evidence.

• In order to record the acute consequences of severe contamination on the macrophyte community
and to assess the natural regeneration dynamics of the contaminated area, the examination following
the initial examination, including sampling, should be repeated shortly afterwards (about 7-10 days
after the pollution incident or the first examination).

• Bioindicators for chemical analysis require special treatment. The samples should be handed over
without fixation to an analysis laboratory (see Appendix: “Treatment of samples for analysis”).

• Analysis of macrophyte vegetation must be carried out by persons who have experience with the
methodology of sampling and sample handling (see expert network).

Long-term monitoring 

• Frequency and duration of macrophyte investigations are largely determined by the type of oil and
type of contaminated habitat. These factors influence the persistence of the pollution and the
regeneration capacity of the polluted area.

• Within the first year after contamination, examinations must be carried out at a higher frequency than
in subsequent years. Depending on the time of year in which a pollution incident occurs, (control)
examinations should, if possible, be carried out in spring/summer, during the main growth phase of
macrophytes (between April/May and September).

• From the second year onwards, the contaminated area and representative reference areas must be
examined at least once a year. Macrophytes should then be monitored in summer (July-September,
preferably August-September).

• If sampling is carried out twice, spring and late summer or early autumn (to document possible
recruitment) should be selected.

• Long-term monitoring can end if a) the macrophyte community of the formerly contaminated area
corresponds to the reference area in terms of characteristics and species composition, or b) the
condition of the macrophyte community of the formerly contaminated area is comparable with a
documented reference condition of the area before the pollution incident.

Methods 

The test method or sampling device to be used is largely determined by local conditions and can vary 
with time and season (e.g., due to tides, ice). 

More detailed methodological instructions and evaluation procedures can be found in the respective 
underlying monitoring programmes: 

General: 

• BLMP: Macrophyte data sheet (4) (2015-07-03), German Marine Monitoring Programme (Bund-
Länder-Messprogramm)

• BSH (2013): Untersuchung der Auswirkungen von Offshore-Windenergieanlagen auf die
Meeresumwelt [Examination of the effects of offshore wind turbines on the marine environment]
(StUK4)
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Monitoring of relevant components 
Macrophytobenthos data sheet 

North Sea: 

• OSPAR: JAMP Eutrophication Monitoring Guidelines: Benthos, OSPAR Agreement 2012-12
Technical Annex 1 (Hard-bottom macrophytobenthos, soft-bottom macrophytobenthos and hard-
bottom macrozoobenthos)

• Common Wadden Sea Secretariat: TMAP monitoring handbook
• Eutrophication – Macroalgae (version 15.12.2009)
• Tidal Area – Seagrass (version 16.09.2009, TMAG 09-2)

Baltic Sea:

• HELCOM: Guidelines for monitoring of phytobenthic plant and animal communities in the Baltic
Sea Annex for HELCOM COMBINE programme (Bäck 1999).

Evaluation 

The primary criterion for assessing monitoring results after a pollutant incident is the restoration of the 
reference state. In particular, results of the reference areas examined in parallel should be included in 
the evaluation because the extent and coverage as well as the species spectrum and the biomass of the 
species are partly subject to pronounced seasonal and/or annual fluctuations between the various 
examination times (see general principles). In addition, the reference status can, if necessary, be defined 
using existing preliminary data from existing monitoring programmes in the relevant area. 

Various evaluation and classification systems for the ecological quality component macrophytes are 
available for the German North Sea and Baltic Sea; they are used within the scope of existing monitoring 
programmes for the implementation of the WFD and MSFD. The examination method is geared towards 
the calculation of indices, which are regularly calculated within the framework of existing monitoring 
programmes in order to enable comparison with reference values (preliminary data). Further information 
on this can be found in the Macrophytes monitoring data sheet of the federal-state measurement 
programme (BLMP 2012b). 

Table 7: Presentation of the common methods and parameters for examining macrophytes in the event of a 
pollutant incident 
Note: reed beds, brackish meadows, and salt marsh – see Salt marshes data sheet (Chapter 7.9.7) 

Methods and parameters 

Eulittoral Sublittoral 

Examination 
done 

from land and/or from the air 
(possibly with a small boat) 

by sea 
(small boat or ship) 

Soft substrates 
(including sand 
banks, sand flats, 
mixed mudflats, 
silty mudflats)  

North Sea 
Aerial mapping (and in situ ground 
mapping (ground truthing), also see 
Eelgrass meadow data sheet): 
− area-wide recording of eelgrass

meadows and, if present, green algae
mats

Parameters: 
− location
− depth limit
− degree of coverage of eelgrass and, if

present, green algae mats
Surface mapping 
− Analysis of affected eelgrass areas or

permanent monitoring stations on

Baltic Sea 
Coastal waters 
Dive mapping 

− Transect mapping with a frame at
defined depth levels (0.25; 0.5;
0.75; 1; 1.5; 2 m; further in 1 m
steps down to the lower
distribution limit at selected
measuring points)

− 5 parallels with an area of 1 m² per
depth

− Distance between the areas 5-10 m
− Sampling of vegetation and

sediment
Inner coastal waters 

50



















http://www.oiledwildlife.eu/birds/publications/handbook-oil-impact-assessment-seabirds




http://www.oiledwildlife.eu/birds/publications/handbook-oil-impact-assessment-seabirds
http://www.oiledwildlife.eu/birds/publications/handbook-oil-impact-assessment-seabirds





























































































































































































	1 Background and objectives
	2 Introduction
	2.1 Oil as an environmental pollutant
	2.2 Summary of monitoring studies after previous major oil and chemical incidents to date
	2.3 Dispersants
	2.4 Enforcement of costs for pollutant incident monitoring

	3 Relevant aspects of pollution incident monitoring
	3.1 Chemical monitoring
	3.2 Bioeffect monitoring
	3.3 Biological monitoring
	3.3.1 Benthos
	3.3.2 Fish
	3.3.3 Birds
	3.3.4 Marine mammals
	3.3.5 Habitats


	4 Surveillance programmes in German marine monitoring
	5 Deficiencies in marine monitoring in terms of advance data
	6 General monitoring principles
	6.1 Monitoring design and strategy
	6.2 Sampling strategies and methods
	6.3 Assessment process
	6.4 Transport and storage
	6.5 Process and coordination of monitoring

	7 Monitoring of relevant components (data sheets)
	7.1 Data sheet for general instructions for pollutant incident monitoring
	7.2 Chemical monitoring data sheet
	7.3 Bioeffect-monitoring data sheet
	7.4 Macrophytobenthos data sheet
	7.5 Macrozoobenthos data sheet
	7.6 Fish data sheet
	7.7 Bird data sheet
	7.8 Marine mammal data sheet
	7.9 Habitat data sheets
	7.9.1 Eelgrass meadow data sheet
	7.9.2 Mussel bank data sheet
	7.9.3 Sandbanks data sheet
	7.9.4 Eulittoral sand flats, mixed flats and mud flats data sheet
	7.9.5 Reef data sheet
	7.9.6 Coastal zone and beaches data sheet
	7.9.7 Salt marshes data sheet


	8 Monitoring in Focus Regions
	8.1 Wangerooge to Alte Weser lighthouse
	with maritime waterways towards Wilhelmshaven and Bremerhaven
	8.2 Elbe estuary - Outer Elbe to Kiel Canal
	8.3 Kieler Förde to Kiel lighthouse
	with adjacent habitats and shallow water areas
	8.4 Kadetrinne to Rostock Port
	(Kadetrinne and approaches to Rostock and adjacent Graal-Müritz and Darß nature reserves)

	9 Methodological instructions
	9.1 Water sampling
	9.2 Sediment sampling
	9.3 Sampling of biota (mussels) for pollutant analysis
	9.4 Operating instructions to ensure sample integrity of environmental samples for chemical analysis

	10  Appendix
	10.1 Examples of field recording forms

	11  Bibliography
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



