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Comprehensive Gas
Chromatography Coupled

to Simultaneous Dual Detection
(TOF-MS/FID) as a Confirmatory
Method for MOSH and

MOAH Determination in Food

Mineral oil hydrocarbons (MOHs) are very complex mixtures of isomers mainly assodated with two dasses of
compounds: mineral oil saturated hydrocarbons (MOSHs) and mineral oil aromatic hydrocarbons (MOAHS).
The analysis of such contaminants in food is a challenging task, espedally without a mass-spectrometry-based
confirmatory method. Using gas chromatography—mass spectrometry (GC-MS) alone fails, because the
MS spectra of the fractions considered and interferences are often difficult, if not impossible, to distinguish.
Therefore, the use of comprehensive multidimensional GC (GCxGC) with parallel dual detection, namely a
flame ionization detector (FID) and time-of-flight-MS (TOF—MS) has been proposed. The enhanced chromato-
graphic separation, along with the full mass spectra information, allows redudng the detection of false positives.
The method was optimized to obtain completely overlapped 2D plots from the two detectors, simplifying the
use of a dassification tool, induding a spectrum-based filter, to translate the findings in the MS to the FID trace,
and thus correct any quantification issue due to coelution with naturally present components.
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MOH through ingestion, skin contact, or inhalation, but the

ineral oil hydrocarbon (MOH) contamination has

been described as a complex mixture of isomers

mainly related to two classes of compounds, namely
mineral oil saturated hydrocarbons (MOSHs) and mineral oil
aromatic hydrocarbons (MOAHs). The former class includes
aliphatic hydrocarbons, both linear and branched (alkanes
and isoalkanes called also paraffin and isoparaffin), and cy-
clic compounds (cycloalkanes or naphthenes) with possible
lateral alkylation. The MOAH class includes one or more
benzene rings, mainly alkylated, which usually represent up
to 25% of the MOSH fraction (1). Humans can be exposed to

former is the most common. Many sources of food contam-
ination can be listed, either as intended and unintended. A
well-presented compendium can be found in (2).

Although still under investigation, the toxicity of MOSH
and MOAH is of different concern. MOAHs, mainly the
three-to-seven ring polycyclic aromatic compounds with
a low degree of alkylation, are potentially mutagenic and
tumor promoters (1,3). More debate is open on the effects
of MOSH: those in the C16 to C35 range can be selectively
accumulated and cause microgranulomas in several rat tis-
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Figure 1: FID response (n = 3) obtained for a mixture of n-alkanes analyzed in the GCxGC-TOF-MS/
FID system, normalized versus the response of the same mixture analyzed by GCxGC-FID.

sues (such as lymph nodes, spleen, and
liver) (1,4,5). Nevertheless, the correla-
tion between exposition and granuloma
formation or inflammatory response is
still not clear, and data on humans are
scarce (6).

The European Commission has
required an effort to re-evaluate the
toxicology of MOH based on a de-
tailed characterization rather than on
physicochemical properties (1), and to
gather more information regarding the
occurrence and possible sources of con-
tamination in food (7). In this regard,
the focus is on the analytical methods
for MOSH and MOAH determination,
which is rather demanding, not just in
terms of sample preparation (8-10).
Both MOSH and MOAH appear on a
chromatographic trace as an unresolved
complex mixture (UCM) or a “hump.”
Several off-line methods have been pro-
posed (11-13), the method of election
for MOH determination is hyphenated
liquid—gas chromatography (LC-GC)
method (14-16). Although the method
is very efficient, many interferences
from different sources (including, but
not limited to, polyolefins from plastic,
carotenoids, olefins, and terpenoids
from the sample itself), may be present
in both of the fractions which, in some
cases, are not easily distinguished by
the MOSH and MOAH UCMs, thus
leading to possible false positives. Com-
plicating the scenario even more is the
lack of a confirmatory method with MS
as requested by Decision 2002/657 (17).
The lack of standards requires the use
of a flame ionization detector (FID)
for quantification rather than MS, be-
cause MS virtually provides the same

response for all hydrocarbons (18). Such
an issue is a hot topic of discussion in
the field and, although a GC-MS has
been proposed to fill the gap, the lack
of specific diagnostic fragments to
differentiate MOSH and MOAH from
other possible contaminants and/or
analogous (such as MORE, mineral oil
refined product, PAO, polyalphaolefins,
POSH, and polymer oligomeric hydro-
carbons) leaves the issue open (2,19,20).
The use of comprehensive multidimen-
sional GC (GCxGC) has been proposed
(21,22), and, until now, it seems the
most promising solution. However,
all the applications using GCxGC had
been presented and optimized before
the publication of the last Joint Re-
search Center (JRC) Guidelines in 2019
(23), which required extending the data
reported to the C10 to C50 range.

The aim of this work is to investigate
the potential of a GCxGC system cou-
pled in parallel to an FID and time-of-
flight (TOF) MS as a confirmation tool
for MOSH and MOAH analysis within
the JRC guidelines requirements.

Materials and Methods

Reagents, Standards, and Samples
All the solvents were purchased from
MilliporeSigma. The n-hexane, ace-
tone, and dichloromethane were dis-
tilled before use.

The MOSH and MOAH internal
standards, containing 5-a-cholestane
(Cho, 0.6 mg m/L), n-C11 (0.3 mg/mL),
n-C13 (0.15 mg/mL), cyclohexyl cyclo-
hexane (CyCy, 0.3 mg/mL), n-pentyl
benzene (5B, 0.30 mg/mL), 1-methyl
naphthalene (1-MN, 0.30 mg/mL),
2-methylnaphthalene (2-MN, 0.30 mg/

mL), tri-tert-butyl benzene (TBB, 0.3
mg/mL) and perylene (Per, 0.6 mg/mL)
in toluene, were provided by Restek.
The MOSH/MOAH retention time
standard, containing a standard mix-
ture of n-alkane C10-C40 (50 mg/L
each) plus C50 was also from Restek.

All the glassware was carefully
washed and rinsed with distilled sol-
vents (acetone and n-hexane) before
use.

Palm oil and a spice extract were
provided by a private laboratory (which
asks to not be disclosed).

GCxGC-FID/TOF-MS Analysis
The primary column was a Rxi-17Sil
MS 12 m x 0.25 mm id. x 0.25-um df
connected through a tee-union (Agilent)
to two Rxi-1 MS 14 m x 0.lI-mm id.
x 0.1-um df linked to the FID and the
TOF-MS.

GC oven temperature program: 50
°C (hold 1 min) to 350 °C (hold 1 min)
at 5 °C/min. A 10 °C offset was applied
between the first and secondary ovens.
The carrier gas, helium, was supplied at
an initial pressure of 275 kPa (constant
flow). Injection temperature: 310 °C.
Injection mode and volume: splitless
injection (1 min); 3uL. Modulation was
performed every 10 s, applying variable
hot and cold pulse durations based on
the wide range of volatilities in the sam-
ple. The FID was operated as follows:
H, flow: 40 mL min™; airflow: 400.0
mL/min; make up (He): 30.0 mL/min;
Temperature: 350 °C. MS parameters:
40-750 m/z; spectra generation frequency
(TOF-MS and FID): 100 Hz; interface and
ion source temperatures were 250 °C
and 340 °C, respectively. MS ionization
mode: electron ionization (EI) at 70 €V.
Data were acquired and elaborated using
the ChromaTOF brand software (v5.50).

Results and Discussion
GCxGC-FID/TOF-MS:
Chromatographic Optimization

The optimization of the GCxGC sys-
tem with dual detection started from
a series of considerations, namely the
separation efficiency, the sensitivity,
and the goal to obtain a perfect match
between FID and MS retention times.
Based on the outcomes of previous
work by Cordero and coworkers (24),



the use of two secondary columns
was selected to maximize separation
efficiency and 2D space exploitation.
Differently from the calculations done
elsewhere with quadrupole MS sys-
tems (22,24), the use of the TOF-MS
mentioned above, which consists of
a slightly longer transfer line (31 cm)
required extra care regarding the flow
and MS/FID split calculations. In fact,
our initial calculation suggested the use
ofa 1.6 m x 0.1 mm segment connected
to the MS and 1.4 m x 0.1 mm to the
FID, as also reported in (24) for a split
between the two detectors of ~50% and
a match of the retention times. How-
ever, the experimental results did not
confirm the calculation, because an
extra resistance has to be accounted
for, due to the length of the transfer
line constantly maintained at high
temperature (340 °C). The final opti-
mal column lengths were 1.4 m x 0.1
mm for both of the secondary columns.
Although the use of pressure control
mode rather than flow control mode
for the carrier gas would have ensured
a constant split all over the chromato-
graphic area, the retention time match
would have been negatively affected.
Therefore, the flow control mode was
used and the split ratio variation over
the entire oven ramp (50-350 °C) was
experimentally evaluated analyzing a
mixture of n-alkanes in the GCxGC-
TOF-MS/FID system and comparing
the signal with the data obtained in
a GCxGC-FID system, without any
splitting device. An average splitting of
56/44 at FID-MS was measured, with a
variation between C10 and C50 within
the experimental variability of the three
replicates (Figure 1). The chemical-class
structure in the 2D chromatogram was
maintained up to the elution of the C50.

The overall separation performance
of the two parallel separations was
compared measuring the peak capacity
(n), the net separation used (S, S,, and
Scoxge)> and the percentage of usage
(25-28). The results are reported in
Table I, showing that the performance
of the two parallel separations is highly
comparable.

Finally, the alignment of the two
plots obtained from the FID and the
TOF-MS acquisition was positively
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Table I: 1D and 2D separation measure (S, and S,, respectively), comprehensive sep-

aration measure (S¢, o). peak capacity (n), and percentage of 2D space used.
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Figure 2: Reconstructed excel 2D plot on the basis of the 1D and 2D retention times of the MOSH
and MOAH internal standard mixture in the FID and ToF-MS traces.

confirmed on the base of 1D and 2D re-
tention time of the MOSH and MOAH
internal standards (Figure 2).

Classification and Template Match
The good retention time matches be-
tween the MS and the FID trace made
it possible to create a template model
based on both the enhanced separation
power of the GCxGC and the reliable in-
formation obtained from the TOF-MS
trace. The classification of the different
chemical families (#- and i-paraffins, cy-
cloalkanes, 1-ring, 2-ring MOAH) was
created simply by drawing the edges of
each class within the GCxGC-TOF-MS
contour plot. The latter was then applied
to the GCxGC-FID trace for quantifica-
tion purposes (Figure 3).

The idea behind the development
of this strategy is to confirm the iden-
tity of the compounds of interest at
the TOF-MS, but even more to exclude
the presence of substances other than
MOSH and MOAH that may lead to
false positives or higher contamination
values when examining the correspond-
ing FID trace. In fact, when compounds

other than the targeted ones are iden-
tified in the TOF-MS trace, the perfect
retention time match with the FID trace
allows to easily pick and remove them
from the sum. This procedure can be
simplified even more by applying an
additional MS spectral filter based on
custom-built spectral rules, such as the
identification of a particular class of sub-
stances based on the presence of one or
multiple diagnostic m/z or ion ratios. As
an example, all the compounds belong-
ing to the family of n-i-paraffins can be
easily identified by their characteristic
main fragments 43 m/z and 57 m/z. The
same concept can be applied to as many
as needed classes of components such
as olefins, hopanes, steranes, diben-
zothiophenes, DIPN, and terpenes. The
extra filter was very useful in the case of
classes of compounds eluted in the same
2D space, helping to quickly pinpoint
the compounds belonging to one or the
other class (Figure 4).

Application to Real-World Samples
The accurate determination of MOSH
and MOAH in food is of high impor-
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Figure 3: Translation of the classification based on the MS trace onto the FID trace.
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Figure 4: Expansion of the ion extracted 2D plot in the dibenzothiophenes (in yellow) and
triaromatics (in red) area. The classification areas are depicted with the manually drawn ellipsis
(yellow and red) and the class to which every single component belongs is depicted by bubbles
with the corresponding color. The sub-nominal MS spectra for the two selected components are
shown as well.

tance, since this contamination rep-
resents a concern from a toxicological
viewpoint and an economic impact for
food companies as well. Therefore, it is
highly essential to avoid false positives

to limit unnecessary alarmism. At the
same time, as required by the EU, it
would be beneficial to collect data on
the occurrence of the different sub-
classes within the MOSH and MOAH

fractions, and to highlight the presence
of possible markers of specific contami-
nation sources to allow the stakeholders
to take actions to prevent the contam-
ination in the food chain. This last goal
is challenging, because contamination
may occur at different levels, from the
raw materials to the final product and
from primary or secondary packaging
(2). The profile of the contamination may
change during the processing of the food,
making the identification of the source of
contamination for corrective action very
challenging. Moreover, a limited number
of markers is known at present. Never-
theless, some consideration can be taken
in this direction by carefully examining
the results. For instance, the presence of
POSH (deriving from plastic food contact
material), as occurred in the spice sam-
ple, can be easily chromatographically
separated in the GCxGC contour plot,
without requiring expert evaluation of
the LC-GC-FID trace and not causing
possible overestimation of the amount of
MOSH (Figure 5).

The coupling of the chromatographic
separation with a sensitive MS instru-
ment allowed us to simultaneously detect
the presence of hopanes (a well-known
marker of petrogenic origin [29]) in the
MOSH fraction of the palm oil sample.

In the same way, analyzing the results
obtained from the MOAH fractions, several
factors can be considered. The presence of
diisopropylnaphthalenes (DIPN, markers
of contamination from recycled paperboard
fiber) was easily highlighted in the LG-GC-
FID trace, although no confirmation was
possible. The GCxGC-TOEF-MS informa-
tion made it possible to confirm the identity
of such markers and, moreover, the pres-
ence of sulfur compounds was detected,
pointing toward jute bags as an additional
source of contamination, both for the spice
and the palm oil (Figure 6).

Regarding the palm oil sample, it
underwent an additional purification
step, namely epoxidation, to remove
the presence of interferences such as
carotenoids, terpenoids, and olefin,
which generally sit on top of the MOAH
hump. In the LC-GC-FID chromato-
gram, the MOAH UCM appeared
smooth with a limited number of
well-shaped peaks on top of the hump,
leading to the conclusion that the in-



terferences were removed and that
only the remaining few peaks needed
to be removed for accurate quantifi-
cation of the MOAH. However, based
on the information obtained from the
classification and the MS spectral fil-
ter feature explained in section 3.2,
few compounds were classified as di-
aromatic within the classification area
(Figure 7). From a careful evaluation of
the TOF-MS spectra of the peaks pop-
ulating the 2D space in the diaromatic
classification area (the most abundant
class of MOAH present), although not
a univocal and precise identification
was possible, it was clear that the peaks
were not only belonging to the MOAH
fraction, but specifically to terpenoids.

This is a particular critical finding,
since it support an already open discus-
sion on the efficiency of the epoxidation
process and doubts on many possible
false positives found after carrying out
such an extra purification step, which
is known to cause the loss of MOAH
themselves at a certain extent but that
seems also to not be efficient in the re-
moval of the interferents in some spe-
cific circumstances that have not been
determined yet.

Conclusion

This work is a proof-of-concept study
to prove the capabilities of the use of a
GCxGC-TOF-MS/FID system as a con-
firmatory method of the occurrence of
MOSH and MOAH contamination in
food. For the first time, a method able to
maintain the chemical-structure of the
2D plot up to C50 was presented. More-
over, the ultimate goal will be to provide a
method that can be used both for routine
and confirmatory purposes. Research is
ongoing to validate the quantification
based on the GCxGC-FID trace, possi-
bly corrected based on the information
deriving from use of the TOF-MS instru-
ment.
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Figure 6: (a) LC-GC-FID and (b) GCxGC-MS traces of the MOAH fraction extracted from the spice
sample. The presence of DIPN and sulfur compounds, markers of recycled paperboard, and jute

bag contamination is highlighted in the box.
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the chromatogram but not belonging to this class is highlighted in the box.
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