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In Europe, around 4000 different pharmaceutical active 

compounds (PhAC), used as human and veterinary 

drugs, are susceptible to reach every  

environmental matrix (water, sediment, soil, etc). 

Source and pathways of PhAC1 



The persistence of pharmaceuticals in the environment: 

 the rate of their spreading and their ability to 

accumulate in the biosphere has differed. 

 Due to constant inputs of these chemicals into the 

environment, they can be considered as pseudo-

persistent 

Even if their half-lives are short 

 their supply to the environment is continually 

replenished leading to increasing levels. 

Pharmaceuticals in the environment 



 Wastewater effluents are MAIN SOURCE of 

pharmaceuticals in river waters 

 This is why the great majority of studies on 

pharmaceuticals in water concerns their analysis, 

occurrence and fate in wastewater (WW) and wastewater 

treatment plant (WWTP), with an emphasis on processes 

efficiency of their removal. 

Sources of pharmaceuticals 



Fate of pharmaceuticals 

Mompelat et al., 2009 



Knowledge gaps 
 In the human body, pharmaceuticals can be transformed to 

one or more metabolites and excreted as a mixture of the 

parent compound and metabolites, in which the parent 

compound is often the minor component. 

 Some drugs are poorly metabolized and are excreted 

unchanged 

 The degree of metabolism depends on a number of 

parameters: 

 age 

 gender and ethnicity 

 the constitution of the patient 

 the time of administration 



Transformation of pharmaceuticals 

 Although unchanged drugs can undergo biochemical 

transformations during sewage treatment, some studies 

indicate that the absence of PhAC in treated water does not 

necessarily imply their complete removal. 

 In most instances, human drugs are metabolized in the body 

to more polar compounds that are more likely to pass through 

the WWTP. 



Analyses of pharmaceuticals 

 Analytical methods have become more sensitive, therefore 

more compounds can be detected at lower concentrations. 

 Among thousands pharmaceutically active compounds used 

nowadays, not everything that can be measured is worth 

measuring, and not everything worth measuring is 

measurable. 

 



Analyses of pharmaceuticals 

 Currently, analytical techniques employed to monitor 

pharmaceuticals present in the environment are based on 

solid phase extraction (SPE), followed by chromatography 

coupled with mass spectrometry, such as GC-MS, LC-MS 

and LC-MS/MS. 

 In surveys of pharmaceuticals in the aquatic environment, 

both GC-MS and LC-MS are the prevailing techniques. 

 Only LC-MS allows analysis of polar contaminants present at 

the trace level, due to the incomplete derivatization of 

functional groups of such compounds prior to GC-MS. 

 



General scheme of the analytical solutions 

offered by HR-MS(/MS) vs LR-MS-MS 
HR-MS: high resolution-MS, LR-MS: low resolution-MS 

LR-MS-MS 



target screening:  
Example of successful and ambiguous identifications 



Web platform for suspect screening : 
FOR-IDENT (https://water.for-ident.org) 

substance name ret. time logD 

Metformin 2.16 -1.36 

Chloridazon 9.03 1.11 

Carbetamide 10.5 1.65 

Monuron 10.9 1.93 

Metobromuron 12.9 2.24 

Chlorbromuron 14.3 2.85 

Metconazole 15.4 3.59 

Diazinon 16.7 4.19 

Quinoxyfen 17.6 4.98 

Fenofibrate 18.3 5.28 



FOR-IDENT for suspect screening: 
 screening on secondary effluent wastewater 



Open-source software for both target and 

non-targeted screening: Envipy 
Example of carbamazepine identification 



Example #1: non-targeted screening  during 

filtration processes of wastewater effluents 

Empty Bed Contact Time (EBCT): 90 min 



• Double analysis of the as-received samples without any pre-

treatment by HPLC/QTOF-MS by: 

 a C18 column (the standard column for detecting non-

polar and slightly polar compounds); 

 a HILIC column (for detecting polar compounds). 

• Both analyses run in negative ion mode only because the 

polar compounds arising from transformation processes 

should be acid-containing compounds and therefore 

detectable in negative ion mode. 

Analytical strategy for the screening of polar 

and non-polar organics 



• Screening employing large volume injection (200 µL) with two 

parallel analyses. 

• Data files processing for untarget screening employing: 

 peak picking 

 Removal of isotopes 

 Removal of adducts 

 Applying some constraints (s/n, peak area, retention time < dead 

volume of the column) to eliminate non consistent peaks 

 Removal of peaks also present in the blank 

• For each sample two peak lists (C18 and HILIC) were obtained and 

compared in order to detect the masses only present in the peak 

list of the HILIC.  

• In this was the number of polar compounds can be investigated 

along the treatment line for each sample. 

 

Analytical strategy for the screening of polar 

and non-polar organics 



Results: polar (HILIC column) and non-

polar/slightly polar compounds (C18 column) 
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Compounds detected (sampling of 13/03) 

non-polar/slightly 
polar (C18 column) 

polar (HILIC 
column) 

common 
compounds 

Total number of 

detected peaks: 

8819 

After isotopes and 

adducts removal: 

2508 

After blank 

subtraction: 

911 





Parameter Value range 

CODtot 8.6 – 10.8 g/L 

CODsol 7.9 – 10.3 g/L 

N-NH4 1.9 – 3.1 g/L 

pH 7.8 -8.2 

Ptot 19 - 35 mg/L 

TSS 126 - 320 mg/L 

VSS 105 - 205 mg/L 

Chlorides 3.1 – 5.2 g/l 

Conductibility 28 - 39 mS/cm 

VOC 1-2 mg/L 

AOX 2 – 6 mg/L 

Leachate composition  

Example #2: characterization of effluent of landfill 

leachate after several integrated treatment 

processes 

raw leachate 

Innovative biological treatment 

(SBBGR) 

AOP 

The investigated treatment 



Just a step back to let you to understand properly (1/3) 

How SBBGR (Sequencing Batch Biofilter Granular Reactor) works:  

it is a batch system that can be easily enhanced by integrating it with 

AOPs 



Example of: 

    SBBGR alone          

Just a step back to let you to understand properly (2/3) 

SBBGR integrated with AOP 



Just a step back to let you to understand properly (3/3) 

Investigated treatment set-ups 

Comparison of degradation products obtained during treatment 

of municipal landfill leachate by different innovative set-ups  

1. Sequencing Batch Biofilter Granular Reactor (SBBGR) alone 

2. SBBGR integrated with ozone 

3. SBBGR integrated with UV/H2O2 

4. SBBGR integrated with H2O2 



The employed experimental strategy 

Pre-concentration (clean-up) and fractionation 

protocol employed for the screening of 

unknowns (Waters Oasis 2x4 method) 

Analysis of extracts by 

UPLC/HR-MS-MS 

Data processing by PCA and 

other software tools for the 

comparison of the investigated 

treatments set-ups 

Triplicate samples of effluent of each of the following set-up: 

1. Sequential batch biofilm granular reactor (SBBGR) 

2. SBBGR integrated with ozone 

3. SBBGR integrated with UV/H2O2 

4. SBBGR integrated with H2O2 



Obtained results 

Principal Component Analysis (PCA) 

One column for each replicate sample 

One row for each variable 

(identified compound) 



Obtained results (MarkerView software) 

3582 variables !! 

Loading plot 



Obtained results 

Score plot = PC1 65,6% of Variance, PC2  24,8% of Variance 



Obtained results 

BIO/UV-H2O2 

BIO/ozone 

BIO & BIO/H2O2 

Scatter Plot 



Obtained results: employment of t-test    

As an example: BIO vs Bio/O3 

 Small p-values indicate variables able to properly distinguish the groups. 

Bio Bio/O3 



Obtained results: identification of specific metabolites 

(case of carbamazepine), MetabolitePilot software 

Carbamazepine 

Carbamazepine M1 

Carbamazepine M2 

Carbamazepine M3 

Carbamazepine M4 

Carbamazepine M5 



M1 (10,11 epoxide) 

10 Carbamazepine 
10 Carbamazepine 10,11-epoxide 

10 Carbamazepine +18 

10 Carbamazepine +59.11 
10 Carbamazepine Desaturation 

10 Carbamazepine OX & Hydrolized 

O

N

NH2
O

Obtained results: identification of specific metabolites of 

pharmaceuticals (case of carbamazepine) 

Bio Bio H2O2 

Bio UV H2O2 



Obtained results: identification of specific metabolites of 

pharmaceuticals (case of carbamazepine) 

M4 (Gain of 18) 

10 Carbamazepine 
10 Carbamazepine 10,11-epoxide 

10 Carbamazepine +18 

10 Carbamazepine +59.11 
10 Carbamazepine Desaturation 

10 Carbamazepine OX & Hydrolized 

O

OH OH

O

Bio 

Bio H2O2 

Bio UV H2O2 
Bio O3 



Obtained results: identification of specific metabolites of 

pharmaceuticals (case of carbamazepine) 

Carbamazepine 

M4 (Gain of 18) 
M5 (gain of 59) 

M3 (Desaturation) 

M1 (10,11 epoxide) 

M2 (di-Hydroxylation) 

10 Carbamazepine 

10 Carbamazepine 10,11-epoxide (M1) 

10 Carbamazepine +18 (M2) 

10 Carbamazepine + 59.11 (M3) 

10 Carbamazepine Desaturation (M4) 

10 Carbamazepine OX & Hydrolized (M5) 



Obtained results: identification of specific metabolites of 

PPCPs, priority organic pollutants and metabolites 
10 Carbamazepine 
10 Carbamazepine 10,11-epoxide 

10 Carbamazepine +18 

10 Carbamazepine +59.11 
10 Carbamazepine Desaturation 

10 Carbamazepine OX & Hydrolized 

8 Benzotriazole 
8 Benzotriazole TP 1 Di-Acetylation of Amines 

8 Benzotriazole TP 2 

8 Benzotriazole TP 3 
Fluconazole 

Fluconazole TP1 

Caffeine 
Chloridazon 

DEET 

Lidocaine 
Phenazone 

Bio H2O2 

Bio 

Bio UV H2O2 
Bio O3 

Carbamazepine 

M4 (Gain of 18) 

M5 (gain of 59) 

M3 (Desaturation) 

M1 (10,11 epoxide) 

M2 (di-Hydroxylation) 

Benzotriazole 
8 Benzotriazole TP2 

8 Benzotriazole TP 1 Di-Acetylation of Amines 

Benzotriazole TP3 

Fluconazole 

Fluconazole TP1 

Caffeine 

Chloridazon 
DEET 

Lidocaine 

Phenazone 



Venn diagram among different treatments. Numbers in red represent the total 

features strictly belonging to the sub-area, while in violet is reported the total 

number of features belonging to the whole ellipse (if the sub-area belongs to a 

single treatment) or to the intersection of two or more ellipses (if the sub-area 

belongs to the intersection of two or more treatments).  

Obtained results: overall picture of the 

results of non-target screening 



Concluding remarks 
• Identification of organic pollutants (including emerging organic 

pollutants) in real treated wastewater is a quite difficult task 

that can be handled by using UPLC/QTOF-MS-MS. 

• The comparison of different batch of samples (arising from 

different treatments) can be handled by chemiometric software 

tools (MarkerView, MetabolitePilot, MasterView or other open 

source ones). 

• With such procedures is it possible to highlight the differences 

of different wastewater treatments in terms of residual organics 

and by-products formation 

• In order to widen the number of detected compounds, a more 

advanced HPLC set-up (employing two columns) able to detect 

both ionic, polar and non-polar compounds in a single run 

would be very useful 


