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[bookmark: _Toc136355208][bookmark: _Toc142264143]The categorisation workflow using target monitoring data

The original version of the NORMAN prioritisation scheme based on target monitoring data [1, 2] involves a two-step approach where the substances are first grouped into six main action categories (corresponding to specific knowledge gaps) and then they are ranked within each action category. The process of categorisation of the substances into the six action categories is illustrated in Figure S1. The criteria (and associated indicators) and the main steps of the workflow are recalled in the following sections. 

[image: ]
[bookmark: _Ref140838574]Figure S1. NORMAN workflow for categorisation of CECs using target monitoring data.

[bookmark: _Toc142264144]1.1 Indicators for allocation of substances into the six action categories
The categorisation of the compounds into six action categories is performed according to the following criteria (and associated indicators): 
1) Intensity of investigation and level of quantification of the substances
2) Sufficient quality of the analytical data
3) Robustness of the predicted no effect concentration (PNEC; used as quality target) 
4) Risk of exceedance of the PNEC 

1) Intensity of investigation and level of quantification of the substances in the relevant matrix
The first step in the decision tree consists of grouping the compounds by degree of investigation and evidence of exposure. In line with the currently accepted regulatory practices (e.g. the workflow applied for the selection of candidate Priority Substances and EU Watch List substances under the WFD [3]) the NORMAN workflow requires the availability of recent (less than 6 years) monitoring data in at least 4 countries and 100 sites, and among them at least 50 sites with observations above the Limit of Quantification (LOQ) to define a substance as sufficiently monitored at EU level. 
By doing so, the candidate substances can be divided into 3 distinct groups:
· Substances that are sufficiently monitored and sufficiently quantified in the relevant matrix;
· Substances that are sufficiently monitored in the relevant matrix and insufficiently quantified;
· Substances for which we have no or insufficient data in the EMPODAT database.
Table S1 shows the criteria and cut-off values used for the definition of the terms “sufficiently / insufficiently monitored” and “sufficiently / insufficiently quantified”. 

[bookmark: _Ref140840928]Table S1. Criteria and cut-off values for assessment of the exposure data in the categorisation process (EU scale).
	Indicators / Substances sub-groups
	Analyses available in the relevant matrix(ces)
	Number of countries with analyses
	Number of sites with analyses
	Number of sites with analyses > LOQ

	Substances sufficiently monitored and sufficiently quantified in relevant matrix

	Yes
	≥4 countries
	≥100 sites
	≥50 sites

	Substances sufficiently monitored and with low frequency of quantification

	Yes
	≥4 countries
	≥100sites
	<50 sites


	Substances insufficiently monitored (insufficient or no data in EMPODAT)

	Yes
	<4 countries AND / OR
<100 sites with analyses
	Not relevant



The frequency of quantification of the substance is assessed in terms of number of sites at which the substance was detected above the Limit of Quantification (LOQ). This indicator reflects whether the exposure is widespread, a “local problem” or not relevant compared to a defined cut-off value. The choice of “50 sites with analyses > LOQ” as a cut-off value to define “sufficiently quantified” substances is justified by the fact that 50 sites enable a more robust assessment of the exposure indicator MEC95 (95th percentile of the maximum measured environmental concentrations of all sites monitored) against outliers. This ensures that the evaluation of the risk ratio (RQ_i, see below) is performed on a sufficiently significant number of sites (at least 4 sites with concentration levels exceeding the quality target, if there are 50 quantified sites). The proposed cut-off values are in any case suitable for an application at the European scale, but they can be adjusted according to the geographical scale (e.g. national, regional, river basin) to which this prioritisation scheme is applied. An additional condition must be met: the compound must be analysed in the correct matrix (as defined on the basis of its physico-chemical properties, i.e. the partitioning coefficients between octanol and water (Kow), organic carbon and water (Koc), water solubility data, results of fugacity models. 
2) Sufficient quality of the analytical data
Here the aim is to assess the quality of the analytical data available, i.e. the compatibility of the analytical methods with the defined lowest PNEC (most reliable quality target agreed by experts) or environmental quality standards (EQS). If the concentration of the substance is reported as “below LOQ” and the LOQ is above the “Lowest PNEC”, the available monitoring data will not be sufficient to exclude a potential risk. Since it is often the case that different LOQs are associated to datasets from different data sources for a given compound, the substance will be considered as “sufficiently” supported by “good quality data” if there are at least 100 sites with analysis performed with LOQ < PNEC. 
3) Robustness of the PNEC 
In the categorisation step it is necessary to check whether the available (eco)toxicity data are sufficient to establish a reliable and experimental-based PNEC in the given environmental compartment. The workflow makes a distinction between experimental-based and model-based threshold values. 
4) Risk of exceedance of the PNEC
The indicator used in the categorisation process for the identification of the potential risks is consistent with the conventional Risk Quotient concept (RQ_i= PEC/PNEC), where PEC (Predicted Environmental Concentration) and PNEC (Predicted No-Effect Concentration) correspond here to MEC95 and Lowest PNEC, respectively. 
Based on the RQ concept, the extent of exceedance of the Lowest PNEC is expressed as:

Where, i refers to chemical i, MEC95 is the 95th percentile of the maximum measured environmental concentrations (MECsite) of all sites monitored, and Lowest PNEC (most reliable quality target agreed by experts) refers to the respective safety threshold that should not be exceeded for chemical i. 
To assess situations of local PNEC exceedance it is possible to replace MEC95 by MEC99, i.e. 99th percentile of the maximum measured environmental concentrations (MECsite) of all sites monitored.

[bookmark: _Toc142264145]1.2 Description of the main steps of the categorisation workflow
This section aims to guide the user through the different steps of the decision tree (Figure S1), from the list of candidate substances until their allocation to the various action categories. An overview of the indicators and cut-off values applied for the allocation of the candidate substances to action categories 1 to 6 is reported in Table 10. 

The first step consists of defining whether the substances are sufficiently monitored and frequently quantified or not using the criteria (and indicators) described in Section 1.1. 

· Substances that are sufficiently monitored and sufficiently quantified in the relevant matrix 
For these substances there is sufficient evidence of occurrence in the environment. To evaluate evidence of potential environmental risks it is first of all necessary to ensure that sufficient experimental effect data are available for PNEC derivation. 
For compounds which do not comply with this requirement (i.e. insufficient experimental data for PNEC derivation) a rigorous hazard assessment is recommended in view of the derivation of robust environmental thresholds (“Ecotox action”). In the NORMAN workflow these compounds are assigned to Category 3.
The substances for which there are sufficient monitoring data AND sufficient experimental data for PNEC derivation are assigned to Category 1A / 1B or Category 6A / 6B depending on the value of the risk quotient (RQ_i) as explained in Table S2. 
Category 1A represents large-scale priority compounds for integration in regulatory programmes with control measures and derivation of legally-binding EQS. In the water compartment Category 1A compounds should be part of the candidate substances for the revision of the list of Priority Substances (PS) at EU level according to the WFD and / or should be included in the list of river basin-specific pollutants according to Annex VIII of the WFD. 
Compounds that show PNEC exceedance only at the local level (i.e. MEC95/PNEC < 1 AND MEC99/PNEC ≥ 1) are allocated to Cat.1B (i.e. “Priority at local scale”). Local managers should take into consideration both categories (Cat.1A and 1B). Indeed, there is always a need for further expert judgement to assess the results of the prioritisation process (e.g. check the representativeness of the sites). 
Compounds that do not exceed the quality standards could in principle be considered as contaminants of lower priority. However, a high frequency of quantification indicates that these chemicals are ubiquitous compounds, potentially frequently contributing to mixture risks, being most of the time present just below their quality thresholds (RQ between 0.1 and 1). Category 6A needs to remain in the focus of environmental managers (“safety net”) for possible monitoring and/or control measures. 
Only the compounds for which there is no evidence of occurrence in the environment (concentration levels always below LoQ, with LoQ < PNEC) can be labelled as “low-priority compounds” (Category 6B, i.e. compounds for which monitoring efforts could be reduced or suspended).
[bookmark: _Ref140841862]Table S2. Categorisation of substances which are well investigated and show a high frequency of quantification.
	Criteria
	Indicators
	Category
	Action


	Evidence of PNEC exceedance
	MEC95/PNEC > 1 
	Cat.1A
	Priority at large scale



	Evidence of PNEC exceedance at local level
	MEC95/PNEC < 1 AND MEC99/PNEC > 1
	Cat.1B
	Priority at local level



	Occurrence level below PNEC and evidence of contribution to mixture effects + hazardous profile
	0.1 ≤ MEC95/PNEC < 1 AND 

MEC99/PNEC < 1 
	Cat.6A
	Under watch for possible control measures


	Occurrence level and hazard profile do not raise concern
	MEC95/PNEC < 0.1
	Cat 6B
	Low priority (unless new knowledge arises about hazardous properties or increasing concentration trends)



· Substances that are sufficiently monitored and insufficiently quantified in the relevant matrix
When a substance is sufficiently investigated but has a low frequency of quantification, it is important to check whether the low frequency of quantification is due to very low (or zero) exposure level, or inadequate quality of the data (i.e. analytical methods with LOQ > Lowest PNEC for the given contaminant). 
Applying the defined criteria (see Section 1.1) there is no need for further monitoring, provided that there is a “sufficient number of sites” with “good quality” monitoring data (i.e. ≥100 sites with LOQmin < PNEC). 
It is then necessary to follow the same process described earlier, i.e. check whether there are sufficient experimental ecotoxicity data for PNEC derivation and whether there is evidence of potential risk of PNEC exceedance at the local level. Based on the assessment of these indicators the substances will be assigned to the different action categories (Cat.1B, Cat.3 and Cat.6B) as explained earlier. 
In turn, compounds for which the frequency of quantification is low and there are less than 100 sites with LOQmin < PNEC it can be concluded that the available datasets are of insufficient quality and the performance of the analytical methods have to be improved before an assessment of the actual risk of the substance is possible. These compounds fall into Category 4. Information in the scientific literature showing the availability of analytical methods with sufficiently low LOQs suggest, however, that these compounds could be considered for monitoring studies to check their actual presence or absence in the environment. Here, the use of non-target screening data could help to address this knowledge gap as proposed in our paper.
· Substances for which there are insufficient monitoring data (or no data) in EMPODAT
For substances that are insufficiently monitored OR “never monitored” (no data are available in the EMPODAT database), additional monitoring data are needed before conclusions can be drawn about the exposure level and associated risk for these substances. These compounds will be allocated to Categories 2, 4 and 5 (and their associated sub-categories) as indicated in detail in Table S10.
In summary, the compounds will be assigned to Category 2, if the performance of the analytical methods is sufficient (i.e. LOQ < PNEC) or to Category 4, if this condition is not fulfilled.
Compounds that require further environmental monitoring and more robust hazard assessment (only predicted PNEC) will fall in Category 5.

[bookmark: _Toc142264146]Prioritisation algorithm

The prioritisation of the compounds within each action category is based on three different scores, reflecting the main components of any risk assessment: 
· Exposure 
· Hazard 
· Risk

[bookmark: _Toc142264147]2.1 Exposure score
Different indicators have been proposed to address the various aspects of environmental exposure of a chemical. We can distinguish between indicators supported by monitoring data and those derived from other parameters which can be considered as surrogates when monitoring is not available. The scoring system proposed in this section reflects the standard conditions of application of the original NORMAN scheme. The choice of the most appropriate indicators and their weights in the calculation of the final score can be adapted according to the objectives of the prioritisation study.
Exposure score (based on monitoring data)
(A) Frequency of countries with measurements >LOQ (FoQ_countries): This indicator reflects the geographical spread of the interest for an emerging compound at the European level. For an application of the prioritisation methodology at the level of a single country, this indicator can be replaced by the number of river basins (or number of regions) with positive observations. 
(B) Frequency of sites with measurements >LOQ (FoQ_sites). This is an indicator of the spatial distribution of the potential occurrence. Compounds that are frequently found at many sites are in general of higher potential concern. 
(C) Frequency of quantification > LOQ (FoQ_analysis). Besides the mere presence of a substance in one or more countries (or different matrices), the number of positive observations compared to the total number of measurements (samples) for each matrix is a good indicator of the potential temporal and spatial exposure. 
(D) Substance concentration trend (Dtrend). For some compounds that have been measured for a long time (> 5 years), it might be possible to assess a trend, i.e. concentrations increase, stay the same or decrease. In case of a significantly increasing trend, a higher priority might be justified. For this purpose, we propose to plot the individual measurements (excluding censored values) at each site against time and then analyse potential trends in the concentrations. Only significant correlations (p < 0.05) are considered to have a “real” trend and are used for the prioritisation. However, all correlation plots need to be inspected visually to account for outlier concentrations especially in the first or final year. By checking for outliers, some compounds will show a significant trend, while for others the trends may disappear, and the compounds will not be used for this indicator. 
By doing so, we want to make sure that compounds with intermittent release (i.e. pesticides) are appropriately considered. We also require that only sites which have data for at least five years are used for the calculation, so that sites for which the compound has been rarely measured do not bias the trend. To allow for a relatively representative average, at least six sites are required per year.
(E) Occurrence of the compound in groundwater (EGW). If a compound has already been found in groundwater, this would raise particular concern. For this reason, a score expressing the existence of observations in groundwater is considered as an additional indicator of exposure.
Exposure score (based on usage data)
(F) The Exposure Index (EI), based on production volume and use pattern, has been developed by KEMI, is available in SusDat. It is based on three different components (independent datasets): 
1) The annual tonnage (AT index) calculated using tonnage data available in the REACH Database
2) Measure for the release during use (use index, UI), derived from the SPIN database [4] 
3) Measure for range of use (range of use index, RI), considering, e.g., a wide dispersive use, derived from the SPIN database.
The value of each of the three scores is comprised between 0 and 1. The final exposure index is calculated as the sum of each sub-score divided by 3 (range 0 - 1).

Even if it is not intended to predict the level of exposure of a substance in the environment, the Exposure Index can be used as a surrogate for monitoring-based observed exposure in order to allow ranking of compounds in Cat.2, 4 and 5 for which data is lacking (and in particular Cat.2F, 5F and 4F in which compounds are allocated that have no data available in EMPODAT).
For the calculation of the final Exposure score (EXPO_score), two different options are proposed here:
For substances in Category 1, 3 and 6: 
a) EXPO_score = (FoQ_countries + FoQ_sites + FoQ_analysis)/3 + Dtrend + EGW              or
b) EXPO_score = FoQ_site (simplified version) 
For categories 2, 4 and 5: 
1) EXPO_score = FoQ_analysis + EI
For substances in Category 2, 4 and 5, which are by definition data-poor substances, either the FoQ_analysis or the Exposure Index, or both, can used as indicators for the calculation of the Exposure score, depending on the specific objectives of the prioritisation study. However, for substances for which no monitoring data is available (Cat.2F, 5F and 4F), only the Exposure Index can be applied. Cut-off value and equations to calculate scores are described in Table S3.
[bookmark: _Ref140847168]Table S3. Cut-off values and equations for the derivation of the Exposure score.
	Indicators
	Description
	Value
	Final Exposure score

	A) Number of countries with concentration >LOQ /Total number of countries with analysis  (FoQ_countries)
	Number of countries with concentration >LOQ /Total number of countries with analysis

	= value as a decimal number rounded to two decimals
	For Cat.1, 3 and 6:
· EXPOscore = FoQ_sites (standard version)

· EXPOscore = (FoQ_countries + FoQ_sites + FoQ_analysis)/3 + Dtrend +EGW

For Cat.2, 4 and 5:
· EXPOscore = FoQ_analysis + EI

· EXPOscore = EI (if no data is available, as it is the case for Cat.2F, 5F and 4F)

	B) Number of sites with concentration >LOQ /Total number of sites with analysis (FoQ_sites)

	Number of sites with concentration >LOQ /Total number of sites with analysis
	= value as a decimal number rounded to two decimals
	

	C) Frequency of observations with concentration >LOQ (FoQ_analysis)

	Fraction of analyses >LOQ
	= value as a decimal number rounded to two decimals
	

	D) Concentration trend 
	Trend Regression of MEC95/a for > 5 years and > 6 sites
	Significant positive trend = 1
Positive trend = 0.5
No trend = 0.25
No data = 0.1 
Negative trend = 0
	

	E) Observations in groundwater
	Evidence of occurrence in groundwater
	= value (range 0 – 1)
	

	F) Production volume / Use pattern
	Exposure Index (KEMI)
	= value (range 0 – 1) 
	



[bookmark: _Toc142264148]2.2 Hazard score
Three different hazard indicators and the corresponding scores have been developed to address specific hazard properties of chemicals: 
· PBT / vPvB and PMT / vPvM classification (which can be combined in a PMBT indicator)
· The carcinogenic, mutagenic and reprotoxic (CMR) classification (CMR indicator)
· Potential for endocrine disrupting effects (ED indicator).
These indicators are in accordance with the hazards of concern as defined under article 57 of the REACH regulation No 1907/2006 [5] for the identification of SVHC (substances of very high concern) and are also relevant for other chemical regulations. 
PBT/vPvB, PMT/vPvM and PMBT indicators
It is well known that substances that are Persistent, Bioaccumulative and Toxic (PBT) or very Persistent and very Bioaccumulative (vPvB) pose a risk to the environment. Besides their toxicity, chemicals with such properties can remain present in the environment for a long time and / or quickly accumulate in biota. 
More recently, persistent and mobile chemicals (PMT / vPvM) have started to be also in the focus of the scientific community (Michael Neumann, 2017) and regulatory bodies. As a result, PMT (persistent, mobile, toxic) and vPvM (very persistent, very mobile) have been recently added (March 2023) as new hazard classes in the CLP Regulation [6]. 
The first source of information for the allocation of a substance as PBT, or vPvB is its classification as a PBT, or vPvB compound in the international conventions and legislation (Stockholm Convention, Aarhus Convention – UNECE on Persistent Organic Pollutants, Annex XIII of the REACH Regulation and, after the entry into force of regulation 2023/707, ATP (Adaptation to the Technical Progress) to CLP regulation No 1272/2008). Any new development / revision in the criteria should be taken into account, in particular for vPvM/PMT compounds. In addition to this, PBT assessment tools, such as the VEGA models can be used as screening tools for identification of substances with PBT/vPvB or PMT/vPvM potential, even if they are not classified as such in the international lists.
As regards the P (persistency) criterion, experimental data used for derivation of the half-life of a chemical compound in a given matrix are obtained from biodegradation studies (OECD 301 A-F, simulation tests as described in OECD 307, 308 and 309, etc.). The number of experimental data available in the scientific literature on degradation half-lives is, however, remarkably small [7] and the use of models is recommended for the derivation of this parameter [8-10].
In line with the current regulatory frameworks, the bioconcentration factor (BCF) of a substance is the main indicator which is used for assessment of the B criterion (bioaccumulation). A substance is considered to fulfil the bioaccumulation criterion (B) where the bioconcentration factor in aquatic species is higher than 2,000, and the “very bioaccumulative” criterion (vB) where the bioconcentration factor in aquatic species is higher than 5,000. Information deemed relevant to establish this classification is defined in Regulation 2023/707. Examples of data sources with BCF values are listed in literature [9, 11, 12]. 
According to Regulation 2023/707, the mobility criterion (M) is considered as fulfilled if the log Koc is less than 3 and the "very mobile" criterion (vM) is fulfilled if the log Koc is less than 2. For an ionisable substance, the lowest log Koc value at environmental pH (between 4 and 9) should be considered. 
Results from adsorption/desorption testing or other information, such as information from leaching, modelling or monitoring studies can be used, provided that its suitability and reliability can be reasonably demonstrated. For the purpose of this work, in the absence of log Koc data, the lowest log Dow for environmentally relevant pH range of 4-9 is used. For the assessment of the M criterion, Koc data can be collected from various sources (e.g. US EPA CompTox Chemicals DashBoard [13]; INERIS Portal of Chemical Substances [14]). 
For all compounds, half-life data in water and in sediment (P), bioaccumulation data (B) and hazard data  (T) should be compared with the cut-off values defined under Annex XIII of REACH [15]. For this assessment, experimental data, when available, plus estimated data based on QSAR models, should be compiled from available sources.
The cut-off values and sub-scores for the derivation of the PBT / vPvB and PMT/vPvM scores are reported in Table S4., We propose to combine the individual scores into a single PBMT score which is designed to take into account the hazard properties associated with the P, B, M and T criteria. 
The PBMT score is derived using the following equation: 
PBMT Score = [(P/vP + B/vB + M/vM + T/T+) /6]                                                                             (4)
The sum of the 4 sub-scores is divided by 5 in order to balance the Hazard against the risk component in the final score and to take compounds classified as vP, vB, or vM into account. 
Table S4. Cut-off values and sub-scores for the derivation of the PBT / vPvB, PMT/vPvM and the PBMT scores.
	Indicators
	Cut-off values
	Hazard sub-scores

	Persistence:
T1/2 (half-life) in water and in sediments[footnoteRef:1] [1:  If a threshold for half-life in any one of the compartments is exceeded, a substance fulfils the (screening) requirements for classification as persistent in the environment. ] 

Source: 
· See Annex III Section 6.1 of the NORMAN prioritisation manual
	vP (if any of the following situations is fulfilled):
a) T1/2 (marine, fresh or estuarine water) >60 days 
b) T1/2 (marine, fresh or estuarine sediment) >180 days
c) T1/2 (soil) >180 days

	2

	
	P (if any of the following situations is fulfilled): 
a) T1/2 (marine water) >60 days 
b) T1/2 (fresh or estuarine water) >40 days 
c) T1/2 (marine sed.) >180 days
d) T1/2 (fresh or estuarine water sed.) >120 days
e) T1/2 (soil) >120 days

	1

	
	Suspect P (if any of the following situations is fulfilled): 
a) T1/2 (fresh or marine water) >20 days 
b) T1/2 (fresh or marine water sed.) >60 days
	0.5

	
	No data 
	0.1

	
	Not P (i.e. a test showing fast degradation)
	0

	Bioaccumulation:
BCF
Source: 
· See Section Annex III Section 6.1 of NORMAN prioritisation manual
	vB: BCF > 5000 
	2

	
	B: BCF>2000 
	1

	
	Suspect B: BCF >500
	0.5

	
	No data
	0.1

	
	Not B (i.e. a test showing low potential for bioaccumulation with a BCF < 10?)
	0

	Mobility: 
Koc
	vM
· the lowest log Koc is ≤ 2.0 over the environmentally relevant pH range of 4-9
in the absence of log Koc data, the lowest log Dow is ≤ 2.0 at environmentally relevant pH range of 4-9.
	2

	
	M
· the lowest log Koc is ≤ 3.0 over the environmentally relevant pH range of 4-9
in the absence of log Koc data, the lowest log Dow is ≤ 3.0 over the environmentally relevant pH range 4-9.
	1

	
	Not M
	0

	Toxicity:
Lowest PNEC
Source: 
· See NORMAN prioritisation manual
	T+ : Lowest PNEC ≤0.1 µg/L 
	2

	
	T: Lowest PNEC >0.1µg/L and ≤ 1 µg/L
	1

	
	Potentially T: Lowest PNEC >1 µg/L and ≤100 µg/L
	0.5

	
	Not soluble 
	0.1

	
	No data
	0.1

	
	Not T: Lowest PNEC >100 µg/L
	0



CMR indicator
Substances that are Carcinogenic, Mutagenic, or Toxic to Reproduction – CMRs - which have inherent properties that can cause cancer, alter DNA or damage reproductive systems are taken into considerations. These properties correspond to article 57 a-c of REACH related to SVHC (i.e. substances of very high concern). The classification of a substance as carcinogenic, mutagenic or reprotoxic under the EU Regulation on Classification, Labelling and Packaging [6] is used here as an indicator of toxicity to human health. Other international classification systems [16, 17] can be used as supplementary data sources.
Each individual component of the CMR indicator receives a score (as shown in Table S1-5), as a result of the classification of a substance according to its carcinogenicity, mutagenicity and reprotoxicity effects.
The CMR final score is then derived as the highest value between the individual carcinogenicity, mutagenicity and reprotoxicity scores according to the following equation: 
· Score “CMR” = Max (“Carcinogenicity”, “Mutagenicity”, “Reprotoxicity”) individual scores (5)

[bookmark: _Ref349247734]Table S5. Rules for the allocation of the CMR score.
	Indicators
	Scores

	Carcinogenicity 

Sources: 
IARC : http ://monographs.iarc.fr/ENG/Classification/index.php
USEPA : http ://www.epa.gov/iris/search_human.htm (*classification 1986; ** classification 2005)
UE : http ://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2008:353:0001:1355:EN:PDF
	· Category 1 = 1
· Category 2 = 0.75
· Category 3 = 0.5
· Under examination = 0.5
· Examined and info not sufficient = 0.25
· Not examined = 0.25
· Examined and not classified = 0

	Mutagenicity 

Sources: same as above
	· Category 1 = 1
· Category 2 = 0.75
· Category 3 = 0.5
· Under examination = 0.5
· Not examined = 0.25
· Examined and not classified = 0

	Reprotoxicity 

Sources: same as above
	· Category 1 = 1
· Category 2 = 0.75
· Category 3 = 0.5
· Under examination = 0.5
· Not examined = 0.25
· Examined and not classified =0



ED indicator
Endocrine disruptors (ED) may also be identified as substances of very high concern (SVHCs) under Article 57(f) of REACH Regulation, when there is scientific evidence of probable serious effects to human and wildlife health. More recently, Regulation (EU) 2023/707 has added the class of EDs to the CLP regulation. Two categories are defined according to the criteria described in Table S6.
For biocides and plant protection products (PPP), the scientific criteria for determination of ED are set out in the annex of regulation (EU) 2017/2100 and regulation (EU) 2018/605, respectively. The identification of a substance as having ED properties that may cause adverse effects on non-target organisms is based on all available relevant scientific data (in vivo, in vitro or in silico studies, if applicable, or weight of evidence approach) in line with the criteria laid down in the Draft Commission Regulation setting out scientific criteria for the determination of endocrine disrupting properties and amending Annex II to the PPP Regulation (EC) 1107/2009. 
The main regulatory sources for the allocation of a chemical as a substance with endocrine disrupting potential are listed hereafter:
· ED identified as such in the list of SVHC under the REACH regulation. This list is updated every 6 months.
· Adaptations to technical progress of the CLP Regulation (EC) No 1272/2008. 
The ED classification has been recently added to CLP regulation and the number of chemicals assessed to date is low. In the interim period, 5 EU member states have created a website (edlist.org) collecting all EU or national completed or ongoing ED assessments. 
[bookmark: _Ref155040227][bookmark: _Ref136495751]Table S6. Hazard categories for endocrine disruptors for human health and for the environment (Regulation (EU) 2023/707).
	Categories
	Criteria for human health
	Criteria for the environment

	Category 1
	Known or presumed endocrine disruptors for human health
The classification in Category 1 shall be largely based on evidence from at least one of the following:
a) human data;
b) animal data;
c) non-animal data providing an equivalent predictive capacity as data in points a or b.

Such data shall provide evidence that the substance meets all the following criteria:
a) endocrine activity;
b) an adverse effect in an intact organism or its offspring or future generations;
c) a biologically plausible link between the endocrine activity and the adverse effect.
However, where there is information that raises serious doubt about the relevance of the adverse effects to humans, classification in Category 2 may be more appropriate.
	Known or presumed endocrine disruptors for the environment
The classification in Category 1 shall be largely based on evidence from at least one of the following:
a) animal data;
b) non-animal data providing an equivalent predictive capacity as data in point a.


Such data shall provide evidence that the substance meets all the following criteria:
a) endocrine activity;
b) an adverse effect in an intact organism or its offspring or future generations;
c) a biologically plausible link between the endocrine activity and the adverse effect.
However, where there is information that raises serious doubt about the relevance of the adverse effects identified at population or subpopulation level, classification in Category 2 may be more appropriate.

	Category 2
	Suspected endocrine disruptors for human health
A substance shall be classified in Category 2 where all the following criteria are fulfilled:
(a) there is evidence of:
i. an endocrine activity; and
ii. an adverse effect in an intact organism or its offspring or future generations;
(b) the evidence referred to in point (a) is not sufficiently convincing to classify the substance in Category 1;
(c) there is evidence of a biologically plausible link between the endocrine activity and the adverse effect.
	Suspected endocrine disruptors for environment
A substance shall be classified in Category 2 where all the following criteria are fulfilled:
(a) there is evidence of:
i. an endocrine activity; and
ii. an adverse effect in an intact organism or its offspring or future generations;
(b) the evidence referred to in point (a) is not sufficiently convincing to classify the substance in Category 1;
(c) there is evidence of a biologically plausible link between the endocrine activity and the adverse effect.



Additional sources can be used for prioritisation purposes:
· the reviews by the EU: Commission Staff Working Paper - 4th Report on the implementation of the "Community Strategy for Endocrine Disrupters" a range of substances suspected of interfering with the hormone systems of humans and wildlife (COM (1999) 706) - SEC(2011) 1001 final [18]
· the “SIN List” (Substitute It Now!) by ChemSec [19]
· the IEH Report on Chemicals purported to be endocrine disrupters. [20]
· the EU list of potential endocrine disruptors by the Danish EPA [21]
· Endocrine disruptors indicated by the European Commission [22] 
· The list of potential endocrine disruptors by the UNEP [23]
· The prioritization work carried out by ANSES/DEDUCT [24]
In addition to these regulatory lists or literature reviews carried out by international or national organisations, alternative sources such as predictions by QSAR modelling (for instance available from the VEGA platform [25]) or high throughput experimental approaches [26] can be used for screening purposes.
The final Hazard score can be calculated as sum of the PMBT, CMR, ED scores, as presented in Table S7. However, this is not mandatory. The different components of the Hazard score can be combined and the associated weights can be adjusted according to specific prioritisation objectives. This score is applicable to all substances regardless of the assigned action categories.
[bookmark: _Ref140849291]Table S7. Calculation of the Hazard score.
	Criteria
	Description

	Values
	Hazard sub-scores
	Final Hazard score

	P
	Persistence
	vP  = 2;   P   = 1

	PBMT Score = [(P/vP + B/vB + M/vM + T/T+) /6]
	




Haz score1 = CMR + ED + PBMT



	B
	Bioaccumulation
	vB  = 2;   B   = 1

	
	

	M
	Mobility
	vM = 2; M = 1

	
	

	T
	Toxicity
	T+ = 2;  T  = 1

	
	

	CMR
	
	CMR, category 1 = 1
CMR, category 2 = 0.75
CMR, category 3 = 0.5
Under examination = 0.5
Examined but info not suff. = 0.25
Not examined = 0.25
Examined and not classified = 0

	CMR Score
	

	ED
	Endocrine disrupting effects
	ED (proven) = 1
ED (suspect) = 0.5
No information = 0.25
No ED conclusions= 0

	ED Score
	


1For the calculation of the Hazard score, the indicators and the associated weights can be adjusted according to specific prioritisation objectives

[bookmark: _Toc142264149]2.3 Risk score
Based on the risk ratio concept, three main indicators are applied to rank the compounds in terms of potential risk (according to the data available): 
· the Extent of Exceedance (EoE) of the Lowest PNEC (to address the intensity of impacts)
· the spatial Frequency of Exceedance (FoE) of the Lowest PNEC (to address the spatial aspect of exposure and risk of exceedance of the PNEC)
· the Mixture Risks Indicator (MRC) (to address concentration levels just below the Lowest PNEC and therefore the contribution to mixture risks).
Extent of Exceedance of the Lowest PNEC (EoE)
The extent of exceedance of the Lowest PNEC is expressed as:

Where, i refers to chemical i, MEC95 is the 95th percentile of the maximum measured environmental concentrations (MECsite) of all sites monitored, and Lowest PNEC (most reliable quality standard agreed by experts). 
The resulting risk ratio is then scaled from 0 to 1 with a different score assigned depending on the extent of exceedance of the PNEC. While concentrations above the Risk threshold of 1 but below 10 are considered as fixed scores, for RQ < 1 the RQ value is simply divided by 10 and then used as linear score (Table S8).

[bookmark: _Ref140849889]Table S8. Derivation of the Extent of Exceedance (EoE) score.
	Indicator

	Score

	MEC95/Lowest PNEC <1 (EoE / 10)
	  < 0.1

	1≤ MEC95/Lowest PNEC ≤10 
	   0.10

	10< MEC95/Lowest PNEC ≤100 
	   0.25

	100< MEC95/Lowest PNEC ≤1000 
	   0.50

	MEC95/Lowest PNEC >1000
	   1.00



Frequency of Exceedance of the Lowest PNEC (FoE) 
The Frequency of Exceedance of the Lowest PNEC considers the spatial distribution of potential effects of a compound, i.e. the frequency of sites with concentrations above its effect threshold. It is calculated as:


The resulting value (score) indicates the share (or frequency) of sites where potential effects are expected and lies between 0 (no exceedance) and 1 (exceeding at all sites). These values can therefore be used directly for the overall prioritisation.
It should be noted that the FoE and EoE indicators are also used as risk indicators for the categorisation (FoE) and prioritisation (FoE and EoE) of compounds based on suspect screening data from DSFP. In this case, the application of the indicators relies on semi-quantified concentration data, which is derived using the approach described elsewhere [27].
Mixture Risk Contribution (MRC)
The Mixture Risk Contribution (MRCi) indicator, which accounts for the contribution of a chemical to the total risk at sites, where it does not exceed the PNEC individually, and is calculated according to the following equation:

where i refers to chemical i, the number of sites where the RQ is below 1, and above 0.1, and the total number of sites where compound i was measured. In this way, each compound is assigned a MRCi score which reflects the frequency at which the compound is present in the aquatic environment (at river basin, national or Europe scale) as a potential contributor to mixture toxicity, while the FoE represents the frequency at which the compound exceeds the PNEC individually. FoE and MRC can be considered as complementary indicators as their sum cannot exceed 1. 

The final Risk score is then calculated by adding the three sub-scores, as follows: 
· Risk score = EoE + FoE + MRC                                                                                  (9)

In the current algorithm, each indicator has the same weight in the calculation of the Risk score. However, a lower weight (1/2) could be given to the MRC indicator as compared to the FoE, as proposed by Sauer et al. [28], in order to reflect that the relevance of a compound contributing based on mixture risks (i.e., RQ between 0.1 and 1) is lower compared to a compound exceeding the PNEC as individual substance (RQ > 1). The different components of the Risk score are summarised in the table below. 

Table S9. Risk score derivation. 
	Indicators
	Description
	Score / formula
	Final RISK score

	Spatial frequency of exceedance of Lowest PNEC (FoE)
	= number of sites where MECsite > Lowest PNEC,divided by total number of sites, where the substance was measured

	= value as a fraction rounded to two decimals
	For Cat.1, 3 and 6:
RISKscore = FoE + MRC1 + EoE


For Cat.2, 4 and 5:
RISKscore = FoE + MRC1

NOTE: The RISK score cannot be calculated for substances in Cat.2F, 5F and 4F (no data available in EMPODAT, i.e. 0)

	Frequency of Mixture Risk Contribution (MRC)
	Nb sites where substance i shows 0.1≤(MEC95/PNEC) <1
	= value as a fraction rounded to two decimals
	

	Extent of exceedance of Lowest PNEC (EoE)
	=MEC95 / Lowest PNEC
– for Category 1, 3, 6: MEC95 (recent data)
	MEC95/Lowest PNEC <1 = < 0.1
1≤ MEC95/Lowest PNEC ≤10 = 0.1
10< MEC95/Lowest PNEC ≤100 = 0.25
100< MEC95/Lowest PNEC ≤1000 = 0.5
MEC95/Lowest PNEC >1000 = 1
	





[bookmark: _Ref155216761][bookmark: _Ref324713820][bookmark: _Ref324713834]Table S10: List of indicators and cut-off values applied for the allocation of the candidate substances to action categories 1 to 6.
	Categories / indicators
	Cat. 1
	Cat. 2
	Cat. 3
	Cat. 4
	Cat. 5
	Cat. 6

	
	1A
	1B
	2A
	2B
	2F
	3
	4A
	4B
	4F
	5A
	5B
	5F
	6A
	6B

	Analyses available in relevant matrix(ces)
	Yes
	Yes
	Yes/No
	Yes
	No data
	Yes
	Yes or No data
	Yes
	Yes OR 
No data
	Yes/No
	Yes
	No data
	Yes
	Yes

	≥ 4 countries with analysis
	Yes
	Yes
	<4 countries AND/OR <100 sites
	Yes
	No data
	Yes
	<4 countries AND/OR <100 sites
	Yes
	-
	<4 countries AND/OR <100 sites
	Yes
	No data
	Yes
	Yes

	≥100 sites with analysis 
	Yes
	Yes
	
	Yes
	No data
	Yes
	
	Yes
	-
	
	Yes
	No data
	Yes
	Yes

	≥ 50 sites with analyses > LOQ (recent data)
	Yes
	No
	-
	No
	No data
	Yes
OR
No AND 
> 100 sites with 
LOQmax<
PNEC
	-
	No
	-
	-
	No
	No data
	Yes
	No

	More than > 100 sites with LOQmax <PNEC

	-
	Yes
	-
	No
	No data
	
	No or 
No data
	No
	No or
    No data
	-
	No
	No data
	-
	Yes

	LOQmin <PNEC

	-
	Yes
	LOQmin (datasets) < PNEC OR LOQliterat <PNEC
	LOQmin (datasets) < PNEC OR LOQliterat <PNEC
	No data
	-
	No or 
No data
	No
	No or 
No data

	LOQmin (datasets) < PNEC OR LOQliterat <PNEC
	LOQmin (datasets) < PNEC OR LOQliterat <PNEC
	No data
	-
	Yes

	LOQliterat <PNEC
	-
	-
	
	
	Yes
	-
	No
	No
	No data
	
	
	Yes
	-
	-

	Suff. data for hazard assessment
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	-
	-
	-
	No
	No
	No
	Yes
	Yes

	Potential risk identified MEC95 /Lowest PNEC≥1
	Yes
	No
	-
	-
	No data
	-
	-
	-
	No data
	-
	-
	No data
	No
	No

	Potential risk identified MEC99 /Lowest PNEC≥1
	No
	Yes
	-
	-
	No data
	-
	-
	-
	No data
	-
	-
	No data
	No
	No

	Potential risk identified MEC95 /Lowest PNEC<1
AND ≥ 0.1
	No
	No
	-
	-
	No data
	-
	-
	-
	No data
	-
	-
	No data
	Yes
	No
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