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Commentary
A commentary article in this journal encouraged us all
to work towards evidence-informed occupational airborne
exposure limits for enzymes [1]. This prompted a response
and a subsequent reply which explored a little more of the
challenges faced [2,3]. Where there was debate, it might be best
characterised as differences in the emphasis placed on the extent
to which pragmatism should dominate decision-making, coupled
with the ongoing need to ensure that complacency does not
appear in industries that regard themselves as under control. It
is a key principle that worker protection is an essential activity
which should be based on the best evidence available and can
be demonstrated to be successful, as in the report on 5 years of
occupational health and air monitoring from a number of enzyme
using detergent factories [4].
As enzymes are well known respiratory allergens, responsible
users in the detergent industry have worked for half a century to
an accepted and internationally recognised standard to protect
worker health [5-7,4].

An important aspect here is that industry groups have taken
the lead in the dissemination of best practice and have updated
published industry guidance on multiple occasions, the latest
version of which can be accessed here [8,9]. In addition, the
knowledge originating from the enzyme manufacturing industry
has been regularly published [10-12]. This has provided the basis
on which best practice has been extended to other/downstream
industries.
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In principle, the matter of establishing an occupational
exposure limit for a respiratory allergen is no different to other
toxicology endpoints: identify the hazard, characterise the doseresponse (potency assessment), understand the nature and extent
of human exposure and use the combined information to set a safe
level. For protein respiratory allergens, the challenges associated
with this include the limited understanding of the dose response
metrics [13-15]. This has led to a practical working solution,
setting a derived minimal effect level (DMEL), which has already
been published [16]. It has been argued that strict adherence to
this approach involving use of the 60ng/m3 as a starting point
benchmark has delivered a high level of occupational safety [7,4].
Central to this is rigorous application of occupational hygiene,
with constant air monitoring and regular occupational health
surveillance. Significantly, failure to adhere to the guidance leads
to occupational health problems [17].
It has to be admitted that imperfections remain in the
epidemiological metrics, the risk calculations and missing
exposure information. Undoubtedly better epidemiological
information would be a real asset. Similarly, it would be easy to
assert that fuller exposure information must be helpful. These
should then permit better risk calculations of course. However,
there remains a genuine practical problem-that of matching
exposure data, even from personal exposure monitoring to the
acquisition of IgE mediated allergy. There is little evidence to
indicate whether short term peak exposures are more, or less,
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important than repeated or constant lower level exposure and
although the respiratory tract is the primary candidate, there is
limited formal evidence for which route of exposure is actually
critical to the induction of sensitisation. Finally, as far as we are
aware, there have been no clinical experimental studies in which
naïve volunteers have been subjected to defined inhalation
exposures in order to characterise the parameters of exposure
and dose which lead to the acquisition of IgE mediated allergy.
All of these considerations and uncertainties lead inexorably
to the pragmatic approach in which general airborne exposure
levels are linked to the presence/absence of IgE allergies. Such an
approach has the benefit that it avoids the potential inertia that
can be associated with situations where there is not sufficient
hard data to derive a fully evidence-based OEL. Perhaps such a
problem occurred with the important efforts to establish an OEL
for α-amylase, where it appeared that gaining substantial exposure
data from all users sectors tended to stall the establishment of a
suitable and broadly agreed value [18,19]. Of particular note was
the concern from the UK perspective that the exposure-response
relationships leading to the proposal for an airborne limit of
<1ng/m3 was not well founded. On a more positive note, it was
encouraging that the induction of antigen specific IgE was seen as
the most appropriate measure on which to focus, in accord with
the principle followed by the enzyme industry for several decades.
What are the essentials for a more pragmatic approach? There
are three elements, each considered in a brief detail below:

The first essential has been the recognition of problematic
exposure levels, and from that knowledge has evolved a definition
of an exposure benchmark (usually designated as the DMEL),
from which are determined exposure limits that can be achieved
and accurately monitored [7,10-12,4,16]. It is not necessary
here to review the history of occupational asthma problems that
challenged the detergent industry in the mid-20th century [2022]. What was gleaned from this unfortunate experience was
an understanding of airborne exposure levels which delivered
worker safety [5].
The second essential is that once there is general acceptance
of what constitutes a suitable occupational exposure limit
(OEL), the focus then must be directed towards compliance
and monitoring. Any OEL is only of value where there is proper
adherence thereto. Although perfection in this respect may be
difficult, the data from approximately 100 industrial sites across 5
continents over a period of 5 years demonstrated a very high level
of compliance (>99%) [4]. This suggests what can be achieved in
the real world. Furthermore, health monitoring on the associated
workforce (with almost 96% uptake) demonstrated an absence of
any symptoms in 99.9%. It is worth diverting to remark that the
occupational health default is to assume that symptoms (any one
of rhinitis, conjunctivitis, impaired lung function and asthma) are
assumed to be work-related unless they can be clearly linked to a
non-occupational cause.
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In other words, once proper control is achieved, the prevalence
of workers with symptomatic occupational IgE allergy to enzymes
in these industries is likely to be distinctly lower than 1 in a 1000.
In support of this, the experience of almost 50 years of dealing
with occupational allergy to enzymes in one company has been
reported [12]. These authors demonstrated how with increasing
experience the risk of allergy was reduced each decade, despite
being paralleled in reverse by increasing production volumes,
concluding “For primary prevention of enzyme allergy, exposure
control is mandatory and achievable…”. These conclusions were
reached via a retrospective evaluation of >5000 employees,
sorted into 5 exposure group level and subject to regular health
monitoring. The induction of IgE was related to exposure level
and smoking; a high level of IgE was the sole risk factor for the
expression of symptoms.

The third and critical aspect of the pragmatic strategy is
the recognition that the hazard and the risks to human health
associated with that intrinsic hazard never go away, nor do they
ameliorate over time. Consequently, they require sustained
vigilance. Complacency in the workforce and/or the management
has to be avoided. Importantly, it is also necessary for the industry
involved to promulgate best practice (whilst complying with
anti-trust legislation). Enzyme producers and enzyme detergent
industries have a good track record in this respect, working to
ensure that advice is appropriate, clear and up to date [8,23].
Where possible, to encourage the adoption of practical best
practice, that advice has been extrapolated to other downstream
enzyme users, such as baking [9] and the pulp and paper industry
[24] as well as to consumer products [25]. These considerations
have extended even to 3rd party suppliers and logistics [26].

Whilst accepting that this industry’s approach has been based
on an exposure limit that had to be defined, and broadly accepted,
despite a less than an ideal level of supporting evidence, industry
success has been well documented [4,12]. If this degree of success
could be translated to other industries with an existing enzyme
occupational respiratory allergen problem, it offers the prospect
of improving significantly the working environment in those
industries [2]. This conclusion that was expressed only recently
continues to have merit.
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