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I n t r o d u c t i o n

Sources of OPs in the environment

Persistent Organic Pollutants

Emerging Pollutants

• known hazardous properties
• routinely monitored
• regulation

• unknown properties
• not routinely monitored
• detected in environment
• candidates for future regulation

+metabolites / transformation products

exposure of wildlife in hazardous 
chemicals



O u r  r e s e a r c h  g r o u p

@ThomaidisLab

http://trams.chem.uoa.gr

Athens

Trace Analysis and Mass Spectrometry (TrAMS) group

• 5 Professors and Teaching associates

• 16 Post-doctoral researchers

• 13 PhD student

• 11 Master students

• 4 Undergraduate students

• 3 Analysts – Researchers

• 3 Administrative support

Long term collaborations with Universities & Research Institutes worldwide

Strong links with regulatory bodies for environmental quality and food safety issues

Development of advanced methodologies using state-of-the-art instrumentation

Applications in Environmental Analysis, Life Science and Foodomics studies

https://www.linkedin.com/groups/12717378



O u r  m i s s i o n

Development of advanced chemometric 
tools and data processing methods 

(supporting non-target tools)

Answers in environmental problems on organic pollutants and their metabolites/ transformation 

products

State-of-the-art mass spectrometric instrumentation

Development of novel analytical 
methodologies on sample preparation

holistic research approach
monitoring of thousands chemicals
fate studies
ecotoxicology

e.g. European Chemical Agency (ECHA)
European Commission Joint Research Centre (JRC)
Directorate-General for Environment (DG ENV)

Monitoring “Big” Data

EU Regulatory bodies → new mitigation measures



H o l i s t i c  s t r a t e g y  o f  e n v i r o n m e n t a l  m o n i t o r i n g

✓ HRMS

✓ LRMS → higher sensitivity & selectivity

✓ Priority pollutants

✓ Emerging pollutants

✓ Very polar compounds

✓ Polar to semi-polar compounds

✓ Non-polar compounds

✓ (Semi-) Quantitative analysis

✓ Qualitative analysis

✓ Tentative identification

✓ Risk Assessment

✓ Target analysis

✓ Suspect screening

✓ Non-target screening

✓ WW (influent, effluent, sewage sludge)

✓ Seawater

✓ Sediment /Soil

✓ Biota (different trophic levels)

1. Analytical 
methodologies

2. Sources, fate, removal

3. Metabolism & 
Transformation

4. Risk Assessment



I n s t r u m e n t a t i o n

volatile
non-polar

non-volatile
polar, semi-polar

LC-MS/MS

LC-ESI-QToF MS

MALDI-ToF MS

timsTOF fleX

LC-VIP-HESI-tims-QToF MS

State-of-the-art HRMS 
instrumentation

LC-UV, LC-DAD
GC-FID
MS techniques

inorganic

ICP-MS



NKUA Databases

>3,200 organic micropollutants (emerging contaminants and priority pollutants) organized 
in 7 well-defined target datasets

Main chemical classes
• Plant Protection Products (>900)
• Pharmaceuticals & Veterinary Drugs (>700)
              Antibiotics (>50)

• Illicit drugs & New Psychoactive Substances (>500)
• Personal care products
• Industrial Chemicals (>150)

Benzothiazoles
Benzotriazoles
Flame Retardants
Quaternary ammonium compounds (QACs)
Surfactants
Tire additives

• Per- and Polyfluoroalkyl Substances (PFAS) (>60)
• Sweeteners
• Preservatives
• Steroids/Hormones
  +
• Transformation Products / Metabolites (~200)

• Polycyclic Aromatic Hydrocarbons (PAHs)
• Polychlorinated Biphenyls (PCBs)
• Plant Protection Products

  Organochlorine Pesticides (OCPs)

• Polychlorinated Naphthalenes (PCNs)
• Polybrominated Diphenyl Ethers (PBDEs)
• Explosives
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>1,500 compounds with experimental CCS values!!!

The databases are continuously being updated!
• new compounds of interest
• regulated compounds
• frequently identified chemicals
• literature

Database structure

▪ Analyte name & Chemical identifiers

▪ Retention time (RT)

▪ Full-scan MS

▪ pseudomolecular ion

▪ adduct ions

▪ in-source fragment ions  

  (most abundant: precursor ion, other MS ions: qualifier ions)

▪ bbCID MS/MS

▪  fragment ions as qualifier ions

 (mandatory ions: ions with > 50% relative intensity)

▪ 1/K0 and calculated CCS for each ion species

LC-TIMS-HRMS database

W i d e - s c o p e  t a r g e t  s c r e e n i n g



I n - h o u s e  d e v e l o p e d  t o o l s  s u p p o r t i n g  e n v i r o n m e n t a l  a n a l y s i s  b y  H R M S

N O R M A N  D i g i t a l  S a m p l e  F r e e z i n g  P l a t f o r m  ( D S F P )

✓ Digital Archiving
✓ Retrospective Suspect Screening



I n - h o u s e  d e v e l o p e d  t o o l s  s u p p o r t i n g  e n v i r o n m e n t a l  a n a l y s i s  b y  H R M S

R e t e n t i o n  t i m e  p r e d i c t i o n  m o d e l

RetTrAMS software v.3



I n - h o u s e  d e v e l o p e d  t o o l s  s u p p o r t i n g  e n v i r o n m e n t a l  a n a l y s i s  b y  H R M S

C C S  p r e d i c t i o n  m o d e l



I n - h o u s e  d e v e l o p e d  t o o l s  s u p p o r t i n g  e n v i r o n m e n t a l  a n a l y s i s  b y  H R M S

S e m i  q u a n t i f i c a t i o n  w o r k f l o w s  ( L C - E S I - H R M S )



I n - h o u s e  d e v e l o p e d  t o o l s  s u p p o r t i n g  e n v i r o n m e n t a l  a n a l y s i s  b y  H R M S

S e m i  q u a n t i f i c a t i o n  w o r k f l o w s  ( L C - E S I - I M S - H R M S )



I n - h o u s e  d e v e l o p e d  t o o l s  s u p p o r t i n g  e n v i r o n m e n t a l  a n a l y s i s  b y  H R M S

S e m i  q u a n t i f i c a t i o n  w o r k f l o w s  ( G C - A P C I - H R M S )



I n - h o u s e  d e v e l o p e d  t o o l s  s u p p o r t i n g  e n v i r o n m e n t a l  a n a l y s i s  b y  H R M S

N o n - t a r g e t  s c r e e n i n g  a p p r o a c h e s



I n - h o u s e  d e v e l o p e d  t o o l s  s u p p o r t i n g  e n v i r o n m e n t a l  a n a l y s i s  b y  H R M S

N o n - t a r g e t  s c r e e n i n g  a p p r o a c h e s



I n - h o u s e  d e v e l o p e d  t o o l s  s u p p o r t i n g  e n v i r o n m e n t a l  a n a l y s i s  b y  H R M S

P r i o r i t i z a t i o n  t o o l s



I n - h o u s e  d e v e l o p e d  t o o l s  s u p p o r t i n g  e n v i r o n m e n t a l  a n a l y s i s  b y  H R M S

P r i o r i t i z a t i o n  t o o l s

• Deep learning model that detects the sources of chemicals in the Black Sea.

• Interactive dash application that filters and visualize the chemicals.

• Spatial distribution was used as a non target screening prioritization approach.

• Large rivers proved to be among important sources of chemicals in the Black Sea.

• 48.2 ± 1.5 % and 31.1 ± 3.0 % of signals originated from Danube and Dnieper respectively

H I G H L I G H T S



L I F E  A P E X

250 chemicals were determined through wide-scope target analysis in LIFE APEX samples

97 in more than 2 tiers of LIFE APEX project

41%

23%

16%

8%

analgesic drugs

antibiotics

antidepressant &
antipsychotic drugs

cardiovascular drugs

anesthetic drugs

NSAIDs

fungicides

herbicides insecticides

surfactants

QACs

PFCAs

PFSAs

tobacco related ECs
coffee related ECs



L I F E  A P E X

Highlights

● 67 apex predator & prey samples from 4 European countries

● 145 contaminants of emerging concern from various chemical classes were detected

● 30% of the prioritized compounds were PFAS, indicating their widespread presence in the 
environment & bioaccumulative properties

● Parent compounds & TPs (tramadol, lidocaine and their M&TPs) in the list of the prioritized 
compounds

● Elevated concentration levels in apex predators (liver) Vs prey (muscle tissue) samples

● Data suitable to prioritize chemicals for PBT assessment and evaluation of mitigation measures.



L I F E  A P E X

time-trend analysis

2010-2018 → trend to lower concentrations of PFOS

Attributed to PFOS replacement compounds? 

PFOS
Otter Vs Roach

higher concentration levels in freshwater 
predators Vs the respective prey



J D S 4C O N n E C T



J D S 4T e r r a C h e m

6 case studies (different terrestrial food chain) + 1 pan-European case study (barn owl)
environmental samples from different trophic levels

✓ Wide-scope target analysis of >3,500 environmentally relevant organic pollutants
✓ Suspect screening of >100,00 chemicals
✓ GC-MS/MS for the determination of priority pollutants
✓ elemental analysis using ICP-MS

in-silico tools for the prediction of the toxicity, 
hazardous properties and fate of these 

chemicals in the terrestrial environment



T o x i c i t y  p r e d i c t i o n  m o d e l s



T o x i c i t y  p r e d i c t i o n  m o d e l s

T o x A I ;  Open source R and Python-based app to perform in silico risk characterization and environmental fate analysis towards 

more than 105 end points



https://nikosthomaidis.gr/

http://trams.chem.uoa.gr

ntho@chem.uoa.gr

@ThomaidisLab
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