
Office of Research and Development
National Exposure Research Laboratory, Environmental Sciences Division, Las Vegas, Nevada

Analysis of 209 chlorinated biphenyl congeners using 
comprehensive two-dimensional gas chromatography- 
time-of-flight mass spectrometry in the 1-D mode 
followed by the 2-D mode

Lantis I. Osemwengie, Ph.D.
G. Wayne Sovocool, Ph.D.

Environmental Chemistry Branch
Environmental Sciences Division

National Exposure Research Laboratory
Office of Research and Development

Environmental Protection Agency
Las Vegas, Nevada 89119



Office of Research and Development
National Exposure Research Laboratory, Environmental Sciences Division, Las Vegas, Nevada

Objectives

Define chlorinated biphenyl congeners.

Historical analytical challenge.

The chemical structures of chlorinated biphenyls

Introduction of GCxGC-TOFMS and chromatographic

conditions

Two-Dimensional approach to PCB analysis

Summary and Conclusion.
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What are Chlorinated Biphenyls
• Ten homologs or distinct isomeric groups of compounds 

differing by the numbers of chlorines and hydrogens on a 
biphenyl ring

• They consist of mono, di, tri, tetra, penta, hexa, hepta, 
octa, nona, and deca substituted chlorines in the ten 
groups.

• Total of 209 related members or congeners
• They are considered ubiquitous environmental pollutants 

– found in marine plant and animal specimens, fish, bird 
eggs, and humans (M.D. Erickson 1986)

Presenter�
Presentation Notes�
Polychlorinated biphenyls (PCB) are a class of 209 discrete chemical compounds, called congeners, in which one to ten chlorine atoms are attached to biphenyl.(Mitchell Erikson 1986)�
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Chemical Structure of Each Class of 
Polychlorinated biphenyls
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Historical Analytical Challenges

• Chromatographers have used all conceivable 
chromatographic techniques in their quest to 
distinguish the 209 congeners, all to no avail.

• Different columns with varying phases have 
been employed

• Heart-cutting technique was also attempted 
with modest results
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Comprehensive Two-Dimensional GC 
with Time-of-Flight Mass Spectrometer

Two ovens are contained inside the GC, hence the name GCxGC, 
each with opposite polarity columns (Rtx-PCB, 40m 0.18 mmID x 
0.18 µm and DB-17, 1m 0.1 mmID x 0.1 µm film)
Multiple windows are opened to enable multitasking of the software, 
and to view instrument response as control parameters are 
adjusted.
GCxGC-TOFMS Chromatographic Conditions: Carrier gas (Helium) 
1.2 mL/min
Acquisition rate: 100 spectra/sec
Volume injected: 1µL of sample 
Acquisition: 45 – 550 m/z
Oven 1: 70 oC (0.5min) to 150 oC (0 min) at 10 oC /min, to 250 oC at 
1 oC /min, to 275 oC (15min) at 4 oC /min
Oven 2: 85 oC (0.5min) to 165 oC (0 min) at 10 oC /min, to 265 oC at 
1 oC /min, to 290 oC (15min) at 4 oC /min
Transfer line temperature: 300 oC
Modulation time: 4 sec
Detector gain: 1650V
Modulator temperature offset: 30 oC
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Chlorinated Biphenyl Congeners Arranged by Group to Provide Approximately Equal 
Signal Intensities
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Polychlorinated Biphenyl Congener 
Classes with Identification Ions 
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Analytical approach 
1-D Vs.  2-D

• The magnitude of the number of PCB isomer- 
specific congeners in the environment have made 
the results of human and environmental health 
assessment inaccurate.

• The 1-D approach has been used over time but is 
not capable of distinguishing the 209 PCB 
congeners.

• The 2-D analytical approach is advantageous over 
the 1-D because of the high capacity of separation 
and better sensitivity.

• It may serve as an advance tool for separating 
difficult and complex samples. 

Presenter�
Presentation Notes�
Major constituents of personal-care products, used in our everyday life�
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1-D Approach to 209 PCB 
Congeners Analyses

• The 1-D mode is a necessary 
preliminary step used to determine 
which PCB isomer-specific 
congeners need the 2-D mode of 
separation

• The upper figure from the same run 
shows separation of early eluters 
with relative ease.

• The lower figure does not; it shows 
several coeluting PCB congeners 
and therefore the need for 2-D mode 
of chromatographic separation.
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PCB Congener Identification by 
Ortho Effect
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Selection of PCB Isomers for 2-D Analysis

• a  = Values rounded off
• b =  Largest abundance components of 

isotope clusters of  100([M-Cl]/[M])
• c, d, e, f, g  = Groups of isomers with 

separations of 5 sec. or less. Need 2D.
• h = “Ortho effect” used with the elution 

order can distinguish these nearest 
neighbors

• h = From groups c, d, e, f, g, these 
coeluters can be distinguished using 
“ortho effect.”
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Use of Chromatographic and Mass 
Spectrometric Data in a Case of Isomer 

Coelution

Presenter�
Presentation Notes�
(a) Contour plot from above looking down on a 2-D run of the coeluting 2,2’- and 2,6- dichlorobiphenyls. (b) The chromatogram of the overlapping isomers viewed from the side and showing slices taken from the 2-D mode of separation. (c)The mass spectra obtained from pure standards of the individual isomers, each with ortho chlorines, but one having these on separate rings (2,2’-) and showing the mass spectrometric “ortho effect.” (d) Mass chromatograms of the isomer mixture showing m/z222 (blue), m/z187 (green), and m/z 152 (red) and the partial resolution and assignment of the isomers based on these relative intensities.�
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Separation of Coeluting Pentachlorobiphenyl 
Isomers using GCxGC-TOFMS in the 2-D 

Mode

Separation of four pairs of pentachlorinated 
biphenyl isomers with IUPAC numbers 
beginning from the right (110+120), 
(115+111), (86+112), and (83+119).

The left pair of penta-isomers, number 
(90+101), were inseparable under the 
chromatographic conditions used.

196 PCB congeners were distinguished when 
the 1-D mode, 2-D mode, and the use of 
“ortho-effect” were employed.
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PCB Ions Interference in Mass 
Quantification

• Most columns used in the 1-D approach 
have inherent interferences of ions from 
PCB congeners with IUPAC numbers 
81, 123, and 169 in environmental 
samples. 

• Ions 324 and 326 from 2,3,7,8- 
tetrachlorodibenzo-p-dioxin interfere in 
the quantification of PCB congener 126 
and vice versa

• With the right modulation and hot/pulse 
setting, GCxGC/TOF-MS easily 
separates these compounds 
chromatographically in the 2-D mode

(adapted from E. Hoh et al., 2007)

Presenter�
Presentation Notes�
The ease of extracting 65L of effluent is demonstrated here.�
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Summary

• By using GCxGC-TOFMS in the 1-D mode of 
separation, followed by the 2-D mode, including 
the use of “ortho-effect,” we were able to 
distinguish 196 PCB congeners.
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Conclusion

• The GCxGC-TOFMS did not distinguish all 
of the 209 PCB isomer-specific congeners 
but it did distinguish many and with further 
optimization it may distinguish more.

• It may be regarded as a tool that permits 
customized chromatographic separation of 
recalcitrant chemicals using the 2-D mode.
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2009 EPA’s PCB Research

• PCBs in Caulk (1950 -78 buildings)
• Source migration path - air, dust, and soil 

in school buildings
• http://www.epa.gov/pcbsincaulk/caulkrese 

arch.htm

http://www.epa.gov/pcbsincaulk/caulkresearch.htm
http://www.epa.gov/pcbsincaulk/caulkresearch.htm
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