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Preface 

This scientific briefing has been prepared based on an order from the Ministry 
of Environment with the assignment of assessing pending issues for biological 
tests, up to the point when Denmark will have fully functional biological ef-
fect indicators for use in monitoring the marine environment. 

This has been done by preparing a status assessment of relevant criteria/ele-
ments that are recommended for internationally established monitoring indi-
cators for the marine environment. 
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Introduction 

Since 1998, different types of biological effect indicators for pollution effects 
related to contaminants have been included in the marine part of the National 
Monitoring Programme for the Aquatic and Terrestrial Environment (NO-
VANA) in Denmark (Miljøstyrelsen et al., 2017).  

Some indicators are also included into the Danish Marine Strategy 
(Miljøstyrelsen, 2020), as part of Descriptor 8 – Contaminants (D8C1, D8C2). 
Decriptor 8 is defined: “Concentrations of contaminants are at levels not giv-
ing rise to pollution effects” (EC JRC, 2015).  

In the current document, the employed indicators are assessed using the list 
of coordination tools, which, according to international monitoring pro-
grammes, should preferably be in place in order to be applicable as functional 
indicators in environmental assessment. These coordination tools include: 
monitoring guidelines/monitoring methods; quality assurance procedures; 
quality control; assessment criteria; database; temporal and spatial scope. 

Monitoring data for biological effect indicators can be used for both state and 
impact assessments and they can also be evaluated using environmentally rel-
evant assessment criteria (ACs) developed within international scientific fora 
working with monitoring and assessment. Several of these ACs have also 
been adopted for indicator assessments by The Baltic Marine Environment 
Protection Commission – also known as the Helsinki Commission (HEL-
COM), The Convention for the Protection of the Marine Environment of the 
North-East Atlantic (OSPAR) and reported by the International Council for 
the Exploration of the Sea (ICES).  

For a range of biological effect indicators, background levels have been set for 
the biological responses, which correspond to the upper limit for the variation 
in a background assessment criteria (BAC) and, for some indicators, the envi-
ronmental assessment criteria (EAC) have been established as well. BAC is 
analogous to background assessment concentrations, or a natural response 
level, and EAC represents levels of response below which unacceptable re-
sponses at higher, e.g. organism or population, levels would not be expected 
(Davies & Vethaak, 2012; OSPAR, 2013). 

These ACs have also been developed for the indicator organisms and the respec-
tive biological effect measurements deployed within the NOVANA-pro-
gramme, i.e. covering fish, mussels, marine gastropods and amphipods (Table 
1). 

 

Table 1.   Biological effect measurements covered in the NOVANA-programme. 
Indicator species Type of indicators Indicator name 
Fish (eelpout) PAH-specific effects 

 
General pollution effects 

CYP1A (EROD) activity  and 
PAH-metabolites (FAC)  
Reproductive success 

Mussels (blue mussel) General pollution effects Lysosomal membrane stability 
Marine gastropods TBT-specific effects Imposex and intersex 
Amphipods General pollution effects Reproductive success 
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This overview report focuses on indicators that are employed in NOVANA, 
but also ACs for other indicator species and biological effect measurements 
are included in supplementary tables. These alternative ACs are taken from 
the Report of the Working Group on the Biological Effects of Contaminants 
(WGBEC) and those that are currently included in OSPAR's Coordinated En-
vironmental Monitoring Programme (CEMP) (ICES WGBEC, 2013; OSPAR 
CEMP, 2021). 

CEMPs’ objective is to deliver comparable data from across the OSPAR Mar-
itime Area that can be used in assessments to address the specific questions 
raised in OSPAR's Joint Assessment and Monitoring Programme, (JAMP). 
Certain indicators, where monitoring guidelines, quality assurance tools 
and/or assessment tools are currently lacking, have been categorised as ‘Pre-
CEMP’. Monitoring of these components is voluntary on a temporary basis, 
pending the development of those requirements (OSPAR CEMP, 2021).   

The ACs for polycyclic aromatic hydrocarbons (PAHs), metal-specific and 
general biological effects are currently included in the pre-CEMP category 
(Supplementary tables, S5, S6). 

The following ACs reported in this overview are the current criteria applied 
within the NOVANA-programme and are based on outcomes from WGBEC, 
HELCOM Indicator factsheets and OSPAR CEMP.  
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Fish, eelpout (Zoarces viviparus)  

In NOVANA’s fish component, the following effect indicators are currently 
monitored: 

“CYP1A enzymatic activity (EROD)”: OSPAR JAMP technical annex 2 on 
PAH-specific biological effects monitoring, although also currently under 
(OSPAR pre-CEMP: “general biological effect”). This indicator was also part of 
the HELCOM candidate indicator list, but it was not anticipated to be ready 
for use in HOLAS II (HELCOM HOD, 2016). 

The activity of the cytochrome P450 1A (CYP1A) family of enzymes that is 
responsible for primary metabolism of PAHs and polychlorinated biphenyls 
(PCBs) is measured using artificial substrate 7-ethoxyresorufin (EROD). 
PAHs, PCBs and dioxin-like compounds induce synthesis of CYP1A by bind-
ing to aryl hydrocarbon receptor/ARNT complex and, thus, the measurement 
of the EROD activity is used as a tool to measure the induction of this enzy-
matic system caused by this type of pollution (Davies & Vethaak, 2012). The 
BAC-value for eelpout in Table 2 is reported in ICES WGBEC report (2013) 
and OSPAR (2013).  

In addition, the WGBEC and OSPAR pre-CEMP categories include ACs for 
several other OSPAR relevant fish species (Tables S1 and S2, Supplementary 
Tables). 

 
In the NOVANA programme, the following components, necessary for mon-
itoring application, are developed or used: 
• monitoring guidelines / monitoring methods are in place (Strand, 2013a 

based on Stagg & Mcintosh, 1998, and revised in Ron Stagg et al., 2016); 
• procedure for quality assurance of the method: participation in interna-

tional laboratory intercalibration exercises and workshops (Förlin, 2012; 
BEQUALM); 

• procedure for quality control of monitoring data by the Marine Topic Cen-
ter, Aarhus University (Høgslund et al., 2019); 

• assessment criteria – Table 2; 
• monitoring databases – national database MFS-base/HSD database (data 

from MFS-base will be transferred to a new monitoring database at the 
Danish EPA); international database – ICES DOME; 

• temporal and spatial scope – included in the NOVANA programme since 
2004: within the period of 2017-2021, 2 stations are monitored every year 
(Miljøstyrelsen et al., 2017). 

 

Table 2.   Assessment criteria for biological effect indicator, “ CYP1A enzymatic activity 
(EROD)” in eelpout, used in the Danish monitoring programme NOVANA (ICES WGBEC, 
2013; OSPAR, 2013). 
Effect indicator BAC EAC 
Eelpout   

CYP1A-enzymatic activity (pmol min-1 mg protein-1)* 10 - 
Notes: 
* measured in S9-fraction of liver tissue extract 
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“PAH-metabolites in bile” (OSPAR JAMP and pre-CEMP: “PAH specific bio-
logical effect”; HELCOM Core indicator: “Polyaromatic hydrocarbons (PAHs) and 
their metabolites”).  

The metabolites of PAHs are present in bile at the final stage of the biotrans-
formation process through which lipophilic compounds are changed into 
more water-soluble forms and then excreted from the organism. Therefore, 
measurement of these compounds in fish bile, using fluorescence analytical 
techniques, is used as a tool to assess the exposure of fish to PAHs (Davies & 
Vethaak, 2012). The ACs for eelpout reported in ICES WGBEC report (2013) 
and OSPAR (2013) are in Table 3. 

In addition, the WGBEC and OSPAR pre-CEMP categories include ACs for 
several other OSPAR relevant fish species (Tables S1 and S3, Supplementary 
Tables). Additionally, the EAC for Cod (483 ng g-1) has a potential to be used 
in the Danish monitoring programme as AC for eelpout, since this value is 
regarded as the most relevant for fish species for Danish waters. 

 
In the NOVANA programme, the following components, necessary for mon-
itoring application, are developed or used: 
 
• monitoring guidelines / monitoring methods are in place (Strand, 2013a; 

Ariese et al., 2005, based on OSPAR Commission, 2008, Annex 2); 
• procedure for quality assurance of the method: participation in interna-

tional laboratory intercalibration exercises and workshops (Förlin, 2012; 
Kammann et al., 2013; BEQUALM);  

• procedure for quality control of monitoring data by the Marine Topic Cen-
ter, Aarhus University (Høgslund et al., 2019); 

• assessment criteria – Table 3; 
• monitoring databases – national database MFS-base/HSD database (data 

from MFS-base will be transferred to a new monitoring database at the 
Danish EPA); international database – ICES DOME; 

• temporal and spatial scope – included in the NOVANA programme since 
2004: within the period of 2017-2021, 2 stations are monitored every year 
(Miljøstyrelsen et al., 2017). 

 
“Reproductive success in eelpout” (General biological effect, most recent ACs 
in WGBEC 2012, OSPAR 2013). This indicator was proposed as a pre-core in-
dicator in the HELCOM indicator list, but it was not anticipated to be ready 
for use in HOLAS II (HELCOM HOD, 2016). This indicator was included in 
JAMP Guidelines for General Biological Effects Monitoring (OSPAR, 2007). 

Reproductive success is measured as proportion of malformed fry (types B-
G), proportion of late dead fry (type A), proportion of early dead fry (type 0) 

Table 3. Assessment criteria for biological effect indicator “PAH-metabolites in bile” in 
eelpout used in the Danish monitoring programme NOVANA (ICES WGBEC, 
2013;OSPAR, 2013). 
Effect indicator BAC EAC 
Eelpout   

PAH metabolites in bile (ng ml-1) 92 (483)* 
Notes: 
 *Adopting the Cod EAC value (ng g-1), GC/MS data directly 
compared to HPLC/F data (ng ml-1).  
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and proportion of total abnormal fry (all types). The eelpout (Zoarces vivipa-
rus), also called viviparous blenny, can be used as a bioindicator of the impact 
of hazardous substances on reproductive success of viviparous fish in the ma-
rine environment. The hazardous substances that can affect embryo and larval 
development in fish include organochlorines, pesticides, polycyclic aromatic 
hydrocarbons (PAHs), heavy metals and organometals (Davies & Vethaak, 
2012). The ACs for eelpout reported in ICES WGBEC report (2013) and 
OSPAR (2013) are listed in Table 4. 

 
In the NOVANA programme, the following components, necessary for mon-
itoring application, are developed or used: 
 
• monitoring guidelines / monitoring methods are in place (Strand, 2013a, 

based on OSPAR, 2007, Annex 10 and Strand et al., 2004); 
• quality assurance procedures: participation in international workshops 

with practical exercises (Förlin, 2012);   
• quality control on monitoring data is in place under the Marine Topic Cen-

ter, Aarhus University (Høgslund et al., 2019); 
• assessment criteria – Table 4; 
• monitoring databases – national database MFS-base/HSD database; inter-

national database – ICES DOME; 
• temporal and spatial scope – included in the NOVANA programme since 

2004: within the period of 2017-2021, 2 stations are monitored every year 
(Miljøstyrelsen et al., 2017). 

 
 
 
 

Table 4.   Assessment criteria for biological effect indicators in eelpout for “Reproductive 
success in eelpout” used in the Danish monitoring programme NOVANA (ICES WGBEC, 
2013; OSPAR, 2013). 
Effect indicator BAC EAC 
Eelpout   

Mean prevalence of malformed fry (type B-G) 1% 2% 
Mean prevalence of late dead fry (type A) 2% 4% 
Mean prevalence of early dead fry (type 0) 2.5% 5% 
Mean prevalence of total abnormal fry (all types) 5% 10% 
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Blue mussels (Mytilus edulis) 

In blue mussels (Mytilus edulis), one indicator measured as part of the Danish 
monitoring programme is “lysosomal membrane stability” (LMS) (OSPAR 
pre-CEMP: “general biological effect”). This indicator was also part of the HEL-
COM pre-core indicator list, but it was not anticipated to be ready for use in 
HOLAS II (HELCOM HOD, 2016). 

LMS is one type of the lysosomal responses that are used as effect biomarkers 
indicative of the general stress triggered by pollution in the marine environ-
ment (Davies & Vethaak, 2012). LMS can be affected when certain physiolog-
ical or pathological conditions occur, including those that can be induced by 
pollutants (Martínez-Gómez et al., 2015). The ACs from OSPAR pre-CEMP 
category listed are in Table 5.  

In the NOVANA programme, the following components, necessary for mon-
itoring application, are developed or used: 
 
• monitoring guidelines / monitoring methods are in place (Strand & 

Dahllöf, 2013 based on Moore et al., 2004, revised in Martínez-Gómez et 
al., 2015; OSPAR, 2007, Annex 6); 

• procedure for quality assurance of the method: participation in interna-
tional workshops with practical exercises (e.g. organized by BEQUALM 
and OSPAR/ICES (ICES/OSPAR, 2010)). Participation in Nordic work-
shops in 2013 and 2019; 

• procedure for quality control of monitoring data by the Marine Topic Cen-
ter, Aarhus University (Høgslund et al., 2019); 

• assessment criteria – Table 5; 
• monitoring databases – national database MFS-base (data from MFS-base 

will be transferred to a new monitoring database at the Danish EPA); in-
ternational database – ICES DOME; 

• temporal and spatial scope – included in NOVANA programme since 
2004: within the period of 2017-2021, 2 stations are monitored every year 
(Miljøstyrelsen et al., 2017). 

 
 
 
 

 

Table 5. Assessment criteria for biological effect indicators used in blue mussels, used in 
the Danish monitoring programme NOVANA (ICES WGBEC, 2012; OSPAR, 2013). 
Effect indicator BAC EAC 
Blue mussels   

Lysosomal membrane stability* 120 50 
Notes: 
* High numbers indicate better status 
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Marine gastropods 

“Imposex and Intersex in marine gastropods” (OSPAR CEMP: “Organotins 
concentrations and biological effects”; HELCOM Core indicator: “Tributyltin 
(TBT) and imposex”) are biological effects indicating exposure to and effects of 
organotin compounds, primarily TBT.   

Imposex and intersex are phenomena of masculinisation of females, but they 
differ morphologically. Imposex in female gastropods primarily entails a de-
velopment of a pseudo-penis and/or vas deferens, while intersex is malfor-
mations of the female reproductive organs or a complete conversion of the 
female reproductive organs to male organs (Bergkvist & Magnusson, 2016). 

For biological effect measurements, the indices used are Vas Deferens Se-
quence Index (VDSI) and imposex stage (IMPS) for imposex and the Intersex 
Sequence Index (ISI) and intersex stage (INTS) for intersex. 

In Denmark, imposex and intersex in five species of gastropods have been 
reported as part of the NOVANA programme (Table 6). However, because 
intersex in the periwinkle Littorina littorea is not as sensitive as the imposex 
indicators, it is only relevant for use in highly TBT polluted harbor areas 
above the EAC-value for the other more sensitive gastropod species.  

Earlier, OSPAR ACs also reported for five species of gastropods (Nassarius 
reticulatus, Buccinum undatum, Neptunea antique, Littorina littorea). By using 
data on imposex/intersex in sympatric populations of affected gastropods of 
different species, the assessment criteria were extended to a range of species 
used. However, in the latest version of OSPAR CEMP (extracted on August 
19th, 2021) only four species, i.e. without Littorina littorea, are currently listed.  

On the other hand, six gastropod species are included as potential monitoring 
species in the HELCOM description of imposex as a core indicator for the 
monitoring activities in the Baltic Sea, since the mudsnail (Peringia ulvae) is 
also included as a relevant indicator species. Here, the species-specific assess-
ment criteria for good status (corresponding to EAC-value above) is achieved 
at the threshold value of VDSI 2 for the sensitive species dog whelk (Nucella 
lapillus) and red whelk (Neptunea antiqua). Most other, less sensitive species, 
are set at good status for a threshold value of VDSI 0.3, with the exception of 
the mudsnail, for which a good status threshold value is set at only VDSI 0.1 

Table 6. Assessment criteria for marine gastropods, biological effect – imposex that during 
the years have been applied in the NOVANA programme (OSPAR QSR 2023, HELCOM, 
2017). 

Marine gastropod Index BAC EAC 

Neptunea antiqua VDSI 0.3 2 

Nucella lapillus VDSI 0.3 2 

Hinia reticulata VDSI 0.1 0.3 

Buccinum undatum VDSI 0.1 0.3 

Littorina littorea ISI - 0.1* 

Notes:  
* Adopting value below 0.3 
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(HELCOM, 2018b). In addition to the use of BAC and EAC-values as the pri-
mary assessment criteria, a five class-scheme has also been developed so that 
comparison of response levels across the different species can be better per-
formed for environmental assessments across the ICES area (Davies & 
Vethaak, 2012), (Table 7). 

 
In the NOVANA programme, the following components, necessary for mon-
itoring application, are developed or used: 
 
• monitoring guidelines / monitoring methods are in place (Strand, 2013b, 

based on OSPAR Commission, 2008, Annex 3); 
• procedure for quality assurance of the method: regular participation in in-

ternational laboratory intercalibration exercises and workshops (QUA-
SIMEME); 

• procedure for quality control of monitoring data by the Marine Topic Cen-
ter, Aarhus University (Høgslund et al., 2019); 

• assessment criteria – Tables 6-7; 
• monitoring database – national database MFS-base (data from MFS-base 

will be transferred to a new monitoring database at the Danish EPA); in-
ternational database – ICES DOME; 

• temporal and spatial scope – included in NOVANA programme since 
1998: within the period of 2017-2021, 14 stations are monitored every sec-
ond year (Miljøstyrelsen et al., 2017). 

 
 
 

Table 7. OSPAR biological effect assessment criteria for TBT. Assessment criteria for im-
posex in Nucella lapillus are presented alongside equivalent VDSI/ISI values for sympatric 
populations of other relevant species (Davies & Vethaak, 2012). 
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Reproductive disorders in amphipods (Gam-
marus spp.) 

Biological effect measurements in amphipods are reproductive disorders - 
malformed embryos (HELCOM Supplementary indicator: “Reproductive dis-
orders: malformed embryos of amphipods”). This indicator is not included in the 
OSPAR pre-CEMP list of “General biological effects” (Table S5) and JAMP 
Guidelines for general biological effects monitoring (OSPAR, 2007). 

This indicator is applicable in assessment units shared by Finland and Swe-
den. In Denmark, development of this indicator is initiated by DCE and cur-
rently being developed in a pilot study in 2020-2021, financed by the Danish 
EPA. In Denmark, the “Secondary threshold values” are used as AC for Gam-
marus spp. (see “Secondary threshold values”). 

Primary threshold values 
The embryo malformation indicator for amphipods is a multimetric indicator 
based on two variables measured in the sampled population: (1) the propor-
tion of malformed embryos and (2) the proportion of females with more than 
one malformed embryo (Table 9). Both variables are measured in the same 
pool of field-collected gravid females. In order to achieve a “good status” for 
an area under investigation, both variables must be below or equal to their 
respective threshold values (HELCOM, 2018a). 

Secondary threshold values – Gammarids 
In Denmark, during the pilot study 2020-21, threshold values for Gammarus 
species are used. In areas where M. affinis does not occur naturally or is at low 
abundances, other amphipods with a similar life cycle and reproduction biol-
ogy can be used. In the Gulf of Finland and the Gdansk Bay, secondary thresh-
olds were established for gammaridean amphipod species (Table 10). As with 
M. affinis, these thresholds involve two values: one for the percentage of mal-
formed embryos and another for the percentage of females carrying more 
than one malformed embryo (HELCOM, 2018a). 

Table 9. Threshold value for the amphipod Monoporeia affinis. BAC and EAC are adopted 
from Davies & Vethaak, 2012 (HELCOM, 2018a). 

 

Table 10. Secondary thresholds for the gammaridean amphipods Gmelinoides fasciatus, 
Pontogammarus robustoides and Gammarus tigrinus (based on Gulf of Finland monitoring 
data, Russia) (HELCOM, 2018a). 
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In Denmark, the following components, necessary for monitoring application, 
are used: 
 
- monitoring guidelines / monitoring methods reported in HELCOM and 
ICES TIMES are used in a pilot project 2020-2021 (HELCOM, 2018a; Sundelin 
et al., 2008); 
- quality assurance procedures: internal quality assessment, method compar-
ison in meeting within HELCOM EN HZ working group, participation in the 
international BEAST workshop 2012; 
- quality control of monitoring is not in place; 
- assessment criteria – Tables 9,10; 
- monitoring database – national HSD database is under development; 
- temporal and spatial scope – currently a pilot study has been conducted in 
the period 2020-2021, 2-3 stations each year. 
 
A summary table for all indicators used in the Danish monitoring programme 
NOVANA is presented in Table 11. This summary table recapitulates the de-
tailed information from the chapters above, using the list of coordination 
tools, which, according to CEMP, should be in place in order to be applicable 
as functional indicators in environmental assessment.  
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Table 11. Summary table for all indicators utilised in the Danish monitoring programme. The table is based on the list of coordination tools that should be in place according to coordinated 
monitoring and assessment of a component of the CEMP  (OSPAR CEMP 2020; NOVANA 2017). 

Coordination tools  
CYP1A enzymatic activity 
(EROD), Eelpout 

PAH-metabolites in 
bile, Eelpout 

Reproductive success in 
eelpout 

Lysosomal membrane 
stability” (LMS), Blue 
mussels  

Imposex and Intersex 
in marine gastropods 

Reproductive disor-
ders: malformed em-
bryos of amphipods 

Monitoring and/or data collection 
guidelines 

In place (Strand, 2013a) 
In place (Strand, 2013a) In place (Strand, 2013a) 

In place (Strand & 
Dahllöf, 2013) In place (Strand, 2013b) Pilot project, 2020-2021 

Coordinated arrangements for 
data submission and manage-
ment (databases); 

MFS-base/ODA; ICES 
DOME 

MFS-base/ODA; ICES 
DOME 

MFS-base/ODA; ICES 
DOME 

MFS-base/ODA; ICES 
DOME 

MFS-base/ODA; ICES 
DOME Pilot project, 2020-2022 

Quality assurance tools 
Förlin, 2012; BEQUALM; 
Høgslund et al., 2019 

Förlin, 2012; 
BEQUALM; Kammann 
et al., 2013; Høgslund 
et al., 2019 

Förlin, 2012; Høgslund et 
al., 2019 

BEQUALM; OSPAR/ICES 
workshop; Høgslund et 
al., 2019 

QUASIMEME,  
Høgslund et al., 2019 Pilot project, 2020-2023 

Assessment criteria (AC) and, 
where relevant, procedures for 
aggregation or integration of data 
prior to assessment OSPAR pre-CEMP;   

OSPAR pre-CEMP; 
HELCOM 

ICES WGBEC 2012; 
OSPAR 2013 

OSPAR pre-CEMP; ICES 
WGBEC 2012 

OSPAR CEMP 
HELCOM CORE 

ACs developed in HEL-
COM will be evaluated. 

Temporal and spatial scope  
1-2 stations, frequency 
2017-21: 5/5. 

1-2 stations, frequency 
2017-21: 5/5. 

1-2 stations, frequency 
2017-21: 5/5. 

2 stations, frequency 
2017-21: 5/5. 

14 stations, frequency 
2017-21: 3/5. 

2-3 station per year dur-
ing pilot project. 
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Supplementary tables 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table S1.  Assessment criteria from Report of the Working Group on the 
Biological Effects of Contaminants (WGBEC), 2013. “Current Assessment cri-
teria for biological effects measurements. Values are given for both background as-
sessment levels (BAC) and environmental assessment criteria (EAC), as available. 
Values in bold have been updated by WGBEC in 2012 or 2013, changes made in 
2013 are described below the table”(ICES WGBEC, 2013). 
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Table S1. Continued.  
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Table S1. Continued. 
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Table S1. Continued. 
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Table S1. Continued. 
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Table S2.  Assessment criteria (OSPAR pre-CEMP) for CYP1A enzymatic activity 
(EROD) in fish liver, measured using two different liver tissue fractions (see notes below 
the table). (OSPAR pre-CEMP, extracted on August 19th, 2021). 

species common name sex matrix BAC 

Gadus morhua cod both liver microsome 145.0 

Limanda limanda dab female liver S9 178.0 

  male liver S9 147.0 

  both liver microsome 680.0 

Callionymus lyra dragonet both liver microsome 202.0 

Platichthys flesus flounder male liver S9 24.0 

Lepidorhombus 
boscii 

four spotted me-
grim 

both liver microsome 13.0 

Pleuronectes pla-
tessa 

plaice male liver S9 9.5 

  both liver microsome 255.0 

Mullus barbatus red mullet male liver S9 208.0 

Notes: 
units are pmol min−1 mg S9 protein−1 or pmol min−1 mg microsomal protein−1 for the liver 
S9 and liver microsome matrices respectively; 
there are no EACs; 
low values indicate healthy organisms. 
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Table S3.  Assessment criteria (OSPAR pre-CEMP) for biliary PAH metabolites in fish, measured using three different analyti-
cal techniques (see notes below the table). (OSPAR pre-CEMP, extracted on August 19th, 2021). 

bile metabolite species common name method BAC EAC 

1-OH pyrene Gadus morhua cod HPLC-F 21.00  

   GC-MS  483 

 Limanda limanda dab HPLC-F 16.00  

 Platichthys flesus flounder HPLC-F 16.00  

 Melanogrammus aeglefinus haddock HPLC-F 13.00  

1-OH pyrene equivalents Gadus morhua cod SSF 1.10 35 

 Limanda limanda dab SSF 0.15 22 

 Platichthys flesus flounder SSF 1.30 29 

 Melanogrammus aeglefinus haddock SSF 1.90 35 

1-OH phenanthrene Gadus morhua cod HPLC-F 2.70  

   GC-MS  528 

 Limanda limanda dab HPLC-F 3.70  

 Platichthys flesus flounder HPLC-F 3.70  

 Melanogrammus aeglefinus haddock HPLC-F 0.80  

Notes: 
HPLC-F is high performance liquid chromatography - fluorescence, GC-MS is gas chromatography - mass spectrometry, and 
SSF is synchronous scan fluorescence 341/383 nm; 
units are ng ml−1 for HPLC-F, ng g−1 for GC-MS, and pyrene-type μg ml−1 for SSF; 
the proliferation of methods and units are a mystery to all those who have not devoted their lives to the study of bile metabo-
lites; 
low values indicate healthy organisms. 
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Table S4. PAH and metal-specific relevant biological Effects. (OSPAR pre-CEMP, extracted on August 19th, 2021) 
Field Description Validated Entry 
[Table title] Name of monitoring programme. PAH and metal-specific relevant Biological Effects 

[ProgrammeDescription] 
Description of the monitoring 
programme. 

The PAH and metal-specific relevant Biological Effects monitoring is carried out within OSPAR's pre-Coordinated Environmen-
tal Monitoring Programme (CEMP) (Agreement 2016-01). Pre-CEMP monitoring work on hazardous substances comprises 
monitoring and assessment of the sources and pathways of contaminants and their concentrations and effects in the marine 
environment.  
OSPAR has agreed within the context of the pre-CEMP that certain components for hazardous substances are not monitored 
on a mandatory basis.  
Pre-CEMP component H-10 sets out monitoring of PAH and metal-specific biological effects. 

[OtherPoliciesConventions] 

Monitoring for other Union legis-
lation or international agree-
ments that contributes to the 
programme. 

OSP-CEMP 

[Contracting Parties monitoring] 

Which other countries are in-
volved in practical implementa-
tion of this monitoring pro-
gramme, and what is the degree 
of cooperation. 

Coordinated data collection 
BE, DE, DK, FR, NL, NO, SE, UK 

[Contracting Parties supplying 
data] 

 BE, DE, DK, FR, NL, NO, SE, UK 

[Contracting Parties with an 
"opt out"] 

   

[Temporal scope] 
Start (and end) date of the pro-
gramme. 

1989 - 9999 

[Spatial scope] 

Spatial coverage of the pro-
gramme according to the juris-
dictional zones of marine wa-
ters. 

EEZ  (or similar, e.g. Contiguous Zone, Fishing Zone, Ecological Protection Zone) 
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[Aggregation of Data] 

At which scale can the data from 
the sub-programme be aggre-
gated for environmental assess-
ments? 

Sub-region 

[MarineReportingUnit] 
Area(s) where the programme 
takes place. 

marineSubregion 
marineSubdivision 

[Monitoring Purpose] 
Purpose of the programme 
aimed at collecting data and in-
formation. 

Pressures in the marine environment 

[MonitoringType] 
Type of monitoring (in-situ, re-
mote sensing, etc.). 

In-situ sampling offshore 

[Indicator Metric] 
Feature(s) monitored (ecosys-
tem components, pressures, ac-
tivities). 

PresEnvContNonUPBTs 
PresEnvContUPBTs 

[Elements] 
Element(s) monitored (e.g. spe-
cies, habitats, contaminants). 

Total PAHs (Benzo(a)pyrene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(ghi)perylene, Indeno(1,2,3-cd)pyrene) 

[Element Monitored]    

[Parameter Measured] Parameter(s) monitored. 
CONC-B  
CONC-S 

[Monitoring Guidelines/Monitor-
ing Method in place] 

Guidelines/protocols describing 
the method for monitoring. 

OTH 
OSP-026 

[MonitoringMethodOther] 
Guidelines/protocols describing 
the method for monitoring. 

CEMP guidelines for coordinated monitoring for hazardous substances (Agreement 2016-04) 

[Quality Assurance Procedures 
in Place] 

In addition to a specified 
method, is there any additional 
Quality Assurance used? 

Currently developed by the ICES WGBEC 
CEFAS laboratory proficiency testing scheme: BEQUALM 

[Quality Control] 
What type of Quality Control is 
used? 

Delayed mode 

[Data submission Frequency 
(and deadline)] 

Frequency of the monitoring Yearly 

[Applicable MSFD GES Crite-
ria] 

Indicator(s) to which the pro-
gramme contributes. 

D8C1 
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[Data Depository] 
Link to where monitoring data 
can be accessed (Art. 19(3)) https://ocean.ices.dk/OHAT/ 

[Data Custodian]  ICES Datacentre 

[Assessment Guidelines]  https://ocean.ices.dk/ohat/trDocuments/2019/help_ac_biota_biological_effects.html 
https://ocean.ices.dk/ohat/trDocuments/2019/help_methods_biota_biological_effects.html 

[Assessment tools available]  Background Reference Concentrations; Ecotoxicological Assessment Criteria (Davies & Vetaack, 2012) 
[Nature of data]  Processed 

https://ocean.ices.dk/OHAT/
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Table S5. General biological effects (Whole sediment bioassays, Sediment Pore-Water and Elutriate Bioassays, Water Bioassays, CYP1a, Lysosomal Stability, Liver Histopathology/ Macro-
scopic liver neoplasms,  Externally Visible Fish Diseases, Reproductive Success in Fish). (OSPAR pre-CEMP, extracted on August 19th, 2021). 

Field Description Validated Entry 

[Table title] 
Name of monitoring pro-
gramme. 

General Biological Effects (Whole sediment bioassays, Sediment Pore-Water and Elutriate Bioassays, Water Bioassays,CYP1a, Ly-
sosomal Stability, Liver Histopathology/ Macroscopic liver neoplasms,  Externally Visible Fish Diseases, Reproductive Success in 
Fish) 

[ProgrammeDescription] 
Description of the monitoring 
programme. 

The General Biological Effects (Whole sediment bioassays, Sediment Pore-Water and Elutriate Bioassays, Water Bioassays,CYP1a, 
Lysosomal Stability, Liver Histopathology/ Macroscopic liver neoplasms,  Externally Visible Fish Diseases, Reproductive Success in 
Fish)monitoring is carried out within OSPAR's pre-Coordinated Environmental Monitoring Programme (CEMP) (Agreement 2016-01). 
Pre-CEMP monitoring work on hazardous substances comprises monitoring and assessment of the sources and pathways of contam-
inants and their concentrations and effects in the marine environment.  
OSPAR has agreed within the context of the pre-CEMP that certain components for hazardous substances are not monitored on a 
mandatory basis.  
Pre-CEMP component H-11 sets out monitoring of general biological effects. 

[OtherPoliciesConventions] 

Monitoring for other Union 
legislation or international 
agreements that contributes 
to the programme. 

OSP-CEMP 

[Contracting Parties monito-
ring] 

Which other countries are in-
volved in practical imple-
mentation of this monitoring 
programme, and what is the 
degree of cooperation. 

Coordinated data collection 
BE, DE, DK, FR, NL, NO, SE, UK 

[Contracting Parties sup-
plying data] 

 BE, DE, DK, FR, NL, NO, SE, UK 

[Contracting Parties with an 
"opt out"] 

   

[Temporal scope] 
Start (and end) date of the 
programme. 

2010 - 9999 

[Spatial scope] 

Spatial coverage of the pro-
gramme according to the ju-
risdictional zones of marine 
waters. 

EEZ  (or similar, e.g. Contiguous Zone, Fishing Zone, Ecological Protection Zone) 

[Aggregation of Data] 
At which scale can the data 
from the sub-programme be 

Sub-region 
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aggregated for environmen-
tal assessments? 

[MarineReportingUnit] 
Area(s) where the pro-
gramme takes place. 

marineSubregion 
marineSubdivision 

[Monitoring Purpose] 
Purpose of the programme 
aimed at collecting data and 
information. 

Environmental state and impacts 
Pressures in the marine environment 

[MonitoringType] 
Type of monitoring (in-situ, 
remote sensing, etc.). 

In-situ sampling offshore 

[Indicator Metric] 
Feature(s) monitored (eco-
system components, pres-
sures, activities). 

PresEnvContNonUPBTs 
PresEnvContUPBTs 

[Elements] 
Element(s) monitored (e.g. 
species, habitats, contami-
nants). 

All Contaminants 

[Element Monitored]  Effects of contaminants 

[Parameter Measured] Parameter(s) monitored. 
CONC-B  
CONC-S 
CONC-W 

[Monitoring Guidelines/Mon-
itoring Method in place] 

Guidelines/protocols de-
scribing the method for mon-
itoring. 

OTH 
OSP-025 

[MonitoringMethodOther] 
Guidelines/protocols de-
scribing the method for mon-
itoring. 

CEMP guidelines for coordinated monitoring for hazardous substances (Agreement 2016-04) 

[Quality Assurance Proce-
dures in Place] 

In addition to a specified 
method, is there any addi-
tional Quality Assurance 
used? 

ICES WGBEC RingTests 

[Quality Control] 
What type of Quality Control 
is used? 

Delayed 

[Data submission Fre-
quency (and deadline)] 

Frequency of the monitoring Yearly 

[Applicable MSFD GES Cri-
teria] 

Indicator(s) to which the pro-
gramme contributes. 

D8C1 
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[Data Depository] 
Link to where monitoring 
data can be accessed (Art. 
19(3)) 

 

https://ocean.ices.dk/OHAT/ 

 

[Data Custodian]  ICES Datacentre 

[Assessment Guidelines]  https://ocean.ices.dk/oat/trDocuments/2019/help_ac_biota_biological_effects.html 
https://ocean.ices.dk/oat/trDocuments/2019/help_methods_biota_biological_effects.html 

[Assessment tools availa-
ble] 

 Background Reference Concentrations; Ecotoxicological Assessment Criteria 

[Nature of data]  Processed 

https://ocean.ices.dk/OHAT/
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Table S6. Organotins concentrations and biological effects. (OSPAR CEMP, extracted on August 19th, 2021). 

Field Description Validated Entry 

[Table title] Name of monitoring programme. Organotins concentrations and biological effects 

[ProgrammeDescription] Description of the monitoring programme. 

The organotins concentrations and biological effects concentrations monitoring is carried out within 
OSPAR's Coordinated Environmental Monitoring Programme (CEMP) (Agreement 2016-01). CEMP 
monitoring work on hazardous substances comprises monitoring and assessment of the sources and 
pathways of contaminants and their concentrations and effects in the marine environment.  
OSPAR has agreed within the context of the CEMP that certain components for hazardous sub-
stances are to be monitored on a mandatory basis, subject to clearly defined and agreed conditions.  
CEMP component H-4 sets out monitoring of tributyl tin (TBT)-specific biological effects and TBT in 
sediment or biota (Appendix H4). Monitoring of TBT concentrations in the marine environment in ei-
ther sediments or biota should be carried out in parallel with monitoring of TBT-specific biological ef-
fects. 

[OtherPoliciesConventions] 
Monitoring for other Union legislation or inter-
national agreements that contributes to the 
programme. 

OSP-CEMP 

[Contracting Parties monitoring] 

Which other countries are involved in practi-
cal implementation of this monitoring pro-
gramme, and what is the degree of coopera-
tion. 

Coordinated data collection 
BE, DE, DK, ES, IE, IS, NL, NO, PT, SE, UK 

[Contracting Parties supplying data]  BE, DE, DK, ES, IE, IS, NL, NO, PT, SE, UK 

[Contracting Parties with an "opt out"]    

[Temporal scope] Start (and end) date of the programme. 1978 - 9999 

[Spatial scope] 
Spatial coverage of the programme according 
to the jurisdictional zones of marine waters. 

Coastal waters (WFD) 

[Aggregation of Data] 
At which scale can the data from the sub-pro-
gramme be aggregated for environmental as-
sessments? 

Sub-region 

[MarineReportingUnit] Area(s) where the programme takes place. 
marineSubregion 
marineSubdivision 

[Monitoring Purpose] 
Purpose of the programme aimed at collect-
ing data and information. 

Environmental state and impacts 
Pressures in the marine environment 
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[MonitoringType] 
Type of monitoring (in-situ, remote sensing, 
etc.). 

In-situ sampling offshore 

[Indicator Metric] 
Feature(s) monitored (ecosystem compo-
nents, pressures, activities). 

PresEnvContNonUPBTs 
PresEnvContUPBTs 

[Elements] 
Element(s) monitored (e.g. species, habitats, 
contaminants). 

Tributyltin compounds  

[Element Monitored]  

TBT-specific biological effects:  
Vas Deferens Sequence, Imposex Stage, Intersex Stage 
Organotins in Sediments: 
Mono & Dibutyltin;  
Mono, Di & Triphenyltin; Tributyltin Organotins in Biota: 
Mono & Dibutyltin;  
Mono, Di & Triphenyltin; Tributyltin 

[Parameter Measured] Parameter(s) monitored. 
CONC-B 
CONC-S 

[Monitoring Guidelines/Monitoring Method 
in place] 

Guidelines/protocols describing the method 
for monitoring. 

OTH 
OSP-001 
OSP-018 
OSP-025 
OSP-026 
OSP-028 

[MonitoringMethodOther] 
Guidelines/protocols describing the method 
for monitoring. 

CEMP guidelines for coordinated monitoring for hazardous substances (Agreement 2016-04) 

[Quality Assurance Procedures in Place] 
In addition to a specified method, is there any 
additional Quality Assurance used? 

External laboratory proficiency testing scheme: QUASIMEME 

[Quality Control] What type of Quality Control is used? Delayed mode 

[Data submission Frequency (and dead-
line)] 

Frequency of the monitoring Yearly 

[Applicable MSFD GES Criteria] 
Indicator(s) to which the programme contrib-
utes. 

D8C1 
D8C2 

[Data Depository] 
Link to where monitoring data can be ac-
cessed (Art. 19(3)) 

https://ocean.ices.dk/OHAT/ 

[Data Custodian]  ICES Datacentre 

https://ocean.ices.dk/OHAT/
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[Assessment Guidelines]  

https://ocean.ices.dk/oat/trDocuments/2019/help_ac_sediment_organo-metals.html 
https://ocean.ices.dk/oat/trDocuments/2019/help_methods_sediment_organo-metals.html 
https://ocean.ices.dk/oat/trDocuments/2019/help_ac_biota_organo-metals.html 
https://ocean.ices.dk/oat/trDocuments/2019/help_methods_biota_organo-metals.html 

[Assessment tools available]  https://ocean.ices.dk/OHAT/ 

[Nature of data]   Processed 
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