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Polybrominated Diphenyl Ethers (PBDE) 

Key message 

 

 

Data is available and provisional evaluations show that the concentration of PBDE is high in fish in most 

areas in the Baltic Sea The status of the sum of six BDE congeners in fish, bivalves and guillemot eggs during 

2005–2010 shows that the boundary of Good Environmental Status is exceeded in almost every monitoring 

site in the Baltic Sea. This core indicator report uses the EU Environmental Quality Standard (EQS) as the 

boundary for Good Environmental Status (GES) (0.0085 µg kg-1 ww). As a result of this strict threshold, 

almost all monitoring sites are classified as ‘bad status’ (Figure 1). 

Concentrations of single BDE congeners are declining, but the availability of >10 year long time series is 

limited in the Baltic Sea and concentrated in the western parts of the region. 

Relevance of the core indicator 
Polybrominated diphenyl ethers (PBDE) are toxic and persistent substances that bioaccumulate in the 

marine foodweb. Increasing concentrations of PBDE have been detected in the environment in past 

decades as their use as commercial flame retardants increased. The use of most PBDE products have been 

banned in Europe during the last 10 years, and therefore decreasing concentrations should be detected in 

coming years. 

Provisional 

key message 

map PBDE 

based on 

CORESET I 

results 
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Policy relevance of the core indicator 
 Primary importance Secondary importance 

BSAP 
Segment and 
Objective 

 Concentrations of hazardous 

substances close to natural levels 

 Fish safe to eat 

MSFD  
Descriptors and 
Criteria 

8.1. Concentrations of contaminants 9.1. Levels, numbers and frequency of contaminants 
(levels, frequency) 

Other relevant 
legislation:   

Water Framework Directive, Priority substance identified in directive2013/39/EU 

 [Author’s name(s)], [2015]. [Indicator name]. HELCOM core indicator report. Online. [Date Viewed], [Web link]. 
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Indicator concept 

Good Environmental Status 
Good Environmental Status (GES), in accordance with the Marine Strategy Framework Directive 

2008/56/EC (MSFD), is defined as “concentrations of contaminants at levels not giving rise to pollution 

effects” (OJEC No. L164 25.6.2008, 2008). The GES-boundary applied for PBDEs is 0,0085 µg/kg fish wet 

weight (ww). The GES-boundary is an Environmental Quality Standard (EQS) for biota, to protect human 

health and therefore defined for edible pars of fish. The value is a sum of PBDE congeners 28, 47, 99, 100, 

153 and 154, mainly representing penta- and octa- and not decaBDE. 

PBDEs are included on the priority list under the Water Framework Directive (2000/60/EC) under which the 

Quality Standards have been developed. All Quality Standards are based on ecotoxicological studies and 

derived to protect freshwater and marine ecosystems from potential adverse effects of chemicals, as well 

as adverse effects on human health via drinking water and food from aquatic environments. Quality 

Standards are derived for different protection goals. The most stringent of the QS for the different 

protection goals is the base for the Environmental Quality Standard, EQS (2013/39/EU).  

In the case of PBDE, the EQS is based on the value for the protection goal of human health. The EQS is used 

as a GES-boundary although it is debated due to being considered very low, and not having been validated 

by the European Food Safety Authority (EFSA), and it is thus not clear if the value is in accordance with the 

food safety risk assessments to human health.  

The EC Guidance Document No. 32 on biota monitoring (the implementation of EQSbiota) under the Water 

Framework Directive (EC 2014) was derived for harmonization purposes. This guidance document 

recommends that for lipid soluble, biomagnifying compounds like PBDEs the standard fish used for QS 

compliance should be at a trophic level of 4.5 for marine environments with a whole body lipid content of 

5%, if information of whole body lipid concentration is lacking. The recommendation to obtain PBDE data in 

fish at a trophic level of 4.5 is to adjust the values in accordance with biomagnification factors and trophic 

level. The EU directive on environmental quality standards (2008/105/EC), Article 3, states that also long-

term temporal trends should be assessed for substances that accumulate in sediment and/or biota. 

In cases where it is not possible to evaluate the environmental status using biota-monitoring, a secondary 

GES-boundary based on concentration in sediment can be used as a complement. The GES-boundary for 

sediment is 4.5 µg kg-1 dw. This value has been suggested by the working group on priority substances for 

the protection of the benthic community. 

 

Anthropogenic pressures linked to the indicator 
 Strong connection Secondary connection 

General   

MSFD 
Annex III, 
Table 2 

Contamination by hazardous substances 
- introduction of synthetic compounds 
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PBDEs mainly spread to the Baltic Sea via the atmosphere, rivers and WWTPs. PBDEs are mainly discharged 

from landfills and waste sorting sites or emitted via atmosphere to the environment. The substances 

accumulate on waste sites as a result of production and use of flame-protected materials. More 

information on the occurrence of penta-, octa- and decaBDE discharges is needed from the whole Baltic Sea 

area also including from waste water treatment plants (WWTP). 

 

Assessment protocol 
To be elaborated, the protocol to be applied is currently being tested. 

Assessment units 

PBDEs are considered a relevant substance group to evaluate throughout the entire Baltic Sea area. In 

addition to the atmospheric dispersion, PBDEs are introduced to the marine environment from waste and 

waste water treatment plants and storm-water run-off. Concentrations may be higher in the coastal areas 

compared to the off-shore areas, and therefore the indicator is evaluated on HELCOM assessment unit level 

3.  

 

 

Relevance of the indicator 

Policy Relevance 

The polybrominated diphenyl ethers (polyBDE) have mainly been used as flame retardants in plastic 

materials and polyurethane foams. PBDEs are diphenyl ethers with degrees of bromination varying from 2 

to 10. PentaBDEs refer to the congeners 82–127, 47 and 99 being the most abundant, octaBDEs refer to the 

congeners 194–205 and decaBDEs mainly refers to the congener 209.  

PBDEs are on the HELCOM BSAP priority list and in the Stockholm Convention Annex A (Elimination). The 

use of substance groups pentaBDE and octaBDE is banned in the EU since 2004 (Commission regulation EC 

552/2009). PentaBDE and octaBDE are not allowed to be placed on the market as substances, in mixtures 

or in articles in higher concentration than 0.1 % by weight. The substance group decaBDE that is restricted 

but not completely banned, is currently found in biota and is able to degrade into lower brominated  

congeners. The European Food Safety Authority (EFSA) has encouraged countries to also monitor decaBDE. 

The substance groups pentaBDE and octaBDE have been prioritised through two consecutive prioritisation 

procedures under the WFD: pentaBDE were prioritised following COMMPS (COmbined Monitoring-based 

and Modelling-based Priority Setting scheme) procedure in 2001, while octaBDE have recently been 

prioritised in the context of the second European Commission proposal for a new list of priority substances, 

for the reason that they are PBT (Persistent, Bioaccumulative and Toxic) and vPvB (very Persistent and very 

Bioaccumulative) substances. 

The use of polyBDEs in electrical and electronic products (E&Es) was restricted even earlier than 2004 by 

the Directive 2002/95/EC (RoHS). From June 30, 2008, this directive covers also DecaBDE. This implies that 

the only permitted use of PBDEs in Europe is now the application of decaBDE in products other than E&Es. 

As a result of this new regulation, the majority of the previous use of decaBDE in the EU is now prohibited 
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(corresponding to ca 80 percent of the total EU use in 2001). It is, however, still possible for industries to 

apply for exemptions for certain applications under the procedure laid out in article 5 of the RoHS Directive. 

PentaBDE is now included in Annex A (Elimination) to the Stockholm Convention and should no longer be 

on the EU market as well as hexaBDE and heptaBDE contained in c-octaBDE. 

 

The role of PBDE in the ecosystem 

General properties 

PBDEs with smaller molecules are more toxic and bioaccumulative than larger ones. The biotic and abiotic 

debromination of highly brominated BDEs, such as decaBDE, to these smaller forms is a possibility and 

justifies that monitoring is based on a broad set of congeners. All polyBDE's are hydrophobic or very 

hydrophobic substances, that are very likely to adsorb on particulate matter and not likely to volatilize from 

the water phase. The higher the bromination degree, the lower the water solubility. Therefore decaBDE is 

found only in low concentrations in fish, in contrast to lower-brominated BDEs which are more commonly 

found in marine organisms. PBDEs have the potential to photodegrade in the environment. 

The occurrence of PBDEs is widespread in the Baltic marine environment. It is probable that current 

legislative measures (penta- and octaBDE banned in the EU since 2004) have already decreased penta- and 

octaBDE levels in the Baltic Sea.  

According to EU-RAR (2000), concentrations increased with the age of the fish and were higher in seals than 

in fish in the Baltic Sea, indicating bioaccumulation and biomagnification. 

DecaBDE is the dominant congener from sources (e.g. WWTPs) and in the Baltic Sea sediments; it can also 

be found in Baltic Sea fish, although tetraBDE is the most dominant congener in biota. Levels of decaBDE 

may be increasing because its use is only partly restricted. However, because of the environmental 

problems of decaBDE and anticipating regulatory measures, the European industry has taken voluntary 

action to reduce releases of decaBDE. This would be expected to lead – over time – to decreasing 

concentrations.  

Main impacts on the environment and human health 

PBDE is categorized as an endocrine disrupter (Category 2) for animals and humans. This means that the 

substance has the potential to disrupt endocrine functions, such as hormone regulation in the organisms. 

PBDEs have also been shown to have endocrine-disrupting effects, in particular, on estrogen and thyroid 

hormone levels and functioning. It has been shown to disturb development of the nervous system. 
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Results and confidence 
No new evaluations have currently been made for the indicator using the GES-boundary.  

 

Indicative results based on the Swedish sediment monitoring programme, covering 16 stations in the 

coastal and offshore areas of the Baltic Sea, showed that concentrations of BDE47, BDE99 and BDE100 

were clearly the highest in the Kattegat, 0,4–0,6 µg/kg dw (BDE209 not reported). These results are clearly 

lower than the secondary GES-boundary of 4.5 µg kg-1 dw, however it should be noted that the GES-

boundary is a summed value for six congeners. 

Note: the temporal trends are indicative results, and currently do not show the summed value for all 

congeners that should be evaluated against the GES-boundary.  

For time series graphs: stations with long time series were selected. The data was converted to lipid weight 

basis, if possible. As station names have changed in long time series and sampling per station name varies 

spatially a bit, the values were aggregated per 0.1 degree square. 

The concentrations of BDEs in the marine environment are declining ((Bignert et al. 2013, Figures 1–6). 

Concentrations of BDE-47, 99 and 100 show the most obvious decline in herring muscle (Figures 1–3), 

whereas the congeners 153 and 154 indicate lower concentrations and more stable temporal development 

(Figures 4–5). There are no big differences in historical BDE levels, but the monitoring station in Bornholm 

Basin shows consistently higher concentrations in late 1990s than the other stations (Figures 1-5). 

The Swedish study of the BDE-47, 99 and 100 levels in eggs of Common Guillemot found significant 

increasing trend from the end of 1960s until the end of 1990s followed by a decreasing trend until 2011 

(Figure 6). 
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Figure 1. Concentrations of BDE-47 in herring muscle during 1998-2011 in Bothnian Bay 

(Harufjärden), Bothnian Sea (Ängskärsklubb), Northern Baltic Proper (Landsort) and Bornholm 

Basin (Utlängan). 

Figure 2. Concentrations of BDE-99 in herring muscle during 1998-2011 in Bothnian Bay (Harufjärden), 
Bothnian Sea (Ängskärsklubb), Northern Baltic Proper (Landsort) and Bornholm Basin (Utlängan).  
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Figure 3. Concentrations of BDE-100 in herring muscle during 1998-2011 in Bothnian Bay (Harufjärden), 
Bothnian Sea (Ängskärsklubb), Northern Baltic Proper (Landsort) and Bornholm Basin (Utlängan).  

 

Figure 4. Concentrations of BDE-153 in herring muscle during 1998-2011 in Bothnian Bay (Harufjärden), 
Bothnian Sea (Ängskärsklubb), Northern Baltic Proper (Landsort) and Bornholm Basin (Utlängan).  
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Figure 5. Concentrations of BDE-154 in herring muscle during 1998-2011 in Bothnian Bay (Harufjärden), 
Bothnian Sea (Ängskärsklubb), Northern Baltic Proper (Landsort) and Bornholm Basin (Utlängan).  

 

Figure 6. Concentrations of BDE-47, 99 and 100 in eggs of Common Guillemot during 1968-2011 in 

Stora Karlsö, Gotland. 
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Confidence of the indicator status evaluation 
The confidence of the status evaluation is considered moderate. Data is available from several regions 

covering a time period of several years.  
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Monitoring Requirements 

Monitoring methodology 
HELCOM common monitoring of relevance to the indicator is documented in the on-line HELCOM 

Monitoring Manual in the sub-programme: Contaminants in biota. Monitoring guidelines on the 

determination of persistent organic compounds in biota are currently documented in the HELCOM 

COMBINE manual, and are under review during 2015.  

The concentration of PBDE in environmental monitoring is to be determined in an appropriate biota matrix, 

that includes muscle of herring, perch and eelpout. The basis for determination of the concentration is the 

lipid or wet weight with lipid content (%) in fish 

 

Description of optimal monitoring,  
The monitoring has a gap in Estonian, Latvian and Russian waters. The spatial representation of the 

monitoring network should be investigated separately. 

 

Current monitoring  
Denmark, Finland, Germany, Poland and Sweden presently monitor PBDEs in fish. Lithuania, Sweden and 

Poland monitors PBDEs in sediments. Germany prepares for monitoring in sediment. Estonia and Latvia 

have screening or research data. No information from Russia. 

After time series have started to accumulate from the new monitoring stations of Poland and Lithuania, the 

monitoring of temporal trends of PBDEs is considered adequate in the Baltic Sea. The time series stations 

use highly mobile sample species (herring, cod and flounder) which makes the network of time series 

stations geographically representative. The adequacy of the current network could be further tested 

though a power analysis. 

http://helcom.fi/action-areas/monitoring-and-assessment/monitoring-manual/concentration-of-contaminants/contaminants-in-biota
http://helcom.fi/action-areas/monitoring-and-assessment/manuals-and-guidelines/combine-manual/
http://helcom.fi/action-areas/monitoring-and-assessment/manuals-and-guidelines/combine-manual/
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Figure 1. The number of monitoring stations currently included in national monitoring programmes for sampling of PBDE. (Gulf 
of Gdansk 2 biota and 2 sediment stations included in national monitoring) 
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Description of data and up-dating 

Metadata 
ICES and EIONET data bases: all BDEs in fish and blue mussels, complemented by the Swedish National 

Monitoring data for biota from the Swedish national database for contaminants in biota. 

Most data sets cover only short time series which prevent temporal analyses. With the available data, 

status maps can be produced adequately to most parts of the western Baltic Sea, covering the required 

time (2005-2010). 

Data from large parts of the Baltic Sea are not included in the ICES database. 

 

Arrangements for up-dating the indicator 
Contracting Parties report data from national environmental monitoring efforts to ICES. The results of 

measurements carried out according to the COMBINE monitoring programme should be reported to ICES 

the year after sampling (http://ocean.ices.dk/Submission/Default.aspx). The deadline for the submission of 

data to the ICES Secretariat is 1 September for harmful substances. Automated quality assurance practices 

for the reported data would greatly benefit the long-term up-dating process of the indicator. Information 

on matrix and unit would optimally be automatically checked. Once the reported data has been 

consolidated, ICES will extract a data-report regularly as a basis for the indicator evaluation.  

The processing needed for the indicator analysis has not yet been assigned to any specific HELCOM group 

or any institute. During the indicator development, the temporal analyses have been carried out by the 

Swedish Museum of Natural History. The current aim is to develop a semi-automated assessment scheme 

which would reduce the amount of work required in the regular up-date. Adapting the processing protocol 

developed by OSPAR MIME is under consideration. 

The up-dated indicator is to be submitted regularly to the HELCOM WG State & Conservation for adoption 

for publishing.  
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