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What is coal tar? e

« Coal tar waste was a hazardous by-product of former manufactured gas plants
(FMGP) and coal tar contamination is a common occurrence at former MGP.

« Coal tar is a complex mixture of organic and inorganic compounds, of which many
can be toxic or carcinogenic.

e |tis estimated that there are between 1500 and 50,000 FMGP sites in the US and
3000 in the UK with 90% of former sites believed to be contaminated.

« Coal tar DNAPL will migrate vertically through vadose zone through the water
table and stops when it hits and impermeable rocks forming a long term (1000s of
years) reservoir of contamination.

« Chinais currently considering coal tar as an alternative to petroleum based products
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Where i1s Coal Tar found? Sy
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raditional GC Analysis of Coal Tar B

« Traditional GC analysis often struggles with the complex nature of coal tar.
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GCxGC Analysis

GCxGC involves the use of two
columns of different polarity to
separate organic compounds across
two dimensions.

Traditional GC only separates within
the first dimension

GCxGC allows for the separation of
complex organic mixtures that cannot
be resolved by traditional GC analysis
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GCxGC analysis of Coal Tar
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GCxGC analysis of Coal Tar s
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GCxGC example Sulphur Heterocycles
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Case Study — US Coal Tar sample e

« Samples of DNAPL were obtained from a former landfill site in the US suspected
to be contaminated by coal tar.

« The coal tar was suspected to have come from a local former manufactured gas
plant which operated between 1910 and the 1960’s with two different production
processes used during this time (Carburetted Water Gas then Oil-Gas).

e The waste was suspected to have been dumped in the early 1950°s.

« The analysis was required in order to establish if the contamination was indeed coal
tar and to identify the potential production process used to produce the tar.

* GCxGC was used to produce diagnostic ratios and Multivariate statistics (PCA and
HCA) were used to establish the source and production process used.
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Unknown US Coal Tar Sample
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Principle Component Analysis (PCA)

* Principle component analysis is a statistical method used to reduce large data sets
so that trends and patterns can be more easily visualised.
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Principle Component Analysis of Unknown Tar data set and existing British data set using 156 individual compounds
(CO = Coke Oven, HR = Horizontal Retort, LTHR = Low Temperature Horizontal Retort, VR = Vertical Retort, CWG =
Carbureted Water Gas, CR = Creosote, UCT = Unknown Tar). Data including McGregor et al., 2012 Multivariate
statistical methods for the environmental forensic classification of coal tars from former manufactured gas plants.

Environmental science technology 46 (7), 3744-52.
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Hierarchical Cluster Analysis (HCA)

Hierarchical cluster analysis is a form of statistical analysis that groups together
large data sets by clustering variables within each sample by their similarity.
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Dendrogram of the eighth root, normalised data including unknown Tar samples using Euclidean distance and complete
linkage mechanisms (A=Vertical Retort, B = Horizontal Retort, C = Low Temperature Horizontal Retort, D = Creosote, E
= Carbureted Water Gas, F = Coke oven, UCT = Unknown tars). Data including McGregor et al., 2012 Multivariate
statistical methods for the environmental forensic classification of coal tars from former manufactured gas plants.

Environmental science technology 46 (7), 3744-52.
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What does this tell us? .

« The PCA and HCA clearly demonstrate that the coal tar is of unique origins.

* GCxGC analysis was able to identify 865 individual compounds within the sample
— far more than traditional GC methods could accomplish.

« GCxGC analysis was able to show that the tar was produced by the carburetted
water gas process however interestingly, the samples shared no similarity in the
HCA to British CWG tars and form their own cluster on the PCA.

« This is mainly due to the different feedstock used in the US CWG process which
was most likely Bituminous Coal, rather than coke.

« This is the first time these methods have been applied to samples from outside of
the UK.
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« Polycyclic Aromatic Hydrocarbons — PAHs

« Alkyl Polycyclic Aromatic Hydrocarbons — Alkyl PAHS

» Heterocyclic compounds
— Oxygen containing PAHs — Oxy-PAHSs
— Sulphur containing PAHs - PASHSs
— Nitrogen containing PAHs — NPACs
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Polycyclic aromatic hydrocarbons - PAHS

* PAHSs are a common persistent organic pollutant (POP) and can come from
pyrolytic, petrogenic and biological sources.

* PAH toxicity varies greatly and is determined by the number of fused rings. For
example 4 and 5 ring PAHSs have a tendency to be carcinogenic and mutagenic.

« The US agency for toxic substances lists 18 PAHSs as being of concern.
« There are several diagnostic ratios that can give information about the PAH source.

« Long term modelling of Coal tar plumes predicts that even after 1000 years 89% of
the initial mass of Phenanthrene will still be present, and for the moderately and
sparingly soluble components 60% and 98% respectively.
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Alkyl PAHs form an important group of compounds that are often ignored during
environmental analysis due to difficulties in accurate measurements.

« The EPA has created a list of 16 groups of C1 to C4 alkyl PAHs and combined them
with the 18 EPA PAHSs to give the EPA 34.

« The 16 groups of alkyl PAHSs actually contain several hundred different compounds.

* GCxGC can resolve more alkyl PAHs than traditional GC analysis.

go L6
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Why do we care? S

« Alkylated PAHSs can significantly contribute to the toxicity of PAH mixtures, in some
cases accounting for 80% of the toxic burden.

* Incrude oil Alkyl PAHs can account for 99% of the total PAH content. In coal tars
they can account for 35 to 42%.

» As historical risk assessment relies solely on the parent PAH data this suggests that
the toxic burden of contaminated sites may have been underestimated for both coal tar
and crude oil contaminated sites, although much more for crude oil contaminated
sites.

» This means that the development of better methods of analysis for alkyl PAHs may be
Important in the future.
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What are heterocyclic compounds s

« Aheterocyclic compound is a compound that has at least two different elements as
members of its ringed structure.

« Of particular interest in samples of coal tar, and coal tar contaminated samples, are
those containing Oxygen, Sulphur and Nitrogen.

» Sulphur and Nitrogen containing PAHSs are largely determined by those present in
the parent coal, with some temperature dependant alterations.

« Oxygen containing compounds are likely to be defined by the MGP pyrolysis
process and can be used as potential forensic biomarkers.
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Sulphur containing PAHs - PASH -

« Organic sulphur occurs in coal tar in the form the most of important of which when
considering coal tar are heterocycles such as thiophenes or dibenzothiophenes.

* Due to the presence of sulphur PASHSs exist in an even greater variety of structures
compared to PAHs with alkylated isomers being dominant

» PASHs co-elute with PAHs and this means that a fractionation or isolation step is
required to correctly measure PASHs. This is overcome with the use of GCxGC.

* PASHSs and their metabolites can be carcinogenic or mutagenic for example
Benzo[2,3]phenanthro[4,5-bcd]thiophene has been shown to be more mutagenic than
Benzo[a]pyrene

» PASHs are readily metabolised by bacteria and higher organisms and their metabolites
can also have increased mutagenic or carcinogenic activity.

9w =0
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Metabolism of PASH et
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Nitrogen containing PAHs — NPACs A

Nitrogen is present in all fossil fuels and is associated almost exclusively with the
organic portion of the crude material.

* Nitrogen-containing substituents, such as nitro- and amino- functional groups can
enhance toxicity by up to 100-fold. A number of heterocyclic nitrogen compounds
are known, or suspected, carcinogens.

« This means that even though the nitrogen content of the parent coal may be low the
possible health effects from nitrogen containing polycyclic aromatic compounds
(NPAC) cannot be ignored.

* NPAC:s are of special concern in ground water at FMGP sites due to their increased
water solubility.
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University of

Strathclyde

Glasgow

The University of Strathclyde is a charitable body, registered in Scotland, with registration number SCo15263



