
Introduction
Currently, there is an increasing interest in environmental screening for 
harmful substances in both outdoor and indoor settings. Clean air, 
water, and soil are critical for the sustainability of life, and frequent 
exposure to hazardous materials via inhalation or ingestion during 
work, rest, or play can be detrimental to health. Therefore, it is 
important to regularly screen for known and unknown toxic materials in 
the environment. Unfortunately, monitoring hazardous chemicals, such 
as persistent organic pollutants (POPs), is challenging due to the 
enormous number of compounds, their large concentration ranges, and different physiochemical properties. An example 
of a complex environmental sample is household dust. Dust is a repository of a wide array of substances and is therefore 

1an excellent indicator of chemical exposure.  It has been investigated by numerous researchers using different analytical 
2techniques.  

The goal of this work was to develop a methodology for the untargeted analysis of a dust standard reference material 
(NIST 2585) as well as dust samples collected from household and office settings for both legacy and emerging pollutants. 
The method uses two-dimensional gas chromatography (GCxGC) and high-resolution mass spectrometry (HRTOFMS), is 
comprehensive, and covers several classes of pollutants in the samples, such as Perfluorinated alkyl substances (PFAS), 
Polychlorinated Biphenyls (PCBs), and pesticides. This differs from other common targeted methods, which only focus on 
monitoring specific pollutants. Additionally, emerging pollutants, such as many classes of volatile PFAS, are often absent 
from current targeted screening methods and databases. These are particularly challenging to analyze but were also 
covered with this method and were annotated through complementary EI- and CI-GCxGC-HRTOFMS data and advanced 
analysis software, like Spectral Analysis Tools (SAT). With these tools, a GCxGC contour plot of high-resolution negative 
chemical ionization data for a complex dust sample with thousands of peak markers can be simplified to display only 
analytes with specific elements, such as fluorine in the case of PFAS or chlorine in the case of PCBs and Chlordanes. 
(Figure 1). This method facilitates the untargeted screening of these complex samples and the focused investigation of 
specific classes of hazardous materials. 
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Figure 1. Negative Chemical Ionization–HRT Contour Plot (TIC) displaying thousands of peak markers after Peak Find (Untargeted) Data 
Processing (Left) for the reference dust standard. The utilization of SAT and Target Analyte Finding (TAF) options in the software resulted in 
characterization of trace Perfluorooctane Sulfanamide Ethanols (FOSEs), Fluorotelomer Alcohols (FTOHs), Polychlorinated Biphenyls (PCBs), 
and Chlordanes (Right). This versatile method allows for untargeted screening and focused review of these samples for potential 
hazardous materials.



Experimental
The results presented in this application note are for NIST household dust SRM 2585. A sample of the dust was weighed 
(0.14 ±0.01 g) and transferred to a 10 mL glass centrifuge tube, then 3 mL of extraction solvent (3:1) dichloromethane/
hexane was added, and the tube was capped. The heterogeneous mixture was vortexed for 10 s and then extracted for 20 
min via sonication. The supernatant was removed, and the residue was extracted again with an additional 3 mL of solvent. 
The combined extracts were centrifuged (10 min, 3500 rpm) and filtered using a syringe filter to remove any remaining 
dust particles. The solution was then placed under N  gas to evaporate the extraction solvents. The resulting residue was 2

reconstituted in 400 µL of dichloromethane and transferred to 2 mL GC vials for analysis. The instrument used for data 
+collection was a LECO Pegasus HRT  4D equipped with a novel Multi-Mode Source (MMS), which can acquire Electron 

Ionization (EI), Positive Chemical Ionization (PCI), and Negative Chemical Ionization (NCI) with the same hardware. The 
data was collected using the parameters listed in Table 1.

Table 1. Instruments Parameters

The GCxGC-EI-HRTOFMS data were utilized to characterize compounds through automated Peak Find (untargeted) 
processing, which consisted of spectral similarity searches of large spectral databases, retention index filtering, and 
formula determinations using high-resolution accurate mass ions (Figure 2). Positive and negative CI spectra provided 
complementary information to increase confidence in compound annotation.

Figure 2. Peak Find data processing method.



Results and Discussion
This workflow and standard peak finding software allow for thorough untargeted screening of complex samples. The 
analytical methodology resulted in the confident annotation of numerous compounds, including hydrocarbons, acids, 
amines, alcohols, aldehydes, ketones, phenols, terpenes, fatty acids, steroids, phosphates, illicit drugs, over-the-counter 

3drugs, and the more concentrated POPs in dust.  The additional software tools also helped screen the rich comprehensive 
data for various low-level analytes of interest. For example, the data were then processed using advanced SAT and TAF to 
search for trace PFAS and POPs in the complex dust matrix (Figure 3). These pollutants were characterized by using a 
combination of EI, PCI, and NCI high-resolution accurate mass data. In addition, the scaled mass defect plot feature from 
SAT was used to locate the PFAS and significantly simplify data processing. For example, Fluorotelomer Alcohols (FTOHs) 
and Perfluorooctane Sulfanamide Ethanols (FOSEs) were annotated. The processing workflow (Figure 3) includes 
1) summation of all ions in the EI-HRT contour plot (TIC, peak markers displayed), 2) the use of the SAT mass defect 
feature to scale (CF2) and filter the mass defect plot to display the selected POP classes (e.g., PFAS odd for fragment ions), 
and 3) display the classes on the simplified contour plot (XIC).

After highlighting select compound classes (Figure 3), individual class analytes were characterized. For example, PFAS 
were annotated using a combination of Peak True (Deconvoluted) EI- and PCI-HRT data, as shown in Figure 4. The EI 
spectrum compared favorably with the library mass spectrum of N-MeFOSE (Similarity = 808/1000). There was no 
molecular ion present in either the observed or library spectra, but the complementary PCI-HRT data exhibited an intense 

+protonated molecular ion [MH]  at m/z = 558.00217 (Mass accuracy = -0.81 PPM, Isotopic fidelity = 980/1000), 
supporting the annotation

Figure 3. The utilization of SAT to quickly simplify and locate PFAS in complex samples using GCxGC-EI-HRT data.



In other instances, the CI data improved compound annotations by correcting errors occasionally encountered during the 
comparison of an EI-HRT spectrum with databases that did not contain the compound of interest. For example, the EI 
spectra for a homologous series of FTOHs (highlighted in Figure 3) were very similar and did not display molecular ions, 
which resulted in incorrect initial annotations (Figure 5). However, the complementary PCI data provided molecular 
formula information (mass accuracy and isotopic fidelity) and facilitated the correct annotation of the FTOHs (Figure 6). 
The EI-HRT mass spectrum (Top) and the library match 8:2 FTOH (Bottom) do not exhibit molecular ions, and the similarity 
score for the database match is poor (536/1000) for 8:2 FTOH. The corresponding PCI spectrum includes an intense 

+ +[MH]  with good Isotopic fidelity (990/1000) for the formula C H F O. The [MH]  together with the additional adducts 12 5 21
+ +[M+C H ]  and [M+C H ]  provide support for 10:2 FTOH.2 5 3 5

Figure 4. A) EI-HRT data (Top) and library mass spectra (Bottom) for N-MeFOSE. B) PCI-HRT data (Top) and theoretical isotopic fidelity 
comparison (Bottom) for N-MeFOSE.

Figure 5. A) EI-HRT Contour Plot expansion displaying a homologous series of FTOHs and B) library mass spectra for the incorrect hit 8:2 FTOH. 
Molecular ion information from PCI analysis (shown in Figure 6) corrected this annotation. 



Figure 6. A) EI-HRT mass spectrum (Top) and incorrect library match (Bottom) for an unknown 
FTOH. B) Complementary PCI mass spectrum (Top, Right) and theoretical isotopic fidelity match (Bottom,) supported the annotation for 10:2 
FTOH.

Figure 7. A) NCI contour plot with peak markers, B) Mass defect plot, C) Scaled and filtered mass defect plot,
 and D) NCI-HRT contour plot (XIC) displaying the location of chlordanes and PCBs in the NIST dust SRM.



The annotation strategy can be extended to other trace POPs in dust—such as PCBs and Chlordanes—by using NCI-HRT 
data acquisition. The modified processing workflow (Figure 7) includes 1) summation of all ions in the NCI-HRT contour 
plot (TIC, peak markers display), 2) the use of the SAT mass defect feature to scale and filter the mass defect plot (Cl-H) to 
display the selected POP classes (e.g., PCBs, Chlordanes), and 3) display the classes on the simplified contour plot (XIC). 
Once the location of the POPs is known, the data is processed using Target Analyte Finding (TAF). The TAF method includes 
a target POPs list with retention time windows and high-resolution accurate mass ions for each analyte (Figure 8), 
determined previously in the data review. TAF processing resulted in the annotation of FTOHs, FTOSEs, PCBs, and 
Chlordanes in the NIST dust SRM (Table 2).

Figure 8. TAF processing method that includes a target list with retention windows and HRAM ions.
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Conclusion
+LECO Corporation’s Pegasus HRT  4D is a powerful tool for the analysis of complex environmental samples, such as the 

NIST house dust SRM that was used to demonstrate this workflow. The instrument produces untargeted data that can be 
evaluated with various software tools. Automated Peak Find processing provides an extensive list of annotated sample 
components through spectral similarity searches and formula determinations using high-resolution, accurate mass ions, 
while the complementary use of Spectral Analysis Tools (SAT) and Target Analyte Finding (TAF) is a more effective method 
for the characterization of trace PFAS and other POPs in samples. Together, these analysis options provide thorough 
coverage of the rich data for these complex environmental samples. 
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Table 2. TAF processing results, including analyte name, R.T., signal to noise, and peak area.
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