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Growing Interests in Broad Scope Screening of Contaminants 
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• High sensitivity and selectivity 
needed to meet MRLs in “dirty” 
matrices

• Growing interests in broadest scope 
and even non-targeted screening for 
risk assessment

• Other environmental pollutants are 
also of concern 

• 1000+ pesticides in use or remain in 
environment
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The Agilent 7250 GC/Q-TOF
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High Resolution and Mass Accuracy

Sensitive Low Energy EI
CI source

Simultaneous
High Resolution and
Wide Dynamic Range

Reproducible Spectral Performance
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GC/Q-TOF Acquisition Modes Used in the Study 
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• Standard EI (70 eV)
• Negative CI (Methane reagent gas)
• Positive CI (Methane reagent gas)
• Low Energy EI (12 eV)
• MS/MS (Accurate Mass Product Ion Spectra)
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GC Configuration with Backflush
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 Reduced run times
 Enhanced RT stability
 Longer column lifetime
 Less ion source contamination
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Outline of the Workflow for Screening with GC/Q-TOF
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Acquire full-spectrum data

Peak Picking

Non-Target Analysis

Deconvolution followed by 
matching public libraries

Differential Analysis 
in MPP

Targeted Method

Yes Calibration 
standards?

Target Quantitation

No

Suspect Screening

MassHunter Quantitative Analysis

Based on accurate mass  library of 
pesticides and environmental 
contaminants for GC/Q-TOF
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FDA/09/24/15 Guidelines for Identity Confirmation
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SANTE/12682/2019 Guidelines for Identity Confirmation
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Accurate Mass Library of Pesticides and Environmental Contaminants (EI)

1,000+ compounds
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Accurate Mass Library of Environmental Contaminants for Negative CI
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100+ compounds
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Accurate Mass Library of Environmental Contaminants for Negative CI
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100+ compounds
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Simultaneous Targeted Quantification and Suspect Screening Workflow
GC/Q-TOF Screener
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Screening method setup

Quantitation method setup
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Target Quantitation Window
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Screening Window: Results Review
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Details in MassHunter Quant  window
Summary in Screening window

Deconvoluted spectrum

PCDL spectrum
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Screening and Target Quantitation Report
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Identification of Toxic Contaminants in the 
Wastewater Effluent Samples 
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Sampling

17

• The wastewater effluent samples were collected on days 1, 2, 4, and 5 of a 
five-day series 

• The samples from days 1 and 2 displayed acute toxicity towards Ceriodaphnia
dubia (shown by whole effluent toxicity testing)

Day # of sample collection

1 2 3 4 5
80% 20% 0% 0%% mortality
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Extractions
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• Samples were filtered through a 0.45 µm GF/F filter 
and passed over a hydrophilic reversed-phase SPE 
cartridge. 

• Dried cartridges were eluted with ethyl acetate and 
methanol. 

• Dried filters were extracted in a sonicating bath with 
hexane/acetone 1:1. 

• Both extracts were combined and spiked with 
dibromooctafluorobisphenol (DBOFB) as an internal 
standard.

Hexane:Acetone
1:1

Ethyl Acetate
Methanol

Combined extract

sample

GF/F

SPE
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EI Screening Results
Over 90 contaminants were identified in each sample
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NCI Screening Results
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Summary of Suspect Screening Results
Compounds correlated with effluent toxicity
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Non-Targeted Analysis

Acquire full-spectrum data

Deconvolution & 
NIST search

Targeted Method

Yes
Calibrate?

Targeted Quantitation

No

Suspect Screening Non-Target Analysis

MPP
Differential Analysis

Unknowns Analysis

Peak Picking
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Principle Component Analysis Confirmed Separation Between the Groups 

0%

20%

80% • Compounds were imported to Mass 
Profiler Professional (MPP)

• Principle Component Analysis (PCA) 
was performed to visualize the 
separation of the three groups of the 
samples
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Volcano Plot: Comparison of 80% Mortality vs 0% Mortality

2,2-Dimethoxy-1,2-diphenylethanone

5-Methyl-1H-indole-2-carboxylic acid, ethyl ester Compounds found at higher 
levels in the 80% mortality group

Log2(Fold change)

-lo
g1

0(
P-

va
lu

e)

Compounds found at higher 
levels in the 0% mortality group

P-value<0.05
Fold change>2
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Correlation Analysis 

• Percent mortality 
was used as a 
filtering parameter

• Pearson similarity 
cutoff: 0.6 

Tentatively identified compounds with NIST
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Tentative Hits Confirmation Using Accurate Mass

Confirmed by accurate mass

Unknowns Analysis,
NIST
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Another Tentative Hit From Correlation Analysis 

Tentatively identified compounds with NIST
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Tentative Hits Confirmation Using Accurate Mass

Rejected by accurate mass

Unknowns Analysis,
NIST
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Identification of an Unknown Compound
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Profiling of Environmental Contaminants in 
Surface Water 
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Surface Water Study Site and Sampling
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Sampling

 Sampling was carried out at locations throughout the Cache 
Slough Complex, located in the Sacramento-San Joaquin River 
Delta in Northern California 

 The main input of point-source micropollutants as well as diffuse 
pollutants is expected to be via Ulatis Creek. 

 All samples were cooled during transport and stored in the dark at 
4 °C until extraction

Extraction for GC/Q-TOF Analysis

 Surface waters (1L) were passed through a GF/F filter

 The filtrate were passed through a polymeric solid phase 
extraction (SPE) cartridge

 After drying for one hour, the cartridges were eluted with 10 mL of 
ethyl acetate. 

UB

C1

C2

C3

C4
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Distribution of the Contaminants between Water and Filter Extracts 
from UB Site
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1664 22

UB water UB Filter

Compounds uniquely identified in the 
UB filter extract:

Diphenylamine (DFA)
Hexachlorobenzene
Pentachloroaniline
Fluoranthene
Pyrene
Nonachlor-trans
p,p'-DDD
Dihexylphthalate

Bifenthrin
Chrysene
cis-Permethrin
trans-Permethrin
Benzo[b]fluoranthene
Benzo[a]pyrene
Dinonylphthalate
Indeno[1,2,3-cd]pyrene
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Geographic Distribution of the Pollutants
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Sampling map showing the number of identified pollutants 
as well as the new contaminants added to the flow stream 
from each site

UB C1

C2

C3

C4

46

9

16

10 3

6 27

UBC4

C2

Comparison of the identified contaminants between UB, 
C2 and C4 sites

86 90 (17 additional)

Ethalfluralin
2,4,6-Tribromophenol
Clomazone
Pentachloroaniline
Carbaryl
Methiocarb
Chlorpyrifos
4,4'-Dichlorobenzophenone
Diphenamid
o,p'-DDD (Mitotane)
p,p'-DDD
Chrysene
Benzo[b]fluoranthene
Indeno[1,2,3-cd]pyrene
Benzo[ghi]perylene

76 (6 additional)2,4,6-Trichlorophenol
Chloropropham
Propanil
Thiobencarb
Piperonyl butoxide
Dinonylphthalate

65 (2 additional)

95 (15 additional)

Benzylbenzoate
TERBA / Terbuthylazine

3,4-Dichloroaniline
Phthalimide
1-Naphthol
Fluorene
Propoxur(I)
Hexachlorobenzene
Dichloran
Anthracene
Amidithion

Naphthalic anhydride
Thiabendazole
Fluoranthene
Hexythiazox
Tetrachlorvinphos
Disulfoton Sulfone
Oryzalin
Dimethomorph (E)
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Geographic Distribution of the Pollutants
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Propoxur

Omethoate
Diuron Metabolite
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Chlorothalonil
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Tris(2-butoxyethyl)phosphate
Chlorpyrifos

Thiobencarb
Chloropropham

Azoxystrobin
Clomazone

2,4,6-Trichlorophenol
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Insecticide
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Geographic Distribution of the Pollutants
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Examples of Contaminants Identified in Non-Targeted Screening
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Tentative hit: Bis(3-chloro-1-propyl)(1-chloro-2-propyl)phosphate (C9H18Cl3O4P)

 Example of tentatively identified contaminants from UB site, using Unknowns 
Analysis and NIST17.L library. 

 Low mass error for the fragments in the deconvoluted spectrum provides 
additional point for confirmation of the molecular formula of the hit. 
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Examples of Contaminants Identified in Non-Targeted Screening
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Tentative hit: Bumetrizole (C27H18ClN3O)

 Example of tentatively identified contaminants from UB site, using Unknowns 
Analysis and NIST17.L library. 

 Low mass error for the fragments in the deconvoluted spectrum provides 
additional point for confirmation of the molecular formula of the hit. 
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Examples of Contaminants Identified in Non-Targeted Screening
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Tentative hit: Methoxsalen (C12H8O4)

 Example of tentatively identified contaminants from UB site, using Unknowns 
Analysis and NIST17.L library. 

 Low mass error for the fragments in the deconvoluted spectrum provides 
additional point for confirmation of the molecular formula of the hit. 
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Unknowns Structure Elucidation
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 Identity confirmation and structure elucidation of one of the tentative hits

 Significant mass error suggested incorrect identity of the compound 

Tentative NIST17 hit: 1,3,7-trichloronaphthalene (C10H5Cl3)

UB site
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Unknowns Structure Elucidation
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Step 1: Confirm M+

4x10

0

0.5

1

1.5

2

2.5

3

3.5
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4.5
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6

6.5

229.9206

[C8 H Cl3 N2]+ 231.9177

[C8 H Cl3 N2]+

233.9147

[C8 H Cl3 N2]+

230.9236

[C8 H Cl3 N2]+

232.9206

[C8 H Cl3 N2]+ 234.9175

[C8 H Cl3 N2]+

Counts vs. Mass-to-Charge (m/z)

230 231 232 233 234 235

    

   

       

4x10

0

0.25
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0.75

1

1.25
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1.75

158.9743

[C8 Cl N2]+

 
194.9508

[C8 H Cl2 N2]+

 

61.9791

[C H Cl N]+

 

108.9709

[C5 Cl N]+

 

Counts vs. Mass-to-Charge (m/z)

60 80 100 120 140 160 180 200 220 240

Step 2: Confirm fragment ions

MS/MS CID @ 35 eV

Most likely: 2,4,5-Trichloroisophthalonitrile.
A degradation product of Chlorothalonil

Step 3: Structure elucidation on candidate

The compound was identified using Molecular Structure Correlator tool with 
accurate mass product ion spectrum as an input 

UB site

12 eV
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Unknowns Structure Elucidation
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Summary

• The EI and NCI suspect screening approach combined with nontargeted screening 
were used to identify environmental contaminants in surface water and wastewater 
effluents using a high-resolution GC/Q-TOF. 

• A few compounds, including pesticides such as flurprimidol, paclobutrazol, 
azoxystrobin, and chlorantraniliprole, were identified predominantly in the 
wastewater effluent samples associated with some degree of toxicity. 

• When using the nontargeted approach, that is unlikely to detect minor differences 
in the levels of trace compounds, it was able to identify additional potential 
contaminants outside of the accurate mass library.

• Low energy EI and accurate mass MS/MS facilitated structure elucidation of 
unknowns
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High Resolution GC/Q-TOF for Routine Analysis of Dioxins



The magnetic sector is used for the analysis of classes of 
compounds, mainly dioxins, furans and PCBs, only to 
specific congeners. And not in multi-residual and multi-class 
areas such as Pesticides, micropollutants in food and 
Persistent Organic Pollutants, chemicals that are very 
resistant to decomposition and that have some toxic 
properties. Due to their persistence and toxicity 
characteristics, they are particularly harmful to human 
health and the environment.

Prerequisite in the identification and quantification in high 
resolution is that each ion extracted / acquired has a 
maximum deviation of 5 ppm vs. the exact mass and that 
the Mass Spectrometer Resolution is ≥ 10,000 at 10% 
valley (Resolving Power).

October 202046

The BioChemie Project
Dioxin, PCB Dioxin Like and PCB Markers analysis by different high-resolution 
technology in food and environmental matrices

High Resolution GC/Q-TOF for Routine Analysis of Dioxins



The analysis of Poly Chlorine Dibenzo Dioxins (PCDD), Poly Chlorine Dibenzo Furans (PCDF) and Poly 
Chlorine Biphenyls (PCB) in food and environmental matrices are usually performed with magnetic sector 
mass spectrometers.

The magnetic sector mass spectrometer normally is not used  for untarget and target analysis (Pesticides) 
where the identification and quantification scope is required on a large number of compounds at the same 
time in different classes; in fact, its main focus is the analysis of compounds that have the same 
characteristics to be monitored (Dioxins, Furans and PCBs).

Using a technology like the Q-TOF (Time of Flight) allows to respect these conditions not only in the narrow 
intervals of the SICP (Selected Ion Current Profile of the Magnetic Sector; the line described by a signal at its 
exact value of mass charge ratio [m/z]), but in the whole scan interval in high resolution from 20 m/z to 1200 
m/z. Its high speed allows it to acquire the entire spectral range in Profile without signal loss with a "Mass 
Drift" within 5ppm.

October 202047

The BioChemie Project
Dioxin, PCB Dioxin Like and PCB Markers analysis by different high-resolution 
technology in food and environmental matrices

High Resolution GC/Q-TOF for Routine Analysis of Dioxins



EPA Method Requirement

October 202048 High Resolution GC/Q-TOF for Routine Analysis of Dioxins



October 202049

Verify Mass Accuracy (Drift) and Resolving Power

High Resolution GC/Q-TOF for Routine Analysis of Dioxins

Resolution between 18.823 and 22.176 
(Resolving Power)

FWHM= Full Width at Half Height
For a single ion, the difference between m/z at 50% or 
different value of height.
In case two ions are close, formula to apply is:

Resolving Power= m/zpv /(m/zI2 – m/zI1)
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Verified Mass Accuracy (Drift) and Resolving Power
using MassHunter Qual by Caliper Measurement Tool

In the spectrum window after appropriate zoom of ​​the ion 305.3987, use the "Delta Mass Caliper“ in "Profile Point to
Point" mode for the intervals where at least one of the points is not a maximum of an ion peak (valley point), and in
"Profile Peak to Peak" to select a maximum of an ions peak. Tools are marked in red in the Spectrum Figure.

Resolving Power (neighboring Ions) = 
(305.8987 + 0.0121) / (305.9243 - 305.8987) = 11.942
Resolving Power (PW 10%) = 305.8987 / 0.0218 = 14.032
Resolving Power (PW 5%) = 305.8987 / 0.0266 = 11.499

High Resolution GC/Q-TOF for Routine Analysis of Dioxins



2,3,7,8-TCDD at 10ppt and 2ppt 
New column and filament 
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MDL test 2 ppt



The Soil Ring Test, on the good way
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Accreditation Body: Water and Soil 
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The best Choice
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In MassHunter Quant are available several Datafiles format to analyze Accurate Mass Data and 
possibility to choose different Mass Extraction windows for the acquired signal. Also Different 
Acquisition Rate are settable to balance ion statistic and peaks datapoints.
The final choices are: 

• Profile: method requirement to calculate the Resolution at 10% valley 

• Mass Extraction: 5 ppm should be the most common way. 25 ppm can be used too. It is 
possible to work on a double approach, with a first screening batch at 5ppm to check the 
mass drift and a second quantitation batch at 25 ppm to quantitate the samples. 

• Acquisition Rate: 2 spectra/s



Dioxins in Profile
2 scans/s Acq Rate and 5 ppm Mass Extraction - Calibration CS1-CS5
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Dioxins in Profile
2 scans/s Acq Rate and 25 ppm Mass Extraction - Calibration CS1-CS5 

October 202056 High Resolution GC/Q-TOF for Routine Analysis of Dioxins



Dioxin in Profile
2 scans/s Acq Rate and 25 ppm Mass Extraction - Reproducibility CS1
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Dioxin in Profile
2 scans/s Acq Rate and 25 ppm Mass Extraction - Reproducibility CS1 
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(ppt) CS1 Tetra 50 - Penta Hexa Hepta 250 - Octa 500

CS1b-CS_1f 2378-TCDD 12378-PECDD 123478-HxCDD 123678-HxCDD 123789-HxCDD 1234678-HpCDD OCDD
RSD% 10.4 12.2 8.3 11.7 16.6 9.7 12.1



Ion Ratio results in Profile
2 scans/s Acq Rate and 25 ppm Mass Extraction - Native Compound Dioxin
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(RT-Target 27.253min – RT Qual 27.261min) * 60 = -0.48sec

R2 = 0.9999
Avg. RF RSD = 9.8687



Calibration Range
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The Calibration Range is associated not only with the instrument sensitivity, but also with the 
capacity to detect a low concentration and at the same time satisfy the identification and 
quality requirement of the Method, but most important the Law Limits.



Calibration Range: Standard
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For the Calibration Curve the Standard Solution for EPA Method 1613 CLS, CS0.5, CS1, 
CS2, CS3, CS4, CS5 and CS3WT, from Wellington Laboratories - Guelph, Ontario -
Canada, are ready to use. We perform an additional dilution 1:10 with a solvent mix of 
Nonane/Toluene 95:5. 



Calibration Range: The Law
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The Italian Law for the matrices investigate Water and Soil is Legislative Decree 3 April 2006 N°
152 and modification at December 2019, it is transposing the Environmental Directive of the 
European Parliament.
For Groundwater, the threshold limits are reported in the Table 2 Annex 5 Part IV Title V, equal to 
4*10-6 μg-TEQ/L for the sum of Dioxins and Furans.
For Soil, the threshold limits are reported in the Table 1 Annex 5 Part IV Title V, in column A for 
Public Garden and column B for Commercial and Industrial Sites equal to 1*10-5 and 1*10-4 mg-
TEQ/Kg dry matter for the sum of Dioxins and Furans.
The same Decree, where possible, ask to guarantee a LOQ less than 1/10 of the threshold limits. 
Usually for Environmental Samples is recommended the Medium Bound approach for TEQ.
• NATO/CCMS: North Atlantic Treaty Organization/Committee on the Challenges of Modern Society. International Toxicity Equivalency Factor (I-TEF) method of risk assessment for 

complex mixtures of dioxin and related compounds, 186, 1988

• WHO: World Health Organization - The 2005 World Health Organization Re-evaluation of Human and Mammalian Toxic Equivalency Factors for Dioxins and Dioxin-like Compounds. 
Van den Berg, M. et al. ToxSci Advance Access published July 7, 2006.



CS0.5 - (ppt) Tetra 25 and Penta 125
Hexa and Heptha 125; Octa 250 (after 500 runs)
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CSL - (ppt) Tetra 10 and Penta 50
Hexa and Heptha 50; Octa 100 (after 500 runs)
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Sample Preparation – Water samples
Calibration starting from CS1
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1800 mL sample (900mL in 1L bottle, volumes are gravimetryly determined by use a balance at 0.01g) plus 100µL of 
Labeled Compounds LCS solution at 1µg/L (50µL per bottle) and 20mL of Hexane (10mL per bottle) are mechanical 
extracted by use an Agitator (Collomix by DTO Servizi Srl - Spinea (VE) Italy) with a program of 3-4 minutes.

After the extraction, with the help of a Pasteur, the top Organic phases in the bottles are collected inside a separation 
funnel together with other Hexane added in the bottles after a short manual agitation, then in order to not lose solvent also
a minimum part of water is collected. 

The whole Organic phase in the separation funnel is collected in a 40mL Vial through a paper filter with sodium sulfate, in 
order to retain the residual water; both the separator funnel and the filter need to be washed with Hexane, also this solvent
must be collected.

The Organic phase is concentrated under nitrogen flow (Techne Dri-Block DB100/3) at 50°C, and transferred in a 12mL test 
tube, with a Pasteur, together with other little Hexane aliquots added in the 40mL Vial after a short manual agitation to wash 
the Vial walls. 

The Organic phase in the 12mL test tube is reduced in volume, close to 100µL, and transferred in an autosampler Vial at 
micro volume, together with other 100µL Hexane aliquots added in 12ml test tube with a soft manual agitation to wash the 
walls.

The Organic phase in the autosampler Vial is dried and finally recovered with 10 µL of Internal Standard ISS solution at 
10ng/mL.

The sample is concentrated 180,000 times. Less factors if calibration starts from CS0.5 or CSL.



Sample Preparation – Soil samples
Calibration starting from CS1

October 202066 High Resolution GC/Q-TOF for Routine Analysis of Dioxins

The soil sample is dried for 24h in an oven at 40°C, then pestled in a mortar, homogenized and sifted at 2mm. 1g is then directly weighed in a technical 
balance (0.01g) inside a 10mL cell for ASE Extractor (100°C, 1500psi, Hexane as solvent, single cycle and two series of washes, collection  in 40mL 
Vial), after addition of 160µL Labeled Compounds LCS solution at 1µg/L.

To the extract is added 200µL of Cleanup Standard CSS solution at 0.08µg/L, in order to verify the success of the next purification process.

The Organic phase is concentrated under nitrogen flow (Techne Dri-Block DB100/3) at 50°C, at about 5-7mL, a quantity of acid is added directly into the 
40mL Vial (pure Sulfuric Acid equal to approximately the quantity of extract). With the necessary precautions, a first step is performed only by slightly 
shaking the Vial, in order to avoid the appearance of emulsions. By using a Pasteur, by tilting the Vial, the Sulfuric Acid, which forms the underlying part, 
is withdrawn at rest and discharged, taking care not to take small parts of Hexane, in the form of drops. Proceed with a second step by adding again the 
same amount of Sulfuric Acid, this time, always with caution, shake the Vial more vigorously to ensure that the sample is sufficiently purified. After 
having discharged the Sulfuric Acid again, carry out an evaluation of the success of the purification process by observing the limpidity of the extract. If it 
is not clear enough, proceed with further steps (up to a maximum of three cycles), if the clarity of the solution is not appreciable, the sample is treated 
with an equivalent aliquot of 5% NaCl in water, with caution and shaking more vigorously, in order to eliminate all the acid present; also in this case 
discharge the underlying part with a Pasteur.

After the purification process, transfer the extract in a 12mL test tube, with a Pasteur, through a paper filter with sodium sulfate, in order to retain the 
residual water; both the 40mL Vial and the filter need to be washed with Hexane, perform a short manual agitation to wash the Vial walls, also this 
solvent must be collected. The Organic phase in the 12mL test tube is reduced in volume, close to 100µL, and transferred in an autosampler Vial at 
micro volume, together with other 100µL Hexane aliquots added in 12mL test tube with a soft manual agitation to wash the walls.

The Organic phase in the autosampler Vial is dried and finally recovered with 16µL of Internal Standard ISS solution at 10ng/mL.

The sample is concentrated 62.5 times. Less factors if calibration starts from CS0.5 or CSL.



Sample Preparation – Optional Purification step
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An optional step, depending on the dirt present in the sample, is possible after the extraction step. 
For the Water samples, proceed by adding 125µl of CSS at 0.08µg/L, while for those of Soil with 
what has already been provided in the previous slide.
For both matrices, the purification phase involves the use of an automatic system, schematized 
alongside. 
Loading the solution into the system, which has three different columns: Silica (acidic, neutral and 
basic), Alumina and Carbon. All columns are disposable. The elution from the same occurs using 
different solvents such as: Hexane; Dichloromethane/Hexane 20:80; Dichloromethane/Hexane 
50:50; Toluene. These allow to trap unwanted materials in the column phase and divide the extract 
into two distinctly collected fractions, PCB and Dioxins/Furans.

LCTech GmbH - DEXTech Heat 
Automated Sample Clean-up in PCB and Dioxin analysis



GCQTOF (advantages) vs Magnetic Sector
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GCQTOF is a benchtop instrument, no special floor or room, climate

User friendly: for Tune (Magnetic Sector only manual tune: time consuming and expertise) and 
Method (Time Segments and only SIR (SIM))

Easy maintenance of the Ion Source (many pieces for Magnetic Sector Source)

Stability (long batch analysis / Automatic Mass Tune Calibration)

Versatility (not only PCDDs/Fs analysis)

Retrospective data evaluation



October 202069

Thank You!
Now Q&A session

High Resolution GC/Q-TOF for Routine Analysis of Dioxins

Special Thanks to Agilent: Anna, Fabrizio and Marica. BioChemie: Alessio, Cristian, Erika, Mattia and Davide.
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