WHAT ARE BTEX AND VOLATILE ORGANIC COMPOUNDS?

When discussing food contaminants, attention often focuses on pesticides, metals or
persistent substances. Yet there is also a highly diverse group of molecules that can
transfer relatively readily from materials into the air: volatile organic compounds (VOCs).
Some are natural constituents of aromas; others originate from fuels, solvents, industrial
emissions or manufacturing processes. Among the latter, BTEX are particularly well
known in environmental studies.

Their occurrence in the environment does not necessarily mean that they are present in
food at significant levels. Understanding their possible relevance to food requires
starting with chemical properties and distinguishing evaporative behaviour from toxicity
and actual human exposure.

WHAT DOES VOLATILE MEAN?

A compound is described as volatile when, under the conditions considered, it tends to
pass from a liquid or material into the gas phase. Its tendency to evaporate depends on
several physical properties, particularly vapour pressure, as well as temperature and the
characteristics of its surroundings. Volatilisation generally becomes faster as
temperature increases.



Boiling point is useful information, but it is not the temperature at which evaporation
begins: liquids can evaporate well below their boiling points. Moreover, ‘VOC’ does not
describe one universally defined chemical family. Operational definitions vary across
environmental, analytical and regulatory contexts. It is therefore incorrect to assume
identical behaviour for every substance described as ‘volatile’.

In food, movement into the air can depend on matrix composition: water, fats, proteins,
salt content, temperature and packaging may change the distribution of a molecule
between a product and its headspace. A compound that readily evaporates in pure form
may behave differently when dissolved in water or retained in a complex food matrix.

WHAT DOES BTEX STAND FOR?

BTEX is an acronym for benzene, toluene, ethylbenzene and xylenes. These are
aromatic hydrocarbons containing carbon and hydrogen, characterised by a benzene
ring. The three xylenes — ortho-, meta- and para-xylene — are isomers: they have the
same molecular formula but differ in the positions of two methyl groups on the ring.

Benzene (C4H¢) has the simplest structure in the group. In toluene (C,Hg), a ring
hydrogen is replaced by a methyl group. Ethylbenzene (CgH1o) has an ethyl group, while
xylenes (CgH;o) have two methyl groups. Despite their structural similarities, their
toxicological properties are not interchangeable: treating BTEX as a single substance is
scientifically incorrect.

These compounds are associated to varying degrees with petroleum, fuels, solvents and
numerous industrial uses. They are often studied together because they may share
contamination sources and can be measured simultaneously using related analytical
methods. Thus, BTEX is primarily a practical category for environmental and analytical
monitoring, not a classification implying identical health risks.

PROPERTIES THAT INFLUENCE THEIR BEHAVIOUR

BTEX are relatively volatile at room temperature. They can distribute between air, water
and organic matter, although each has its own solubility, vapour pressure and affinity for
organic phases. These differences help determine how each behaves during a
contamination event.

For example, benzene boils at approximately 80°C but also evaporates at room
temperature. Its volatility does not mean that a trace in food will completely disappear
when the container is opened: the actual loss depends on conditions and cannot be
assumed without evidence. Likewise, volatility may complicate sampling and analysis,
because unsuitable collection or storage can reduce measured quantities compared with
those originally present.



Environmental mobility does not mean unlimited persistence. Some BTEX compounds
can be degraded by microorganisms under favourable conditions, but degradation rates
and pathways depend on the environment. Their capacity to reach food also depends on
actual exposure and transfer conditions, not simply their presence in nearby soil, water
or air.

NOT ALL VOLATILE COMPOUNDS ARE CONTAMINANTS

The smell of freshly baked bread, a ripe apple or coffee comes from complex mixtures of
volatile substances. Aldehydes, alcohols, ketones, esters, terpenes and many other
molecules contribute to food aromas. Some form naturally in plants or during ripening,
while others develop through fermentation, roasting, cooking or storage.

The mere presence of a VOC does not define it as a contaminant. Molecular identity,
origin, concentration and context all matter. One substance may be a normal constituent
of a food's aroma; another may be undesirable without perceptibly changing its smell or
taste. The same molecule may also have multiple sources: chemical analysis identifies it
but does not necessarily reveal where it came from.

It is equally important not to confuse VOCs with polycyclic aromatic hydrocarbons
(PAHSs), another contaminant family dealt with separately in the Overorganic library.
Although both categories may include substances that are chemically aromatic, they
differ in structure, properties and assessment methods.

VOLATILITY, SMELL AND SAFETY ARE NOT THE SAME THING

A volatile substance is detectable by smell only if it has odorous properties and reaches
a concentration above an individual's perception threshold. Food without an unusual
smell therefore cannot automatically be considered free from BTEX or other volatile
contaminants. Conversely, a strong smell does not itself demonstrate the presence of a
toxic substance.

Intrinsic hazard must likewise be distinguished from risk. Benzene is recognised as
carcinogenic to humans, but this classification cannot alone quantify the risk associated
with a particular food. Dietary exposure assessment requires reliable concentration data,
quantities consumed, and frequency and duration of consumption. Overall assessment
must also include other exposure routes, especially inhalation, which may be particularly
important for some BTEX compounds.



WHY STUDY THEM IN FOOD SAFETY?

Studying BTEX in food means investigating a potential intersection between the
environment, production processes and human consumption. Their occurrence may be
relevant to particular cases involving contaminated water, chemical use, proximity to
emission sources or the formation of certain molecules during processing. This does not
mean that BTEX are widespread contaminants in every food category or necessarily a
major source of population exposure.

Scientific interest lies in establishing when a plausible transfer pathway exists, what
measurements are available and how to interpret them. Testing for very low
concentrations can provide useful information if sampling quality, method limitations and
the representativeness of the sampled product are considered.

FROM DETECTION TO RISK: FOUR DIFFERENT QUESTIONS

First: is the substance present? An analytical result may show that a molecule has been
identified in a sample according to the laboratory's identification criteria.

Second: at what concentration? A result in appropriate units, such as micrograms per
kilogram or litre, distinguishes very small traces from greater amounts. A result below
the limit of quantification does not necessarily prove absolute absence.

Third: how much actually reaches the body? Concentration must be related to the
quantity and frequency of consumption. The ingested dose is not necessarily the same
as the absorbed dose, which also depends on the substance and the individual.

Fourth: what health risk follows? Exposure must be integrated with toxicological
knowledge, including uncertainties and differences between short- and long-term effects.
These four questions provide the interpretative framework for subsequent chapters.

CONCLUSION

BTEX and VOCs are not equivalent expressions: BTEX form a well-defined group within
the much larger category of volatile organic substances. Volatility describes a physical
property, whereas contamination and health risk require additional information. This
distinction is essential in food science to avoid both unwarranted alarm and reassurance
unsupported by measurement and scientific evidence.
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