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Hypothetical Case Studies:  Abstract 

It is not news to analytical chemists that some isomers coelute with 

other compounds and thus analytical results may need further 

scrutiny. However, once a data package passes its data valida-

tion, it may be used by cleanup decision makers as if concentra-

tions are actual. Because environmental investigations and clean-

ups require consilience (the synthesis of knowledge from different 

specialized fields of human endeavor), final cleanup decisions 

may be made without consideration of analytical uncertainty.  

Contaminants that are cleanup drivers, yet have analytical inter-

ferences include 2,4-Dimethylphenol, benzofluoranthenes, and 

PCB Aroclor and congeners. The poster discusses typical coelu-

tion/quantification problems in analytical chemistry and gives ex-

amples of how quantitation errors can lead to spatial analytical 

errors and thus errors in cleanup decisions.  

Sample GC Output 

The following are a few examples of analytes that may coelute by the in-

dicated analytical method. Even reputable analytical laboratories may re-

port concentrations that do not represent the actual concentrations of in-

dividual compounds due to coelution and interferences. If the elevated 

concentrations are compounds with high toxicity or carcinogenicity, 

cleanup decisions may be based on biased results. These results may or 

may not be reproducible and will usually still meet routine quality control 

requirements such as surrogate recoveries, matrix spike recovery, and du-

plicate relative percent differences. 

 

 PCBs/DDX & Pesticides/Phthalates (GC/ECD):  
 Individual PCB congener peaks may coelute in the same retention time 

window as target pesticides, varying by the GC columns used. When ana-

lyzing pesticides at a site with known Aroclor contamination, quantifying 

the known Aroclor(s) as a pesticide can give insight into the possible inter-

ference for the given set of GC columns.  Phthalates at high enough con-

centrations will respond on a GC/ECD and may coelute with target com-

pounds. On some columns, high concentrations of DDX can add to the re-

sponse of an Aroclor if not recognized as interference. 

 

 Aroclors/Polychlorinated Napthalenes:  
 The patterns are unique for Aroclors, mixtures of PCBs, and polychlorinated 

napthalenes (or tradename Halowaxes), but may overlap in retention time 

ranges. 

 

 Aroclor Identification: 
 Weathered Aroclors may resemble other Aroclor patterns and be identified 

as such. 

 

 Benzofluoranthenes (GC/MS):  
 The benzofluoranthenes (b, j, and k) may coelute, depending on the speci-

ficity of the column used, the matrix of the sample extracted, and the con-

centration of the individual isomers.  The mass spectral patterns of the iso-

mers are identical, and provide no additional information to separate the 

isomers. 

 

 Other Isomeric PAHs:  
 The following PAH isomers may coelute, depending on the specificity of the 

column used, the matrix of the sample extracted, and the concentration of 

the individual compounds.  The mass spectral patterns of these isomers are 

identical, and add no additional information to separate them. 

 Dibenzo[a,e]pyrene/Coronene 

 Methyl fluoranthenes/pyrenes 

 Methyl phenanthrenes/anthracenes 

 Methyl benzo(a)anthracenes/chrysenes 

 Triphenylene/Chrysene (Benz(a)anthracene, Cyclopenta[cd]pyrene) 

 

 Dichlorophenols  or Dimethyl phenols (GC/MS, GC) Isomers:  

 These isomers may also coelute, depending on the specificity of the col-

umn used, the matrix of the sample extracted, and the concentration of 

the individual isomers.  The mass spectral patterns of the isomers are similar 

and may be indistinguishable. 

List of Acronyms 

DDT – Dichlorodiphenyltrichloroethane 

DDX – sum of p,p'-DDT, p,p'-DDD, and p,p'-DDE 

ECD – Electron Capture Detection 

FID – Flame Ionization Detector 

GC – Gas Chromatography 

HR – High Resolution 

MS – Mass Spectrometry 

PAHs – Polyaromatic Hydrocarbons 

PCBs – Polychlorinated biphenyls 

QA/QC – Quality Assurance/Quality Control 

 

 Diesels/Aroclors (GC/FID):  

 Aroclors in high concentrations can add to the FID trace in the diesel elution range. 

 

 Diesel/Motor Oil – Bunker C:   

 A Bunker C pattern resembles diesel/motor oil combined.  When quantitated as a mixture of 

diesel and motor oil, the result can be a gross underestimate of concentration versus when 

correctly quantitated as Bunker C. 

 

 1,2-Diphenyl Hydrazine/Azobenzene (GC, GC/MS):  

 1,2-Diphenylhydrazine is unstable and readily converts to azobenzene, such that for analytical 

methods allow the use of azobenzene to calibrate for 1,2-diphenylhydrazine. 

 

 PCB Congeners (GC/ECD, HRGCMS): 

 Some PCB congener pairs simply cannot be separated. 

The Role of Consilience 

Site cleanup decisions should rely on multiple lines of evidence rather than solely on analytical 

chemistry results, which may be complicated by coelution of some contaminants. Scientists 

and site managers should consider site history (including probable contaminants and spill 

events), data QA/QC reports, and should analyze contaminant sources and pathways in ad-

dition to analytical chemistry results. 

 

 

Non-target isomers 
 
Issues affecting some identification such as the 

Benzofluoranthenes are well-known and usually 

characterized in the laboratory; laboratories 

may not characterize all possible isomer issues 

when non-target compounds are involved, such 

as the coelution of 2,4-Dimethylphenol (a target 

compound) with 2,5-Dimethylphenol in an 8270 

analysis.  The 2,4- and 2,5-methylphenols may 

be separated on phenol specific columns but 

not on columns used for a full list of semivolatiles; 

analysts may recognize an interference or may 

attribute the peak shape to a poor matrix; the 

2,4-DMP result would be biased high. 

Column Choice and Matrix 
 

The choice of column as well as sample matrix will 

impact the identification and quantitation of 

known PAH isomers.  ZB-5msi and ZB-Semivolatiles 

are application-specific to SW8270 for a mixture of 

acid, base, and neutral compounds.  The Rxi-17Sil 

MS has selectivity for inert compounds including 

PAHs. Semivolatile columns have reasonable reso-

lution for Benz(b)fluoranthene and Benzo(k)

fluoranthene, but in a real sample also containing 

Benzo(j)fluoranthene the peak is no longer re-

solved.  The Rxi-17Sil MS column will separate the 

isomers, but is not appropriate for a full Semivola-

tile list. 

Analogous characteristics i.e. 

Aroclors and DDX 
 

Routine cleanups do not remove Aroclors from pes-

ticide extracts, and not all pesticides are removed 

by routine cleanups of the PCB extract.  Analysts 

with minimal experience in identifying patterns may 

not recognize DDX inflating the response of a PCB, 

or may incorrectly identify Aroclor peaks as pesti-

cides. 

In this example, the coelution of Total DDX 

and Total PCBs prevented correct interpre-

tation of individual contaminant footprints. 

The high concentrations of DDX at the site 

amplified the response of the Aroclor. Dis-

tinguishing between these two footprints is 

critical for properly defining sediment re-

medial areas and fair allocation of clean-

up costs to responsible parties. 

At this site, coelution of polychlorinated naphtha-

lenes and Aroclors due to an overlap in retention 

time resulted in a false positive. Based on these 

data, a cleanup area was established and costs 

were allocated back to a responsible party. In 

this example, consultants doing historical site re-

search should have alerted the analytical chem-

ists. Then, analytical experience and scrutiny 

should have been used to distinguish between 

the two groups of contaminants in order to cor-

rectly identify sediment management areas.   

PCB Congeners in Aroclor Mixtures 

 

Low to high-chlorine congeners in Aroclor mixtures (by percent) 

Sources: Morrison & Murphy,  2006; Environmental Forensics: Contaminant Specific Guide; Data from: Frame et al,  1996; Chemosphere, vol. 33, no. 4, pp. 603-623. 

Weathering of PCB Aroclors can reduce the 

ability to correctly distinguish between Aroclors 

due to overlapping congener patterns. Where 

weathered PCB Aroclors may be present, con-

gener analysis can provide higher resolution 

analytical chemistry results. 


