Flavourings to avoid inhaling

Certain flavourings used in cereal product manufacturing
processes to give a "buttery" and "creamy" taste can
cause severe respiratory illness in workers inhaling them
over the long term. Preventive measures and respiratory
monitoring of exposed employees are recommended,
and the French companies potentially concerned - along
with their occupational health services — are asked to
exercise vigilance.

The signal

In recent years in France, an occupational disease consulta-
tion centre (CCPP) and an occupational health service (SST)
have been working together to investigate clustered cases of
bronchiolar-type respiratory disorders occurring in a food
processing plant making sweet cereal products. This signal
was forwarded to the National Network for the Monitoring
and Prevention of Occupational Diseases (RNV3P), coordinat-
ed by the French Agency for Food, Environmental and Occu-
pational Health & Safety (ANSES).

What we know already

In the United States, clustered cases of severe bronchiolitis
obliterans, resulting in progressive irreversible respiratory
failure, have been attributed to food professionals inhal-
ing flavourings with a buttery, creamy taste and aroma,
which were initially thought to be harmless. In particular,
eight cases were described among the 130 employees of a
single popcorn manufacturing company, leading to the first
real investigations in 2002 [1]. Four of the patients in these
cases had severe forms and were awaiting lung transplants.

Due to the context in which they occurred, these occupation-
al conditions were initially described as "popcorn workers'
lung disease" (or simply "popcorn lung") and then more cor-
rectly as "flavouring-induced lung disease", given the wide
range of circumstances in which people can be exposed to
these flavourings.

The alpha-diketone- or alpha-dicarbonyl-based flavourings
incriminated, are mainly diacetyl (or 2,3-butanedione) but
also 2,3-pentanedione, initially used as a substitute for diace-
tyl, but ultimately found to have similar toxicity.
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These substances' mechanism of action on the bronchioles is
now well understood. In 2016, the US National Institute of
Occupational Safety & Health (NIOSH) published a major ref-
erence document on the topic, providing an exhaustive over-
view of knowledge on hazards, exposures and risks, and
setting occupational exposure limits (OELs) [2].

Since then, new publications have regularly corroborated the
toxicity of these flavourings [3], and similar occupational cas-
es have been described in the Netherlands and England, as
well as a few domestic cases in individuals consuming micro-
wave popcorn on a daily basis [4]. It then became apparent
that these flavourings could be found in other occupational
contexts, for example in the manufacture of dry biscuits, ce-
reals, chocolate and coffee, and could even be generated by
certain industrial processes such as coffee roasting [5, 7].
New cases have been described in these occupational con-
texts [6].

Investigation and management

When the signal was presented to the Working Group on
Emerging Risks, no serious cases of bronchiolitis obliterans
related to these flavourings had been reported in France.
However, the cases involved raise the issue of the effect that
these flavourings may have at much lower concentrations
than those found in the index cases published in the United
States.

As part of the investigation into these clustered cases, a ret-
rospective longitudinal follow-up of 200 employees from the
plants concerned and their pulmonary function tests (PFTs)
was carried out, including information on tobacco consump-
tion.
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Concerning the occupational factors associated with the re-
sults of the PFTs, working in a sector exposed only to raw
materials (cereals, flours, and their biological contaminants)
was associated with an excess of obstructive ventilatory dis-
orders of the large bronchi, as is typically observed with this
type of exposure. However, working in the processed prod-
ucts manufacturing sector was associated with an excess risk
of bronchiolar damage, as seen with the flavourings men-
tioned above. In both cases, tobacco consumption was taken
into account. In view of the knowledge of this potential risk
from the flavourings, the composition of the ingredients used
in the recipe for the products manufactured in these plants
was analysed and measurements were taken from the air
inside the plants. The latter revealed the presence of diace-
tyl, which was not mentioned in the product safety data
sheets (SDSs) detailing all the substances present in a prod-
uct and their hazards, and 2,3-pentanedione, which was re-
ported in only one SDS.

The concentrations measured when the products came out
of the oven were sometimes higher than those stipulated in
the regulations: respectively 3% and 15% of the European
(2017) and French® (October 2019) OELs.

These flavourings were also detected in the control room,
but at lower concentrations, resulting in less intense but
longer-lasting operator exposure. This seems to corroborate
the results of a cross-sectional study, published in 2014, of
367 employees in a flavouring manufacturing plant that had
replaced diacetyl by 2,3-pentanedione [8].

Results showed a doubling of respiratory symptoms and de-
creased respiratory function in participants who spent at
least one hour per day in production areas where the expo-
sure level was twice as high as the US reference values.

Following these results, preventive measures were taken
concerning ventilation and employee protection during work
on the production line.

Lessons to be learned from this signal

Aside from the severe clinical pictures for high exposures
found in the literature, the long-term effects of prolonged
inhalation of these flavourings at low concentrations are not
yet fully known.

1. In France, the regulations stipulate taking 10% of the OEL as a refer-
ence value that can be used to consider that the OEL has been complied
with. This approach enables the variability of occupational exposure to
be taken into account, in particular on the basis of a small number of
measurements. https://www.legifrance.gouv.fr/affichTexte.do?
cidTexte=JORFTEXT000021487566.

The situation reported here illustrates several key elements
in the detection and investigation of new occupational dis-
eases. Firstly, it shows that in the context of a very progres-
sive disease, the link with work is often ignored because
there is no improvement to patient complaints during weekly
rest days or even holidays (unlike allergic diseases for exam-
ple). It is therefore necessary to rely on a collective analysis
of respiratory function parameters to detect any deteriora-
tion in them among certain subgroups of workers. It is then
essential to correlate these results with measurements made
at the various work stations: concentrations of potentially
incriminating substances in the air and in the components
handled, even if they are not mentioned in the SDSs. This
situation also illustrates the importance of monitoring
emerging toxic risks described at the international level, in
order to be able to identify them within companies.

When investigating this type of situation, the cooperation of
SSTs and CCPPs adds real value; in this case relating to all
three of the points mentioned above.

Lastly, it should be remembered that when clusters of identi-
cal diseases are observed, occupational physicians, employ-
ers, staff representatives or employees may refer the matter
to the Occupational Health Alert Groups (GASTs), managed
by Santé Publique France, which will also seek the expertise
of the CCPP(s) in the region concerned.

Moreover, a high-severity signal due to occupational expo-
sure (in this case, from a high-temperature flavouring pro-
cessing method) raises questions about whether there are
any similar situations in other uses. For example, tobacco
products and e-liquids designed for vaping often contain fla-
vourings, and are heated during consumption. In recent
years, this topic has been addressed in several publica-
tions. Researchers have found that a compound in the e-
liquids that is chemically similar to diacetyl (2,3-butanolone
or acetoin) degrades to diacetyl within the cartridge, whose
contents are then inhaled [5,6].

Is it safe to use such ingredients in these tobacco and vaping
products? Diacetyl is not currently included in the list of in-
gredients prohibited in e-liquids. It is the responsibility of the
companies marketing the products to ensure that the ingre-
dients they use do not pose a risk to human health. As part of
its roadmap on substances of interest, ANSES will examine
how to take into account this feedback from a context out-
side that of tobacco products and vaping.

Vincent BONNETERRE
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Occupational exposure limit values (OELs) for diacetyl

®  France: Ministerial Order of 27/09/2019 setting indicative occupational exposure limits for certain chem-
ical agents. The 8-hour OEL for diacetyl is set at 0.07 mg/m3 (0.02 ppm); the 15-minute OEL is set at 0.36
m3 (0.1 ppm)

® Europe: EU Directive 2017/164, the 8h OEL is set at 0.02 ppm or 20 ppb

® US-NIOSH 2016, the 8h OEL (8h TWA) is set at 5 ppb [this NIOSH limit value is based on human data and
corresponds to an estimated excess risk of bronchiolitis of 1/1000 in the event of lifetime exposure to diace-
tyl (8h/d, 40h/week, for 45 years); Park JOEM 2018.

Occupational exposure limit values (OELs) for 2,3-pentanedione
® The MAK value (Germany) is set at 0.02 ppm, i.e. 20 ppb

® US-NIOSH (2016) a TWA of 5 ppb as for diacetyl was desired, but was increased to 9.3 ppb due to the
limit of quantification
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