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MMS, EI

Sample B, TD 

Air Particulate Matter

The air we breathe….

Complex Environmental Samples:  Compound 

Diversity 

N-Heterocycles

Column Bleed
Dimethylcyclosiloxanes

Polyaromatics

Linear alcohols, aldehydes, ketones

MMS, EI

Sample A, Thermal Desorption 

Alkane River



Fish Extracts

Complex Environmental Samples:  Heavy Matrix 

What we eat….

MMS NCI



Where we live (& work)….

Household Dust

Complex Samples:  Too Many Sample 

Constituents 

MMS EI



Pelley J., ñDust, Unsettledò ACS Cent. Sci. 2017, 3, 5-9.

Å Humans spend a good portion of their time at home (and work)

Å Dust is a repository of chemicals and can be used to estimate human 

exposure to contaminants (e.g., Pesticides, PFAS, other POPs)

Why should dust be analyzed?

VAroma

VOTC Drugs

V Illicit Drugs

VFood/Flavor

VTobacco

VCannabinoids

Name Formula R.T. (s) Similarity

Methyl salicylate C8H8O3 688, 2.624 822

Salicylic acid C7H6O3 840, 3.440 733

Piperonal C8H6O3 1000, 4.880 919

Nicotine C10H14N2 1048, 4.085 934

Vanillin C8H8O3 1208, 6.155 913

Myosmine C9H10N2 1328, 7.280 909

Lilial C14H20O 1904, 6.620 896

Diethyltoluamide C12H17NO 2216, 4.055 896

Clorprenaline C11H16ClNO 2240, 2.320 781

Ibuprofen C13H18O2 2328, 2.745 851

N-Methylsaccharin C8H7NO3S 2360, 3.735 812

Acetaminophen C8H9NO2 2488, 3.910 954

Veramoss C10H12O4 2520, 3.027 898

Cotinine C10H12N2O 2520, 3.830 895

Tolycaine C15H22N2O3 2744, 2.635 798

Caffeine C8H10N4O2 2800, 4.580 903

Tonalid C18H26O 2840, 2.865 842

Name Formula R.T. (s) Similarity

Theobromine C7H8N4O2 2840, 5.155 910

Benadryl C17H21NO 2896, 3.345 824

Musk ketone C14H18N2O5 3088, 3.790 809

Oxybenzone C14H12O3 3192, 4.625 873

Drometrizole C13H11N3O 3272, 4.555 859

Octinoxate C18H26O3 3480, 3.905 883

Etocrylene C18H15NO2 3528, 5.145 763

Cocaine C17H21NO4 3688, 5.255 936

Padimate O C17H27NO2 3744, 4.265 879

Cannabichromene C21H30O2 4152, 4.500 831

Ketazolam C20H17ClN2O3 4320, 7.037 785

Bumetrizole C17H18ClN3O 4456, 5.135 725

cis-Cinnamoylcocaine C19H23NO4 4536, 6.305 831

Cannabinol C21H26O2 4560, 5.332 894

Octocrylene C24H27NO2 4776, 5.300 849

Octabenzone C21H26O3 5008, 5.238 835

NIST SRM 2585



Å Humans spend a good portion of their time at home (and work)

Å Dust is a repository of chemicals and can be used to estimate human 

exposure to contaminants (e.g., Pesticides, PAHs)

Å Analysis of dust has primarily been conducted by numerous 

researchers using targeted methods and a variety of instrumental 
techniques

Pelley J., ñDust, Unsettledò ACS Cent. Sci. 2017, 3, 5-9.

Why should dust be analyzed?



To use enhanced  chromatography,  a multimode  source  with  high  

resolution  time -of-flight  mass spectrometry  and  software  tools  for the  non -

targeted  analysis  of harmful  pollutants  in dust  

Objective

++

Enhanced Chromatography High -Resolution Mass Spectrometry Powerful Software



Experimental:  Compound Extraction

Dust

(0.14g)

1) 3mL 3:1

DCM/Hexane

2) Vortex (10s)

Centrifuge

3) Sonicate (20 min)

4) Repeat 1-3

5) Filter

6) Dry (N2 g)

GC Vial

1) NIST SRM 2585

2) Household Dust

3) Office Dust

7) Reconstitute in

    Analysis Solvent

8) Transfer



Mass Accuracy:  1 PPM

Resolution:  Up to 50,000

Acquisition Speed:  Up to 200 sps

Two Sources:

 1) EI (Dedicated Source)

 2) Multimode Source (EI, PCI & NCI)

Pegasus HRT+ 4D

Experimental:  Instrument
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Results:  EI, PCI and NCI Data

EI, Universal Ionization

NCI, Soft Ionizaton,

Electron Deficient Compounds

PCI, Soft Ionization, 

Electron Rich Compounds



Å 1st and 2nd dimension columns

Å Different separation mechanisms

1st Dimension column:  30m Rxi-5ms (Non-Polar)
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EI, Contour Plot



V Peak Find (Deconvolution)

V Group Classification

V Database Searches

Å NIST

Å Wiley

Å ChemSpider

Å EPA ChemTox

V Retention Index Filtering

V Formula Determinations

Å Molecular Ions

Å Fragment Ions

Å Adducts

Non-targeted Processing



Å 1st and 2nd dimension columns

Å Different separation mechanisms

1st Dimension column:  30m Rxi-5ms (Non-Polar)
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EI, Contour Plot (Map)

1) Enhanced Chromatographic Resolution

2) Removal of Interferences (Improved S/N)

V Improved Database Comparisons

V More Compound Annotations (> 2x)



V Hydrocarbons

V Acids

V Aromatics

V Amines

V Alcohols

V Aldehydes

V Ketones

Representative

Compounds



V Hydrocarbons

V Acids

V Aromatics

V Amines

V Alcohols

V Aldehydes

V Ketones

V Phenols

V Fatty Acids

V Sterols

V Phosphates

V More…

Representative

Compounds

Similarity Ave. 

866/1000



Polyaromatic Hydrocarbons

Dibenzothiophenes

Hazardous Compounds

Phthalates



1) Enhanced Chromatographic Resolution

2) Removal of Interferences (Improved S/N)

V Improved Database Comparisons

V More Compound Annotations (> 2x)

3) Group Clustering (Neighborhood delineation)

EI, Contour Plot (Map)

1st Dimension column:  30m Rxi-5ms (Non-Polar)
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Å 1st and 2nd dimension columns

Å Different separation mechanisms



Hazardous Compounds

Polyaromatic Hydrocarbons

Phthalates

Dibenzothiophenes

Pesticides

Halogenated Organic Compounds
PCBs

Chorinated Benzenes
CNs

Chlordanes

Heptachlors



Ave. Similarity: 845/1000

Name Formula R.T. (s) Similarity Mass Accuracy (ppm)

Chlorfenidim C9H11ClN2O 1632, 3.512 811 N/A

Diazinone C12H21N2O3PS 2712, 2.872 818 -0.84

Carbaril C12H11NO2 2920, 4.696 818 N/A

Chlorpyrifos C9H11Cl3NO3PS 3104, 3.712 827 N/A

Thiabendazole C10H7N3S 3272, 6.424 929 0.66

trans-Chlordane C10H6Cl8 3360, 4.136 788 N/A

cis-Chlorodane C10H6Cl8 3440, 4.200 772 N/A

p,p'-DDE C14H8Cl4 3544, 4.480 855 -0.62

Sumithrin (isomer 1) C23H26O3 4400, 5.184 871 -0.21

Sumithrin (isomer 2) C23H26O3 4432, 5.084 935 0.2

Permethrine C21H20Cl2O3 4840, 5.792 909 -0.28

Permethrine Isomer C21H20Cl2O3 4888, 5.816 914 -0.55

Cyfluthrin C22H18Cl2FNO3 5048, 5.624 751 N/A

Cyfluthrin (isomer 2) C22H18Cl2FNO3 5088, 5.584 805 N/A

Cyfluthrin (isomer 3) C22H18Cl2FNO3 5128, 5.560 817 N/A

ʰπ/ȅǇŜǊƳŜǘƘǊƛƴC22H19Cl2NO3 5160, 5.944 844 N/A

ʲπ/ȅǇŜǊƳŜǘƘǊƛƴC22H19Cl2NO3 5192, 5.936 883 N/A

Cypermethrin (isomer 3) C22H19Cl2NO3 5232, 5.904 869 N/A

Pesticides

EI, Pesticides



Ave. Similarity:  876/1000

Halogenated Organic Compounds

EI, Halogenated Organics

Name Formula R.T. (s) Similarity PPM

Benzyl chloride C7H7Cl 488, 1.952 873 0.87

Benzyl Bromide C7H7Br 560, 2.263 866 0.54

3-Chlorophenyl isocyanate C7H4ClNO 600, 2.264 927 0.31

3-Chlorophenol C6H5ClO 664, 2.784 896 1.32

4-Chloroaniline C6H6ClN 696, 3.160 913 1.52

p-Ethylbenzylchloride C9H11Cl 720, 2.704 931 0.21

ʰπ.ǊƻƳƻƳŜǎƛǘȅƭŜƴŜ C9H11Br 912, 3.528 861 -0.23

3,4-Dichlorophenyl isocyanate C7H3Cl2NO 944, 3.358 820 1.93

2,5-Dichloroaniline C6H5Cl2N 984, 7.124 933 0.59

1-Chlorododecane C12H25Cl 1504, 3.656 949 -0.8

1-Bromododecane C12H25Br 2096, 3.768 873 N/A

2',3',4'-Trichloroacetophenone C8H5Cl3O 2488, 2.976 781 N/A

TCEP C6H12Cl3O4P 2632, 3.392 893 N/A

TCPP C9H18Cl3O4P 2728, 3.064 918 N/A

Chorophene C13H11ClO 2904, 4.120 824 1.22

TDCPP C9H15Cl6O4P 3912, 4.904 902 N/A

2,3',4'6-Tetrabromodiphenyl ether C12H6Br4O 4384, 6.528 831 0.34

2,3',4,4',5-Pentabromodiphenyl ether C12H5Br5O 5056, 7.296 892 -0.45



Halogenated Organic Compounds

C13H20Cl8C13H20Cl8

C13H19Cl9

C13H18Cl10C13H21Cl7

Chlorinated Paraffins

Short Chain (SCCPs):  C10 to C13 

Medium Chain (MCCPs):  C14 to C17 

 



SCCPs:  C10 to C13 

MCCPs:  C14 to C17 

G1

G2

G3

G4
G5

G6

G7 G8

G9

G10
G11 G12

1 2 3 4 5    6             

C10H17Cl5
C11H20Cl4

C10H16Cl6
C11H19Cl5
C12H22Cl4

C10H15Cl7
C11H18Cl6
C12H21Cl5
C13H24Cl4

C10H14Cl8
C11H17Cl7
C12H20Cl6
C13H23Cl5

C10H13Cl9
C11H16Cl8
C12H19Cl7
C13H22Cl6
C14H25Cl5

C10H12Cl10

C11H15Cl9
C12H18Cl8
C13H21Cl7
C14H24Cl6
C15H27Cl5

C11H14Cl10

C12H17Cl9
C13H20Cl8
C14H23Cl7
C15H26Cl6
C16H27Cl5

C12H16Cl10

C13H19Cl9
C14H22Cl8
C15H25Cl7
C16H28Cl6
C17H31Cl5

C13H18Cl10

C14H21Cl9
C15H24Cl8
C16H27Cl7
C17H30Cl6

C14H20Cl10

C15H23Cl9
C16H26Cl8
C17H29Cl7

C15H22Cl10

C16H25Cl9
C17H28Cl8

C16H24Cl10

C17H27Cl9

11 12 

Each ñCloudò represents

CPs with formulas for which 

#C + #Cl = constant

7            8 

9   10 

Std. Mix 10ppm, ECNI, XIC

Classifications:  Groups (Clouds) 1-12

C13H23Cl5

SCCPs
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C11H17Cl7

-1.14 ppm

[M+2-HCl]- 

C12H20Cl6

0.08 ppm

Std. Mix 10ppm, XIC

Std. Mix:  Contour Plot & Mass Spectra for G4 Region

Group 4
C11H17Cl7
C12H20Cl6



Cloud Quant Results:  NIST SRM 2585, SCCP & MCCP

NCI (XIC)

C10-C13

C14-C17



PFAS and other trace POPs, Another Approach



Analytical Challenges:
o High degree of complexity of dust

Å Large numbers of sample 

constituents

ÅVarying physiochemical properties

ÅWide concentration range

o POPs are trace components in dust

EI, Contour Plot

PFAS and other trace POPs, Challenges



Screening for PFAS and other Trace POPs

Analytical Challenges:
o High degree of complexity of dust

Å Large numbers of sample 

constituents

ÅVarying physiochemical properties

ÅWide concentration range

o POPs are trace components in dust

Analytical Workflow:
1. Sum all ions in contour plot and display them 

on the mass defect plot

2. Use SAT to scale and filter the mass defect plot 

for selected classes of POPs

3. Display these classes on the simplified contour 

plot (XIC)

Streamline compound annotation 

in GC- & GCxGC-HRTOFMS data:





Mass Defect Series

Spectral Analysis Tools







B) FTOHs

C) FOSEs
A) EI-HRT

CONTOUR PLOT

Polyfluoroalkyl Sulfonamide Ethanols (e.g., FOSEs)
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Mass Accuracy = m/zobs ï m/zcalc 

m/zcalc
x 106 

V Increased confidence for 

     compound annotations
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C) PCI, N-MeFOSE
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B) FTOHs

C) FOSEs

A) EI-HRT

CONTOUR PLOT

Fluorotelomer Alcohols (FTOHs)
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*

Poor Spectral Similarity Scores:
o Compound may not be in databases

o EI-MS data is similar for homologs
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+
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+ 593.03908593.03858 -0.85
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What about additional trace POPs in dust

Use SAT workflow, with the 

following modifications:

Å NCI-HRTOFMS

Å Target Analyte Finding for 

trace analysis





Target Analyte Finding List:  POPs

Target Analyte Finding:  POPs (NCI-HRT)

VRetrospective Analysis of

    Comprehensive Data

VTrace Analysis

VQuantitative Analysis

VFast Processing   
POP Target List



Target Analyte Finding:  POPs (NCI-HRT)

VRetrospective Analysis of

    Comprehensive Data

VTrace Analysis

VQuantitative Analysis

VFast Processing   
POP Target List

HRAM Ions



100 200 300 400 500 600

0

1e4

2e4

3e4

0

100

200

300

400

500

600

700

800

900

1000

M/Z

409.79217
3

4
.9

6
9

7
7

3
7

3
.8

3
4

2
1

2
6

5
.9

0
4

3
3

7
0

.9
4

6
3

7

3
3

9
.8

7
3

2
0

409.79247

Peak True - sample "2D MMS NCI NIST Dust 2uL sL", C10H6Cl8, at 3360 s, 4.112 s, Area (Counts)

Library Hit - Similarity: 982 - Library: Formula Computation - C10H6Cl8, Area (Counts)

100 200 300 400 500 600

0

200

400

600

800

1000

1200

1400

1600

1800

0

100

200

300

400

500

600

700

800

900

1000

M/Z

429.76127

3
9

3
.8

0
3

2
8

1
7

3
.0

3
7

6
7

429.76119

Peak True - sample "2D MMS NCI NIST Dust 2uL sL", C12H2Cl8, at 4912 s, 5.680 s, Area (Counts)

Library Hit - Similarity: 946 - Library: Formula Computation - C12H2Cl8, Area (Counts)

[M]-¶

982/1000

Isotopic Fidelity

(-0.72 PPM)

946/1000

Isotopic Fidelity

(0.28 PPM)

[M]-¶

A) NCI, Chlordane 8Cl B) NCI, PCB 8Cl 

[C10H6Cl8]
-ǒ [C12H2Cl8]

-ǒ

NCI Spectra:  Chlordane 8Cl & PCB 8Cl



TAF Results:  Trace POPs in NIST SRM 2585 (S/N ≥ 20)

FTOHs

FOSEs Chlordanes

PCBs

NCI-HRT

TIC NCI-HRT

AIC

Name R.T. (s) Peak S/N Area

Chlordane 7Cl3392, 4.104 22 2114

PCB 5Cl 3400, 4.224 249 54028

PCB 5Cl 3424, 4.296 37 6008

Chlordane 9Cl3432, 3.848 54 5514

Chlordane 8Cl3440, 4.176 1547 338027

Chlordane 9Cl3464, 3.888 1733 336210

Chlordane 8Cl3480, 4.232 85 9885

PCB 5Cl 3536, 4.616 65 19898

PCB 5Cl 3552, 4.720 52 11263

PCB 5Cl 3584, 4.720 227 44766

PCB 4Cl 3584, 4.784 88 23079

PCB 6Cl 3640, 4.536 130 23649

PCB 5Cl 3640, 5.080 23 4069

PCB 6Cl 3648, 4.520 128 23937

PCB 6Cl 3664, 4.632 80 14882

PCB 6Cl 3672, 4.576 60 11216

PCB 5Cl 3672, 4.592 67 14750

PCB 5Cl 3688, 4.664 130 23845

PCB 4Cl 3688, 4.672 25 4730

PCB 5Cl 3704, 4.688 32 5461

PCB 6Cl 3704, 4.736 257 54959

PCB 5Cl 3712, 4.712 902 307906

PCB 4Cl 3712, 4.720 97 29719

PCB 5Cl 3776, 4.912 24 3820

Chlordane 9Cl3784, 4.656 365 56822

PCB 6Cl 3800, 4.576 208 44400

PCB 5Cl 3800, 4.584 23 3756

PCB 6Cl 3832, 4.640 957 285099

PCB 5Cl 3832, 4.656 99 18983

PCB 6Cl 3848, 5.216 22 7996

PCB 4Cl 3856, 5.200 46 9766

PCB 5Cl 3856, 5.208 329 74091

PCB 6Cl 3904, 4.872 339 85405

PCB 5Cl 3904, 4.888 31 5130

PCB 6Cl 3944, 4.968 45 13273

PCB 6Cl 3952, 5.064 46 8259

PCB 6Cl 3960, 5.024 41 8148

PCB 6Cl 3976, 5.024 107 21750

PCB 6Cl 3984, 5.096 714 280450

PCB 5Cl 3984, 5.120 138 34941

PCB 6Cl 4000, 5.016 198 39233

PCB 5Cl 4000, 5.016 24 4921

Name R.T. (s) Peak S/N Area

FTOH 8:2 400, 1.536 122 39745

FTOH 10:2 456, 1.584 182 45139

FTOH 12:2 528, 1.648 134 30844

FTOH 14:2 640, 1.760 59 8830

N-MeFOSE 1264, 2.688 126 135734

N-EtFOSE 1464, 2.832 220 136663

Chlordane 5Cl2880, 3.344 28 2646

Chlordane 6Cl2976, 3.632 34 3439

Chlordane 6Cl3008, 3.688 25 2541

Chlordane 6Cl3056, 3.536 126 15791

Chlordane 6Cl3112, 4.184 151 16657

Chlordane 7Cl3152, 3.744 23 2265

Chlordane 7Cl3192, 3.840 240 26166

Chlordane 6Cl3192, 3.848 63 7242

Chlordane 8Cl3208, 3.552 354 33778

Chlordane 7Cl3216, 4.056 601 97391

Chlordane 6Cl3216, 4.064 558 85421

Chlordane 5Cl3216, 4.064 84 10839

Chlordane 6Cl3232, 4.128 88 17716

Chlordane 7Cl3240, 4.112 94 22096

Chlordane 6Cl3248, 4.128 34 3064

PCB 4Cl 3256, 4.088 22 3550

PCB 4Cl 3272, 4.192 133 23439

Chlordane 6Cl3272, 4.688 59 8262

Chlordane 7Cl3280, 4.240 25 2758

Chlordane 6Cl3280, 4.248 21 2174

Chlordane 6Cl3288, 4.136 25 2490

Chlordane 7Cl3288, 4.168 35 3687

PCB 4Cl 3288, 4.224 54 9950

Chlordane 7Cl3312, 4.472 119 21062

Chlordane 6Cl3312, 4.504 39 7612

Chlordane 8Cl3336, 4.000 51 4735

Chlordane 7Cl3336, 4.360 614 111800

Chlordane 6Cl3336, 4.360 85 15672

Chlordane 7Cl3352, 4.408 92 16486

Chlordane 8Cl3360, 4.112 3127 945592

Chlordane 7Cl3360, 4.112 825 413840

Chlordane 6Cl3360, 4.120 352 143938

Chlordane 5Cl3360, 4.120 41 7889

PCB 5Cl 3368, 4.168 49 13475

PCB 4Cl 3368, 4.552 80 17205

Chlordane 8Cl3392, 4.096 1115 145220

Name R.T. (s) Peak S/N Area

PCB 6Cl4032, 5.288 40 11070

PCB 6Cl4080, 4.872 51 14033

PCB 6Cl4104, 4.960 46 10259

PCB 6Cl4136, 5.632 127 39203

PCB 6Cl4144, 4.976 85 27026

PCB 6Cl4208, 5.312 34 6945

PCB 7Cl4240, 5.376 160 38110

PCB 6Cl4240, 5.384 22 4263

PCB 6Cl4264, 5.456 58 10772

PCB 7Cl4264, 5.496 80 15711

PCB 6Cl4272, 5.392 302 70449

PCB 7Cl4272, 5.432 23 4796

PCB 8Cl4304, 5.128 36 7095

PCB 6Cl4304, 5.504 52 9809

PCB 7Cl4328, 5.120 109 26105

PCB 6Cl4328, 5.136 26 4923

PCB 7Cl4368, 5.200 995 397534

PCB 6Cl4368, 5.216 283 78439

PCB 7Cl4384, 5.128 42 8583

PCB 8Cl4440, 5.528 50 10118

PCB 7Cl4536, 5.720 370 86694

PCB 6Cl4536, 5.728 129 27998

PCB 7Cl4544, 5.672 277 74844

PCB 6Cl4544, 5.680 88 22186

PCB 8Cl4568, 5.216 21 4613

PCB 8Cl4584, 5.312 318 119235

PCB 7Cl4584, 5.320 91 32680

PCB 6Cl4584, 5.336 20 3297

PCB 8Cl4616, 5.360 427 152732

PCB 7Cl4616, 5.376 103 38093

PCB 7Cl4704, 5.552 31 6906

PCB 9Cl4784, 5.416 70 16203

PCB 8Cl4792, 5.864 73 27430

PCB 7Cl4792, 5.912 22 5032

PCB 9Cl4832, 5.560 26 5294

PCB 7Cl4904, 5.728 22 5236

PCB 8Cl4912, 5.672 308 97987

PCB 7Cl4912, 5.680 116 26947

PCB 9Cl5128, 5.720 150 51490

PCB 8Cl5128, 5.760 51 10527

PCB 8Cl5136, 5.688 34 7760

PCB 2095312, 5.792 51 10229



Summary
ÅGCxGC-HRTOFMS is a powerful tool for the screening of a 

complex environmental samples like dust

ÅCompound characterization was accomplished through 

database comparisons and formula determinations using 

high-resolution accurate mass data
Å Complementary ionization modes resulted in increased confidence for 

compound annotations

Å ChromaTOF’s SAT software tools were used to locate and characterize 

trace FTOHs, FTOSEs, PCBs, and chlordanes detected in the NIST SRM 

household dust standard.
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Summary
ÅGCxGC-HRTOFMS is a powerful tool for the screening of a 

complex environmental samples like dust

ÅCompound characterization was accomplished through 

database comparisons and formula determinations using 

high-resolution accurate mass data

ÅComplementary ionization modes resulted in increased 

confidence for compound annotations
Å ChromaTOF’s SAT software tools were used to locate and characterize 

trace FTOHs, FTOSEs, PCBs, and chlordanes detected in the NIST SRM 

household dust standard.
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Summary
ÅGCxGC-HRTOFMS is is a powerful tool for the screening of a 

complex environmental samples like dust

ÅCompound characterization was accomplished through 

database comparisons and formula determinations using 

high-resolution accurate mass data

ÅComplementary ionization modes resulted in increased 

confidence for compound annotations

ÅChromaTOF SAT software was used to locate and 

characterize trace POPs in dust
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