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Non-Targeted Analysis of Complex Environmental Samples Using Thermal Desorption, Multidimensional Gas Chromatography, 
Multi-Mode Ionization Methods, and High-Resolution Time-of-Flight Mass Spectrometry

Summary
• HRT and MMS technology are powerful tools for the analysis of complex environmental samples 

(dust, food, air)
• Compounds were annotated using:

− Database comparisons
− Formula determinations using high-resolution accurate mass ions
− Chemical ionization data resulted in increased confidence for compound annotation

Figure 1. Pegasus® HRT+ 4D and Multimode Source.

Complex Environmental Samples

Instrument Specifications

++

Multidimensional
Chromatography

High-Resolution Time-of-Flight
Mass Spectrometry

Powerful Software for Deriving 
Meaningful Information from Rich Data

Table 1: Instrument Parameters

1) Dust • Hydrocarbons
• Acids
• Aromatics
• Amines
• Alcohols
• Aldehydes
• Ketones
• Phenols
• Terpenes
• Fatty Acids
• Sterols
• Phosphates
• OTC Drugs
• Illicit Drugs
• Pollutants….

Monitoring where we live and work

EI-HRT Contour Plot

Simple – Compounds of Interest

Homologs

eXtracted Ion Contour Plot (XICP)
, m/z 134.0964

Complex – Thousands of Peaks

2) Food (Fish)
Monitoring the food we consume

Complex – Thousands of Peaks

3) Air Particulate Matter
Monitoring the air we breathe

Air Samples: Collection and Introduction

• 1st and 2nd dimension columns
• Different separation mechanisms
• Increased S/N
• Improved database comparisons
• More compounds Annotated (> 2x)
• Group Clustering

N-Heterocycles

Column BleedDimethylcyclosiloxanes

Polyaromatics

Linear alcohols, aldehydes, ketones

MMS, TD-EI
Sample 1

Similarity Ave. 871/1000

Air Sample A (TD)
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Library Hit - Similarity: 913 - Library: replib - Triclosan, Abundance

MMS EI, 
Triclosan

Similarity Score
913/1000

M+•0.82 PPM
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Library Hit - Similarity: 802 - Library: replib - 2,6-Dichlorfenol, Abundance
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Similarity Score
802/1000
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Library Hit - Similarity: 974 - Library: Formula Computation - C9H18Cl3O4P, Area (Abundance)

[MH]+ -0.20 PPM

Isotopic Fidelity Score 
974/1000

MMS PCI,
C9H18Cl3O4P

[M+C3H5]+
[M+C2H5]+
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osphate, at 1071 s, 2.952 s, Area (Abundance)

Library Hit - Similarity: 951 - Library: W12main - Tris(2-chloro-1-methylethyl) phosphate, Abundance

MMS EI,
Tris(2-chloro-1-methylethyl)
Phosphate
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Name R.T. (s) Area

EI-HRT Contour Plot

Polymer Pyrolysis Markers RI Marker Ions m/z

PS Styrene
α-Methylstyrene
Styrene Dimer
Styrene Trimer

878
960

1761
2514

104.06205
118.07770, 117.06988, 103.05423
208.12465, 130.07770, 91.05423
312.18725, 207.11683, 91.05423

PE Alkanes
1-Alkenes
α,ω-Alkadienes

Series
Series
Series

85.10118, 71.08553, 57.06988
97.10118, 83.0883, 69.06988, 55.05423
95.08553, 81.06988, 67.05423, 55.05423

PU Toluene Diisocyanate
Isophorone Diisocyante
Methylene Diphenyl Diisocyanate

1352
1584
2092

174.04238, 145.03964
123.11683, 110.06004
250.07368, 208.07569

PET Diphenyl
Vinyl Benzoate
1,2-Ethanediol, dibenzoate

1366
1132
2178

154.07770, 76.03075
105.03349, 77.03862, 51.02314
105.03349, 77.03862

N6 Caprolactam
Caprolactam dimer

1255
2005

113.08352, 85.05222, 55.01784
226.16758, 198.17266

HRAM Ions

Table 2: Selected Halogenated Compounds

Table 3: Representative Compounds in Sample A

Table 4: Pyrolytic Markers

Table 5: Sample B, TAF Results

Figure 9. Peak True and library EI mass spectra for a 
phosphorus flame retardant (Left) and 
complementary PCI spectrum (Right). 

Figure 8. Peak True and library EI mass spectra for 
triclosan (Left) and 2,6-dichlorophenol (Right). 

Figure 10. Contour plot displaying pyrolytic markers in Sample B.

Air Sample B (Pyr) 

Figure 11. Target Analyte Finding (TAF) – pyrolytic markers.

Figure 2. Contour plot of a complex 
dust sample.

Figure 3. Spectral Analysis Tools (SAT) for complex sample 
simplification. Mass defect plot of dust sample.

Figure 4. Filtered (XICP) contour plot displaying a 
homologous series of alkylmethylbenzylamines.

N

Figure 5. Contour plot displaying polychlorinated biphenyl 
region and selected halogenated organic compounds.

Figure 6. Active air sampler (left). Placed in urban and rural sites 
(24-hour Sampling). GL Sciences Optic-4 Inlet (Right) used for 
Thermal Desorption (TD) and Pyrolysis (Pyr).

Figure 7. Contour plot displaying areas of group clustering for an air sample. 

Polyethylene (PE)

MMS, EI
Sample B, Pyr

Polyurethane (PU)

Polyamide (PA)

Polystyrene (PS)

Gas Chromatograph Agilent 7890B with LECO Dual Stage QuadJet  Modulator
Sample Introduction A TD, Split 10:1 (3 mins)  Splitless, 50 °C to 300 °C at 10 °C/s
Sample Introduction B Pyr, 10:1  Splitless (3 mins), 50 °C to 600 °C at 60 °C/s
Carrier Gas He @ 1.4 mL/min, Corrected Constant Flow 
Primary Column Rxi-5ms, 30 m x 0.25 mm i.d. x 0.25 µm
Secondary Column Rxi-17sil ms, 1.3 m x 0.10 mm x 0.10 µm
Temperature Program 50 °C (2 min) ramp 10 °C/min to 250 °C, then ramp to 300 °C at 20 °C/min to 300 °C 

(Hold 15 mins)
Secondary oven maintained +5 °C relative to primary oven

Modulation Period 3.0 seconds; modulator maintained +15 °C relative to secondary oven
Transfer Line 300 °C
Mass Spectrometer LECO Pegasus HRT+ 4D
Source Temperature EI, 250 °C; PCI, ECNI, 165 °C
Acquisition Mode High Resolution, R ≥ 25,000 for m/z 219, Mass Accuracy ≤ 1 ppm
Ionization EI, PCI/ECNI (Reagent Gas = CH4)
Mass Range (m/z) EI 50-1000; PCI 60-1000; ECNI 30-1000
Acquisition Rate 200 sps

Introduction
• Confident analysis of environmental samples (e.g., air, water, dust/soil) is critical 

for the monitoring of harmful substances such as persistent organic pollutants
• Many of these harmful chemical substances have been classified as carcinogens 

and endocrine disruptors
• Study Objective:  To use GCxGC-HRTOFMS for the analysis of complex 

environmental samples.

Challenge: Complex environmental samples are difficult to analyze
• Very large number of sample constituents
• Wide concentration range
• Varying physiochemical properties

Solution:  The utilization of powerful analytical discovery tools
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