TOLUENE, ETHYLBENZENE AND XYLENES: WHAT DO WE KNOW?

When discussing BTEX, benzene rightly attracts particular attention. The other three
components — toluene, ethylbenzene and xylenes — nevertheless deserve individual
assessment. They share certain physical properties and emission sources but differ in
metabolism, toxicity and the importance of different exposure routes. Their potential
occurrence in the food chain does not justify assuming that significant quantities are
commonly found in food.

THREE SUBSTANCES WITH SIMILAR, BUT NOT IDENTICAL, PROPERTIES

Toluene (methylbenzene) is an aromatic hydrocarbon used as a solvent and found in
fuels. Ethylbenzene is used mainly as a feedstock for styrene production and also
occurs in petroleum mixtures. Xylenes are three isomers — ortho-, meta- and para-
xylene — frequently sold as a mixture. All are volatile organic compounds: they can move
from the liquid phase into air, but their actual distribution between air, water, materials
and food depends on environmental conditions and matrix properties.

Chemical similarity does not imply a single safety threshold or identical toxicological
profiles. Even where several BTEX are measured together, individual results must be
distinguished and it must be clear whether the reported xylene concentration refers to
one isomer or to their sum.

TOLUENE: SOURCES AND BEHAVIOUR

Well-known sources of toluene include fuels, traffic emissions, paints, adhesives,
industrial solvents and processes using petroleum derivatives. Following environmental
release it may reach air, water or soil; in surface waters it tends to volatilise and can be
degraded by microorganisms. In subsurface systems its persistence depends, among
other things, on oxygen availability and local conditions.

For the general population, breathing contaminated air and using certain consumer
products are important exposure routes. ATSDR notes that toluene is not frequently
detected in food or drinking water. This does not rule out particular contamination
incidents, but it precludes describing diet as the dominant route without relevant
evidence.

Once absorbed, toluene is mainly metabolised in the liver and eliminated through urinary
metabolites and, partly, exhaled air. Effects on the central nervous system are well
documented at sufficiently high exposures, especially by inhalation; findings from
workplaces or solvent misuse cannot be transferred directly to traces measured in food.
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ETHYLBENZENE: EXPOSURE AND UNCERTAINTIES

Ethylbenzene is chiefly associated with petrochemical production and emissions from
fuels and solvents. It may contaminate water or soil locally and, in certain conditions,
contact raw materials, plant or other materials. Detection in a food sample cannot, by
itself, establish the source: information about the supply chain, materials and sampling is
required.

Toxicological assessments have considered effects observed in experimental studies,
including long-term investigations. Hazard classifications and experimental findings must
be read in context; they do not automatically quantify the risk from ingesting low
concentrations. When discussing carcinogenicity, it is also essential to identify the
agency making the classification and the routes or exposure conditions studied.

XYLENES: A FAMILY OF ISOMERS

‘Xylenes’ refers to three molecules with the same chemical formula but different
positions of their methyl groups on the aromatic ring. They are used industrially and
occur in fuels and solvent mixtures. Their volatility favours transfer to air, although
contaminated groundwater or production environments may warrant investigation in
individual cases.

Critical effects considered in toxicological assessments include those on the nervous
system, alongside other effects found experimentally. In food, a physicochemical
possibility of transfer must still be distinguished from actually measured occurrence,
particularly because exposure studies often focus on air or water rather than the whole

diet.
© ©/CH3 ©/\CH3

benzene toluene ethylbenzene

CH3z

\\| xylenes
CHj3

ACHS
L. @ ot
CHg HaC

o-xylene m-xylene p-xylene

OVERORGANIC | Scientific library of food contaminants



FROM THE ENVIRONMENT TO FOOD: WHICH PATHWAYS ARE PLAUSIBLE?

Water used as an ingredient or in production may act as a carrier if contaminated.
Contact with industrial air, improperly used solvents, contaminated materials or surfaces,
and accidental events is also possible. Actual significance, however, changes
substantially with contact duration, temperature, lipid content, ventilation, packaging and
food processing.

It is incorrect to suggest that fatty foods are always the most contaminated: affinity for
organic phases is only one factor. Volatilisation during preparation, initial concentration,
raw-material origin and storage conditions can all change the outcome. Without
comparable surveys, there is no reliable ranking of foods ‘most at risk’ from toluene,
ethylbenzene and xylenes.

WHAT DO DRINKING-WATER GUIDELINE VALUES TELL US?

The World Health Organization has published fact sheets on these substances within its
drinking-water quality guidelines. It gives a health-based guideline value of 0.7 mg/L for
toluene and 0.5 mg/L for xylenes considered together. These values are based on
toxicological and exposure assumptions specific to drinking water; they are not general
legal limits for cereals, oil, milk or other foods. The WHO ethylbenzene fact sheet
likewise must be interpreted in its precise context, not automatically extended to other
matrices.

A health-based guideline value, a legally binding limit and a laboratory limit of
quantification are three different concepts. A concentration below the limit of
quantification does not necessarily signify absolute absence: it means that, using that
method and matrix, reliable quantification below the stated threshold is not possible.

COMBINED EXPOSURE: A LEGITIMATE QUESTION

Several BTEX compounds may coexist at a contaminated site. Assessing a mixture
requires information on individual concentrations, exposure routes and potential
toxicological interactions. ATSDR has published a specific profile of BTEX mixtures,
illustrating why it is wrong either to assume that effects simply add together or that one
compound can stand in for all the others.

For food, this question is further complicated by the scarcity of consistent datasets for
many matrices. Recognising this limitation is more scientifically defensible than
calculating an apparently precise cumulative risk from inadequate evidence.
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HOW TO INTERPRET AN ANALYTICAL RESULT

If a laboratory reports toluene, ethylbenzene or xylenes, the initial questions are: which
substance or isomer was measured, in which units, and was the result above the limit of
guantification? Were containers and procedures used that limit losses and
contamination during collection, transport and analysis? Is a control sample available?

Assessing health significance then requires estimating how much of the substance might
be ingested, how often and by whom. Analytical detection does not itself imply harm,
while the absence of a matrix-specific limit does not establish harmlessness. The
analytical methods chapter examines the precautions needed to measure such volatile
substances correctly.

IN SUMMARY

Toluene, ethylbenzene and xylenes have distinct industrial uses, environmental sources
and toxicological profiles. They may be relevant to targeted investigations of
contaminated supply chains or environments, but available information does not support
generalised alarm about their routine occurrence in food. A sound approach combines
reliable analysis, source identification and realistic exposure assessment, keeping
hazard and risk distinct.
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