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Advanced mass spectrometry in biomarker 

discovery for emerging contaminants

Assessing human exposure



Outline

- Investigating external exposure

- In vitro identification of biomarkers - to assess internal
exposure

- Applications in human samples 

Target analysis of biological samples

Suspect screening of biological samples



Investigating external exposure



Dust

INTAKE

Food

Consumer Products

Air

Use: 

- target analysis

- suspect/non-target screening

- a combination of the two



Target-food



Suspect-dust



compounds in dust
Newly identified 
compounds in dust

Suspect - dust



Target - dust



Target - dust



In vitro identification of 
biomarkers

- to assess internal exposure



Need to measure the right 
biomarkers !
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Urine

INTAKE

BIOMONITORING

METABOLISM

Serum/Blood

Food

Consumer Products

Air
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In silico

- Meteor
- MetaSense
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ADVANCED TOOLS FOR EXPOSURE ASSESSMENT AND BIOMONITORING

- identify best to monitor biomarkers in human body
(using in vitro testing with human liver microsomes or liver cells)

- HepG2
- HepaRG

- HLM

In vitro

- S9 
(cytosol)



1. Generate a 
metabolite database
by using specialized

software 
(e.g., Meteor, Biotransformer)

2. Perform in vitro 
incubations with

microsomes (CYP, UGT) 
or

S9 fractions (SULT)

3. Analysis by LC-
QTOFMS

suspect screening
+

non-target screening
Threshold (5-10 ppm)

Identification of metabolites



Suspect or Non-target screening?

Suspect

Non-target

= Identification  of predicted (expected) metabolites
→ Known unknowns

= Identification of new, not predicted metabolites
→ Unknown unknowns



Suspect screening

Subscription software Free access
Biotransformer.ca

CompTox Chemicals Dashboard

ChemSpider

Database

= List of chemicals of interest

• Name

• Chemical formula

• Monoisotopic mass

• Retention time

• MS/MS spectra



Open Source Workflow

Find all features of interest 
in samples

Prioritization of features

Non-target screening

MS-DIAL



Mzmine + R
Volcano plot

> 10 x increase in sample

P < 0.05
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Correct annotation is the key to communicate confidence



1. Generate a 
metabolite database
by using specialized

software 
(e.g., Meteor, Biotransformer)

2. Perform in vitro 
incubations with

microsomes (CYP, UGT) 
or

S9 fractions (SULT)

3. Analysis by LC-
QTOFMS

suspect screening
+

non-target screening
Threshold (5-10 ppm)

4. Confirmation: MS/MS experiments
+

Formation of metabolites by
- increasing incubation time, compound

and protein concentration
+

- injection of authentic standards

- Propose a metabolism pathway
- Propose suitable candidate

biomarkers

New metabolites
identified by untargeted
screening are added to 
the original database

Identification of metabolites



How to facilitate the detection of 
halogenated chemicals?

• Isotope cluster analysis:
- based on the exact mass 

difference and intensity between 
two isotopomers; 

- output: extracted chromatogram 

• Mass defect filtering: 
- based on the particularity that 

halogens have a negative mass 
defect and that halogenated FRs 
contain > 3 halogen atoms; 

- output: extracted compounds

Ionas et al., J. Mass Spectrom, 2015



TBOEP metabolism
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EHDPHP metabolism

Ballesteros et al., Toxicol Lett, 2014

(Hydrolysis metabolite)



EHDPHP metabolism

Ballesteros-Gomez et al.,  Toxicol Lett 2014



EHDPHP

Xu et al., Environ Int 2019

ng/mL DPHP EHPHP 5-HO-EHDPHP

min 0.09 <MLQ <MLQ

max 8.55 3.46 1.30

median 0.78 <MLQ 0.06

DF (%) 100 33 98

60 morning urine samples from A-TEAM cohort

Hydrolysis products
Oxidative metabolite
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Van den Eede et al., (2013) Toxicol. Lett.

Triphenyl phosphate (TPHP) Diphenyl phosphate (DPHP)

1-hydroxy-2-propyl bis(1-chloro-2-propyl) phosphate
(BCIPHIPP)

Tris (1-chloro-2-propyl) phosphate 
(TCIPP)

Direct excretion in urinePhase I

Phase I Phase II Excreted as glucuronide-
conjugates in urine

Candidate biomarkers

Potential biomarkers of exposure

 Formation of dialkyl/aryl phosphates (DAPs)

 Formation of hydroxylated metabolites (HO-PFRs)



Summary

Specific metabolite Non-specific metabolite

Parent Hydrolysis 
metabolite

Oxidative
metabolite

TDCIPP BDCIPP -

TCIPP BCIPP TCIPP-OH

TBOEP BBOEP TBOEP-OH
Desbutyl-TBOEP 

TPHP DPHP HO-TPHP

EHDPHP EHPHP
DPHP

5-HO-EHDPHP

RDP DPHP HO-RDP, di-OH-RDP

BDP DPHP HO-BDP, others

V6 Several Several 



Target analysis of biological 
samples



In vivo application
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- 2 mL urine sample spiked with IS
- Deconjugation with -glucuronidase 

- SPE with Bond-Elut C18
- Washing with H2O
- Elution with 3 mL of MeOH

- Separation on Biphenyl column
- LC-MS/MS analysis on Agilent 6460

Bastiaensen et al., Anal. Bioanal. Chem., 2018

Parent compound Biomarkers
in urine

EHDPHP
5-HO-EHDPHP

EHPHP

TBOEP

BBOEP

TBOEP-OH

BBOEHEP

TCIPP
BCIPP

BCIPHIPP

TPHP

DPHP

4-HO-DPHP

3-HO-TPHP

4-HO-TPHP

TDCIPP BDCIPP

TBP DNBP

TCEP TCEP



QA/QC measures – target analysis
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- QA/QC activities

- Participation in 4 rounds of Interlab comparison organised within HBM4EU (within WP9)
- passed each time for DPHP, BDCIPP and BCIPP

- Participation since 2018 in the Canadian AMAP interlab scheme
- Passed each round for DPHP and BDCIPP

- Established indicative values for PFR metabolites in SRM 3673 (organics in human urine)

2019



PFR metabolites in Japanese children (in ng/mL) 

• 8 out of 14 metabolites frequently detected
• Median concentrations < 1 ng/mL
• Increased exposure to TBOEP, specific to Japan

Araki et al., Environ Int 2018

Japan: Hokkaido study
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(n = 593) 

Main OPEs in food :  TPHP, TCIPP and EHDPHP
Main OPE metabolites in urine : DPHP, BCIPHIPP and EHPHP

EHPHP – particular signature in the Belgian exposure

(other factors, such as dust ingestion might also contribute to this)

Belgium



Estimated daily intake for PFRs (FLEHS IV)
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EDIs adolescents
in ng/kg bw/day
(n = 582)

TPHP TDCIPP TCIPP TBOEP EHDPHP

based on 
DPHP

based on 
BDCIPP

based on 
BCIPHIPP

based on 
BBOEHEP

based on sum 
EHDPHP

Fue (S9) 0.19 0.68 0.28 0.16 0.2

50th per 197.7 14.5 57.4 6.3 567.7

95th per 640.0 119.1 517.5 44.2 2004.2

RfD (ng/kg bw/day) 2.0x104 2.0x104 1.0x104 1.5x104 1.5x104

% > RfD 0% 0% 0.17% 0% 0%

ratio RfD/95th per 31 168 19 340 7

Bastiaensen et al. (2021) Environ. Int.



Suspect screening of biological 
samples



Sample treatment of urine samples and instrumental analysis 

Female
(N=25)

Male
(N=25)

Ca
pt

iv
a

1.5 mL urine
Centrifugation
5min 3500 rpm

LC-ESI(±)-QTOF-MS 
analysis

0.5 mL urine
(12.5 ng/mL labelled-IS) 

Filtering

Mobile phase composition ESI(+): water 0.1%FA (A), MeOH 0.1% FA (B)

ESI(-): water 1 mM NH4F (A), MeOH 1 mM NH4F (B)

Elution program - Flow rate Gradient - 0.3 mL/min

Acquisition mode Data-dependant. Auto MS/MS (by abundance). CE 10, 20, 40 eV

Scan range 100-1500 m/z (MS) – 50-1100m/z (MS/MS)

Data storage Centroid

FLEHS IV (2016-2020)
n=600 adolescents



Suspect screening data-analysis

IN-HOUSE SUSPECT LIST ECs
10754 Parent & Metabolites

Compounds
(Name, IUPAC name, Formula, m/z, 

SMILES, InChi, InChiKey, CAS, chemical
group)

Profinder Mass Profiler
Professional

• Alignment
• Deconvolution: 

Batch recursive features 
extraction (small 
molecules)
• Mass tolerance (20 ppm 

for parent ions and 25 
ppm for product ions) 

• Match score > 70

• Filter by frequency: at 
least in 1% of the 
samples in at least 1 
condition

• QC on samples
• PCA samples/procedural 

blanks
• Pvalue cut off= 0.05
• Fold change = 10

MassHunter ID Browser MassHunter Qualitative
Analysis

• Database: in-house suspect list
• Spectrum peaks = 5
• Maximum results = 1
• Mass tolerance (7.5 ppm for 

parent ions and 10 ppm for 
product ions)

• Mass score > 80
• Isotope abundance score= 80

• Manual inspection of 
each identification

• Level of identification 
based on Schymanski´s
scale

Find by Formula
(Database containing 

only IS)
• Δtret
• Mass accuracy
• Isotopic pattern

MassHunter
Qualitative

MS-DIAL

• Alignment
• Batch recursive features extraction (small molecules)

• Mass tolerance (20 ppm for parent ions and 25 ppm 
for product ions) 

• Match score > 70
• Database: European MassBank Database/ MassBank of 

North America (MoNA)
• Manual inspection of each identification
• Level of identification based on Schymanski´s scaleEuropean MassBank

Database/ MassBank
of North America 
(MoNA)

Schymanski et al., 2014. Environ. Sci. Technol, 48 (4), 2097-2098. 



QA/QC measures – suspect screening analysis



45 Identified ECs in urine (Level of identification 1-3)



45 Identified ECs in urine (Level of identification 1-3)



45 Identified ECs in urine (Level of identification 1-3)



- Identification of emerging contaminants in relevant samples for
human exposure (food, dust, consumer products)

- Identification of biomarkers of emerging contaminants in in vitro and
in vivo situations

- Suitability of in vitro identified metabolites in in vivo samples

Several running projects at the ToxCenter tackling these topics

Quo Vadis?



Thank you for your 
attention !!

adrian.covaci@uanwerpen.be

www.linkedin.com/company/toxicological-centre/

www.uantwerpen.be/en/research-groups/tox/


