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The 209 polychlorinated biphenyl (PCB) congeners and 
associated nine isomeric groups
(nine groups of PCBs with the same degree of chlorination) 
have been long recorded as high endocrine disrupting 
chemicals in the environment. Difficult analytical problems 
exist, in those frequent cases where several 
chromatographically coeluting (traversing the separation 
column simultaneously) PCB isomers or congeners are 
present in environmental samples. Analysts usually report 
final results in the form of “total PCB concentrations,” which 
only reflect a compromised or average value. In a case where 
a toxic PCB isomer coelutes with a non-toxic PCB isomer in 
environmental sample (a co- planar and non-coplanar, within 
isomeric group), total concentration of both isomers is 
reported because the toxic isomer could not be separated 
from the non-toxic one. This leads to enormous environmental 
remediation cost in hot spots for  industries. Remediation may 
be avoided altogether if the toxic PCB isomers can be 
separated from the non toxic ones, and the actual 
concentration of the toxic PCB isomer ascertained to be below 
actionable level. This research work solved this problem by 
using two approaches.
(1) Where the observable ortho effects or internal chemistry of 
the PCB isomers in question is used to distinguish one PCB 
isomer from the other. (2) The use of a newly introduced two-
dimensional gas chromatography instrument for the front-end 
separation of several PCB congeners in ways never before 
possible. The issue of declorinated high mass PCB 
congeners, coeluting with low mass PCB congeners, is also 
resolved. This tool may be applied to other complex mixtures 
consisting of congeners and isomers, e.g.,
polybrominated biphenyls and toxaphene.

• Develop rapid, robust, and cost effective analytical   method 
capable of distinguishing all PCB congeners and their 
coeluting isomers in environmental monitoring of PCBs.
• Facilitate the abatement of PCBs present in the 
environment by rapid screening of the class (number of 
chlorine substitutions) and type (coplanar and non-coplanar) 
of congeners present or absent in superfund sites.
• Provide invaluable information for the identification and 
quantification of PCB congener specific analysis and 
consequently, more accurate data for the US. EPA toxicity 
studies.

This study took advantage of the separation potential of 
GCxGC-TOFMS, aided by GC and MS “ortho effect” 
distinctions, to develop a robust analytical method to 
rapidly and accurately distinguish those PCB isomers that 
pose greater degree of difficulties in separation, in a cost 
effective approach. A  journal article of this research is now 
available in the International Journal of Mass Spectrometry 
352 (2013) 51- 64. 
http://dx.doi.org/10.1016/j.ijms.2013.07.003

The ortho effect was determined to be a reliable way of 
distinguishing the isomers having no ortho chlorines, one 
ortho chlorine, two ortho chlorines on the same ring, or four 
ortho chlorines from isomers with 2,2’- or 2,2’,6- chlorine 
substitutions, which have been shown to have unique 
health effects of their own.  By far, the largest number of 
distinguishable isomers was produced from the retention 
characteristics.  However, the ortho effect could help align 
orders of elution in cases, including environmental 
analysis, where structural assignments might be 
ambiguous, or when only limited numbers of congeners 
were present, or available.  Use of the ortho effect also 
proved to be of value for recognizing incorrectly assigned 
chemical structures of standards and of library entries.

Certified solutions of individual chlorinated biphenyls (International Union 
of Pure and Applied Chemistry [IUPAC] # 1 through 209) were used for 
this study and were purchased from AccuStandard, Inc., (New Haven, 
CT, USA). Each isooctane solution contained 100 ng/μL of an individual 
chlorinated biphenyl congener and was diluted 5-fold with 99.9% n-
hexane (B&J GC2 grade, Burdick and Jackson, Muskegon, MI, USA). To 
compensate for the generally decreasing sensitivity of the TOFMS for 
more highly chlorinated congeners, the concentrations of the injected 
congener solutions were between 0.20 ng/µL and 4.25 ng/µL. The 
concentration adjustments yielded approximately equal signal intensities 
upon analysis by GCxGC/TOFMS. The first column used in this study 
was a nonpolar phased Rtx-PCB GC column (Restek, Bellefonte, PA, 
USA), of 40 meters length, 0.18 mm ID, and 0.18 μm film thickness, 
while the second column was a polar phased  GC column, DB-17 
(Agilent Technologies, Palo Alto, CA, USA), of 1 meter length, 0.10 mm 
ID, and 0.10 μm film.

Surface view showing the use of GCxGC-TOFMS in the separation of 
four pairs of polychlorinated biphenyl isomers with IUPAC numbers 
beginning from the right of (110 + 120), (115 + 111), (86 + 112), and 
(119 + 83). The PCB isomers (left pair) numbers (90 + 101), were 
inseparable under the chromatographic conditions used. However they 
exibited different ortho effects (42% and 29% respectively).
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