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Network of reference laboratories, research centers and related 
organisations for monitoring of emerging environmental substances

More than 80 members from EU leading organisations from 21 European 
countries, and Canada, US, Asia

Mission:

• Exchange information on emerging substances

• Improve data quality

• Promote synergies among research teams and more efficient transfer of 
research findings to policy-makers

Vision:

• Independent, transparent and open network working for a sustainable environment

• Leading European network for emerging substances in the environment

• Watch-dog for emerging environmental threats

• Bridge between science and policy-making

• Platform for innovative bottom-up initiatives to explore new monitoring challenges

NORMAN Network



NORMAN Working Groups



Why do we need to prioritise
substances? 

• Most frequent questions: 

– What are the most problematic substances for HH 
and ecosystems and what are their sources?

– We tend to concentrate on well-known substances 
and emerging contaminants may be overlooked: 
what should we monitor better? 

– What are the priority substances for improvement 
of (eco)toxicity assessment?

– What are the priority ‘difficult to measure’ 
compounds for which actions need to be launched 
to improve analytical performance and 
harmonisation of methods?

• We have developed a scheme
to tackle these questions



Sufficient analytical performance?

LOQ (best performance) < PNEC? 

no

Cat. 4: 

Improve analytical

performance

Novel endpoints

Cat. 1A/1B: 

Priority for regular

monitoring

Cat. 6:

Non-priority for

regular monitoring

Cat. 3: Improve

(eco)toxico-

logical data

Cat. 2: 

Watch list  screening

studies, risk

assessment

noCat. 5

Watch List  Improve

(eco)toxicological data

and monitoring

Is the substance sufficiently investigated and are there sufficient quantified

data in the relevant matrix(ces)? 

List of subtances SusDat

Substance sufficiently monitored and

quantified in relevant matrix

Substance sufficiently monitored but  low frequency

of quantification

Substance insuffiently (or never) monitored

no

no

yes

yes

Sufficient experimental 

toxicity data for hazard

assesment? 

Risk of exceedance (MEC95 and MEC99) of PNEC ?

yes

Sufficient experimental 

toxicity data for hazard

assesment? 

yes no no

yes

Sufficient number of datasets with

LOQ < PNEC? 

NORMAN Prioritisation workflow for target 

monitoring data

Intensity of investigation:
- Nb of countries with measurements? 
- Nb of sites? 

Quality of the monitoring data:
- LOQ < PNEC? 

Robustness of the PNEC? 
- Experimental or 
predicted data? 

Frequency of 
quantification?

Potential risk of PNEC exceedance? 

Priority for 
regulation

Priority for 
ecotox studies

Priority for analytical
methods

Priority for screening 
studies



Prioritisation
indicators

Ranking 
compounds 
within each 
action category

Exposure indicators (cat. 1, 3, 6) 
• Frequency of quantification 
➔ Nb analysis or sites with concentration 

>LOQ / Total Nb of analysis or sites   

Risk indicators (cat. 1, 3, 6) 

• Extent of Exceedance of the PNEC = MEC95 / 
Lowest PNEC

• Frequency of Exceedance of the PNEC = Nb of 
sites with MECsite > Lowest PNEC / Nb of sites 
where the substance was measured

Hazard indicators (all categories)

• PBT, PMT criteria (based on Half-life, Kow, Koc, 
BCF…..)

• CMR classification (CLP classification, etc.) 

• ED potential (EU lists, literature data) 



New challenges: evolution of the system 

• At the beginning: focus on a list of 800 substances (CECs)
– now we deal with more 100,000 substances at the same time

• More powerful analytical tools
– HRMS-based screening 

– Effect-based tool

• ECOTOX data
– Experimental data, but also more robust predictive models

• PBT assessment
– New models, e.g. Janus model 

• Mixture toxicity
– Cumulative risk assessment

• Grouping

To assess all that, we need a common database 
platform to collect and exploit information



NORMAN Database System

https://www.norman-network.com/nds/

https://www.norman-network.com/nds/


NORMAN Database System (NDS)

https://www.norman-network.com/nds/ & https://www.norman-network.com/nds/SLE/ & https://www.norman-network.com/nds/susdat

https://www.norman-network.com/nds/

SusDat

SLE

https://www.norman-network.com/nds/
https://www.norman-network.com/nds/SLE/
https://www.norman-network.com/nds/susdat
https://www.norman-network.com/nds/


NORMAN Suspect List Exchange (SLE)

Schymanski et al. (in prep.) and https://www.norman-network.com/nds/SLE/ and https://zenodo.org/communities/norman-sle

https://www.norman-network.com/nds/SLE/

> 84 lists
> 100,000 substances

https://www.norman-network.com/nds/SLE/
https://zenodo.org/communities/norman-sle
https://www.norman-network.com/nds/SLE/


NORMAN SusDat Database

For each compound exhaustive info is 
provided for identification of 

compounds with HRMS (exact mass, 
RTI, adducts, fragments, etc.)

• https://www.norman-network.com/nds/susdat/

• Interactive merged and curated list of ALL substances of the Suspect List 
Exchange initiative   ➔ today 106,486 single compounds

https://www.norman-network.com/nds/susdat/


NORMAN Database System (NDS)

https://www.norman-network.com/nds/ & https://www.norman-network.com/nds/SLE/ & https://www.norman-network.com/nds/susdat

https://www.norman-network.com/nds/empodat/

EMPODAT

https://www.norman-network.com/nds/
https://www.norman-network.com/nds/SLE/
https://www.norman-network.com/nds/susdat
https://www.norman-network.com/nds/empodat/


NORMAN Database System (NDS)

https://www.norman-network.com/nds/ & https://www.norman-network.com/nds/SLE/ & https://www.norman-network.com/nds/susdat

https://www.norman-network.com/nds/ecotox/

Ecotoxicology

https://www.norman-network.com/nds/
https://www.norman-network.com/nds/SLE/
https://www.norman-network.com/nds/susdat
https://www.norman-network.com/nds/ecotox/


NORMAN ECOTOX database

• QSAR prediction for:

➔ ~ 80,000 substances (2020)
Aalizadeh R, et al. (2017) Environ. Sci.: 

Processes Impacts, 19: 2050-7887

• Experimental ecotox data for:

➔~ 5,000 compounds (2020)

Extraction script for retrieval of data 

from ECOTOX Knowledgebase of the US EPA

• Collection of existing PNEC for:                              

➔~ 1000 experimentally-based PNEC (2020)

Compiled from the open literature and authorisation documents

Constant evolution

• Derivation of new PNEC for:

➔~ 10 experimentally-based 

PNEC (2021)



https://www.norman-network.com/nds/ecotox/lowestPnecsIndex.php

So far, the Ecotox module focuses on 
aquatic species. But we are planning 

to expand to all matrices! 

https://www.norman-network.com/nds/ecotox/lowestPnecsIndex.php


NORMAN Database System (NDS)

https://www.norman-network.com/nds/ & https://www.norman-network.com/nds/SLE/ & https://www.norman-network.com/nds/susdat

https://www.norman-network.com/nds/

MassBank Europe

https://www.norman-network.com/nds/
https://www.norman-network.com/nds/SLE/
https://www.norman-network.com/nds/susdat
https://www.norman-network.com/nds/


NORMAN Database System (NDS)

https://www.norman-network.com/nds/ & https://www.norman-network.com/nds/SLE/ & https://www.norman-network.com/nds/susdat

https://www.norman-network.com/nds/

Digital Sample Freezing Platform

https://www.norman-network.com/nds/
https://www.norman-network.com/nds/SLE/
https://www.norman-network.com/nds/susdat
https://www.norman-network.com/nds/


Digital Sample Freezing Platform – DSFP

- A digital specimen bank of HRMS data 

Archive of geo-referenced HRMS data 
to support retrospective screening of 

large lists of emerging compounds 
across Europe and beyond

Alygizakis et al., NORMAN digital sample freezing platform: A 
European virtual platform to exchange liquid chromatography 
high resolution-mass spectrometry data and screen suspects in 
“digitally frozen” environmental samples. TrAC Trends in 
Analytical Chemistry (2019), Volume 115, DOI: 
10.1016/j.trac.2019.04.008



Data in Digital 
Sample
Freezing
Platform

Status DSFP - December 2020



JDS4 - NTS

SW, GW, SED, 
Biota, WW

2019-2020• Frequency of Appearance (FoA) = n/N (0-1)
n = Nb. of sites where the substance /feature was detected

N = Nb. of investigated sites

• Frequency of PNEC exceedance (FoE)
Based on semi-quantified data (structure similarity

approach)



NORMAN Database System in support of 
Prioritisation activities

21
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NORMAN Prioritisation workflow for target 

monitoring data: current status



NEW workflow TARGET + SUSPECT 
SCREENING 

(both for POS and NEG ionization modes; two parallel categorisation exercises and then 
compare the assigned categories )

List of emerging

substances - SUSDAT

Assigned category in EMPODAT Target DB?

yes

STOP 

HERE?

yes
Category

EMPODAT 

Target PRIO

no

EMPODAT 

Suspect DB

Identification score 

above threshold? 

yes

FoE > 0 ?

(Nb of sites with

conc. > PNEC / 

Total Nb of sites) 

FoA >0? 

(Nb of sites with

detection / Total 

Nb of sites)

yes

yes

Cat.1(*)_SUSPECT_High

Priority confirmation witth

Target monitoring

(exposure + risk)

no

noCat. 4A (*) 

SUSPECT :  : 

Improve

identification

no

no
Cat. 2(*) 

SUSPECT_ 

Priority: 

Watch list

(exposure)

Cat. 6(*) 

SUSPECT : 

Low priority for

target monitoring

Cat. 5(*) SUSPECT_ 

Priority Watch  

Improve

(eco)toxico-logical 

data

Cat. 3(*)_SUSPECT_High

Priority Target monitoring

Improve (eco)toxico-

logical data

FoA >0? 

(Nb of sites with

detection / Total 

Nb of sites)

Cat. 4C_ 

SUSPECT : 

Not detected

Low priority for

identification

yes

no

EMPODAT 

Target DB

Category (*): when experimental mass spectra are available

For discussion:
Potentiallly one additional sub-
category 4B is needed when: IP 
score > 1; FoA = 0  but LOQ > 
PNEC



Key elements of the new prioritisation
scheme 2021

• Creation of the EMPODAT SUSPECT DB – presented by Jaroslav

– Dedicated platform on suspect screening data in support of 
prioritisation

• Identification Point score

– A simplified and transparent IP-based system to identify substances 
with sufficient / insufficient identification evidences and 
communication of the confidence.

– An automated and fully interpretable machine learning approach for 
classification of the identifications from wide-scope suspect 
screening using NORMAN Digital Sample Freezing Platform

• Semiquantification method

– Already possible to obtain semiquantified concentration data using
various approaches

– A NORMAN ILS is on-going to decide the most accurate approach



Revised 
categories 

for 
suspect 

screening

6 categories (similar to the TARGET 
prioritisation scheme)

Indicators for categorisation / 
prioritisation: 

❑ Frequency of Appearance (FoA):

▪ Nb of sites with detection / Total Nb of sites 
with measurements

❑ Frequency of Exceedance of PNEC (FoE): 

▪ Nb of sites with conc. > PNEC / Total Nb of 
sites with measurements

❑ Extent of Exceedance of PNEC (EoE)

▪ MEC95/PNEC (where, MEC95 = P95 of all 
measured concentrations) 

❑ Hazard score :

▪ (P, B, M, T, ED, CMR)



Prioritisation 
indicators

Categories Exposure 

score

Risk score Hazard score Final score

Cat1; Cat3 FoA FoE + EoE To be discussed FoA+FoE+EoE

Cat2; Cat5 FoA To be discussed FoA

Cat4 FoA To be discussed FoA

Cat6 FoA To be discussed FoA

EoE Score

MEC95 / PNEC <1 0

MEC95 / PNEC ≥1≤10 0.1

MEC95 / PNEC >10≤100 0.25

MEC95 / PNEC >100 ≤1000 0.5

MEC95 / PNEC >1000 1

# or alike➔



Case study 
on WW 
effluents 
to test the 
new 
workflow

• Prioritisation based on 
Suspect screening –
DSFP / SUSPECT DB: 

• 65,690 substances 
from SusDat

• From 2017 to 2020

• 13 countries 

• 57 sites 

• 84 (24h composite) 
Wastewater 
effluents samples 

• Analytical technique 
employed for NTS 
data acquisition: LC-
HRMS bbCID and 
AutoMS

• Prioritisation based 
on Target monitoring 
- EMPODAT: 

• 2,557 substances

• From 2009 to 
2021

• 19 countries

• 248,542 analysis



Distribution of SusDat compounds in Categories

Categories
Number of compounds

NTS
Number of compounds

Target

1 23 32

2 105 311

3 1,228 160

4 A (+) 39,333 
147

4 C (-) 19,347

5 5,619 1,785

6 35 123

Sum 65,690 2,557



Cat 1 SUSPECT: Expo + Risk + Exp PNEC



Cat 1 SUSPECT

• Good agreement between target and suspect 
screening (e.g. diclofenac, carbamazepine with high 
exposure and exceedance of PNEC)

Cat 1 SUSPECT: Expo + Risk + Exp PNEC



Cat 1 SUSPECT

• Also Category 1 in EMPODAT but lower priority

Cat 1 SUSPECT: Expo + Risk + Exp PNEC



Category 3
• More than 1200 compounds 

• Expo + RISK + Predicted PNEC

• Priority for PNEC verification 

• Among top-ranked compounds =>>  
substances for which target monitoring 
data are scarce 



Conclusions

• Common platform and innovative tools to deal with large number of 
substances: integrated use of different data sources and matrices 

• Different lines of evidence for prioritisation in support of regulation :

– Allows the use of NTS data as an additional data source for identification of 
priority CECs among substances that are currently under-investigated

– Allows the use of NTS data as an additional line of evidence for 
prioritisation of substances, for which target monitoring data are already 
available

• Transparent system, flexible

• Wide-scope input for a European early warning system

• Overview of critical substances in each environmental compartment =>> for 
future work on grouping

• Mixture toxicity effects => MTI indicator under elaboration (WG-1 JPA 2022)



Thank you!

Any QUESTIONS ? 


