
Chromatography-mass 
spectrometry analysis of polar 

chemicals in water and 
transformation products 

elucidation 
José Benito Quintana 

University of Santiago de Compostela 

AOPs Summer School, Porto, PT                  July, 2017
   

ChromChem – Chromatography & Chemometrics 
Dept. Analytical Chemistry, IIAA – Institute of Food Analysis 
and Research, University of Santiago de Compostela, Spain 



• University of Santiago de Compostela, Spain 

Who we/I are/am 



• ChromChem: Research Group of Chromatography and 
Chemometrics 

• IIAA: Institute of Food Analysis and Research 

www.usc.es/gcqprega  www.usc.es/persoais/jb.quintana   

Who we/I are/am 

http://www.usc.es/gcqprega
http://www.usc.es/persoais/jb.quintana


Who we/I are/am 
• Sample preparation 

• Chromatography (-MS) 
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The PROMOTE project 

 “PROtecting water resources from MObile TracE 
chemicals” 

 Water JPI Pilot Call, runs 2015-2017 

www.promote-water.eu   

http://www.promote-water.eu/


The PROMOTE project 
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The PROMOTE project 

1. Identification and 
prioritization of 
PMOCs 

2. Analytical methods 
and monitoring 

3. Advanced clean-up 
strategies 

4. Recommendations 
for mitigation strategies 
and regulation 



Improving PMOCs determination 
• Reversed-Phase LC (RPLC) is the standard (in water analysis) 

• Alternatives? 

• Ion-pair RPLC 

• Ion-exchange 

• HILIC (hydrophilic interaction chromatography) 

• SFC (supercritical fluid chromatography) 

• MMLC: mixed-mode LC 



Mixed-mode LC for HRMS screening 

SCX 

WAX-RP 



Mixed-mode LC for HRMS screening 

• 45 model compounds including pesticides, sweeteners, flame 

retardants, UV filters, drugs, etc.   

• Acidic, basic, cationic, anionic, amphoteric and neutral chemicals 

• Low Log D (pH 7.4) 
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Mixed-mode LC for HRMS screening 
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Mixed-mode LC for HRMS screening 

2% ACN  
10 mM AcONH4 
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40 mM AcONH4 
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Mixed-mode LC for HRMS screening 
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Mixed-mode LC for HRMS screening 

100 mL sample Freeze Freeze-dry 
3 x 5mL MeOH 

Evaporate to dryness 
(Syncore® Polyvap) 

Recontitute in 
200 µL  ACN:MQ 

(1:9) 

Filter  
0.22 µm 

MMLC—QTOF  

Filter sample 



Mixed-mode LC for HRMS screening 

Data analysis MS 
Suspect screening MassHunter software 

Data analysis MS/MS 
Confirmation of positives 

Database 1: Water Res. 2015 Feb 1;69:274-83 
≈ 2000 common water pollutants 

 
Database 2: PROMOTE consortium 

 ≈ 1000 PMOCs from REACH 

Find by Formula Algorithm 

• Maximum mass error (± 5ppm) 
• Isotopic profile 
• Minimum peak heigh (100 counts) 

Accurate MS identified candidates 

Injection in MS/MS mode C.E. 15 and 30 V 

Standard not available 

MS/MS 
spectrum 

interpretation 

MS/MS spectrum 
comparison with 
databases (e.g. 

Metlin/Massbank) 

Standard available 

Comparison of: 
• Retention time 
• At least 2 

product ions 

SUSPECT SCREENING WORKFLOW 



Mixed-mode LC for HRMS screening 

Detected 90% 
samples 

CONFIRMED: ACESULFAME 
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(a) Compound identified by FBF algorithm Database 1 
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Mixed-mode LC for HRMS screening 
CONFIRMED: 1,3-DI-O-TOLYLGUANIDINE 

(a) Compound identified by FBF algorithm Database 2 

(c) MS spectrum 
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Mixed-mode LC for HRMS screening 

CONFIRMED: TRIFLUOROMETHANE SULFONIC ACID 

(a) Compound identified by FBF algorithm Database 2 

(b) Chromatographic peak 
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Mixed-mode LC for HRMS screening 
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Improving PMOCs determination 







The water cycle 

WWTP 

Surface water 

DWTP 

Transformation 
products (TPs) 



Transformation products (TPs) 

At ChromChem we have experience with: 
• Chlorination, permanganate, UV/Solar photolysis, 

biotransformation, AOPs… 
Our workflow 

1. Preliminary experiments 

2. Kinetic study: pH, dose, natural ions / catalizers 

3. TPs identification: 

• HRMS + statistical tools 

• HRMS/MS elucidation 

4. QSAR toxicity assessment 

5. Real samples 



Considered compounds 

AA FAA AAA 

N N

O
NH2

aminoantipyrine 

N N

O
NH

O

4-formylaminoantipyrine 

N N

O
NH

O

 4-acetoamidoantipyrine  

Example: phenazone-type analgesics 

Phenazone Propyphenazone 

N N

O

N N

O

Phe PrPhe 



AIMS 

• Study the reaction kinetics of Phe, PrPhe, AA, FAA and AAA with: 

 Free chlorine 

 Chlorine + bromide 

 Chloramine 

• Identification of transformation products (TPs) 



Methodology 
• 10 mL ultrapure water 

• 30 mM pH buffer (pH 5.7 – pH 8.3) 

• 50 μg·L-1  or 1 mg ·L-1 of compound 

• 1 mL aliquots at different times 

• Stopped with ascorbic acid 

• 1-10 mg·L-1 of chlorine 

• 4 mg·L-1 of chloramine solution 

• 0-100 μg·L-1 bromide 

Chlorination 
(+ bromide) 

Chloramination  
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Milli-Q pH Phe (s) PrPhe (s) AA (s) AAA (s) FAA (s) 
5.7 0.9 0.4 3.7 25 50 
7.0 1.8 0.5 3.6 43 52 
8.3 4.1 0.9 3.5 163 59 

Half-lives at 10 mgL-1 Cl2  
Chlorine 

Kinetics 



Half-lives at 10 mgL-1 Cl2 

Milli-Q pH 7 Phe (s) PrPhe (s) AA (s) AAA (s) FAA (s) 
0 µgL-1  Br- 1.8 0.5 3.6 43 52 

100 µgL-1  Br- 1 1.1 5 10 12 
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Half-lives at 4 mgL-1 NH2Cl  

Milli-Q pH Phe (h) PrPhe (h) AA (h) AAA FAA 
5.7 1.93 0.62 0.23 - - 
7.0 14.75 5.92 50 - - 
8.3 69.31 30.14 4.07 - - 

Chloramine 

Kinetics 



1. MassHunter Qualitative (software by Agilent Technologies) 
 - Open data files 
 - Algorithm Find Compounds by Molecular Feature 
 - Export data results as .cef 

Data treatment: finding suspects 

Chasing the TPs 



2. Mass Profiler Professional (Agilent Technologies) 
 - Open .cef files 
 - Set up data analysis (alignment, ANOVA, fold changes, etc.) 
 - Seek “overexpressed  features” 

Data treatment: finding suspects 

Chasing the TPs 



Formula generation:  
 Mass accuracy 
 isotopic distribution 
 spacing between isotopes  

5 x10 
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223.0633 
(M+H)+ 

225.0607 
(M+H)+ 

224.0663 
(M+H)+ 

m/z 
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Structure elucidation: 
Product ion scan 

[M+H]+: C11 H11 N2 O Cl 
Counts 

Data treatment: structure elucidation 

Chasing the TPs 
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Chasing the TPs 



C11H10N2OCl  
0.49 ppm 

C11H10N2OBr 
-0.18 ppm 

C11H10N2O2Cl  
-3.1 ppm C11H11N2O2Cl2 
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Compound 

Ecotoxicological data predicted by US 
EPA TEST 

Fathead Minnow 
(96h LC50 mg/L) 

Daphnia magna 
(48h LC50 mg/L) 

Phe 36.82 41.36 
Cl-Phe 10.67 24.45 
Br-Phe 9.64 17.33 

Cl, OH-Phe 18.34 50.83 
Cl2,OH-Phe N/A N/A 

Cl2,OH-Phe-Me N/A N/A 
Cl-Phe-Me 34.61 24.95 

Cl,OH-Phe-Me 53.71 131.74 

QSAR Toxicity – phenazone TPs 
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Reaction in real river water 





PROMOTE Workshop 



ISEAC-40 
INTERNATIONAL CONFERENCE ON 

ENVIRONMENTAL & FOOD MONITORING 
June 19-22, 2018 

Santiago de Compostela, Galicia, Spain 

http://www.iseac-conferences.org/ 

CHAIRS: 
José Benito Quintana – ENVIRON. 
Cristina Nerin - FOOD 
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