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BROAD SPECTRUM ANALYSIS 
OF EMERGING CONTAMINANTS

Tracking Pollution at Source: 
Identifying and Monitoring Emerging Contaminants



INTEGRATED WATER SERVICE IN TURIN METRO AREA

SOURCES (%)

GROUNDWATER SURFACE SPRING

66
20

14

2



WHY THIS TOPIC MATTERS 
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• GROWING CONCERN ABOUT 

EMERGING CONTAMINANTS

• NOT ALWAYS INCLUDED IN 
CONVENTIONAL MONITORING

• INCREASING PRESENCE DUE TO 
HUMAN ACTIVITIES

• NEED FOR MORE ADVANCED 

ANALYTICAL TOOLS
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SOURCES OF CONTAMINATION
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POINT SOURCES:

• Point sources are localized and identifiable sources 
of contamination, where pollutant inputs to aquatic 
systems can be spatially defined. 

• Their environmental impact is generally restricted to 
a limited area. 

• Examples: industrial facilities, hospitals, and 
wastewater treatment plants (WWTPs). 

DIFFUSE SOURCES

• Diffuse sources are poorly defined

• Their pollution generally occurs over large 
geographic scales 

• Examples: agricultural/urban runoff or 
stormwater

The occurrence, transport, and persistence 
of contaminants in groundwater are 
controlled by:

• their physicochemical properties (as 
octanol/water partition coefficient Kow  

or pH-dependent n-octanol/water 
partition coefficient Dow ), 

• groundwater residence time, 

• redox conditions,

• contaminant loading.
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FACTORS INFLUENCING GROUNDWATER QUALITY
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• CHEMICAL PROPERTIES OF SUBSTANCES

• GROUNDWATER RESIDENCE TIME

• REDOX CONDITIONS

• INTERACTION BETWEEN HUMAN & NATURAL FACTORS
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STUDY AREA AND SAMPLING
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A total of 29 wells located in various areas of the Metropolitan City of Turin were included in the study 

Geographic Area

Area A Area B Area C Area D

A1 A7 B1 C1 D1

A2 A8 B2 C2 D2

A3 A9 B3 C3 D3

A4 A10 B4 C4

A5 A11 B5 C5

A6 A12 B6 C6

B7

B8

SAMPLING POINTS
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LIMITS OF CONVENTIONAL MONITORING
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• BASED ON MAJOR IONS (Ca, Na, 

NITRATES, ETC.)

• USEFUL FOR HYDROGEOCHEMICAL 

CHARACTERIZATION

• LIMITED ABILITY TO DETECT 

SPECIFIC/COMPLEX POLLUTION

• DIFFICULT TO IDENTIFY MIXED 

CONTAMINATION SOURCES

Triangular diagrams for conventional ions 
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INNOVATIVE APPROACH
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• USE OF NON-TARGETED ANALYSES

• IDENTIFICATION OF LARGE NUMBER OF COMPOUNDS

• HIGH-RESOLUTION ANALYTICAL TECHNIQUES

• BROADER & DEEPER INSIGHT INTO GROUNDWATER QUALITY
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ACQUISITION MODE: SEQUENTIAL WINDOW 

ACQUISITION OF ALL THEORETICAL MASS SPECTRA 
(SWATH-MS)
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Following the processing of the raw LC-HRMS data in terms of m/z ratio, retention time (RT), and
peak area obtained in both positive and negative electrospray ionization (ESI) modes using MZmine
2.52, two data matrices were generated. The matrices consisted of 29 samples (rows) and 3,760
variables in positive mode and 4,967 variables in negative mode (columns), respectively.

Multivariate statistical analyses were subsequently performed on both datasets using SIMCA 14.1.
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DATA INTERPRETATION
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• THOUSANDS OF VARIABLES ANALYSED PER SAMPLE

• USE OF MULTIVARIATE STATISTIC METHODS

• IDENTIFICATION OF PATTERN AND CLUSTERS

• COMPARISON BETWEEN DIFFERENT WELLS

Dendrogram obtained by applying HCA 
(Hierarchical Cluster Analysis)

PCA plot for the ESI(+) positive ionization mode. 
UV scaling was applied, with R2X(cum) = 0.440 
and Q2(cum) = 0.140
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FROM PCA to PLS-DA, OPLS-DA
KEY RESULTS: CONTAMINATION PATTERNS
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• WELLS GROUPED ACCORDING TO GEOGRAPHIC ORIGIN

• IDENTIFICATION OF DIFFERENT CONTAMINATION PROFILES

• DETECTION OF ANOMALOUS WELLS

• LOCAL FACTORS PLAY A KEY ROLE
To achieve better 
discrimination between 
wells, OPLS-DA was also 
considered for ESI(+), con 
R2X(cum) = 0,945 e Q2

(cum) = 
0,501

Validation of the OPLS-DA model 11



IDENTIFIED CONTAMINANTS (ESI+)
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• 128 COMPOUNDS IDENTIFIED

• EVIDENCE OF WIDESPREAD ANTROPOGENIC IMPACT

➢ 38 pesticides, including:
• 12 herbicides
• 11 fungicides
• 9 insecticides
• 6 acaricides
• 8 mycotoxins

➢ 79 drugs, including:
• 25 antibiotics
• 15 alkaloids
• 10 stimulants
• 9 antipsychotics
• 8 hormones
• 6 veterinary drugs
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MOST COMMON CECs IDENTIFIED
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Most commonly identified CECs

15 TOP CECs 

(4 FOUND IN ALL 29 MONITORED WELLS)
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KEY FINDING & CONCLUSIONS

Scuola digitale

Scuola delle soft skills

Of all the compounds identified, four of them: deoxynivalenol (mycotoxin), fenhexamid (fungicide), fenticonazole
(drug), and thioproperazine (drug), have been identified as potential indicators of contamination in the area.

Non-target analysis combined with targeted monitoring methods has proven to be a very promising tool for
understanding the characteristics of contamination among different wells.

The LC-HRMS results led to the identification of:
• 128 molecules (including 79 pharmaceuticals and 38 pesticides) in the positive-mode
• 15 molecules in the negative-mode analyses.

The analyses revealed contamination in 5 wells, all located in Area A; these wells were also analyzed using GC-MS.
This allowed for the characterization of 62 molecules (hydrocarbons, plasticizers, food additives): 40 molecules
identified following pretreatment with a freeze-dryer, 22 molecules identified following pretreatment with SPE.
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WRAP-UP WATER MANAGEMENT
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• ADVANCED ANALYTICS = BETTER UNDERSTANDING

• FROM MONITORING TO INTERPRETATION

• TOWARDS SMARTER GROUNDWATER MANAGEMENT
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FOR TECHNICAL - EYES ONLY
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DEEPER TECHNICAL WHEREABOUTS…
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THANKS FOR YOUR ATTENTION

info@smatorino.it
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