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Enzyme proteins have potential to cause occupational al-
lergy/asthma. Consequently, as users of enzymes in formulated
products, detergents manufacturers have implemented a num-
ber of control measures to ensure that the hazard does not
translate into health effects in the workforce. To that end, trade
associations have developed best practice guidelines which
emphasize occupational hygiene and medical monitoring as
part of an effective risk management strategy. The need for
businesses to recognize the utility of this guidance is reinforced
by reports where factories which have failed to follow good
industrial hygiene practices have given rise to incidences of
occupational allergy. In this article, an overview is provided
of how the industry guidelines are actually implemented in
practice and what experience is to be derived therefrom. Both
medical surveillance and air monitoring practices associated
with the implementation of industry guidelines at approxi-
mately 100 manufacturing facilities are examined. The data
show that by using the approaches described for the limitation
of exposure, for the provision of good occupational hygiene
and for the active monitoring of health, the respiratory aller-
genic risk associated with enzyme proteins can be successfully
managed. This therefore represents an approach that could be
recommended to other industries contemplating working with
enzymes.
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INTRODUCTION

I t has been known for several decades that enzymes, such
as those of bacterial, plant, and fungal origin, have the po-

tential to cause occupational respiratory allergy, even asthma,
depending on exposure levels and conditions.(1–6) As a direct
consequence, it is necessary to control occupational exposure
to enzymes so that the risk is appropriately controlled. Addi-
tionally, it is necessary to monitor the working environment
and the workforce to ensure that exposure control is being
adhered to, and that impacts on employee health are min-
imized. In the United States and Europe this has led trade
associations to issue best practice guidelines, based on the
accumulated experience of the detergent industry, which detail
how to handle enzymes safely in the factory situation.(7,8) Key
elements of these guidelines are presented in Table I.

Independent commentaries in this area have also appeared.
For example, the American Conference of Governmental and
Industrial Hygienists (ACGIH R©) has addressed the general
topic of the safety of enzymes, with particular focus on the
endpoint of respiratory sensitization.(9) The United Kingdom
(UK) and The Netherlands also have addressed the issue.(10,11)

Evidence has been presented showing that adherence to
best practices can deliver a safe working environment.(e.g.

5,12–15) There is also good evidence that failure to implement
adequate operating standards can result in occupational health
problems.(16–19) Although the precise boundary between what
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is best practice and what is inadequate is rarely well defined,
as this will vary across different industrial situations, ingredi-
ents, and specific detergent formulations. It has therefore been
proposed that a maximum exposure limit (DMEL) of 60ng/m3

for pure enzyme protein provides an appropriate starting point
for setting specific occupational airborne exposure limits for
the detergent industry (20) and that industry guidelines provide
the necessary information on which to base exposure control,
and air and health monitoring strategies.(7,8) This is fully con-
sistent with the requirements of regulations such as those in
Europe—Registration, Evaluation, Authorisation and Restric-
tion of Chemicals (REACH) (21) Thus, the understanding of
how stringent the occupational exposure limits (OELs) need
to be, how effective the occupational hygiene needs to be,
and how important it is to back this up with regular airborne
monitoring in the workplace and health monitoring of the
workforce is critical to success.

This experience is based also on the distinction between
the detectable induction of enzyme specific IgE in an indi-
vidual compared to the expression of the clinical symptoms
of allergic disease, which are related but separate events that
must be managed when working with occupational allergens.
In the detergent industry, measurement of the specific allergic
immunoglobulin E (IgE) antibody response and management
against this response provides a clear point of control in the
successful (and long-term) prevention of occupational allergic
respiratory disease to enzymes.

In addition to health surveillance and air monitoring, work-
force education in occupational hygiene practices and the
proper use of respiratory protective equipment for higher risk
activities and abnormal events forms an essential part of the
safe working environment. In this article, the practical imple-
mentation of the industry guidelines is examined, with a focus
placed on air monitoring strategies and approaches to health
surveillance. Information has been obtained from a number
of companies involved in the use of these ingredients in the
production of enzyme-containing detergents. This knowledge
is critically reviewed in relation to the American (ACI) and
European (AISE) guidelines (Table I)(7,8) and particularly in
terms of how the air monitoring and health surveillance infor-
mation generated can be used as a feedback loop which allows
for the identification of problem areas and/or use in continuous
improvement.

HEALTH SURVEILLANCE

This review commences with health surveillance, not least
since this is the first activity that should occur with any

new employee (full-time or part-time) before starting to work
with enzymes and who may therefore be exposed to airborne
enzyme during the course of their employment. Of course, it
is paramount that a new worker should then be able to enter
a working environment which is known to be safe, a matter
which is dealt with in a subsequent section of this article.
Similar considerations may also be applied to contractors, but
such a decision has to be taken on a case-by-case basis.

The overall aims and strategies for ensuring proper health
monitoring are contained in industry guidelines(7,8) and details
of their implementation have been described for one company.
(15) For each company involved in the preparation of this
present publication, all new employees participate in a pre-
placement health screening, which results in a detailed health
evaluation at the start of their employment. Although some
specific details may vary, this includes a health questionnaire,
including a focus on any history of respiratory allergies, a
lung function test, and a test for specific allergies either by a
skin prick test or evaluation of serum IgE. Then in the first
1 to 2 years of employment, this process is repeated at 6-
month intervals. Subsequently, the surveillance is carried out
annually.

The initial health screen is very important. Not only does
it provide some insight into individual potential to experience
effects based on the medical history, it provides an individual
baseline on lung function (e.g., FEV1, the forced expiratory
volume delivered in one second; PEFR, peak expiratory flow
rate; FVC, forced vital capacity) together with baseline data on
the presence of IgE which may cross react with the enzymes
to which the new worker may be exposed. The presence of
such (potentially cross-reactive) antibodies has long been rec-
ognized.(22,23) Of course, the process also records whether an
individual has any previous occupational exposure to enzyme
allergens. It is assumed that all individuals may also have
had consumer-level exposure to enzyme allergens, but the
evidence is that this exposure does not induce sensitization
of the respiratory tract.(7,20) Consistent with this, is the initial
screening for enzyme specific IgE, where a positive result is
extremely rare.

The most obvious difference in approach between the com-
panies is that some companies elect to identify the presence
of enzyme-specific IgE via skin prick testing, whereas as
others undertake serological analysis. Each approach has some
advantages and disadvantages, but it is generally held that the
methods provide broadly equivalent results when interpreted
appropriately (e.g.,(24)). The pros and cons of these different
approaches are fully detailed elsewhere. (8) Obviously, once
a particular approach has been adopted, then it should be
maintained to provide a consistency of monitoring at a location
to allow comparisons over time. Minor differences exist also in
other surveillance aspects such as the fine detail of the medical
questionnaire and in the frequency of its application, particu-
larly for new workers. However, all participating companies
meet both the spirit and the letter of the industry guidance(7,8)

In some cases, the frequency of health monitoring may be
increased, for example if a new enzyme is introduced into the
factory. It may also be changed if there is evidence of a problem
which suggests an increased frequency would be appropriate,
either for an individual or a specific workforce group or in
relation to a particular task/activity.

In relation to the risk of the development of IgE-mediated
allergy to enzymes, it is the induction of specific IgE which
forms the central component of health surveillance. The pres-
ence of induced IgE is not, of itself, an adverse health effect,
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TABLE II. Overview of Health Surveillance Experience in the Detergent Industry

No. of No. of Uptake Incidence Prevalence Symptoms
Year factories workers A (%) B (%) C (%) D (%)

2006 107 22100 96.0 0.99 8.6 0.11
2007 109 23668 95.6 0.76 8.1 0.08
2008 114 23976 94.4 1.04 7.8 0.26
2009 106 22686 97.0 0.82 7.3 0.05
2010 106 24773 94.9 0.97 8.5 0.05

A The percentage of the workforce that participate in the surveillance programs.
B The percentage of new cases of sensitization during the calendar year.
C The prevalence of sensitization in the exposed workforce.
D Evidence of rhinitis, conjunctivitis, impaired lung function, asthma not clearly linked to a non-occupational causation.

but should be regarded as a marker of exposure and thus a risk
factor for potential respiratory allergic disease. Additionally,
its principal value is to provide a quantitative control point
which can be considered in relation to the information derived
from regular air monitoring and other behavioral safety-based
audits. For technical analytical considerations, the majority of
air monitoring data is generated via high volume area sampling
and that the data is not indicative of any individual’s personal
exposure per se.

Table II provides an overview from the participating com-
panies covering the period 2006–2010 inclusive. Information
for more than 20,000 individual workers from over a hun-
dred globally distributed factories (every continent, excluding
Antarctica) is summarized. The data supplied was anonymized
by the companies involved. The practical experience is that
new cases of sensitization (yearly incidence rate) in these facil-
ities typically are below 1%, with clinical symptoms occurring
in less than 1 in 10 of these sensitized individuals, i.e., in less
than 0.1% of the overall exposed population.

The clinical symptoms include evidence of rhinitis, con-
junctivitis, impaired lung function, or asthma, not clearly linked
to a non-occupational causation, always remembering that a
decision between occupational and non-occupational depends
on the opinion of the occupational physician reporting from
each plant. Even without reporting bias, this distinction is
often difficult even for occupational asthma/rhinitis experts.
The physician’s diagnosis of asthma, based solely on clinical
symptoms, can sometimes be tenuous; sensitization plus the
development of symptoms matching the pattern of exposure is
not 100% reliable, but in the absence of other evidence must
be taken as conclusive. Although specific inhalation challenge
(also known as bronchial provocation testing) can help clarify
an enzyme’s role in eliciting symptoms, in practice it is rarely
needed to make a diagnosis of enzyme asthma. This procedure
must be done only in experienced clinical laboratories with
a track record for quality and safety. (25) Relevant clinical
symptoms in workers without a positive IgE test are essentially
unknown.

Importantly, worker participation (uptake) in the health
surveillance programs across these factories on average ex-

ceeds 95%, this being despite the fact that in a number of
locations, such participation must be entirely optional to com-
ply with local regulations (and a 100% participation figure
is almost impossible due to starters, leavers, and long-term
absence for a variety of reasons, including maternity leave).
Analysis of the data by geographical region is not possible,
but anecdotally there is little difference, but this has to be
considered in relation to use levels of enzymes, which also
vary regionally, as well as between companies.

When considering the incidence of new sensitizations, there
is a published view that, as a general principle, an annual
incidence of 3% or less should be the target for new IgE-
positive workers in the complete absence of clinical symp-
toms. (12) Clearly, on the data presented herein, this target is
typically bettered, and by a substantial margin—see Table II.
In fact, for every participating company and for each year
of this review, the 3% target was bettered, excepting a single
occasion when it was equaled. Within a company, occasionally,
a particular factory location may exceed the target by a small
margin. This already provides an alert signal for future in-
tervention. However, whatever the action standard, it remains
the case that it is the induction of a low level of enzyme-
specific IgE that provides the earliest marker of potential
future respiratory allergy. Where IgE induction occurs at an
elevated frequency, it represents a trigger for action. Such
actions could include workplace investigations, an increased
or refined air monitoring strategy and a review of occupational
hygiene requirements.

The monitoring described previously ensures that risk man-
agement measures and exposure controls remain effective,
thereby protecting individual worker’s health; where issues
arise, it also facilitates focused intervention to resolve the
problems identified.

Besides IgE testing, it is also important to identify symp-
tomatic individuals through periodic health screenings, in-
cluding respiratory questionnaires and lung function tests.
Additionally, all enzyme exposed individuals should be ed-
ucated in the symptoms of upper respiratory allergy (rhinitis
and conjunctivitis) and lower respiratory allergy (asthma) and
should be advised to expeditiously report the occurrence of
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these symptoms to their occupational health provider. An
investigation should then be conducted to determine if these
symptoms are work-related.

The development of work-related allergic rhinitis does not
necessarily imply that the affected individual must immedi-
ately be restricted from further work with enzymes. Often-
times, reinforcement of work procedures and proper respirator
use during peak enzyme exposure situations may be all that
is needed to prevent further symptoms. These individuals may
require more frequent health screenings to monitor them for
changes in health status. An individualized return to work plan
should be developed. For example, employees with suspected
occupational enzyme asthma require pre- and post-shift lung
function tests, or peak expiratory flow measurements, to ensure
that their protection from exposure is adequate and that they
are not developing chronic low-level lung inflammation. In
reality, the development of persistent work-related symptoms
is an indicator that reassignment away from enzyme exposure
will be the most appropriate course of action, in line with the
recommendations of several expert bodies such as the Ameri-
can College of Chest Physicians and the European Respiratory
Society.(26,27) In the rare situation where occupational asthma
has developed, the experience is that removal from exposure
is necessary.

AIR MONITORING

This activity is the essential complement to health mon-
itoring (which makes it unfortunate that we have not

been able to collate data from as many factories, but this
arises solely from a pragmatic decision concerning the law
of diminishing returns—factories have not always archived
results over a period of years in a manner designed to facilitate
retrospective analysis for the purposes of this review!). The aim
of air monitoring is to confirm that the occupational hygiene
measures put in place are functioning in such a way as to ensure
that the defined occupational exposure limits (OELs), set either
by national regulation or by individual companies, are met
and are maintained, so that any trends to the contrary can be
dealt with before the OEL is exceeded. OELs for airborne
enzymes are based on the recommendations proposed many

years ago (26) and more recently reconfirmed.(9,20) From this
work arises the defined maximum exposure level (DMEL) of
60ng/m3 for enzymes, which provides a suitable starting point
for the definition of specific enzyme OELs. For example, in the
presence of substances which may enhance the allergenicity
of enzymes, such as surfactants, lower OEL values may be
adopted internally by individual companies. (12) For the deter-
gent manufacturing industry, typical OELs for enzymes are 6
to 15 ng/m3.

Air monitoring for enzymes is complicated by the relatively
low OEL values. As a consequence, high volume air samplers
deployed for several hours are a common feature in the ap-
proach adopted by the majority of the industry participants.
Typically, flow rates are in the region of 600 L per min for
powders and approximately half that rate for liquids, e.g.,
with sampling times between 1 to 4 hours in both cases.
The lower flow rate may be necessary for liquids to avoid
airborne aerosols being pulled through the filter and thus lost
from the sample. Lower-volume samplers may also be used,
but the overriding factor is that the monitoring process has to
be sufficient, in combination with the subsequent analytical
method, to have an appropriate power of detection. This type
of monitoring is generally applied to selected target areas in
a factory, with the number of samplers depending on the size
of the factory and the complexity of the process (but often
therefore this means at least 10 samplers per site). The target
areas are chosen on the basis of perceived risk, backed up
by experience. For routine monitoring, samplers are typically
used every day in each location, with some locations even
being checked more than once per day, e.g., every shift during
24-hour working. Experience may also show that sampling
frequencies lower than daily, perhaps even only weekly may
be sufficient when the standard of process containment and
control is superior.

Where enzyme use is intermittent, air monitoring is applied
in a more focused fashion, dependent again on the assessed
risk. However, in any situation, to ensure that feedback from
the sampling strategy is of greatest value, enzyme analyses and
reporting is generally rapid, within a few hours of the sample
being taken. This will provide the opportunity to intervene
should any sample indicate a potential deterioration in control
measures, or return a result that exceeds a defined OEL.

TABLE III. Overview of Air Monitoring Experience in the Detergent Industry

No. of No. of No. above Incidence
Year factories readings action standard A (%)

2006 82 288318 1592 0.55
2007 83 276193 1344 0.49
2008 89 267147 2546 0.95
2009 90 306986 2400 0.78
2010 95 344853 1715 0.50
Mean 88 296681 1919 0.65

A Proportion of readings above the action standard (i.e., 60ng/m3 or lower; typical occupational action standards for enzymes are 6 – 15 ng/m3).
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Table III displays an overview of air monitoring data from
approaching 100 detergent factories. It shows that up to
approximately 10 measurements per day are made, with less
than 2 per month showing an airborne level above datum
(typical occupational exposure guidance/occupational expo-
sure limit values for enzymes are 6 to 15 ng/m3). The actual
figures were not retrieved, but it is common experience that
values above datum are, in the very large majority of cases,
minor digressions. In reality, the majority of values are close
to the limit of detection. A more serious increase above datum,
for example double the level, is an extremely rare event, one
which would signal the need for rapid corrective action.

Currently, air monitoring in effect offers only a measure
of the average exposure over the time period during which
the air was sampled. The positioning of samplers has to be
such that they are most appropriate, i.e., at the highest risk
areas.(8–10,28) It can be argued that peak exposures may be
of greater importance than prolonged lower-level exposure,
but a detailed immunological debate is outside the scope
of this article. Currently, the analytical power necessary to
routinely perform continuous monitoring at the ng/m3 level
required does not exist. Proper occupational hygiene, including
control of airborne exposures, should ensure that exposure
levels are below datum, so that order of magnitude or greater
peak exposures do not occur, except in the case of industrial
accidents.

CONCLUSION

Exposure to enzymes presents a potential risk to human
health.(1–4) In the occupational setting, this risk can readily

be expressed if the exposure is not tightly controlled.(5–9)

Consequently, monitoring of airborne exposure against strin-
gent OELs coupled with regular surveillance of the health
of the potentially exposed workforce is required to deliver
assurance of a safe working environment. That an individ-
ual company can achieve this has been previously reported
independently (15); that it can be more broadly achieved by
both enzyme producing and enzyme using companies forms
the substance of this present review. In the 5 years of experi-
ence reviewed herein, results from air monitoring and health
surveillance show that the companies involved have been able
to meet the standards set by the broadly accepted industry
guidelines.(7,9)

The results from this 5-year review of air monitoring and
health surveillance in detergent factories using bacterial and
fungal enzymes confirm that the approaches described for the
limitation of exposure, for good occupational hygiene, and for
active health monitoring, mean that the respiratory allergenic
risk associated with these proteins can be managed to ensure
the safety of the workforce. The results therefore reinforce
the view that the current occupational hygiene controls and
health monitoring strategies developed by ACI and AISE rep-
resent an approach that might be adopted by other industries
contemplating working with enzymes.
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