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Introductory note 

This report contains the method description and summary results for the integrated assessment of hazardous 

substances as presented in the first version of the ‘State of the Baltic Sea’ report.  

The results will be further updated in time for the consolidation and finalization of the ‘State of the Baltic Sea’ report 

in June 2018, so that the assessment results will be representative of the assessment period 2011-2016.  
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Summary 

Man-made chemicals and heavy metals enter the Baltic Sea via waste water treatment plants, leaching off house 

hold materials, waste deposits, through atmospheric deposition from industrial plant emissions, and from many other 

sources. Once in the Baltic they can cause various types of damage to the ecosystem. Some are highly visible in the 

form of oil-spills, for example. Many contaminants degrade slowly and their impacts can magnify as they accumulate 

in the aquatic food web.  

This report gives the method description and more detailed assessment outputs of the integrated assessment of 

hazardous substances which was carried out as part of second HELCOM holistic assessment of ecosystem health in 

the Baltic Sea. The assessment was carried out using the CHASE tool. The key results are also presented in the ‘State 

of the Baltic Sea’ summary report. The more detailed results presented here give the position of monitoring stations, 

data sources, and more detailed assessment outputs detailing how initial status assessment data was used to 

complement the assessment.  

The results from the integrated assessment of hazardous substances for the years 2011-2015 shows that the current 

contamination status is elevated in all parts of the Baltic Sea. The contamination status has not changed markedly 

during the six years that have passed since the previous holistic assessment (HELCOM 2010). Contamination from 

hazardous substances still gives cause for concern throughout the Baltic Sea area. However, the situation is not 

generally deteriorating as reflected in more frequent downward than upward trends for concentrations of hazardous 

substances. A total of 433 time series of hazardous substances at different stations where assessed for trends. An 

upward trend (deteriorating condition) was detected in 11 instances, and a downward trends (improving condition) 

were detected in 62 instances, across the studied substances. 

The integrated assessment results are mainly influenced by polybrominated flame retardants and mercury, which are 

assessed as not achieving good status in all areas where they were monitored. Cesium deposited after the accident 

at the Chernobyl nuclear power plant in 1986 is now at acceptable levels in some sub-basins, and can be expected to 

be so in all of the Baltic Sea by 2020. Acute pollution events from oils spills have decreased. 

The results from the integrated assessment are generally comparable between geographical areas, although the 

variation in confidence needs to be considered in interpreting the results. According to the CHASE method 

description, the confidence in the result is lowered if monitoring does not cover all key substances, and assessment 

units with lower confidence generally showed better status than those with high confidence. 
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Chapter 1. Background 

Thousands of environmentally hazardous substances have been identified as potentially occurring in the Baltic Sea. 

The most environmentally hazardous substances are those that are persistent, toxic and accumulate in biota. 

Some hundreds of substances are regularly monitored. Out of these, concentrations of twelve hazardous substance 

groups are included in the core indicators used in the integrated contamination status assessment. The core 

indicators cover substances of specific concern to the Baltic Sea as described in the HELCOM Baltic Sea Action Plan 

and are based on data from the HELCOM monitoring programme (Core indicator reports: HELCOM 2017a-h).  

This report gives the method description and more detailed results of the integrated assessment of hazardous 

substances which was carried out as part of second holistic assessment of ecosystem health in the Baltic Sea. The 

integrated assessment of hazardous substances was carried out using the HELCOM hazardous substances 

Assessment Tool (CHASE). The report presents the indicators used in the assessment and the method and 

assessment protocol for carrying out the integrated assessment. The summary assessment outputs are also 

presented in the ‘State of the Baltic Sea’ summary report (HELCOM 2017i).  

A list of identified remaining data processing issues to be attended to in the further development work is presented 

in Annex 1. 
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Chapter 2. Indicators used in the assessment 

The core indicators and substances used are presented in Table 1, including information on the applied threshold values.  

The core indicators have regionally agreed threshold values that are set based on knowledge of the eco-toxicity of 

the substances. This means that when the threshold is achieved, the concentration of the substance is so low that it is 

not expected to cause harm to the marine environment (Box 1). However, a risk can never be fully excluded even 

when the threshold is achieved, especially for persistent or bio-accumulating substances, and the long-term goal is 

to reach zero concentrations for man-made chemicals.  

The environmental quality standards defined in the EU Environmental Quality Standards Directive (2008/105/EC) 

linked to the EU Water Framework Directive (2000/60/EC) are agreed to be used as threshold values for the 

indicators. If several threshold values are available, priority is given in HELCOM to environmental quality standard 

values for biota, rather than in water or sediment. For many substances, most data is available for biota and this 

estimate reflects the accumulation of contaminants in the living environment.  

Core indicators have also been developed to monitor effects on a top-predator, the white-tailed eagle (HELCOM 

2017j), as well as to detect trends in oil-spills (HELCOM 2017k). A summary of results for these indicators is presented 

in the ‘State of the Baltic Sea’ summary report (HELCOM 2017i Chapter 4.2).  

Since the previous holistic assessment, HELCOM has further developed the assessment system for hazardous 

substances, and taken steps towards applying regionally harmonised methods. 

The threshold values used in this assessment have been agreed at HELCOM and Heads of Delegation (HOD) 

meetings as follows; 

• HOD 48-2015 (outcome para 3.63, Annex 4; HELCOM 2015a): ’HBCDD’, ’Metals’, ’PBDE’, ’Radioactive 

substances’ 

• HOD 50-2016 (outcome para 4.47, Annex 4; HELCOM 2016a): ’PCB, dioxin and furan’, ‘PAH and 

metabolites’, ‘TBT and imposex’ 

• HOD 51-2016 (outcome para 6.11, Annex 3; HELCOM 2016b): ‘Metals’ Cd and Pb values for open sea 

assessment units 

HELCOM HOD 51-2016 clarified regarding all HELCOM core indicators, that at this point in time, HOLAS II indicators 

and threshold values should not automatically be considered by the Contracting Parties that are EU Member States, 

as equivalent to criteria threshold values in the sense of Commission Decision (EU) 2017/848 laying down criteria and 
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methodological standards on good environmental status, but can be used for the purposes of their MSFD 

obligations by those Contracting Parties being EU Member States that wish to do so (HELCOM 2016b). 

Table 1. HELCOM core indicators on concentrations of hazardous substances used in the integrated assessment of contamination 
status of the Baltic Sea. Some of the core indicators cover more than one substance, as outlined in column two. The table only 
shows threshold values agreed to be used in the ‘State of the Baltic Sea’ report. The primary threshold values are the adopted 
threshold values used in the core indicators. Secondary substances and threshold values can be used in assessment units where 
no data is available to assess the primary ones. The full core indicator reports are published online, with hyperlinks provided in the 
table. A summary of types of threshold values is given in Box 1. Abbreviations used: AA = Annual average, BAC = Background 
Assessment Criteria, dw = dry weight EcoQO= Ecological Quality Objectives, EQS = Environmental quality standard, QS= Quality 
standard, TEQ=Toxic Equivalency, VDSI=Vas Deference Sequence Index, ww= wet weight. 

Core indicator Substance Threshold value Reference Comment 

Hexabromocyclo-
dodecane (HBCDD)  

 167 µg/kg ww whole fish EQS biota secondary poisoning Normalized to 5% 
lipid and adjusted to 
TL 4.5 

  Secondary threshold:  
170 µg/kg dw sediment 

QS  

Metals 
 

Mercury (Hg) 29 µg/kg ww whole fish EQS biota secondary poisoning  

 Cadmium (Cd) 0.2 µg/l EQS water (AA)6  

  Secondary threshold:  
2.3 mg/kg sediment 

QS from EQS dossier7  

  Secondary threshold:  
960 µg/kg dw mussels 

OSPAR BAC Long-term aim to 
calculate threshold 
value based on 
HELCOM data 

 Lead (Pb) 1.3 µg/l EQS water (AA)  

  Secondary threshold:  
120 mg/kg sediment 

QS from EQS dossier8  

  Secondary threshold:  
1300 µg/kg dw mussels 

OSPAR BAC9 Long-term aim to 
calculate threshold 
value based on 
HELCOM data 

  Secondary threshold:  
26 µg/kg ww fish liver 

OSPAR proxy BAC10 Long-term aim to 
calculate threshold 
value based on 
HELCOM data 

                                                      

6 2008/105/EC 
7 EU 2005. Substance Data Sheet Cadmium 
8 EU 2011. Substance Data Sheet Lead 
9 OSPAR 2010. Background Document on CEMP assessment criteria for the QSR 2010 (proxy BAC derived at MON in 2007) 
10 OSPAR 2010. Background Document on CEMP assessment criteria for the QSR 2010 (proxy BAC derived at MON in 2007) 

http://www.helcom.fi/Core%20Indicators/HBCDD_HELCOM%20core%20indicator-HOLAS%20II%20component.pdf
http://www.helcom.fi/Core%20Indicators/HBCDD_HELCOM%20core%20indicator-HOLAS%20II%20component.pdf
http://www.helcom.fi/Core%20Indicators/Heavy%20Metals_HELCOM%20core%20indicator_HOLAS%20II%20component.pdf
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Polybrominated 
biphenyl ethers 
(PBDE) 
 

 0.0085 µg/kg ww fish muscle EQS biota human health Normalized to 5% 
lipid and adjusted to 
TL 4.5 

Perfluorooctane 
sulphonate (PFOS) 

 9.1 µg/kg ww fish muscle EQS biota human health Normalized to 5% 
lipid and adjusted to 
TL 4.5 

  Secondary threshold:  
1.3 10-4 µg/l 

EQS water (AA)  

Polychlorinated 
biphenyls (PCB) and 
dioxin and furan 

Dioxin and 
dioxin-like 
compounds 

0.0065 TEQ/kg ww fish 
muscle, crustaceans and 
molluscs 

EQS biota human health  

 No-dioxin like 
PCBs 

Sum of congeners (28, 52, 
101, 138, 153, 180) 75 µg/kg 
ww fish muscle 

EC 1881/2006  

Polyaromatic 
hydrocarbons (PAH) 
and their metabolites 

Benzo(a) 
pyrene 

5 µg/kg ww crustaceans and 
molluscs 

EQS biota human health  

 Secondary 
substance: 
Fluoranthene 

Secondary threshold: 
30 µg/kg ww crustaceans and 
molluscs 

EQS biota human health  

 Secondary 
substances: 
Anthracene 

Secondary threshold:  
24 µg/kg dw sediment 

QS Normalized to 5% 
TOC 

TBT and imposex 
 

Tributyltin (TBT) 1.6 µg/kg dw sediment QS11 Normalized to 5% 
TOC 
 
Study reservation by 
Denmark, agreed to 
be tested in the 
HOLAS II project 
 

 Secondary threshold: 
0.2 ng/l water 

EQS water (AA)  

Imposex Nucella lapillus: 2.0 VDSI 
Neptunea antiqua: 2.0 VDSI 
Hinia reticulate: 0.3 VDSI 
Buccinum undatum: 0.3 VDSI 
Littorina littorella: <0.3 ISI 

 
OSPAR EcoQO 
 

Study reservation by 
Denmark, agreed to 
be tested in the 
HOLAS II project 

Peringia ulvae: 0.1 VDSI* 
 

Gercken & Sordyl 
2009 
Magnusson et al. 2016 

                                                      

11 HELCOM 2016. Draft core indicator report on TBT and imposex 

http://www.helcom.fi/Core%20Indicators/PBDE-HELCOM%20core%20indicator%20report%20-%20HOLAS%20II%20component.pdf
http://www.helcom.fi/Core%20Indicators/PBDE-HELCOM%20core%20indicator%20report%20-%20HOLAS%20II%20component.pdf
http://www.helcom.fi/Core%20Indicators/PFOS_HELCOM%20core%20indicator-HOLAS%20II%20component_June%202017.pdf
http://www.helcom.fi/Core%20Indicators/PFOS_HELCOM%20core%20indicator-HOLAS%20II%20component_June%202017.pdf
http://www.helcom.fi/Core%20Indicators/PCB%20dioxin%20and%20furan%20-%20HELCOM%20core%20indicator%20report%20-%20HOLAS%20II%20component.pdf
http://www.helcom.fi/Core%20Indicators/PCB%20dioxin%20and%20furan%20-%20HELCOM%20core%20indicator%20report%20-%20HOLAS%20II%20component.pdf
http://www.helcom.fi/Core%20Indicators/PCB%20dioxin%20and%20furan%20-%20HELCOM%20core%20indicator%20report%20-%20HOLAS%20II%20component.pdf
http://www.helcom.fi/Core%20Indicators/PAH%20and%20metabolites%20-%20HELCOM%20core%20indicator%20report%20-%20HOLAS%20II%20component_June%202017.pdf
http://www.helcom.fi/Core%20Indicators/PAH%20and%20metabolites%20-%20HELCOM%20core%20indicator%20report%20-%20HOLAS%20II%20component_June%202017.pdf
http://www.helcom.fi/Core%20Indicators/PAH%20and%20metabolites%20-%20HELCOM%20core%20indicator%20report%20-%20HOLAS%20II%20component_June%202017.pdf
http://www.helcom.fi/Core%20Indicators/TBT-and-imposex_HELCOM%20core%20indicator-HOLAS%20II%20component.pdf
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Radioactive 
substances: Cesium-
137 in fish and 
surface water 

 2.5 Bq/kg herring  
2.9 Bq/kg flounder and plaice 
15 Bq/m3 seawater 
 

Pre-Chernobyl level  

* The lower value for Peringia ulvae in the Baltic Sea compared to the value 0.3 used in the North Sea is based on data from less 
polluted reference areas in the Baltic Sea in Sweden and Germany  
 

Box 1. Threshold values for assessing hazardous substances 

Environmental quality standard values in the field of water policy are set in directive 2008/105/EC of the 
European commission, amended in 2013 (EC 2008, 2013). These values are referred to as ‘EQS values’, and are 
set for priority substances with respect to concentrations in water, and for some substances also with respect to 
concentrations in biota (fish or shellfish). Values for sediments are not published there, but can be found in the 
EQS substance dossiers. The environmental quality standard values are used by EU Member States for the 
classification of chemical status of water bodies under the Water Framework Directive, and relate to an expected 
‘safe’ level of exposure. Below this level, it is assumed that no harm will be caused to the freshwater or marine 
environment. 

Environmental quality standard values for water are used as threshold values in the core indicators for some 
substances. In these cases, the value relating to an annual average concentration is used. Monitoring in water 
can be challenging as the concentrations can be several orders of magnitude below the analytical detection 
limit.  

When measurements in biota are used, different trophic levels of the foodweb are analysed depending on the 
substance (for example, mussels or predatory fish are used), and different parts of the fish (for example fish 
muscle or measurements on the whole fish). Hence, the measured concentrations often need to be converted in 
order to conform to the environmental quality standard biota-value, which may introduce uncertainties. In this 
derivation, four principal matrices and protection goals are considered on the basis of toxicity tests with 
representative organisms; the pelagic community (‘QSwater’), benthic habitats (‘QSsediment’), top predators 
(‘QSbiota - secondary poisoning’), and human health through food consumption (‘QSbiota  - human health’). A 
QS value can be used for the assessment provided that it corresponds to at least the same level of protection as 
the environmental quality standard. The value for the most sensitive of these matrices and protection goals is 
used.  

Background assessment criteria have been developed by OSPAR and ICES to define the background 
concentrations of naturally occurring substances, and close to zero concentrations for man-made substances. 
The defined values do not take ecotoxicological aspects into consideration. Hence, the approach is different to 
the derivation of the environmental quality standard values, which aims to relate to risks for adverse effects. If a 
background assessment criterion is used as a threshold value, this can be considered a more cautious 
assessment compared an environmental quality standard. Values based on background assessment criteria are 
currently not available for the HELCOM region, but could be calculated in future work. 

Foodstuff threshold values stem from legislation of the European Union (EC 2006). They are derived taking into 
consideration information beyond the environmental parameters, such as dietary standards of the concerned 
human population, typical levels of contaminants in different foodstuff, and trade. The aim is to identify and 
prevent contaminated foodstuff from being placed on the market. Thus, the foodstuff threshold values do not 

http://www.helcom.fi/Core%20Indicators/Radioactive%20substances_HELCOM%20core%20indicator-HOLAS%20II%20component.pdf
http://www.helcom.fi/Core%20Indicators/Radioactive%20substances_HELCOM%20core%20indicator-HOLAS%20II%20component.pdf
http://www.helcom.fi/Core%20Indicators/Radioactive%20substances_HELCOM%20core%20indicator-HOLAS%20II%20component.pdf
http://www.helcom.fi/Core%20Indicators/Radioactive%20substances_HELCOM%20core%20indicator-HOLAS%20II%20component.pdf
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cover all combinations of matrices and contaminants relevant for an environmental assessment of the marine 
environment. Because of this, a full equivalence between foodstuff threshold values and EQS-values should not 
be expected, although the values can in some cases be very similar or even the same. 
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Chapter 3. Method for the integrated assessment of 
contamination status 

The HELCOM Hazardous Substances Status Assessment Tool (CHASE) was originally developed for the first HELCOM 

holistic assessment (HELCOM 2010a), where an integrated thematic assessment of hazardous substances was one 

component (HELCOM 2010b). The CHASE 1.0 tool performs an integrated status assessment of hazardous 

substances based on the four ecological objectives which defined the strategic goal for hazardous substances in the 

HELCOM Baltic Sea Action Plan: (1) concentrations of hazardous substances close to natural levels, (2) all fish safe to 

eat, (3) healthy wildlife, and (4) radioactivity at pre Chernobyl level. (HELCOM 2010b). A further version of the tool 

(CHASE 2.0) was developed to integrate based on matrix (Andersen et al 2016).   

For the second holistic assessment, the CHASE tool was developed further to meet the needs of the ‘State of the 

Baltic Sea’ report. The development was carried out in the HELCOM BalticBOOST project, which was co-funded by 

the EU, and included the development of test cases where different types of hazardous substances information (that 

is, different sets of indicators) were integrated.  

The development of the CHASE tool was guided by two HELCOM workshops with participation of experts from the 

Contracting Parties of HELCOM, the HOLAS II Core Team and the State and Conservation Working Group. The 

further developed tool (CHASE 3.0) and the method for integrated assessment of hazardous substances was 

approved by the HELCOM Heads of Delegation (HELCOM 2016b) for the assessment of contamination status 

presented in the ‘State of the Baltic Sea’ report. 

Whereas the previous versions of the tool were only available in excel, the currently used CHASE tool is available in 

R, a free statistical software12. The CHASE code is freely available at GitHUB (https://github.com/NIVA-

Denmark/CHASE) an online open-source repository and version-control system for software codes13.  

                                                      

12 https://www.r-project.org/  
13 the version of the code as used in this assessment is available on request and will be made available for the updated report 

http://helcom.fi/Lists/Publications/BSEP120B.pdf
https://github.com/NIVA-Denmark/CHASE
https://github.com/NIVA-Denmark/CHASE
https://www.r-project.org/
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3.1 STRUCTURE AND ASSESSMENT APPROACH OF THE CHASE 
TOOL 

The CHASE tool produces an assessment of “Chemical Status” by nesting indicators (or substances) within three 

categories: water, biota, sediment. The categories relate to matrices in which hazardous substances are typically 

measured. Hence, the CHASE tool integrates the regionally agreed HELCOM core indicators based on the matrix 

used for the respective threshold values in each indicator. Error! Reference source not found. shows the assessment 

structure of the CHASE tool and the calculation steps. 

 
Figure 1. Structure of the CHASE tool, describing the flow of information in the tool. The numbers in the blue circles correspond to 
the following steps, which are further described in the text: 1) Status values (=observed values) for each substance and the 
associated threshold values are used to calculate Contamination Ratios (CR), 2) The contamination ratios within each category 
(water, biota or sediment) are aggregated to give a Contamination Score (CS), 3) the Contamination score is used to determine 
the Category Status, and 4) the overall status for the assessment unit is defined as the status of the category showing the highest 
score, corresponding to the worst status. 

For each assessment unit, the following steps are followed: 

Step 1. For each indicator (or substance), a contamination ratio (CR) is calculated as the ratio of the observed value 

(monitored value; Cmon) of the indicator to the threshold value (CThreshold). 

CR =
C𝑚𝑚𝑚𝑚𝑚𝑚

C𝑇𝑇ℎ𝑟𝑟𝑟𝑟𝑟𝑟ℎ𝑚𝑚𝑜𝑜𝑜𝑜
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When the observed value exceeds the threshold value, the resulting contamination ratio will be greater than 1.0, and 

if it is below the threshold value, the contamination ratio will be 1.0 or less. For all hazardous substances (indicators), 

an increase in concentration is associated with worsening status, hence the indicator fails the threshold value when 

the observed value exceeds it.  

Step 2. An aggregated contamination score (CS) is calculated separately for each category (CI= water, CII = biota, CII 

= sediment): 

CS =
1
√𝑛𝑛

�CR𝑖𝑖

𝑚𝑚

𝑖𝑖=0

 

As explained in Andersen et al. (2016) and also shown by the BalticBOOST test cases, the CHASE tool is robust 

against the so called ‘dilution effect’, which describes a situation when several low-scoring indicators can mask the 

effect of one or a few indicators having a high contamination ratio.  

Step 3. If the aggregated contamination score is less than 1.0 within one matrix (water, biota or sediment), the status 

is determined to be good, otherwise it is not good. This is reflected as ‘low’ or respectively ‘high’ contamination 

status. The low contamination status class is further subdivided into two categories, and the high contamination 

status class is subdivided into three categories, based on the value of the aggregated contamination score 

(assessment result is (Table 2). 

Table 2). The five categories give a coarse estimate of how far the obtained result is from the ‘target’, and can help 

distinguish an area with a very high contamination score from an area with a score closer to 1.  

Step 4. The overall status assessment result is determined by the “One-out-all-out” approach, so that the category 

with the worst status out of the three categories (water, biota, sediment) determines the overall status for an 

assessment unit. The score of the category with the worst status is retained to indicate how far from 1 the overall 

assessment result is (Table 2). 

Table 2. Result categories of the contamination status assessment. 

 Contamination score (CS) Contamination status category 

Contamination score less than 1.0 
≤0.5 Good – Low contamination score 

0.5 < CS ≤1.0 Good – Low contamination score 

Contamination score above 1.0 

1.0 < CS ≤5.0 Not Good – High contamination score 

5.0 < CS ≤10.0 Not Good – High contamination score 

>10.0 Not Good – High contamination score 
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3.2 CONFIDENCE ASSESSMENT METHODOLOGY OF THE CHASE 
TOOL 

The CHASE tool also produces a confidence assessment, in parallel to the status assessment. The confidence 

assessment gives a rating based on both the underlying monitoring data and the reliability of the threshold value 

(see Box 1). The confidence is reduced if minimum requirements for assessed substances are not met in an 

assessment unit. 

The confidence is initially determined at the indicator level, and aggregated confidence scores give the final overall 

confidence assessment per assessment unit. The confidence of the indicator is rated by expert judgement as high, 

moderate or low (Table 3), based on common guidelines provided by the HELCOM Expert Network on Hazardous 

Substances (HELCOM 2017l; Table 4).  

Table 3 Confidence Classes applied in the integrated hazardous substances assessment using the CHASE tool. 

Confidence Score Confidence Status 

≥ 0.75 Class I  (High) 

between 0.5 and 0.75 Class II  (Moderate) 

<0.50 Class III (Low) 
 

Regarding underlying data, indicator evaluations based on the full assessment protocol are assigned as having ‘High’ 

confidence, since both the underlying data and its statistical treatment are considered robust. Any data input to the 

CHASE tool which has not passed the full assessment protocol are assigned as having ‘Low’ confidence (here 

referred to as ‘initial status assessment data’).  

The rules for assigning confidence ratings to different threshold value types are listed in Table 4. 

Table 4. Rules for assigning confidence rating to the threshold value.  

Threshold value type Confidence 
rating 

Comment 

Environmental quality 
standard (EQS) 

High  

Quality Standard (QS) High  

Background Assessment 
Criteria (BAC) 

Moderate There is high confidence that the threshold is sufficiently protective, 
however the threshold values have not been developed by taking 
ecotoxicological effects on organisms into account so the confidence is 
moderate. 

Environmental Assessment 
Criteria (EAC) 

Moderate The EACs are developed based on several studies, but the assessment 
needs to take into consideration that in some cases the derivation of 
the EAC is not clearly reported. 
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EC foodstuff threshold values 

(EC 2006) 
Low The thresholds have not been developed for the purpose of assessing 

environmental status nor on ecotoxicity. 

Study deriving a threshold 
value 

Moderate Studies that have been carried out to propose a threshold value using 
ecotoxicological methods are considered appropriate, however 
confidence cannot be considered to be high if there is only one study 
available, compared to EQS/QS values where many studies have 
generally been considered. 

 

When calculating the overall confidence score in the CHASE tool, the confidence rating is first translated to a 

numerical format so that rating ‘High’ is given value 1.0, rating ‘Moderate’ is given value 0.5 and rating ‘Low’ is given 

value 0:  

c𝑖𝑖 = �
1.0, "𝐻𝐻𝐻𝐻𝐻𝐻ℎ"
0.5, "𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀"
0.0, "𝐿𝐿𝑀𝑀𝐿𝐿"

 

The confidence score for the category (water, biota or sediment) is the average of the indicator confidence scores: 

c𝑐𝑐𝑐𝑐𝑐𝑐 = 1
𝑚𝑚
∑ c𝑖𝑖𝑚𝑚
𝑖𝑖=1 t 

The overall confidence score is the average of the category confidence scores: 

c𝑚𝑚𝑜𝑜𝑟𝑟𝑟𝑟𝑐𝑐𝑜𝑜𝑜𝑜 =
1
𝑛𝑛
� c𝑐𝑐𝑐𝑐𝑐𝑐

𝐼𝐼𝐼𝐼𝐼𝐼

𝑖𝑖=I

 

Finally, the overall confidence score is converted to a Confidence Status, according to Table . 

If there is a need to combine the confidence scores for the indicator evaluation and the threshold value to one 

confidence value per indicator, then the confidence value per indicator is the average of the numerical values for the 

scores, and confidence classes are assigned as shown in Table  before included as input to the CHASE tool. 

As a final step, the overall confidence is evaluated based on what substances were included. A penalty is applied to 

the overall confidence if minimum requirements of indicators assessed within an assessment unit are not fulfilled 

(Table ). It should be noted that the minimum requirements consider substances, and not indicators. Thus, the 

requirements for heavy metals can be fulfilled if the substance cadmium is measured both in sediment and water in 

an assessment unit, for example.  
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Table 5. Criteria that need to be fulfilled at the level of assessment unit in the integrated assessment of hazardous substances. If 
the minimum requirement criteria are not met, a penalties is applied to the overall confidence. 

Minimum requirement criteria Penalty applied to the confidence score if the 
criteria is not met 

At least two heavy metal substances are included in the 
assessment (all categories) 

50% reduced confidence 

At least three organic substances are included in the 
assessment (all categories) 

50% reduced confidence 

 

Alternatively, assessment units for which the confidence score is very low (for example, lower than 0.25) could 

potentially be omitted from the overall assessment. However considering the low data availability in some open sea 

assessment units, a confidence reduction is preferred over excluding results even if the minimum requirement list is 

not fulfilled.  
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3.3 CHASE INPUT DATA 
The input to the CHASE tool is based on the core indicator evaluation results, as the CHASE tool does not process 

raw measurement data. The CHASE tool R-script requires an input table where the core indicator evaluation results 

have been calculated as one value for each assessment unit. The script can calculate the overall contamination score 

based on either input of concentrations and threshold values, or based on calculated contamination ratios. An 

example with input values for the open sea Arkona Basin where contamination ratios have been calculated is given 

in Table 6. 

The script provides the option to use calculated contamination ratios as input data in order to encompass results for 

core indicators which have more than one threshold value. For indicators where primary and secondary thresholds 

are used for different matrices (water, biota, or sediment), the relevant threshold value is given per assessment unit. 

However, in some cases there are more than one threshold value for one matrix. For example, the lead parameter of 

the ‘Metals’ core indicator has two secondary threshold values for the biota matrix. In order to have one value as 

input to the CHASE tool per assessment unit for the biota matrix, a contamination ratio is calculated for the unit 

before the value is included in the input table.  

The assessment protocols of the core indicators ensure that the measurement data are appropriately processed to 

be evaluated against a threshold value. This also covers such substances where the threshold value is made up of a 

sum of congeners. For example, the ‘PBDE’ and ‘PCBs, dioxins and furan’ indicators are associated with minimum 

requirements of the congeners that have to be summed before an evaluation against the summed threshold value is 

carried out.  

Table 6. Example input data table to the CHASE tool. Indicator assessment results for the open sea Arkona Basin. Explanation to 
the column headings: Waterbody=Name of the assessment unit, Matrix=Matrix to which the indicator belongs (Water, Biota, 
Sediment), Substance=Name of the substance / indicator, Type=Org (Organic), HM (Heavy metal) or Rad (Radioactive), 
Unit=Measurement unit for the indicator, Response=The direction of the indicator in response to worsening contamination. Since 
all currently included HELCOM core indicators increase with worsening status any missing entries are assumed to be positive, 
ConfThresh=Confidence rating assigned to the threshold value: H-high, M-moderate or L-low, ConfStatus=Confidence rating 
assigned to the observed value: H-high, M-moderate or L-low, Datatype=Optional information on whether the indicator 
observed value is based on data process through the full indicator protocol of if ‘initial status assessment’ data has been used 

Waterbody Matrix Substance Type CR Unit Response Conf 
Thresh 

Conf 
Status 

Data 
type 

Arkona Basin 
- open sea 

Biota BAP Org 0,31 µg/kg ww crustacean 
and molluscs 

+ L H Full 

Arkona Basin 
- open sea 

Biota CD HM 3,616703 µg/kg ww mussels + H H Full 

Arkona Basin 
- open sea 

Sedimen
t 

CD HM 0,384186 mg/kg sediment + M H Full 

Arkona Basin 
- open sea 

Water CS-137 Rad 1,76 Bq/m3 + H H Full 
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Arkona Basin 
- open sea 

Biota CS-137 Rad 0,58 Bq/kg ww + M H Full 

Arkona Basin 
- open sea 

Biota CS-137 Rad 0,94 Bq/kg ww + M H Full 

Arkona Basin 
- open sea 

Biota FLU Org 0,16 µg/kg ww crustacean 
and molluscs 

+ M H Full 

Arkona Basin 
- open sea 

Biota HBCDD Org 0,055568 µg/kg ww whole fish + H H Full 

Arkona Basin 
- open sea 

Biota HG HM 1,1289 µg/kg ww fish muscle + H H Full 

Arkona Basin 
- open sea 

Biota SCB6 Org 1,039194 µg/kg ww fish muscle + H H Full 

Arkona Basin 
- open sea 

Biota PB HM 1,442843 µg/kg ww fish liver - 
µg/kg dw mussels 

+ L H Full 

Arkona Basin 
- open sea 

Sedimen
t 

PB HM 1,393407 mg/kg sediment + M H Full 

Arkona Basin 
- open sea 

Biota PFOS Org 0,234472 µg/g ww whole fish + M H Full 

Arkona Basin 
- open sea 

Biota SBD6 Org 432,1394 µg/kg ww fish muscle + H H Full 

 

When discussing data format, it is helpful to distinguish between data format and file format. The word data format 

refers to the required structure of the input data table (see example in Table 6). Since many programs allow data to 

be saved in text format, the choice of program to prepare the input data is not of primary importance. The word file 

format, refers to the named program or method to store the data in electronic media. The required file format for 

input data to the CHASE tool R-script is a semi-colon separated text (ASCII) format. 

Once the input data has been prepared in the appropriate data format and saved in the appropriate file format, the 

CHASE tool can be run in the R-environment. As a first step, the script should also be modified to specify the name 

and location of the input data. The results can be read from the generated text files or saved as separate tables.  
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3.4 OUTPUTS FROM THE CHASE TOOL  
The CHASE R-script generates two types of output tables, which can also be viewed as text files locally in the R 

environment. 

The first tabular output reproduces the input data, showing the indicator assessment values and corresponding 

threshold values listed by assessment unit (Table 7). Additional columns show the resulting contamination ratio 

calculated for each indicator, as well as the contamination score for the combination of assessment units and 

matrices (water, biota, or sediment) to which the indicator belongs. If a certain category is not used in an assessment 

unit, the corresponding column will not be displayed in the results table.  
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Table 3. Example first output table from the CHASE tool. Contamination ratios for substances assessed in the Arkona Basin. Explanation to the column headings: Waterbody=Name of the 
assessment unit, Matrix=category to which the indicator belongs (Water, Biota, Sediment), Substance=Name of the substance / indicator, Type=Org (Organic), HM (Heavy metal) or Rad 
(Radioactive), Unit=Measurement unit for the indicator, CR=Contamination ratio (observed value/threshold value), ConfThresh=Confidence rating assigned to the threshold value, 
ConfStatus=Confidence rating assigned to the observed value, ConfScore=calculated confidence score, ConSum=Contamination sum, QE Status=assigned status class, QE Conf Score=Overall 
confidence score, QE Confidence=assigned confidence class. 

Waterbody Matrix Substance Type Units CR Conf 
Thresh 

Conf 
Status 

Conf 
Score 

Con 
Sum 

QE 
Status 

QE Conf Score QE Confidence 

Arkona Basin - 
open sea 

Biota BAP Org ug/kg ww crustacean 
and molluscs 

0,31 1 1 1 103,23 Not good 0,74 Class II 

Arkona Basin - 
open sea 

Biota CD HM ug/kg ww mussels 3,62 1 1 1 103,23 Not good 0,74 Class II 

Arkona Basin - 
open sea 

Sediment CD HM mg/kg sediment 0,38 1 1 1 792,72 Not good 0,57 Class II 

Arkona Basin - 
open sea 

Water CS-137 Rad Bq/m3 1,76 1 1 1 1,97 Not good 0,67 Class II 

Arkona Basin - 
open sea 

Biota CS-137 Rad Bq/kg ww 0,58 1 1 1 103,23 Not good 0,74 Class II 

Arkona Basin - 
open sea 

Biota CS-137 Rad Bq/kg ww 0,94 1 1 1 103,23 Not good 0,74 Class II 

Arkona Basin - 
open sea 

Biota FLU Org ug/kg ww crustacean 
and molluscs 

0,16 1 1 1 103,23 Not good 0,74 Class II 

Arkona Basin - 
open sea 

Biota HBCDD Org ug/kg ww whole fish 0,06 1 1 1 103,23 Not good 0,74 Class II 

Arkona Basin - 
open sea 

Biota HG HM ug/kg ww fish muscle 1,13 1 1 1 103,23 Not good 0,74 Class II 

Arkona Basin - 
open sea 

Biota SCB6 Org ug/kg ww fish muscle 1,04 1 1 1 103,23 Not good 0,74 Class II 

Arkona Basin - 
open sea 

Biota PB HM ug/kg ww fish liver - 
ug/kg dw mussels 

1,44 1 1 1 103,23 Not good 0,74 Class II 
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Arkona Basin - 
open sea 

Sediment PB HM mg/kg 1,39 1 1 1 792,72 Not good 0,57 Class II 

Arkona Basin - 
open sea 

Biota PFOS Org ug/g ww whole fish 0,23 1 1 1 103,23 Not good 0,74 Class II 

Arkona Basin - 
open sea 

Biota SBD6 Org ug/kg ww fish muscle 432,14 1 1 1 103,23 Not good 0,74 Class II 
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The second tabular output lists the results by assessment unit. For each assessment unit, the contamination scores 

are displayed within each category and for the overall assessment. The name of the category having the highest 

contamination score is also given. In line with the agreed assessment approach, this score determines the overall 

status for the assessment unit (Table 4). 

Table 4. Example second output table from the CHASE tool. Explanation to the column headings: Waterbody=name of 
assessment unit, Biota/Water/Sediment=ConSum value for each category, Worst= name of category with worst status, ConSum= 
contamination sum of the category with worst status, Status= Assigned status class, ConfScore=overall confidence score, 
Confidence= assigned confidence class.  

 

The first output table, showing individual contamination ratios, complements the second table by identifying which 

indicators contributed to the overall result for an assessment unit.  

The assigned status categories are defined as shown in table 2 and the confidence classes as in table 3. 

Waterbody Biota Water Sediment Worst ConSum Status ConfScore Confidence 

Arkona Basin 
- open sea 

103,23 1,97 792,72 Sediment 792,72 Not good 0,66 Class II 
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3.5 DATA SOURCES 
The integrated contamination status of the Baltic Sea is assessed based on HELCOM core indicator evaluations. The 

core indicators have been developed to use regular environmental monitoring data of the HELCOM countries. The 

hazardous substances core indicators used here build on data from the HELCOM COMBINE monitoring programme. 

The monitoring programmes and sampling guidelines are described in (HELCOM 2017m) and contains information 

on the overall design of the sampling of the relevant parameters. 

The environmental monitoring data collected by the HELCOM countries is reported annually in September to the 

HELCOM COMBINE database, which is hosted by the International Council for the Exploration of the Sea (ICES). The 

data used in the evaluation of the assessment period 2011-201514 was extracted from the COMBINE database in 

January 201715. The data underlying data each core indicator evaluation is provided as a snapshot dataset in 

association with its core indicator report (For references to the core indicator reports, see Table 1).  

                                                      

14 included in the first version of the ‘State of the Baltic Sea’ report 
15 The HELCOM SPICE HZ WS 1-2017 workshop discussed the inclusion of WFD assessment results in addition to COMBINE data, 
but noted that the as the WFD assessment results are not comparable between countries due to countries having assessed 
different substances and used different monitoring and assessment methods this would not allow for a regional presentation of 
the assessment results. Additionally, the EQS values that are used in the core indicators were not yet enforced at the time of the 
WFD second cycle (i.e. the most recent results) and thus evaluations of the same substance have not yet been carried out against 
these threshold values in the WFD framework.  
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3.6 FULL AND INITIAL ASSESSMENT DATA 
All HELCOM hazardous substances core indicators apply a common assessment protocol for the statistical treatment 

of the data, by using an indicator assessment protocol R-script. The R-script was originally developed in the OSPAR 

Commission Working Group on Monitoring and on Trends and Effects of Substances in the Marine Environment 

(ICG-MIME), and has been adapted to HELCOM core indicator requirements. The R-script fits a statistical model to 

the assessment values and compares the 95% upper confidence value to the threshold value to determine if the 

threshold value is failed or achieved. The method is considered to be robust and ensures that no false positive 

assessments are arrived at. That is, to minimize the probability that the threshold value is indicated as achieved when 

in reality it is failed. In order to fit the model, a minimum of three years of data from each monitoring station is 

required. When the protocol can be applied, it gives the core indicator results, and the data used are referred to as 

‘full status assessment’ data. 

For several stations in the Baltic Sea region, monitoring data is only available for one or two years, although a 

minimum of three years is required to meet apply the full assessment protocol described above. For some stations 

the minimum requirement of three years of data is met, however if the reported values are below the limit of 

detection then a non-parametric approach is taken in the script and no full evaluation value can be arrived at. The 

model-fitted 95% confidence limit cannot be calculated in these cases, but the mean value can be used and 

compared to the threshold value. These data types are include in the integrated assessment under the name of 

‘initial assessment data’. The robustness of the approach is considered weaker compared to the full assessment data, 

and there is a higher risk of false positive assessment outcomes.  

The integrated assessment includes both core indicator results based on data that have gone through the full 

protocol and data that have only gone through the first part of the assessment protocol (the ‘initial status 

assessment’ data. The initial assessment data have been included in order to achieve as good a spatial coverage of 

the integrated contamination status assessment as possible.  

It should be noted that this approach leads to values based on 95% upper confidence limits and on means being 

mixed. Further, the confidence in the two types of values are not the same. The full assessment values are assigned 

‘High’ confidence and the initial assessment values ‘Low’ confidence when confidence scores are entered to the 

CHASE tool. Including the initial status assessment values can therefore lower the overall confidence assessment, but 

typically the inclusion of the initial status assessment data allows for inclusion of more substances which implies that 

the likeliness of applying the 50% reduction in confidence due to unfulfilled minimum requirements lessens. 

A summary of data processing issues to attend to in the further work is presented in Annex 1. It could be noted that 

several stations that contribute with initial status assessment data to this assessment, are anticipated to contribute 

with full status assessment data in time for the update in 2018. 
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Chapter 4. Results from the integrated assessment 

4.1 INTEGRATED ASSESSMENT OF CONTAMINATION STATUS 
The pressure on the marine environment from concentration of contaminants is high in all parts of the Baltic Sea 

(Figure 2). This is mainly due to a group of brominated flame retardants and mercury, both measured in fish (Figures 

8, 15).  

The polybrominated diphenyl ethers have mainly been used as flame retardants in plastic materials and 

polyurethane foams, and enter the Baltic Sea through waste water treatment plants and diffuse sources. The main 

source of heavy metals, such as mercury, is burning of fossil fuels, which enter the Baltic Sea through atmospheric 

deposition. Mercury is currently legally used in low energy light sources. It is phased out from several previous uses 

including amalgams in dentistry, electrodes in paper bleaching, and thermometers, for example. 

The highest contaminant concentrations, compared to the threshold value, generally occurred for measurements in 

biota, rather than in sediments or water, except for some areas in the southern Baltic Sea where the highest 

contaminant concentration were seen in tributyltin16 in sediment (Table 9). 

The four most contaminated areas in the integrated assessment, using the available core indicator results, were the 

Arkona Basin, the Eastern Gotland Basin, the northwestern coastal areas of the Bothnian Sea and the Kiel Bay, which 

all had the highest contamination scores in biota. Results showing differences in contamination status between 

adjacent coastal and open sea assessment units are probably influenced by differences in data availability, as 

reflected in the confidence (Figure 2). If an assessment unit with a low confidence has a low contamination score, this 

may indicate that the status could be worsened if more data were available.  

The overall contamination status has not changed markedly during the six years that have passed since the previous 

holistic assessment (HELCOM 2010), showing that contamination from hazardous substances still gives cause for 

concern throughout the Baltic Sea area, but also that the situation is not deteriorating. This is also reflected in the 

more frequent downward than upward trends for concentrations of hazardous substances. A total of 433 time series 

at stations were assessed for trends. An upward trend (deteriorating condition) was detected in 11 instances, and 

downward trends (improving condition) were detected in 62 instances, across the studied substances (Figure 3). 

                                                      

16 The threshold value is tested in this assessment, but is not adopted yet. 
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.  

Figure 2. The integrated contamination status of the Baltic Sea assessed using the CHASE tool. The assessment shows that 
hazardous substances give cause for concern in all sub-areas. The integration is based on seven core indicators covering 
concentrations of twelve hazardous substances, using both the full data and ‘initial status assessment’ data. The pie charts show 
how many out of the twelve substance groups achieved or failed the threshold value in each assessment unit. Assessment units 
with lower confidence (as indicated in the map in the lower right corner) typically also have slightly better contamination status, 
indicating that these results may be worsened if more data were available. The status assessment of hazardous substances in 
Danish coastal and territorial waters has been done in accordance with the Water Framework Directive and can be found in the 
Danish national River Basin Management Plans. 
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Figure 3: Contamination ratios (observed value/threshold value) of the evaluated hazardous substances, based on coastal and 
open sea data used in the integrated assessment. The horizontal bars show the range of contamination score values from the 
twentieth to the seventy-fifth percentile for each substance on a log-transformed scale. Red bars indicate that the median value 
fails the threshold value for good status, as identified by the blue line. The assessment included data from long term monitoring 
(‘full data’) as well as from stations monitored for only one or two years (‘initial data’). The right panel shows the number of 
stations in each of these groups, per substance. Corresponding information is not available for cesium at this time. 
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4.2 CONFIDENCE IN THE ASSESSMENT 
The integrated results for the geographical areas are regionally comparable, however the variation in confidence 

needs to be considered. The confidence in the result is lowered if monitoring does not cover all key substances. 

Assessment units with lower confidence generally showed better status than those with high confidence (see Figure 2 

above). For example, polybrominated diphenyl ethers and mercury were highly influential in areas being assessed as 

not achieving good status in all areas where they were monitored. 

To improve the geographical coverage, the integrated assessment also includes stations covered by data for only 

one or two years labelled as ‘initial status assessment’ data (Figure 4, Table 9). The statistical confidence for these 

stations is lower than for the stations with longer data series and thus lowers the confidence for the assessment unit. 

However, concentration between the two types of stations are generally similar and reaching as good a 

geographical coverage as possible is considered important.  

An improvement of the data coverage, both regarding geographical coverage and substances assessed, is 

anticipated for the updated version of the report to be completed by 2018. 
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Figure 4. Integrated contamination status of the Baltic Sea assessed using the CHASE tool, with the monitoring stations. The 
integrated assessment of contamination status is based on data that has been processed through the full core indicator script, 
and additionally initial status assessment data has been included. Assessment units with lower confidence, as indicated in the map 
in the lower right corner, typically also have slightly better contamination status, indicating that these results may be worsened if 
more data were available. Filled circles denote that data allowed for a full indicator assessment and empty circles denote initial 
status assessment data. In these cases, only one or two years of monitoring data are available. Data can also be included in this 
category if many measurements are below the limit of detection. 
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4.3 MORE DETAILED OUTPUTS FROM THE INTEGRATED 
ASSESSMENT 

The contamination sum calculated by the CHASE tool exceeded 1 in all open sea assessment units, indicating that 

contamination still gives cause for concern in the whole Baltic Sea (Table 10). The category for the biota matrix 

indicated the worst status in most assessment units (Table 10). Only in the Gulf of Riga, Arkona Basin, Great Belt and 

the Sound was the overall assessment outcome driven by the sediment matrix. Contamination scores in the water 

matrix did not drive the overall assessment in any of the open sea assessment units. 

The integrated contamination status assessment was carried out based on data that has passed through the full core 

indicator assessment protocol as well as data that was only partially processed, referred to as ‘initial status 

assessment’ data. The availability of full- and initial status assessment data differed among the core indicators and 

the assessment units (Table 9). The data have been treated equally in the CHASE integration through an input table 

based on contamination ratios (CR). It should be noted that the CR value for the full data is calculated by comparing 

the 95% upper confidence limit value to the threshold, whereas the CR value for the initial status assessment data is 

calculated by comparing the mean value to the threshold value. Evaluations carried out based on data that have 

passed the full assessment protocol apply the precautionary approach and reduce the risk of falsely indicating a 

good status compared to the initial status assessment data. 
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Table 9. Detailed results for the hazardous substances assessment in the open sea assessment units, by core indicators and substances. Cases were the substance fails the threshold value are 
highlighted by red cells and green cells denote that the substance achieves the threshold value. White cells denote cases not assessed due to lack of data. The core indicators have primary and 
secondary substances and threshold values. Primary substances and the matrix in which the primary threshold is set are shown in bold. Secondary substances and threshold values are in italics. The 
table also identifies the type of data that was used in the integrated assessment using the CHASE tool. F=data allowed for a full indicator assessment, i = initial status assessment data (see section 2.6 for 
definitions). Abbreviations used: HBCDD = hexabromocyclododecane, PBDE = polybrominated diphenyl ethers, PCB = polychlorinated biphenyls, Non-DL PCB = non-dioxine-like PCBs, PFOS = 
perfluorooctane sulphonate. Indicator threshold values marked * have not been adopted in HELCOM yet and are currently tested. 

CORE INDICATOR  HBCDD 
 

PBDE 
 

PCB, dioxin and 
furan 

Polyaromatic-hydrocarbons 
and metabolites 

PFOS 
 

Heavy metals Tributyltin and imposex Radioactive 
substances 

SUBSTANCE Non-DL 
PCB Dioxin Benzo(a) 

pyrene 
Anthra-

cene 
Fluor-

anthene 
Mercury Cadmium Lead Imposex Tributyltin Cesium-137 

MATRIX /  
OPEN SEA SUB-BASIN Biota Biota Biota Biota Biota Sediment Biota Biota Biota Biota Sediment Water Biota Sediment Water Biota* Sediment* Water Biota Water 

Bothnian Bay     i           i   i   i i             

The Quark                                         

Bothnian Sea F F F + i         F F + i   i   F + i i             

Åland Sea                     i     i             

Northern Baltic Proper F F F   F   F F F       F               

Gulf of Finland                                         

Western Gotland Basin F F F         F F   i   F i             

Eastern Gotland Basin F F F           F F     F               

Gulf of Riga                 i   i     i             

Gdansk Basin         i   i   i   i i i i i           

Bornholm Basin F F F         F F   F + i i F F + i i           

Arkona Basin  F F + i F   F + i i F + i F F + i F + i F + i i F + i F + i i   i       

Bay of Mecklenburg         i   i   i i F   i F             

Kiel Bay   F F     i     F   F   F F     i       

Great Belt           i         i     i   F i       

The Sound         F + i i F + i   i i i   i i   F i       

Kattegat F F F     i   F F   i     i   F i       

 



 

INTEGRATED ASSESSMENT OF HAZARDOUS SUBSTANCES – F IRST VERSION 2017   29 

Table 10. Contamination Score per open sea assessment unit, also displaying underlying scores per category 
(biota/sediment/water), the worst status indicated in bold. NA= no data available. The overall confidence is expressed as Class I – 
high, Class II – moderate and Class III - low.  

Assessment unit 
(open sea) Biota Water Sediment Worst Cont.Sum Status 

Confidence 
Score Confidence 

Bothnian Bay 1,87 1,41 1,15 Biota 1,87 
Not 
good 0,27 Class III 

The Quark 2,11 NA NA Biota 2,11 
Not 
good 0,19 Class III 

Bothnian Sea 60,38 2,07 0,32 Biota 60,38 
Not 
good 0,62 Class II 

Åland Sea 1,78 NA 0,25 Biota 1,78 
Not 
good 0,31 Class III 

Northern Baltic 
Proper 36,96 1,79 NA Biota 36,96 

Not 
good 0,83 Class I 

Gulf of Finland 1,41 1,31 NA Biota 1,41 
Not 
good 0,19 Class III 

Western Gotland 
Basin 81,27 1,82 2,38 Biota 81,27 

Not 
good 0,70 Class II 

Eastern Gotland 
Basin 291,62 1,91 NA Biota 291,62 

Not 
good 0,78 Class I 

Gulf of Riga 2,50 1,33 6,20 
Sedime
nt 6,20 

Not 
good 0,29 Class III 

Gdansk Basin 40,95 1,86 6,81 Biota 40,95 
Not 
good 0,24 Class III 

Bornholm Basin 47,97 2,74 4,96 Biota 47,97 
Not 
good 0,69 Class II 

Arkona Basin 103,23 1,97 792,72 
Sedime
nt 792,72 

Not 
good 0,58 Class II 

Bay of 
Mecklenburg 3,02 1,78 1,10 Biota 3,02 

Not 
good 0,35 Class III 

Kiel Bay 361,87 1,49 2,19 Biota 361,87 
Not 
good 0,74 Class II 

Great Belt 1,00 1,40 4,58 
Sedime
nt 4,58 

Not 
good 0,75 Class I 

The Sound 2,61 1,62 5,81 
Sedime
nt 5,81 

Not 
good 0,63 Class II 

Kattegat 53,47 1,23 8,75 Biota 53,47 
Not 
good 0,71 Class II 

 

The integrated assessment of contamination status is based on HELCOM core indicators that cover 12 substances. In 

order to fully compare the contamination status result between two areas, the same number of substances should 
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be evaluated in both areas. Confidence penalties are applied if only a limited number of substances have been 

evaluated (Table ), which influence the overall confidence assessment outcome (Figure 2). The number of evaluated 

substances differed among the open sea assessment units which reduces the overall comparability of results (Figure 

5). For example only one substance was evaluated in the Quark while all twelve substances were evaluated in the 

Arkona Basin.  

 
Figure 5. The integrated contamination status is based on core indicator evaluations for 12 hazardous substances. Comparability 
between the open sea assessment units is reduced as there are differing availability of data for the substances between areas. 
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Chapter 5. Core indicator evaluations 

A summary of the core indicator evaluations is given below. Core indicator reports of the agreed HELCOM core 

indicators give more details on each of the indicators. The reports are available via the list of HELCOM Core 

indicators (http://www.helcom.fi/baltic-sea-trends/indicators/, see also Table 1 for links to individual reports). Trends 

in the hazardous substances groups are shown in figure 6. 

 
Figure 6. Trends in the hazardous substances groups, shown as counts of time series assessed at the monitoring stations. The 
available data for which the trends are calculated differ between substances and stations, covering roughly the following years for 
each substance; polybrominated diphenyl ethers (PBDE): 1999–2015; mercury: 1979–2015; cadmium: 1985–2015; lead: 1979–2015; 
hexabromocyclododecane (HBCDD): 1999–2015; perfluorooctane sulphonate (PFOS): 2005–2015; benzo(a)pyrene: 1997–2015; 
anthracene: 1990–2015; non-dioxine-like polychlorinated biphenyls (PCB): 1978–2015; fluoranthene: 1997–2015, and for the 
indicator ‘Tributyltin (TBT) and imposex’17: 1998–2015. Corresponding data for cesium is not available at this time. 

                                                      

17 Threshold values for sediment and imposex are included as test threshold values. 

http://www.helcom.fi/baltic-sea-trends/indicators/
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5.1 HEXABROMOCYCLODODECANE (HBCDD) 

  
Figure 7. Assessment result for hexabromocyclododecane (HBCDD) (left) and underlying status calculated per station (right). 
Status is evaluated based on HBCDD concentrations in herring, cod, perch and eelpout. Green colour indicates that the measured 
HBCDD concentrations are below the threshold value. Small open circles indicate an ‘initial status assessment’ with only 1-2 years 
of data, small filled circles indicate that there is not enough data to assess a trend, large filled circles that concentrations have 
been stable during the whole monitoring period and the filled arrow that there is an upward or downward trend during the 
monitoring period.  

Hexabromocyclododecane (HBCDD) is a persistent, bioaccumulating and toxic compound with possible impacts on 

the reproductive and developmental system. It is a brominated flame retardant which is used as an insulation 

material in the building industry, or as coating of textiles to improve the fire resistance of the materials. As an 

example of its concentrations in the area, levels of hexabromocyclododecane in herring were below the threshold 

value, which is set to protect the marine ecosystem and humans consuming fish from adverse effects (Figure 7, Core 

indicator report: HELCOM 2017a). The monitoring of hexabromocyclododecane concentrations shows stable and 

downward trends. 

In addition, several other man-made brominated substances have been found in the environment, but little is yet 

known on their effects on the environment and human health. To keep up with the developments and the emerging 

risks from such novel substances, there is a need to continue and develop further collaborative monitoring and 

mapping of their occurrence and use in the Baltic Sea region (Kemikalieinspektionen 2017a). 
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5.2 POLYBROMINATED DIPHENYL ETHERS (PBDE) 

 
Figure 8. Assessment result for polybrominated diphenyl ethers (PBDE, left) and the status per underlying monitoring station for 
biota (right). Red colour indicates that the measured HBCDD concentrations are above the threshold value. Small open circles 
indicate ‘initial status assessment’ data (only 1-2 years of data), small filled circles indicate that there is not enough data to assess a 
trend, large filled circles that concentrations have been stable during the whole monitoring period and the filled arrow that there 
is an upward or downward trend during the monitoring period, pointing in the direction of the arrow. 

Polybrominated diphenyl ethers (PBDE) are toxic and persistent substances that bioaccumulate in the marine 

foodweb.  

The threshold value is an environmental quality standard set to protect both the marine ecosystem and humans 

consuming fish from adverse effects. Polybrominated diphenyl ethers fail the threshold value in all areas where they 

are monitored (Figure 8, Core indicator report: HELCOM 2017b).  

The use of polybrominated diphenyl ethers as a flame retardant has been banned in most products in Europe since 

2004. Therefore, decreasing concentrations are expected in the future. Out of the thirty stations where trends were 

assessed, downward trends were identified in four stations, and one station showed an upward trend (Figures 6, 9). 
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Figure 9. Temporal trends of polybrominated diphenyl ether (PBDE) concentrations in herring muscle (ng/g wet weight) from the 
Bothnian Sea, the north Baltic Proper, Västra Hanöbukten and Harufjärden (grey colour- confidence level 95% range). The 
threshold value EQS biota human health of 0.0085 µg/kg ww fish muscle is much lower than the measured values and is not visible on 
the y-axis for which the lowest value is between 4 and 6 µg/kg.  
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5.3 PCB, DIOXIN AND FURAN 
Polychlorinated biphenyls (PCBs) are persistent, toxic substances and bio-accumulate in the marine foodweb. The 

substances have been used in a wide variety of applications and manufacturing processes, especially as plasticizers, 

insulators and flame-retardants. Polychlorinated biphenyls enter the marine environment due to inappropriate 

handling of waste material or leakage from transformers, condensers and hydraulic systems. 

HELCOM has recommended bans and restrictions on transport, trade, handling, use and disposal of polychlorinated 

biphenyls. The HELCOM Ministerial Declaration of 1998, and the 1995 ‘Declaration of the Fourth international 

conference of the protection of the North Sea’ called for measures against persistent, bioaccumulating toxic 

substances like PCBs by the year 2020. The Stockholm Convention on Persistent Organic Pollutants is ratified by the 

Baltic Sea countries to protect human health and environment. 

Non-dioxin-like PCBs were assessed in relation to a threshold value that is based on food safety, showing values 

above the threshold in some areas (Figure 10, Core indicator report: HELCOM 2017c). Trends over time were stable 

or downward (Figure 6). No full assessment was possible for dioxins, due to data reporting issues. 
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Figure 10. Assessment result for non-dioxin-like polychlorinated biphenyls (PCBs) (top) and underlying status calculated per 
station (bottom left). Dioxins and dioxin-like compounds were only available as ’initial status assessment’ data, i.e. sampled for 1 or 
2 years, from Finland and Denmark and are not part of the ‘PCB, dioxin and furan’ core indicator main result (bottom right). Data 
reporting problems have prevented making a full assessment. Data are anticipated to be available for the updated assessment to 
be prepared by mid-2018 from several countries. Small open circles indicate ‘initial status assessment’ data (only 1-2 years of 
data), small filled circles indicate that there is not enough data to assess a trend, large filled circles that concentrations have been 
stable during the whole monitoring period and the filled arrow that there is an upward or downward trend during the monitoring 
period, pointing in the direction of the arrow. 
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5.4 POLYAROMATIC-HYDROCARBONS (PAH) AND THEIR 
METABOLITES 

 
Figure 11. Assessment result for polyaromatic-hydrocarbons (PAH) and their metabolites (top left) and the status calculated for the 
underlying stations for benzo(a)pyrene (top right). The available underlying stations for the secondary substances fluoranthene 
and anthracene (bottom left and right) did not influence the overall assessment. Small open circles indicate ‘initial status 
assessment’ data (only 1-2 years of data), small filled circles indicate that there is not enough data to assess a trend, large filled 
circles that concentrations have been stable during the whole monitoring period and the filled arrow that there is an upward or 
downward trend during the monitoring period, pointing in the direction of the arrow. 

Polyaromatic hydrocarbon (PAH) compounds with low-molecular-weight, such as anthracene, are acutely toxic to 

many marine organisms. High-molecular-weight PAH compounds, such as benzo(a)pyrene, are less toxic but have 

greater carcinogenic potential. Polyaromatic hydrocarbon compounds enter the marine environment via the release 

of crude oil products and all types of incomplete combustion of fossil fuels – coal, oil and gas or wood and waste 

Benzo(a)pyrene 

Secondary 
substance: 
anthracene 

Secondary 
substance: 
fluoranthene 
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incineration. They are represented in the core indicator by concentration of the substance benzo(a)pyrene in 

shellfish. 

Benzo(a)pyrene concentrations are below the threshold value in all areas where it is measured, indicating that they 

will not cause adverse effects to the ecosystem or humans consuming shellfish (Figure 11, Core indicator report: 

HELCOM 2017d). Trends over time are relatively stable (Figure 6). 

When measurements of benzo(a)pyrene are not available, the secondary substances fluoranthene and anthracene 

can be considered. Initial status assessments show that anthracene concentrations fail the threshold value in the 

southwestern Baltic Sea 
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5.5 PERFLUOROOCTANE SULPHONATE (PFOS) 

 
Figure 12. Assessment result for perfluorooctane sulphonate (PFOS; left) and underlying status calculated per station (right). Small 
open circles indicate ‘initial status assessment’ data (only 1-2 years of data), small filled circles indicate that there is not enough 
data to assess a trend, large filled circles that concentrations have been stable during the whole monitoring period and the filled 
arrow that there is an upward or downward trend during the monitoring period, pointing in the direction of the arrow. 

Perfluorooctane sulphonate (PFOS) is considered a global environmental contaminant, and is a persistent, 

bioaccumulating and toxic compound with possible effects on the immune, reproductive and developmental systems 

as well as lipid metabolism in organisms. The substance has been produced since the 1950s and used in the 

production of fluoropolymers. It is used commercially to provide grease, oil and water resistance to materials such as 

textiles, carpets, paper and coatings in general. Perfluorooctane sulphonate has also been widely used in firefighting 

foams. 

Concentrations of PFOS are below the threshold values in all the monitored areas (Figure 12, Core indicator report: 

HELCOM 2017e). The concentrations in biota, (measured for example in herring) are at a low level. The 

concentrations are generally stable over time, with a few down ward trends (Figures 6, 13). 

The use of perfluorooctane sulphonate has been banned in the EU since 2008 but it has been replaced with other 

substances, so called per- and polyfluoroalkyl substances (PFAS) which have widespread use. The PFAS substances 

are often highly persistent and bio-accumulating and are also a cause of concern. Some PFAS substances are listed 

on the EU candidate list on ‘Substances of very high concern’ under the REACH regulation (ECHA 2017). Inclusion of 

additional PFAS substances as core indicators should therefore be considered in the future, to keep track of their use 

and occurrence in the Baltic Sea region (Kemikalieinspektionen 2017b). 
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Figure 13. Development over time of perfluorooctane sulphonate (PFOS) concentration in herring liver (ng/g wet weight) from the 
Bothnian Sea, the off shore station in the Northern Baltic Proper and in Kattegat. The grey are shows the range of the 95% 
confidence interval. 
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5.6 HEAVY METALS 
Heavy metals are toxic, and some of them, such as cadmium and mercury also bio-accumulate in the marine 

foodweb. One current source of heavy metals is burning of fossil fuels, leading to atmospheric deposition. 

Legislations are in place to decrease inputs of mercury, cadmium and lead to the Baltic Sea. The atmospheric 

deposition of cadmium and mercury to the Baltic Sea has decreased since the 1990s (see Figure 4.2.9 in the 

summary report: HELCOM 2017i) 

Mercury fails the threshold value in nearly all areas, except in some coastal areas (Figure 14). In areas where the 

threshold value is failed, the concentration in herring, for example, is at levels where top predators such as seals are 

at risk of suffering from secondary poisoning. Cadmium concentrations in both biota and sediment fail the threshold 

value in many areas and concentrations are clearly elevated from natural background concentrations (Figure 15). 

Lead concentrations achieve the threshold value in some areas (Figure 16), and show downward trends in its 

concentration in biota and sediment at fifteen stations (Figure 6). All three heavy metals mostly showed stable trends 

(Figure 6, Core indicator report: HELCOM 2017f). 

   
Figure 14. Assessment result for mercury (left) and underlying status calculated per station for the fish muscle (right). Small open 
circles indicate ‘initial status assessment’ data (only 1-2 years of data), small filled circles indicate that there is not enough data to 
assess a trend, large filled circles that concentrations have been stable during the whole monitoring period and the filled arrow 
that there is an upward or downward trend during the monitoring period, pointing in the direction of the arrow. 

Mercury 
biota 
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Figure 15. Assessment result for cadmium (left) and underlying status calculated per station for the seawater (middle) and biota 
(right). Small open circles indicate ‘initial status assessment’ data (only 1-2 years of data), small filled circles indicate that there is 
not enough data to assess a trend, large filled circles that concentrations have been stable during the whole monitoring period 
and the filled arrow that there is an upward or downward trend during the monitoring period, pointing in the direction of the 
arrow. 

 
Figure 16. Assessment result for lead (top left) and underlying status calculated per station for the primary threshold value in water 
(top right) and the secondary threshold values for biota (bottom left and right). Small open circles indicate ‘initial status 
assessment’ data (only 1-2 years of data), small filled circles indicate that there is not enough data to assess a trend, large filled 
circles that concentrations have been stable during the whole monitoring period and the filled arrow that there is an upward or 
downward trend during the monitoring period, pointing in the direction of the arrow. 
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5.7 TRIBUTYLTIN AND IMPOSEX18 

 

 
Figure 17. Assessment result for tributyltin (TBT) and imposex (top) and underlying status calculated per station for imposex in 
snails (bottom left). TBT in sediment (bottom right) was only available as ’initial status assessment’ data which were. sampled for 1 
or 2 years, and is not reflected in the ‘TBT and imposex’ core indicator main result. Small open circles indicate an ‘initial status 
assessment’ with only 1-2 years of data, small filled circles indicate that there is not enough data to assess a trend, large filled 
circles that concentrations have been stable during the whole monitoring period and the filled arrow that there is an upward or 
downward trend during the monitoring period. 

Tributyltin (TBT) is a toxic substance known to affect the hormonal function in marine organisms, for example causing 

imposex in marine snails. Tributyltin has previously been used in paint to prevent biofouling on ships. Its use in such 

                                                      

18 Sediment and imposex threshold values included as a test results. The only commonly agreed secondary threshold value for the 
water-matrix could not be evaluated due to no data being available. 
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antifouling paints has been banned on a global level by the 2001 International convention on the control of harmful 

anti-fouling systems on ships (the AFS convention), which entered fully into force in 2008. Most Baltic Sea countries 

have ratified the AFS Convention. From 1 January 2008, ships bearing an active tributyltin coating on their hulls are 

no longer allowed in Community ports (EC 2003c). 

Indicated by deformed sexual organs in marine snails, concentrations of tributyltin fails the threshold value along 

coastal areas in the Baltic Proper, The Sound and the Kattegat, but is achieved in the open sea of the Kattegat 

(Figure 17). Sediment concentrations fails the threshold value in the southwestern Baltic Sea (Core indicator report: 

HELCOM 2017g). However, only data from the southwestern Baltic Sea, which represents only a small number of the 

available monitoring stations for tributyltin in sediments, have been included in this evaluation due to technical data 

reporting issues.  

An updated evaluation with a wider spatial extent, especially in the southern parts of the Baltic Sea, will be presented 

for the updated version of the report in one years’ time. 
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5.8 RADIONUCLIDES 
Cesium (137Cs) is the greatest contributor of artificial radionuclides to the Baltic Sea. It emits ionizing radiation, which 

can have effects at the cellular level and lead to internal damage of organisms. 137Cs was deposited in the Baltic Sea 

after the accident at the Chernobyl nuclear power plant in 1986. Since then it has bio-accumulated in marine flora 

and fauna and deposited in marine sediments. The concentrations in herring have decreased from the high values in 

the 1990s in all sub-basins (Figure 18, Core indicator report: HELCOM 2017h). 

 
Figure 18. Temporal development of in the concentration of cesium in herring (measured without head and entrails or in filets, by 
sub-basin). Concentrations are given as Becquerels per kilogram, calculated per wet weight. 

 
Figure 19. Assessment results for radioactive substances: core indicator key message maps for flatfish, herring and seawater. 
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The concentrations of radionuclides are below the threshold value when measured in fish in the Arkona Basin, Bay of 

Mecklenburg and the Kattegat, indicating good status, but they are above the threshold value in all basins when 

measured in water (Figure 19). Due to the steady half-life of radioactive decay it is expected that concentrations 

below the threshold value in biota and water may be achieved in all of the Baltic Sea by 2020. 
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Annex 1.  Data processing issues to be attended to before 
the update of the report by mid-2018 

The work to develop the HELCOM hazardous substances status assessment for the purposes of the mid-2017 version 

of the ‘State of the Baltic Sea’ report has focussed on ensuring that appropriate HELCOM COMBINE data are used to 

assess status against the agreed threshold values. The matrix specific threshold values have required the 

development of an ‘extraction table’ which is used to extract only COMBINE data from correct matrices and 

containing all needed metadata (e.g. on total organic carbon content in sediment).  

The next step in developing the assessment system will be to operationalize the core indicator assessment protocol 

script and the CHASE script. This work is planned to be undertaken during 2017 to enable operationalization of the 

assessment system before the update of the ‘State of the Baltic Sea’ report by June 2018.  

Monitoring data currently missing from the integration and to be included by the update 

The hazardous substances monitoring data that is currently not included in the integrated assessment is mainly due 

to 1) problems with data reporting and completeness of data reported by Contracting Parties to the database, 2) the 

rules regarding data requirements to be extracted from the COMBINE database (‘extraction table’) and 3) due to the 

rules of the core indicator assessment protocol script. During the year 2017 the aim is to work on all three steps in 

the assessment process in order to allow for a more comprehensive dataset being used for the core indicator 

evaluation and the integrated assessment for the updated version of the ‘State of the Baltic Sea’ report to be 

completed by June 2018. Specific issues needing attention have been identified and are described in a general 

manner in this section and this list should not be considered as comprehensive of all relevant details19. 

Data reporting 

Problems with data reporting issues are to be attended to by the concerned Contracting Parties in time to make a 

full submission by the regular reporting deadline to the COMBINE database, i.e. by 1 September 2017. The data 

submission by all countries is to include data for the year 2016. Countries that have come across deficiencies in 

previous reported data, may also re-submit data for previous years at this time.  

Estonia has informed that five stations have previously been reported with incorrect coordinates resulting in the data 

being excluded from the calculations, and that the problem will be attended to in the re-submission. The 

measurements concern ‘Metals’, ‘PAH and metabolites’ and ‘PCB, dioxin and furan’. 

                                                      

19 Station specific details were listed in the HELCOM EN-HZ 6-2017 outcome Annex 2, and can be referred to by countries as 
when correcting the data and resolving remaining issues before the updated ‘State of the Baltic Sea’ report.   
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Finland has informed that sediment concentration data are available nationally, however have previously not been 

submitted to the COMBINE database. Submitting the data in time for the update is under consideration. Incomplete 

reporting of congeners related to ‘PCBs, dioxin and furans’ has been detected, resulting in the exclusion of data as 

the minimum requirement of congeners to compare against the threshold value made up of a summed 

concentration is not met.  

Germany has detected that sediment data related to ‘PAH and metabolites’ are to be resubmitted so that also the 

metadata on organic content is included to allow for proper normalization of the measurements. 

Lithuania identified incomplete reporting of congeners related to ‘PCBs, dioxin and furan’ and ‘PBDE’, resulting in 

exclusion of data as the minimum requirement of congeners to compare against the threshold value made up of a 

summed concentration is not met. Resubmission of the data including all congeners will resolve the problem. 

Lithuania further identified exclusion of data due to missing metadata and supporting parameters (e.g. aluminium, 

organic matter, dry/wet weight) and will ensure to correct the data through a resubmission.  

Poland identified that all sediment data related to ‘Metals’ are to be resubmitted so that also the metadata on 

aluminium is included to allow for proper normalization of the measurements.  

Sweden identified incomplete reporting of congeners related to ‘PCBs, dioxin and furan’ and ‘PBDE’, resulting in 

exclusion of data as the minimum requirement of congeners to compare against the threshold value made up of a 

summed concentration is not met. Resubmission of the data including all congeners will resolve the problem. 

Extraction table 

It has been agreed to adjust the extraction table regarding water-matrix samples to also include unfiltered samples. 

For ‘TBT and imposex’ and ‘PFOS’ only unfiltered samples should be used, as this is in accordance with the definition 

of the EQS threshold value. For ‘Metals’ parameters cadmium (Cd) and lead (Pb) unfiltered samples should be taken 

into account in addition to the filtered samples especially in the open sea assessment units.  

It is to be considered if the extraction table rules could be adjusted regarding basis requirements in the fish matrix. 

The extraction table currently defines the suitable basis for fish as muscle (MU). This has resulted in exclusion of 

samples where the measurement has been taken from a fish fillets including the skin (muscle and epidermis, MU&EP) 

which is done in some countries in order to align with sampling requirements for food safety monitoring. The rule 

has resulted in exclusion of data at least from Finland related to ‘HBCDD’, ‘PCB, dioxin and furan’ and ‘PFOS’. 

Measurements from Germany in eelpout muscle related to ‘Metals’ and ‘PCBs, dioxin and furan’ are missing as well 

as some data on ions for specific years related to ‘TBT and imposex’, both parameters should be available and 

further clarifications on possible problems with extraction and processing are needed. Adjustments to the extraction 
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table to include these parameters were made at a late timepoint in the assessment, and there may have been some 

error in the data processing which is to be rectified before the update.  

Assessment protocol 

Many stations were excluded from the core indicator results as displayed in the key message maps since the data did 

not make it through the full assessment protocol. Whenever possible, the aim should be to improve the underlying 

data to ensure that the data will pass through the whole assessment protocol script in the future. During 2017 there 

may be options of considering adjustments to the protocol to include more data, however this is not agreed to be 

done if it will compromise the overall statistical robustness of the method.  

The main issue for stations not being processed through the full assessment protocol is that data is only available for 

1-2 years. The assessment protocol script fits a model in order to determine a robust value to be compared to the 

threshold value. The value is the 95% upper confidence interval value at the last year. When only 1-2 years of data 

are available and the model cannot be fitted, then only a mean value is available. Contracting Parties are to explore 

how many stations will fall into this category once the data for 2016 have been reported, and to then agree on 

appropriate statistical processing of the data.  

Stations for which several reported measurements are below the limit of detection (LOD) are processed in the script 

using a non-parametric approach. In such cases when the LOD is clearly below the threshold value, the station can 

be evaluated as achieving or failing the threshold value, however the station does not pass through the full script as 

a numeric value and does not contribute to the overall aggregated status assessment of an assessment unit (small 

filled circles with ‘nyfit’ code 1 or 2). If the LOD exceeds the threshold value it has been agreed to exclude the values. 

For measurements in seawater it has been noted that laboratories are currently shifting to more sensitive analytical 

methods in order to be compliant with EU requirements. Contracting Parties are to explore how many stations are 

affected by the LOD issue before the finalization of the updated indicator evaluations, and agree on an appropriate 

approach to resolve the issue.   
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