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ARTICLE INFO ABSTRACT
Affic{e history: A wide range of substances have been recognized as sensitizing, either to the skin and/or to the respira-
Received 15 October 2009 tory tract. Many of these are useful materials, so to ensure that they can be used safely it is necessary to
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characterize the hazards and establish appropriate exposure limits. Under new EU legislation (REACH),
there is a requirement to define a derived no effect level (DNEL). Where a DNEL cannot be established, e.g.
for sensitizing substances, then a derived minimal effect level (DMEL) is recommended. For the bacterial
and fungal enzymes which are well recognized respiratory sensitizers and have widespread use indus-

g?s/;’i‘;::;y allergy trially as well as in a range of consumer products, a DMEL can be established by thorough retrospective
Respiratory sensitization review of occupational and consumer experience. In particular, setting the validated employee medical
Enzymes surveillance data against exposure records generated over an extended period of time is vital in inform-
REACH ing the occupational DMEL. This experience shows that a long established limit of 60 ng/m? for pure
DMEL enzyme protein has been a successful starting point for the definition of occupational health limits for

sensitization in the detergent industry. Application to this of adjustment factors has limited sensitization
induction, avoided any meaningful risk of the elicitation of symptoms with known enzymes and pro-
vided an appropriate level of security for new enzymes whose potency has not been fully characterized.
For example, in the detergent industry, this has led to general use of occupational exposure limits 3-10
times lower than the 60 ng/m? starting point. In contrast, consumer exposure limits vary because the
types of exposure themselves cover a wide range. The highest levels shown to be safe in use, 15 ng/m3,
are associated with laundry trigger sprays, but very much lower levels (e.g. 0.01 ng/m?3) are commonly
associated with other types of safe exposure. Consumer limits typically will lie between these values and
depend on the actual exposure associated with product use.

© 2009 Elsevier Ireland Ltd. All rights reserved.
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6. Enzymes, REACHandthe DMEL...............ooiiiiiiiiiiiiiinnnn..
7. CONCIUSION. ..ttt e

1. Introduction

The potential for enzyme proteins to give rise to respiratory
allergy has been recognized for several decades, since the time of
the introduction of these materials into fabric washing products.
The subject and its history has been extensively reviewed else-
where, such that details do not need to be extensively repeated here
(Flindt, 1969; Pepys et al., 1969; Zachariae et al., 1981; Juniperetal.,
1977; Schweigert et al., 2000). The salient points are that initially,
the risk of the generation of respiratory allergy was not fully appre-
ciated when bacterial proteolytic enzyme was first introduced in
the 1960s, such that after period of about a year, an occupational
problem began to appear. It transpired that a substantial proportion
of the exposed workforce had developed specific immunoglobulin
E (IgE) antibodies against the enzyme, i.e. sensitization had been
induced. Furthermore, of this group a fair proportion also displayed
symptoms of respiratory allergy, including asthma, i.e. elicitation
had occurred. These aspects, exposure, the lag phase, induction and
then elicitation, are key characteristics of allergy. Once the prob-
lem had been identified, then substantial steps were taken over
the next few years to reduce the level of occupational exposure
until evidence of respiratory allergy could be shown to be absent
(Schweigert et al., 2000; Sarlo and Kirchner, 2002; Sarlo, 2003). In
essence, this is the situation that still pertains to this day.

Whilst the occupational situation was the most acute and widely
reported, and since the risk was not fully appreciated initially, con-
sumer exposure to the proteolytic enzyme being incorporated into
the fabric washing product was not sufficiently well controlled.
As would be expected, the consumer exposure was much lower
than that experienced occupationally, but nevertheless, a num-
ber of reports of adverse effects were published in the early 1970s
(Belin et al., 1970; Bernstein, 1972; Zetterstrom and Wide, 1974).
The efforts to limit occupational exposure were also relevant to
consumer exposure insofar as they involved encapsulation of the
enzyme which dramatically limited the level of dustiness of the
raw material. Consequently, since that time, as far as we are aware,
there have been no further reports of adverse effects in consumers,
whereas there has been some clear demonstration of the absence
of adverse effects (US SDA, 2005; Basketter et al., 2008).

In the present review, we have examined this historical experi-
ence from the perspective of the establishment of safe limits for
occupational and consumer exposure in order to make recom-
mendations for generically applicable levels which can be used
for both existing and new bacterial and fungal enzyme proteins.
Furthermore, it is suggested that this knowledge and the limits rec-
ommended should also be suitable for application to other enzymes
(including engineered enzyme proteins) unless there is additional
information which would suggest that a different limit would be
appropriate. However, it is also important to appreciate that the
DMEL values proposed represent a starting point for the definition
of a safe exposure level, since these will always depend on the char-
acteristics of occupational and/or consumer exposure associated
with a particular use scenario.

2. Induction versus elicitation
In toxicology, the expression of any adverse effect requires that

there is exposure. However, for allergy, the situation is a little more
complex and occurs in two distinct phases. Allergy requires that

the immune system is first exposed in a manner that enables it to
recognize the allergen (in this case enzyme protein) so that it can
proceed to develop a specific response (in this case, the produc-
tion of enzyme specific IgE). This is termed induction. The exposure
characteristics necessary for this to occur are not fully appreciated
(Thorne et al., 1986; Hillebrand et al., 1987; Jones, 2008). Once the
induction process is complete, an individual has become “sensi-
tized” and further exposure to a sufficient dose can give rise to the
second phase, the elicitation of clinical allergy symptoms.

There is no doubt that there exists a (complex) relationship
between exposure level, exposure duration, exposure interval, (i.e.
frequency) and of course individual susceptibility for induction and
for elicitation. Questions arise also about the relative importance
of peak exposures versus more chronic low level exposure. None
of these aspects have been well characterized, either by in vivo
experimentation or by interrogation of occupational health data,
not least since these would represent very substantial challenges
in their ownright. The limited information that is available has been
reviewed very recently (Jones, 2008; Basketter et al., submitted for
publication). Despite the limitations, what is quite certain though
is that ultimately, it has been the reduction in airborne expo-
sure which resolved the occupational and consumer problems of
approximately 35 years ago.

The induction of the sensitized state can be detected in a num-
ber of ways. Most commonly, the presence of (enzyme specific) IgE
antibody is assessed either by a skin prick test or by radioaller-
gosorbent test applied to a blood sample (Wide et al., 1967; Pepys,
1972). It is not appropriate to review the details of these and other
diagnostic tests here. What is important is that these tests, with
a considerable degree of accuracy, demonstrate the presence or
absence of IgE sensitization. What they do not do is to indicate
anything about whether the elicitation of allergy has occurred. The
existence of the clinical symptoms of allergy requires that a sensi-
tized individual has a sufficient degree of exposure to produce the
classic signs of respiratory allergy, these being rhinitis, conjunctivi-
tis, bronchoconstriction and asthma (Bernstein, 2007; Chan-Yeung
and Malo, 1999). Note that the sensitized state is required for elic-
itation, but does not mean that clinical symptoms are inevitable.

3. Thresholds

Given the above, it is evident that for allergy there are two gen-
eral thresholds that can be derived, one related to the induction
of the sensitized state and another for the elicitation of clinical
symptoms. This of course raises a number of questions, not least
which of these thresholds is the most important, relevant, practi-
cal and so forth. Before that though, it is worthwhile to consider
some background information on our current understanding of the
science in this area. In allergy, it is commonly stated that once sen-
sitized, an individual will react to much lower levels of exposure
(Chan-Yeung and Malo, 1999). Teleologically, this seems self evi-
dent in that the induction process involves a dramatic expansion of
the number of cells producing IgE antibody to allergen. Experimen-
tally, such an apparent increase in sensitivity is what has been seen
when guinea pigs have been sensitized experimentally (Thorne et
al., 1986; Hillebrand et al., 1987; Magnusson and Kligman, 1970;
Buehler, 1985) or when humans have been deliberately sensitized
(Friedmann, 2007), accepting of course that some of these studies
were with a different form of allergy. However, when it comes to
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the practical experience with enzyme allergy, this classic situation
does not seem to pertain and this will have an important impact
on the conclusions within this review. For enzyme allergy, when
occupational health problems were apparent in the 1960s and early
1970s, there was a preponderance of sensitized individuals over
those with clinical symptoms of allergy (Flindt, 1969; Pepys et al.,
1969; Zachariae et al., 1981; Juniper et al., 1977; Schweigert et al.,
2000; Sarlo and Kirchner, 2002; Sarlo, 2003). Clearly, if it was the
case that those with detectable IgE (i.e. the individuals who had
become sensitized) were now able to react to much lower levels
of enzyme exposure, then at least the numbers of sensitized indi-
viduals should have equalled those with symptoms. Furthermore,
as the reduction in factory exposure to airborne enzyme led to a
sharp fall in sensitization, symptomatic individuals also became
rarer, but, surprisingly, their number fell to zero even though a sig-
nificant percentage of the workforce had detectable IgE. Over the
following decades, the situation has remained very much the same,
such that even with further reductions in enzyme exposure, sen-
sitization induction can still occur, although all of the individuals
are free of symptoms. Currently, one large multinational company
has published its view that, using the best industry controls (SDA,
1995; IASD, 2002) then up to 3% of new sensitizations annually
amongst its workforce represents a pragmatically acceptable upper
limit, and one which is not associated with the generation of clin-
ical symptoms, either in newly sensitized workers or in those that
have been sensitized for some time (Peters et al., 2001).

Lastly in this section, let us just briefly consider what constitutes
a threshold. A practical working definition would probably refer
to the level of exposure which just failed to cause an effect, and
which, by such definition, would necessarily be close to the level
which would just cause an effect. Thus in establishing a safe limit for
exposure, where there are uncertainties, the threshold itself might
not be the best choice for a generic safe limit. What does seem clear
however is that for allergy, there are safe limits. These can be hard
to define in relation to induction, but are clear for the elicitation
of allergic reactions. Having said that, then it is also true that this
is easier to demonstrate in cell mediated allergy, notably allergic
contact dermatitis (Friedmann et al., 1983; Kimber et al., 1999),
but has also been done pragmatically in respiratory allergy, where
aninduction threshold for the halogenated platinum salts was indi-
cated by retrospective occupational survey (Merget et al., 2000) and
for the type of enzymes under consideration in the present paper
(vide infra).

4. Uncertainties

As just mentioned, where there are uncertainties, an appreci-
ation of these needs to be developed to permit a safe exposure
limit to be derived. In the particular case of respiratory allergy to
enzymes, uncertainty surrounds the measurement of exposure, to
a great extent because the exposure is assessed largely as a time
weighted average airborne concentration, such that it is not possi-
ble to determine individual exposure. This situation will not change
in the short term due to the technical difficulties in measurement
of personal exposure and the time required to develop a sufficient
body of data/experience. Other uncertainty arises from the impact
of interpersonal variation, but in the case of enzyme allergy, as with
other forms of occupational allergy, it is recognized that the most
significant risk factor that can be defined is smoking (Merget et al.,
2000; Barker et al., 1998; Cathcart et al., 1997).

Last, but not least in terms of the consideration of uncertainties,
there must be the question of the relative allergenicity of enzymes.
Considerable effort has been expended, notably with animal mod-
els, to try to find ways to measure this. They may have met with
rather limited success, particularly in terms of their more general

adoption, but they have served to show that while enzymes do
vary in their relative allergenic potency, that variation seems to
be within a fairly restricted window. The original enzyme allergens
used and on which the current occupational exposure limits are set
have turned out to be amongst the more potent substances tested
to date, giving some confidence that in reality it is unlikely that
enzymes of dramatically increased allergenic potency will arise.
Indeed, it seems quite possible in the opinion of these authors that
newer materials, either by chance or more likely by design, will
tend to be no more, or even less potent as respiratory allergens.

5. DMEL definition

Under REACH, a defined no effect level (DNEL) is the preferred
option for thresholded mechanisms such as sensitization. However,
itis also recognized that where there is insufficient data to reliably
determine a no effect level, then the DMEL route should be adopted
(REACH Technical Guidance Document refhere). Itis worth remind-
ing ourselves at this point that a DMEL identifies a level at which
exposure may result in a limited degree of response; it does not
define a no adverse effect level.

5.1. Occupational

Based on all of the above considerations, the point of departure
for the definition of an occupational derived minimal effect level
(DMEL) has been the knowledge of the exposure levels associated
with respiratory allergy problems (approximately 200 ng/m3and
above) set against a careful consideration of the extensive indus-
trial experience of safe use of enzymes for more than three decades.
The details of this approach are summarised in important industry
guidance documents (SDA, 1995; IASD, 2002) as well as in for-
mally documented risk assessments, which also contain the most
detailed overview of historical material relating to protease medi-
ated occupational respiratory allergy (Human and Environmental
Risk Assessment, 2007, 2005). In these documents, the exposure
limit of 60ng/m3 for pure enzyme protein suggested by an inde-
pendent body, the American Conference of Governmental and
Industrial Hygienists (ACGIH) (ACGIH, 2004) is endorsed as a sensi-
ble, pragmatic value, not least since its generic application has led to
decades of successful occupational control (Schweigert et al., 2000;
Sarlo and Kirchner, 2002; Sarlo, 2003; Cathcart et al., 1997). The
quality of this success is further established by the rare occasions
when an absence of adequate control has lead to the occurrence
of occupational enzyme asthma (Cullinan et al., 2000; Vanhanen et
al,, 2000; Brant et al., 2004; Van Rooy et al., 2009).

However, this successful history of occupational control should
not be adopted with any air of complacency. In reality, the working
limit in many factory locations is likely to be substantially below
60 ng/m?3. For example, a level of 15 ng/m?3, adopted to take account
of additional factors, such as the extent to which co-exposure
with surfactants may enhance the allergenic effect of the enzyme
(Schweigert et al., 2000; Sarlo, 2003). In the UK, an occupational
exposure limit of 40 ng/m?3 is required for proteases (UK Health
and Safety Executive, 2009). We also know that even where there
appears to be thorough control, very occasional problems can and
do arise (Vanhanen et al., 2000; Brant et al., 2004). Of course, this
can be argued to be consistent with the definition of a DMEL - see
above.

There have also been recent suggestions that long-term expo-
sure to proteolytic enzymes may result in a modest predisposition
to upper and lower airway disease (Brant et al., 2009). However, as
the authors themselves acknowledge, there are significant difficul-
ties regarding exposure estimation and many assumptions in their
work and several other possible explanations of their data and thus
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it would be inappropriate to use this perspective in establishing
DMEL value.

Guidance documentation within the detergent industry is worth
noting here. Although some manufacturers have adopted the limit
of 60ng/m3 set by the ACGIH, others have established internal
occupational exposure guidelines (OEGs) for each enzyme. The
ranges for internally defined OEGs (8 h time weighted average)
used by some of the major detergent manufacturers in Europe
are 8-20ng/m3 (proteases), 5-20ng/m3 (lipases), 5-15ng/m3
(amylases) and 8-20ng/m?3 (cellulases) (IASD, 2002). What this
demonstrates is that this wide range of enzymes is not particularly
varied in their relative allergenic potency but also, and significantly,
that these companies have taken the ACGIH value as an appropriate
starting point, not a conclusion.

Given the above considerations, it is suggested that an occupa-
tional DMEL of 60 ng/m3 is adopted and remains as the starting
point for new and existing enzymes which do not have a limit
and/or for which there is no other data to indicate that a differ-
ent value may be more appropriate. Where uncertainties exist, this
value may be reduced appropriately.

5.2. Consumer

Whereas employees might reasonably be expected to have
exposure up to the occupational limit for approximately 5 days per
week, 8 or 12 h per day, consumer exposure will generally be of a
very much lower order than this. In such a situation, it might be
argued that the occupational limit will be even more protective for
the consumer and that the occupational DMEL should be sufficient.
Set against that however, is that whereas occupational exposure is
controlled and monitored, and the workforce actively monitored
by occupational health, this is not true for the general consumer.
Here, and notwithstanding the use of enzyme encapsulation and
general formulation with low levels of enzyme, consumer exposure
is not subject to control, nor does specific health monitoring occur.
Furthermore, it has to be recognized that the control point for occu-
pational exposure is the induction of sensitization, which although
not an adverse health effect is evidence of immune activation. As
such, it provides opportunity for early intervention, whereas with
the consumer, only clinical disease symptoms would trigger inter-
vention. As a consequence, it would seem appropriate to adopt a
more cautious limit.

The levels of exposure which led to consumer problems in the
mid-twentieth century were not comprehensively characterized,
but as a consequence of the use of unencapsulated enzymes, clearly
were too high, being in the order of 200ng/m3 or more. When
consumer enzyme exposure subsequently was controlled by ensur-
ing that the enzyme was not dusty, then the exposure to enzymes
from laundry detergents fell to 1ng/m3 or even lower. In this sit-
uation, clinical symptoms of allergy were entirely absent as was
any detectable production of enzyme specific IgE. This latter aspect
is critical: occupationally, health monitoring of the workforce at
the level of IgE has proven to be a highly successful tool, but is of
course one which cannot be actively applied to consumers. For that
group, the most appropriate endpoint is an absence of IgE induc-
tion, which demands exposure is effectively reduced to a very low
level.

With modern detergent products, the reality of typical airborne
exposure to enzymes in association with fabric washing is of the
order of 0.01 ng/m3 (Human and Environmental Risk Assessment,
2007, 2005; UK Health and Safety Executive, 2009). This exposure
is not associated globally, over decades, with any evidence of the
induction or elicitation of respiratory allergy. Complementing this
absence of evidence, there are a variety of types of testing which
have been carried out in a number of geographic locations (North
America, Europe, Asia, Africa) which ensured that a broad range

of consumer habits had been taken into account. This work has
shown that allergic reactions do not occur in groups with widely
varying use habits and that there is no evidence of the production of
enzyme specific IgE (US SDA, 2005; Bannan et al., 1992; Rodriguez
et al., 1994; Sekkat et al., 1995; Sarlo et al., 1996; Cormier et al.,
1997). This provides evidence of the absence of an adverse effect.
In this context, it is very important to note that other published
work investigating different uses of detergent enzyme has found
evidence of potential problems and in each case this has led to a
cessation of the project prior to marketing (Johnson et al., 1999;
Kelling et al., 1998; Sarlo et al., 2004). Arguably, some of these tend
to indicate that longer exposure may be just as important as high
“spot” exposures, but as already mentioned, detailed understand-
ing of these variables is lacking.

A very recent survey including the information above together
with additional previously unreported data has been prepared for
publication (Sarlo et al., submitted for publication). A significant
observation within this work is that examination of several thou-
sand individuals demonstrates that there is an absence of evidence
of the induction of sensitization in consumers. These included new
employees being screened prior to starting work in detergent fac-
tories around the world as well as volunteers for various consumer
studies involving enzymes and who were tested at the outset of the
study to ensure they were not already positive.

So, past levels of airborne exposure to enzymes which caused
consumer problems of an allergic nature were over 4 orders of mag-
nitude higher than typical exposure from laundry products today.
In terms of trying to establish a DMEL, this leads to a key ques-
tion: where, between these levels, is exposure still safe for the
consumer? The highest reported safe consumer exposure level has
been in association with spot cleaning with a trigger spray device,
as reported in the documentation of the US Soap and Detergent
Association and elsewhere (UK Health and Safety Executive, 2009;
Weeks et al., 2001a; Weeks et al., 2001b). This value of approxi-
mately 15 ng/m3 was associated with a 30 sprays per day, daily
use of the product for a six month period, equivalent to the use of
about 2 product packs per month, so representing very heavy use.
The study demonstrated that this use gave rise to no adverse effects
over a 6 month period in a carefully monitored atopic population,
the 96 subjects who completed the study all being negative to skin
prick test at study termination. The exposure discussed here for a
trigger spray represents frequent, but nevertheless short duration
exposure. Where exposure is prolonged and/or more intimate in
nature, then experience shows that a careful risk assessment must
be undertaken and that such a high level of exposure could not
be tolerated (UK Health and Safety Executive, 2009; Johnson et al.,
1999; Kelling et al., 1998; Sarlo et al., 2004; Blaikie et al., 1999).

In drawing together the pieces of information which can con-
tribute to the establishment of a general consumer DMEL, it has
to be recognized that the available data is relatively limited and
that the types of exposure involved are varied. The occupational
evidence that a OEL (and thus a DMEL) of 60 ng/m? is acceptable
for daily 8 h workplace exposure during detergent production pro-
vides a useful backdrop, whereas the experience of decades of safe
exposure at very much lower levels is reassuring but not especially
helpful in determining a limit. So, taken together, and in particu-
lar with the evidence from a single but comprehensive study that
daily consumer exposure at 15 ng/m3 was not associated with any
induction or elicitation effects, then it is suggested that a consumer
DMEL of 15ng/m3 can be adopted as the starting point for new
and existing enzymes which do not have a limit and/or for which
there is no other data to indicate that a different value may be more
appropriate. However, it is important that, just as for the occupa-
tional limit, this value is not taken as assurance of absolute safety
in all conceivable exposure situations (Johnson et al., 1999; Kelling
et al.,, 1998; Sarlo et al., 2004).
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6. Enzymes, REACH and the DMEL

Within new European regulations commonly referred to as
REACH (Registration, Evaluation, Assessment and restriction of
Chemicals; (Commission of European communities, 2006), there is
the requirement to define acceptable exposure limits. For allergens,
including respiratory allergens such as the enzyme proteins which
form the topic of this paper, it has been proposed that a threshold
cannot be determined and hence a minimum effect level should be
established (ECHA, 2008). Key wording in this document is as fol-
lows: “assuming that there are data allowing it, the registrant should
develop a DMEL (derived minimal effect level), a reference risk level
which is considered to be of very low concern. DMEL derived in accor-
dance with the guidance should be seen as a tolerable level of effects
and it should be noted that it is not a level where no potential effects
can be foreseen.” The DMEL values proposed above in this document
have been developed on the basis of decades of practical experience
with enzymes in occupational and consumer settings. This experi-
ence is strongly indicative of thresholds below which (the adverse)
events associated with allergy no longer occur, or will do so only ata
very low level and not be associated with clinical allergy symptoms.
For the factory situation, this is based on the elicitation of allergy
and the highly effective minimization of clinical symptoms as there
is no significant data indicating where a threshold for the induction
of sensitization may be and it is abundantly evident that at such
exposure levels the presence of sensitization does not lead to a pro-
gression to clinical disease. In contrast, for the consumer, where the
patterns of exposure are such that the exposure burden is typically
far lower, then experience indicates that it is possible to derive an
exposure limit which should avoid even the induction of sensitiza-
tion (and thus, by definition, will eliminate any possibility of clinical
symptoms).

7. Conclusion

The enzymes of bacterial and fungal origin widely used in indus-
try and in consumer products represent an important hazard - they
are respiratory sensitizers. On the other hand, decades of experi-
ence demonstrates that enzymes can be used safely by ensuring
that the exposure is strictly limited. Occupationally, a DMEL of
60 ng/m?> provides an excellent starting point for safety assessment,
with experience showing that downward adjustment of this value
to take account of particular circumstances ensures safe work-
ing practice, a view supported by the observation where systems
which go out of control lead to problems (Cullinan et al., 2000). For
consumers, a DMEL of 15 ng/m?3 is proposed, but with the recogni-
tion that this is the highest tolerable value and is associated with
the situation where there is only short term, perhaps frequent,
exposure. Where there are circumstances which would lead for
example to prolonged intimate exposure, then a lower level would
need to be adopted (Human and Environmental Risk Assessment,
2007; Johnson et al, 1999; Kelling et al., 1998; Sarlo et al.,
2004).

Application of the above limits has lead to safe occupational and
consumer use of these substances and thus adoption of these values
as DMELs in the context of REACH would seem to be appropriate.

Conflicts of interest statement

David Basketter was paid by the International Association for
Soaps, Detergents and Maintenance Products for his work on this
manuscript. Each of the other authors is a fully paid employee of
their respective company

References

American Conference of Governmental and Industrial Hygienists 2004 Enzymes in
the Workplace: Strategies for Minimising Health Effect. September.

Bannan, E.A,, Griffith, ].F., Nusair, T.L., Sauers, LJ., 1992. Skin testing of laundered fab-
rics in the dermal safety assessment of enzyme-containing detergents. J. Toxicol.
Cut. Ocular Toxicol. 11, 327-339.

Barker, R.D., van Tongeren, M.J., Harris, J.M., Gardiner, K., Venables, K.M., Newman
Taylor, AJ., 1998. Risk factors for sensitization and respiratory symptoms among
workers exposed to acid anhydrides: a cohort study. Occup. Environ. Med. 55,
684-691.

Basketter, D.A., English, J., Wakelin, S., White, L.R., 2008. Enzymes, detergents and
skin: facts and fantasies. Br. J. Dermatol. 158, 1177-1181.

Basketter, D.A., Berg, N., Kruszewski, F., Sarlo, K. and Concoby, B. Relevance of sen-
sitization to occupational asthma and allergy in the detergent industry. MS for
submission to J. Occup. Environ. Hyg.

Belin, L., Hoborn, J., Falsen, E., Andre, J., 1970. Enzyme sensitization in consumers of
enzyme-containing washing powder. Lancet 2, 1153-1157.

Bernstein, L.L., 1972. Enzyme allergy in populations exposed to long-term low level
concentration of household laundry products. J. Allergy Clin. Immunol. 49,
219-237.

Bernstein, J.A., 2007. Occupational asthma. In: Mahmoudi, M. (Ed.), Allergy and
Asthma - Practical Diagnosis and Management. McGraw-Hill, pp.145-155.
Blaikie, L., Richold, M., Whittle, E., Lawrence, R.S., Keech, S., Basketter, D.A., 1999.
Airborne exposure from topically applied protein (proteolytic enzyme). Hum.

Exp. Toxicol. 18, 528.

Brant, A., Hole, A., Cannon, J., Helm, J., Swales, C., Welch, ]., Taylor, A.N., Cullinan,
P., 2004. Occupational asthma caused by cellulase and lipase in the detergent
industry. Occup. Environ. Med. 61 (9), 793-795.

Brant, A., Upchurch, S., van tongeren, M., Zekveld, C., Helm, ]., Barnes, F., Newman-
Taylor, AJ., Cullinan, P., 2009. Detergent protease exposure and respiratory
disease: case-referent analysis of a retrospective cohort. Occup. Environ. Med.
online.

Buehler, E.V., 1985. A rationale for the selection of occlusion to induce and elicit
delayed contact hypersensitivity in the guinea pig. Curr. Probl. Dermatol. 14,
39-58.

Cathcart, M., Nicholson, P.J., Roberts, D., et al., 1997. Enzyme exposure, smoking and
lung function in employees in the detergent industry over 20 years. Occup. Med.
(London) 47, 473-478.

Chan-Yeung, M., Malo, ]J.-L., 1999. Natural history of occupational asthma. In:
Bernstein, L.L., Chan-Yeung, M., Malo, J.-L., Bernsein, D.I. (Eds.), Asthma in the
Workplace. Marcel Dekker, New York, pp. 129-144.

Commission of the European Communities 2006. Regulation (EC) No 1907/2006 of
the European Parliament and of the Council of 18 December 2006 concerning the
Registration, Evaluation, Authorization and Restriction of Chemicals (REACH),
establishing a European Chemicals Agency, amending Directive 1999/45/EC and
repealing Council Regulation (EEC) No 793/93 and Commission Regulation (EC)
No 1488/94 as well as Council Directive 76/769/EEC and Commission Directives
91/155/EEC, 93/67/EEC,93/105/EC and 2000/21/EC. Off. J. Eur. Union, L 396/1 of
30.12.2006. http://europa.eu.int/comm/enterprise/reach/index_en.htm.

Cormier, E., Sarlo, K., Scott, L., Vasunia, K., Smith, M., Payne, N., MacKenzie:, D., 1997.
Lack of sensitization to laundry enzymes among consumers in the Phillipines.
Results of an 18 month clinical study. J. All. Clin. Immunol 99, 579.

Cullinan, P., Harris, ].M., Newman Taylor, AJ., et al., 2000. An outbreak of asthma in
a modern detergent factory. Lancet 356, 1899-1900.

ECHA, 2008. Guidance on information requirements and chemical safety assess-
ment. Chapter Volume 8: Dose (concentration) — Response characterization.
Helsinki, May 2008.

Flindt, M.L., 1969. Pulmonary disease due to inhalation of derivatives of Bacillus
subtilis containing proteolytic enzyme. Lancet 1, 1177-1181.

Friedmann, P.S., 2007. The relationships between exposure dose and response in
induction and elicitation of contact hypersensitivity in humans. Br. J. Dermatol.
157,1093-1102.

Friedmann, P.S., Moss, C., Shuster, S., Simpson, J.M., 1983. Quantitative relationships
between sensitizing dose of DNCB and reactivity in normal subjects. Clin. Exp.
Immunol. 53, 709-715.

Human and Environmental Risk Assessment 2005. (Amylases, Cellulases and
Lipases. 1st edition, dated November 2005. Last accessed 09. 06. 09. http://www.
heraproject.com/files/38-F-Hera_Bridging_document_28.10.05.pdf.

Human and Environmental Risk Assessment. Subtilisins 2007. 2nd edition, dated
February 2007. Last accessed 09. 06 09. http://www.heraproject.com/files/22-
F-07_PROTEASE_HERA Final%20Edition%20(unsecured%20-%20PDFA-1b).pdf.

Hillebrand, J.A., Thorne, P.S., Karol, M.H., 1987. Experimental sensitization to subtil-
isin. II. Production of specific antibodies following inhalation exposure of guinea
pigs. Toxicol. Appl. Pharmacol. 89, 449-456.

The International Association for Soaps, Detergents and Maintenance Products.
2002; Guidelines for the safe handling of enzymes in detergent manufacture.
Brussels: www.aise-net.org.

Johnson, G., Innis, ].D., Mills, K]., Bielen, F., Date, R.F., Weisgerber, D., Sarlo, K., 1999.
Safety assessment for a leave-on personal care product containing a protease
enzyme. Hum. Exp. Toxicol. 18, 527.

Jones, M., 2008. Exposure response in occupational allergy. Curr. Opin. Allergy Clin.
Immunol. 8, 110-114.

Juniper, C.P., How, M.J., Goodwin, B.F]., Kinshott, A.K., 1977. Bacillus subtillis: a 7
year clinical, epidemiological and immunological study of an industrial allergen.
J. Soc. Occup. Med. 27, 3-12.





170 D.A. Basketter et al. / Toxicology 268 (2010) 165-170

Kelling, C.K., Bartolo, R.G., Ertel, K.D., Smith, L.A., Watson, D.D., Sarlo, K., 1998. Safety
assessment of enzyme-containing personal cleansing care products: exposure
characterization and development of IgE antibody to enzyme after a 6-month
product use test. J. Allergy Clin. Immunol. 101, 179-187.

Kimber, 1., Gerberick, G.F., Basketter, D.A., 1999. Thresholds in contact sensitization:
theoretical considerations and practical applications. Food Chem. Toxicol. 37,
553-560.

Magnusson, B., Kligman, A.M., 1970. Allergic Contact Dermatitis in the Guinea Pig:
Identification of Contact Allergens. Charles C. Thomas, Springfield, IL, USA, 141

pp.

Merget, R., Kulzer, R., Dierkes-Globisch, A., et al., 2000. Exposure-effect relationship
of platinum salt allergy in a catalyst production plant: Conclusions from a 5-year
prospective cohort study. J. Allergy Clin. Immunol. 105, 364-370.

Pepys, J., 1972. Laboratory methods in clinical allergy - skin tests for immediate,
type I, allergic reactions. Proc. R. Soc. Med. 65, 271-272.

Pepys, ]., Longbottom, J.L., Hargreave, F.E., Faux, J., 1969. Allergic reactions of the
lungs to enzymes of Bacillus subtilis. Lancet 1, 1181-1184.

Peters, G., Johnson, G.Q., Golembiewski, 2001. Safe use of detergent enzymes in the
workplace. Appl. Occup. Environ. Hyg. 16, 389-396.

Rodriguez, C., Calvin, G., Lally, C., LaChapelle, J.-M., 1994. Skin effects associated
with wearing fabrics washed with commercial laundry detergents. J. Toxicol.
Cut. Ocular Toxicol. 13, 39-45.

Sarlo, K., 2003. Control of occupational asthma and allergy in the detergent industry.
Ann. Allergy Asthma Immunol. 90, 32-34.

Sarlo, K., Kirchner, D.B., 2002. Occupational asthma and allergy in the deter-
gent industry: new developments. Curr. Opin. Allergy Clin. Immunol. 2,
97-101.

Sarlo, K., Cormier, E., Scott, L., MacKenzie:, D., 1996. Lack of type I sensitization to
laundry enzymes among consumer in the Philippines. ]. Allergy Clin. Immunol.
97, 749a.

Sarlo, K., Adamson, G.M., Hollis, V.L., Innis, J.D., Babcock, L.S., Kirchner, D.B., 2004.
Development of allergic antibody to an enzyme in a body lotion: results of an
18-month clinical study. J. Immunotoxicol. 1, 71-77.

Sarlo, K, Kirchner, D.B., Troyano, M.E., Smith, L.A., Carr, G. and Rodriguez, C. Assessing
the risk of type I allergy to enzymes present in detergent products: a review of
clinical data. MS for submission to Toxicology.

Schweigert, M.K., Mackenzie, D.P., Sarlo, K., 2000. Occupational asthma and allergy
associated with the use of enzymes in the detergent industry - a review of
the epidemiology, toxicology and methods of prevention. Clin. Exp. Allergy 30,
1511-1518.

The Soap and Detergent Association (SDA). 1995. Work practices for handling
enzymes in the detergent industry. New York: The Soap and Detergent Asso-
ciation.

Sekkat, A., Boghossian, ]J., Cookman, G.R., 1995. Risk assessment: A clinical study
demonstrating the safety of a laundry detergent under paste use conditions. In:
of 7th Pan African Conference of Dermatology, 1-5 December 1995, Cairo, Egypt.

Thorne, P.S., Hillebrand, J., Magreni, C., Riley, E.J., Karol, M.H., 1986. Experimental
sensitization to subtilisin. I. Production of immediate- and late-onset pulmonary
reactions. Toxicol. Appl. Pharmacol. 86, 112-123.

UK Health and Safety Executive. Last accessed 09. 06. 09. http://www.hse.gov.
uk/consult/condocs/cd187result2.htm.

US SDA. Risk assessment guidance for enzyme-containing products. Soap and Deter-
gent Association, Washington, (2005).

Van Rooy, F.G.B.G.J., Houba, R., Palmen, N., Zengeni, M.M., Sander, L., Spithoven, ].,
Rooyackers, J.M., Heederik, D.J.]., 2009. A cross-sectional study among detergent
workers exposed to liquid detergent enzymes. Occup. Env. Med..

Vanhanen, M., Tuomi, T., Tiikkainen, U., Tupasela, O., Voutilainen, R., Nordman, H.,
2000. Risk of enzyme allergy in the detergent industry. Occup. Environ. Med. 2,
121-125.

Weeks, J.A., Burdick, J.D., Rogers, R.E., Prento, A., 2001a. Assessment of sensitiza-
tion risk to consumers using a laundry prespotter product containing protease.
Toxicol. Sci. 60, 20.

Weeks, J.A., Burdick, ].D., Harper, R.A., Smith, K., Simon, R.A., 2001b. A controlled
use study of a laundry prespotter containing protease in an atopic population. J.
Allergy Clin. Immunol. 107, S28.

Wide, L., Bennich, H., Johansson, S.G.0., 1967. Diagnosis of allergy by and in vitro
test for allergen antibodies. Lancet ii, 1105-1107.

Zachariae, H., Hoech-Thomsen, J., Witmeur, O., Wide, L., 1981. Detergent enzymes
and occupational safety. Observations on sensitization during Esperase produc-
tion. Allergy 36, 513-516.

Zetterstrom, 0., Wide, L., 1974. IgE antibodies and skin test reactions to a detergent
enzymes in Swedish consumers. Clin. Allergy 4, 272-280.






image2.emf
Enzymes  detergents and skin.pdf


Enzymes detergents and skin.pdf
REVIEW ARTICLE

DOl 10.1111/5.1365-2133.2008.08561.x

Enzymes, detergents and skin: facts and fantasies
D.A. Basketter,*t J.S.C. English,f S.H. Wakelin§ and I.R. Whitet

*DABMEB Consultancy, Sharnbrook, Beds, U.K.

FSt John’s Institute of Dermatology, St Thomas’ Hospital, London, U.K.
{Department of Dermatology, Nottingham University Hospital, Nottingham, U.K.

§Department of Dermatology, St Mary’s Hospital, London, U K.

Summary

Correspondence
David Basketter.
E-mail: david.basketter@ukonline.co.uk

Accepted for publication
19 January 2008

Key words
allergy, enzymes, irritation, laundry detergents,

skin, urticaria

Conflicts of interest
DAB receives a pension from Unilever ple, JSE and
SW have received consultancy fees from Unilever

plc and IRW has no conflicts of interest.

In their raw state, enzymes of bacterial/fungal origin cause allergic reactions in
the lung. Proteolytic enzymes also cause irritation to skin, eyes and the respira-
tory tract. For 40 years, encapsulated enzymes have been used worldwide in
detergent products, especially laundry formulations, and have increasing impor-
tance due to biodegradability and functionality at low temperatures, offering
environmental benefits. Uniquely to the UK., for years it has been suggested that
the inclusion of enzymes in such products leads to adverse skin reactions, includ-
ing erythema, pruritus and exacerbation of eczema. In this review, we look at
the facts, asking whether there is evidence that the hazards identified for enzymes
translate into any risk for consumer health. By considering the actual exposures
in consumer use and exaggerated product usage, it is concluded that the irritating
and allergenic hazards of enzyme raw materials do not translate into a risk of
skin reactions, either irritant or allergic. Investigations of numerous individuals
with skin complaints attributed to laundry products demonstrate convincingly
that enzymes were not responsible. Indeed, enzyme-containing laundry products
have an extensive history of safe use. Thus, the supposed adverse effects of
enzymes on skin seem to be a consequence of a mythology. The important prac-
tical lesson is that when primary or secondary care practitioners are presented
with a skin complaint, it should not be dismissed as a result of using an
enzyme-containing laundry product as the diagnosis will certainly lie elsewhere.
Education for healthcare professionals could usefully be enhanced to take this on
board.

Processes for the cleaning of clothes (laundry) have been with
mankind for millennia, but the use of soaps and detergents
represents only a relatively recent step. ‘Sunlight’ soap (a sur-
factant made by alkaline saponification of long-chain fats),
usually recognized as one of the first to be subject to large-
scale production and marketing, was first manufactured in the
1880s, and heralded the new way to wash laundry, first in
the UK. and then over the next decades, in many countries in
the world." True soaps were then superseded by synthetic
detergents (a range of types of surfactant often made from
petrochemicals) during the mid-decades of the 20th century.
However, the next big step change in cleaning came in the
second half of that century with the introduction of proteo-
lytic enzymes into laundry detergent products. Once the large-
scale manufacture of enzymes which were stable in alkaline
wash solutions and which were also resistant to the combin-
ation of relatively high temperature, the presence of oxidation
systems and surfactants had been developed, this permitted

© 2008 The Authors

the removal of a variety of stubborn stains at increasingly low
temperatures.” In the most recent decades, other enzymes clas-
ses have been incorporated, notably amylases and lipases,
which further enhanced cleaning ability.?

The manufacturers of these enzyme-containing laundry
detergents contend that their products are safe for the con-
sumer; indeed, they should not place them on the market if
this were not the case. However, it has long been recognized
that the enzymes used in these products have the potential to
produce respiratory allergy during manufacture, thus requiring
very strict exposure control for the workforce.*® Additionally,
proteolytic enzymes, the type most commonly used, have also
been known to produce skin irritation, again occupationally.®
This is consistent with the observation of skin reactions to
enzymes in other occupational settings, although some of
these skin reactions may be urticarial as well as irritant.” In
the early period of marketing, some respiratory reactions were
very occasionally seen in consumers.® Particularly in the UK.,
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this background awareness of questions about allergy and irri-
tation has translated into concern among some consumers and
consumer groups that enzyme-containing detergents may be
related to a variety of consumer skin complaints.” Anecdotally
at least, a similar view appears to be held by a variety of
healthcare professionals. The purpose of this review is to
investigate whether there is any truth behind these concerns.
Are they factually based, or are they just fantasy?

Irritation

It has long been recognized that a combination of wet work
and detergent/surfactant exposure can lead in many individuals
to skin irritation, most often expressed as hand eczema. "% In
this section, the evidence that normal consumer use of
enzyme-based laundry detergents can lead to skin irritation is
considered. Special attention is paid to whether there may be
susceptible subpopulations who might be predisposed to the
development of this effect.

As with all toxicological effects, clinical skin irritation arises
from a combination of the hazardous properties of materials
and exposure, in this case, skin exposure. The surfactants in
laundry products are known to have the intrinsic ability to
cause skin irritation. This can occur as a consequence of
repeated exposures to the diluted solutions used during nor-
mal laundry procedure and can be simulated in suitable expos-

. 13,14
ure studies.'®

It is the authors’ view that nowadays
consumers do not normally experience this problem as they
are aware of the risk and tend to avoid repeated/prolonged
contact together with rinsing hands after any exposure. Typi-
cally, manufacturers provide guidance in this respect on their
packaging.

In an early and comprehensive study, 739 subjects took
part in several double-blind cross-over tests involving a range
of main wash and presoak detergent formulations, with and
without proteolytic enzymes.'* In their patch tests, detergent
formulations containing enzymes or enzyme concentrates
applied under occlusion were more irritating to the skin than
nonenzymatic controls. However, this type of exposure is
grossly exaggerated compared with normal consumer contact
and has been shown to lead to irrelevant results.'” With the
tests employing exaggerated use conditions, there was no sig-
nificant increase in skin irritation in any of the hand or arm
immersion assays that could be attributed to the presence of

15
enzyme.

To confirm that the increased irritancy of the
enzyme-containing formulations seen in patch tests would not
result in any adverse effects during normal use, further tests
were conducted. Products were used normally in a total of
5943 subjects and the hands examined by a dermatologist.
No differences were observed between the enzyme and con-
trol treatments. In the second (involving 360 infants), babies’
nappies were washed in the test and experimental products
and the nappies worn. There was no difference in the inci-
dence or severity of nappy rash between groups of infants
wearing nappies laundered in the products with or without

14
enzymes.

The direct effects of wash solutions under reasonably fore-
seeable use conditions were evaluated by Bolam and col-
leagues.'® Consumers were asked to use a laundry detergent
containing a proteolytic enzyme or an enzyme-free product
for 2-week periods for dishwashing and general household
cleaning as well as for hand-washing fabrics, in order to simu-
late extended consumer use, including uses not intended by
the product manufacturer. The results of this work showed
that the addition of proteolytic enzymes did not enhance irrit-
ancy. As other classes of enzyme are of lesser intrinsic irritant
hazard potential, then clearly they would also not induce skin
irritation reactions in practice.

In a rigorous series of investigations in Germany reported
in a pair of publications, the effects of enzyme-containing

detergents on the skin were examined.'”'®

Undertaking stud-
ies not only of normal but also of irritated, acid or alkali dam-
aged or tape-stripped skin, several days of skin contact with
enzyme dilutions were without effect (in total, 912 tests were
completed). As mentioned in the introduction to this review,
the authors concluded that any effects caused by laundry
detergents could not be due to the (proteolytic) enzyme con-
tent. In a second phase of the work, enzyme-containing and
enzyme-free formulations were employed in a study design
which intended to produce visible skin irritation; the formula-
tion with enzyme behaved in the same manner as the
enzyme-free formulation, confirming that the enzyme at the
product use concentration was not making a detectable contri-
bution to the skin irritation potential for the formulation.'®

There are also several published reports on the lack of irri-
tant effects of enzyme residues on fabrics.'”*® These studies
employed 2-day patch tests of fabrics containing detergent res-
idues and a variety of exaggerated exposure tests. In all the
studies, no evidence that residues in the fabrics caused irritan-
cy was obtained. Similar results were obtained by Rodriguez
and colleagues who used a variety of European detergents
under European washing conditions.”'

More recently than the above studies, but still completed a
decade ago, was the excellent work undertaken by a Danish
group.”” These workers completed a placebo-controlled
blinded study of some months’ duration, concluding that ‘it is
unlikely that consumers with “normal skin’ will experience
any skin discomfort when enzyme-enriched detergents are
used’. This conclusion was reached on the basis of a study
using 25 patients with atopic dermatitis, individuals com-
monly considered to be much more likely to experience
adverse skin effects,”> but who in fact showed no greater reac-
tion to the enzyme-containing products than to those without
enzymes.

Ultimately, the balance of all the evidence, much of which
is reviewed above, is that enzymes in laundry detergents are
not a cause of skin irritation in practice.

Allergy

As is the case with irritation, enzymes have long been recog-

nized as a potential cause of type I allergy of the respiratory

© 2008 The Authors
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tract.*” Within the European Union, enzymes are labelled as
potential respiratory sensitizers.”* Where there has been suffi-
cient exposure, individuals have developed allergic asthma,
a situation which did occur to a considerable extent occupa-
tionally in the early years of use of enzymes,*® but which is
now very largely under control.”**” However, it is still the
case that even though enzyme workers may be free of clinical
symptoms, a minority still does become sensitized.”®*” The
question to be addressed here is whether there is any risk that
any reasonably foreseeable consumer use of enzyme-based
products might present any risk of allergy, either for the lungs
or for the skin.

Both the induction and the elicitation of allergy require an
appropriate degree of exposure, with each of these compon-
ents of the allergic mechanism being subject to a threshold,
i.e. below a certain level of exposure there is no response. Evi-
dence from occupational exposure suggests that the threshold
for the induction of allergic reactions to enzymes may be
lower than that for elicitation, as a proportion of workers is
sensitized, but appears generally to be symptom free.?’+*®
Where exposure control is not sufficient, however, then
symptoms do occur.”**® The occupational exposure limits
applied to enzymes that relate to proper controls represent the
strictest airborne exposure limits for any material as far as we
are aware; typically the limits used are 60 ng m~> or less.”’
However, it seems reasonable to expect that in an uncon-
trolled consumer environment, then to be safe, exposure levels
should be well below these occupational exposure limits, and
such does appear to be the case.’® Industry guidelines on con-
sumer risk assessment for enzymes indicate that a 10-fold
lowering of the occupational limit should be appropri-
ate.””*!*? The primary point of control which enables such
strict limits to be achieved is encapsulation of the enzyme
(surrounding the enzyme with a robust inert barrier), so that
material cannot become airborne and is unlikely to deliver any
significant skin contact.

Industry information indicates that the probable consumer
exposure to enzymes is actually much lower than even one-
29-32 Ultimately, though, the
demonstration of the effectiveness of controlling enzyme

tenth of the occupational limits.

exposure arises not from estimations/measurements of the
exposure, but rather from a determination of whether the
immune system of exposed individuals has responded by
the development of IgE antibodies which would mediate the
allergic reaction. The seminal publication on this aspect came
from the work of Pepys et al.>* In this study, 2500 people
attending a hospital for allergic investigation of respiratory
disease were skin prick tested. Only two patients yielded weak
evidence of a positive response to proteolytic enzyme and nei-
ther had any suggestion of clinical sensitivity. A similar pro-
portion of individuals was found to have weak, but clinically
irrelevant, skin test reactions as part of a screening for a large
consumer test (unrelated to laundry products).®* It is inevita-
ble that when such random screenings are undertaken, then
there will be a modest number of inexplicable ‘false positives’
as the sensitivity and specificity of such tests are established in

© 2008 The Authors
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relation to the guided testing of clinical populations rather
than the general population.

Since the original publication, further work has been con-
ducted in other locations to try to confirm an absence of the
induction of type I and/or type IV allergic reactivity. For
example, a study of 2000 consumers in the Philippines, of
whom one third were described as atopic, found no evidence
of sensitization, despite a 6% prevalence of hand eczema.’®
This work was enhanced by later results from a long-term
follow-up study which had the same outcome.*® Quite
recently (2002), an independent group of investigators repre-
senting the North American Contact Dermatitis Group
reported on a substantial body of work which examined the
question of allergic contact dermatitis to laundry products (i.e.
not only to enzymes in such products). Their overall conclu-
sion was that the frequency of allergy to such products was,
at best, very low and in all probability presumed positive reac-
tions tended to arise from misinterpretation of skin responses,
i.e. they were false positives.*”

Ultimately, the most telling publication on potential adverse
skin reactions to enzyme-based laundry detergents arose from
a focused investigation of complainants. The launch of an
enzyme-containing washing powder was quickly followed by
numerous complaints from domestic users suggesting it was
responsible for an adverse skin reaction. Eighty of 255 indi-
viduals living in London (U.K.) postal districts who com-
plained to the manufacturer agreed to be investigated by patch
and prick testing, and to a use test involving the double-blind
wearing of vests washed with the product. The results showed
that the enzyme-containing washing powder was not respon-
sible for any dermatological problem, either irritant or allergic
in nature.*®

Such observations as those described above are consistent
with what we know of the (patho)physiology of skin allergy.
Substances must penetrate the outer skin barrier to reach the
viable epidermis and do so in a sufficient quantity and in an
appropriate antigenic form in order to activate the immune sys-
tem in such a manner as to lead to the development of allergic
reactivity. By virtue of their size, enzymes are unlikely to pene-
trate the skin to any great degree;* the encapsulation of
enzyme in the laundry product means that actual skin exposure
will be extremely low. Thus, the only occasions when there is
likely to be some degree of exposure is either to the wash solu-
tion (when the enzyme encapsulate has dissolved) and/or from
any enzyme residues on fabrics. As shown by the studies
already mentioned earlier, contact with wash solutions does
not lead either to irritation or to allergy; residues on fabrics are
also trivially low and do not give rise to any skin effects.'® ***®

On occasions, enzyme-containing laundry products may be
misused. Sekkat and colleagues investigated such a situation.
In a retrospective study of mechanics in Egypt who had used
enzyme-containing laundry granules for personal cleansing
(including showering) over at least a 12-month period, no
sensitization to enzymes was detected.*

As with skin irritation, the overwhelming direction of all
the evidence leads to the conclusion that enzymes in laundry
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detergents are not a cause of skin allergy. This outcome has
been confirmed by the prospective studies which have been
outlined above.

Urticaria

As enzymes are capable of triggering the formation of IgE
antibodies, then as with other proteins (e.g. natural rubber
latex proteins), skin contact with them could, in theory at
least, give rise to the potential risk of immunological contact
urticaria.*! Consequently, this aspect of enzyme safety must
be considered in relation to consumer exposures. Contact urti-
caria presents clinically as an immediate erythematous and
oedematous skin reaction, arising within minutes of skin con-
tact, peaking in 10-20 min and usually subsiding after about
1 h. In our experience, consumers do not report this type of
response to enzyme-containing laundry powders and such
reactions are not recorded in the literature as far as we are
aware. Consistent with this absence of any clinical evidence
for its occurrence in consumers is the general absence of
reports of such an effect in sensitized workers. The original
observations of enzymes as respiratory allergens described the
situation where many (even a majority) of the workforce had
antigen-specific IgE and a minority had respiratory symp-

4-6,42
toms.

A number of workers also experienced skin irrita-
tion due to the proteolytic nature of the enzyme and the
relatively high exposure concentration. However, even in this
situation, no immediate urticarial skin type reactions were
reported. In a very recent review of over 30 years’ experience
in the enzyme manufacturing industry with more than 1200
occupationally exposed individuals, of those sensitized only
about 1% showed urticaria symptoms.** As the exposure doses
are so much lower in consumers, where the enzyme has been
encapsulated, and/or where it has been very substantially
diluted in wash solutions, then it becomes unsurprising that
skin contact urticaria to detergent enzymes seems not to
occur.

From first principles, enzymes may have the potential to
cause urticaria, but there is no evidence, both occupationally
and in consumers, that this actually occurs in practice.

Conclusions

Enzymes were incorporated into fabric washing products to
assist in stain removal, but have attained an increasing impor-
tance due to their biodegradability and because they can
function at low washing temperatures, thus offering environ-
mental benefits. These matters appear to contrast, at least in
the minds of some, with perceived risks to human health,
notably concerning adverse skin effects such as allergy and
irritation. Despite the very clear recognition of the potential
risks associated with occupational exposure, an authoritative
German review concluded over 20 years ago that ‘biodeter-
gents in particular present no increased risk of skin damage
for the user’.** The weight of evidence is now convincing
that consumer use of enzyme-containing laundry detergent

products does not pose any greater risk of skin irritation than
that of their ‘nonbiological’ variants, that the potential for
respiratory allergy has been successfully controlled by limiting
exposure and that there is no evidence for enzymes leading to
contact dermatitis (allergic or irritant) or immunological urti-
caria from their use. The consequence of this is that healthcare
professionals should, in our view, avoid explaining rashes, on
adults, children or infants, as due to use of enzyme-containing
laundry products. Rather, they should seek more carefully for
the true causation of an eczema in order to come to a correct

diagnosis.
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Amfep Fact Sheet on Enzymes and the CLP Regulation

General

The new EU Regulation on classification, labelling and packaging of substances and mixtures
(Regulation (EC) No 1272/2008, “CLP Regulation”) entered into force on 20 January 2009. The
Regulation applies the general principles of the UN Globally Harmonised System (GHS) of
Classification and Labelling of Chemicals.

http://ec.europa.eu/enterprise/reach/ghs/index en.him

Classification criteria are largely in line with the current EU system but GHS introduces new
terminology and labelling e.g. new pictograms and precautionary statements. It keeps the scope as
close as possible to the existing legislation and ensures consistency with the transport legislation.
It will also affect other obligations in EU legislation (downstream legislation) which refer to
classification such as Safety Data Sheets, detergents, ecolabelled products etc.

The CLP Regulation takes over and converts Annex | of the Dangerous Substances Directive
(67/548/EEC) to Annex VI, hereby listing the existing harmonised classification and labelling of
substances according to the GHS. Carcinogenic, mutagenic and reprotoxic (CMR) substances and
respiratory sensitisers will be subject to harmonised classifications under CLP.

The CLP Regulation will, after a transitional period, replace the current rules on classification,
labelling and packaging of substances (Directive 67/548/EEC) and preparations (Directive
1999/45/EC). The deadline for CLP classification of substances is 30 November 2010 and for
mixtures (previously named preparations) 31 May 2015.

Enzymes and the CLP Regulation

Harmonised classifications for the 17 enzyme entries in Annex | of Dir. 67/548/EEC" appear in
Annex VI of the CLP? cf. attached table (annex to Amfep/09/73). All enzymes are classified as
respiratory sensitisers and will be labelled with ‘torso’ pictogram that also applies to CMR
substances. The existing cut-off limit for mixtures containing sensitisers — 1% hazard warning and
0.1% allergy warning — remain under CLP. Subtilisin and other proteases have additional skin/eye
irritancy classifications.

For subtilisin, CLP translation of ‘serious eye damage’ means a reduction of the cut-off limit from
10 to 3% and may result in a ‘corrosive’ pictogram above this limit. With regard to transport

' As amended up to the 31° ATP (Commission Directive 2009/2/EC of 15 January 2009)

2 As amended up to the 1% ATP (Regulation (EC) No. 1272/2008 of 5 September 2009)
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regulations, the current subtilisin eye irritancy classification will not lead to a ‘dangerous goods’
status.

Currently, enzymes not covered by the 17 enzyme entries may be classified in analogy e.g. as
respiratory  sensitisers and irritants in the case of non-subtilisin  proteases.

Industry must follow the existing harmonised classifications of enzymes, including irritancy
classifications, unless a proposal for classification change has been accepted by the European
Chemicals Agency ECHA. A re-classification proposal (Annex XV dossier) for hazard properties
(toxicological endpoints) included in the existing harmonised classification e.g. irritancy can only be
submitted by a Member State competent authority. For endpoints not covered, Industry can make
a proposal.

In connection with preparing for REACH registration of enzymes, registrants will review available
data on relevant enzyme types in the Substance Exchange Information Fora (SIEFs) and may
consider if there is a need for revised harmonised classification. Further detailed guidance is
available from ECHA.

http://quidance.echa.europa.eu/docs/quidance document/clp en.htm

GHS is currently being implemented in countries outside the EU. Substance classifications,
including for enzymes, may be based on various documentation or previous classifications and
therefore differ from the current EU classifications.

Amfep/09/73 - Amfep Fact Sheet on Enzymes and the CLP Regulation 2
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Safety evaluation of technical enzyme products with regards to
the REACH legislation’

Introduction
According to the REACH guidance on Substance Identification, the safety documentation of an
enzyme product consists of two elements:

e Safety of the enzyme.

e Safety of the non-enzymic constituents.

Safety of the enzyme

The only known safety risk linked to the active enzyme itself is respiratory allergy and for proteases
the minor risk of skin/eye irritation. Potential adverse effects due to the catalytic activity of new
enzymes are not likely but always assessed. The risk of respiratory allergy is valid for all types of
enzymes and has been well described in the literature.

The above considerations also apply to protein-engineered enzymes. There are no reasons to
suspect, and certainly no evidence to support, any concern that modifications made through protein
engineering will affect enzyme safety. They exhibit variation that is similar to that observed in nature,
and in most cases they share a much higher homology to their progenitors than that seen among
naturally occurring isozymes. Accordingly, there is little basis for concern that simply changing some
amino acids in an otherwise harmless enzyme might convert that enzyme to a toxic protein. Since the
protein engineering has no effect on the strain, a sudden change in production output from the strain is
not to be expected.

Safety of the non-enzymic constituents

Industrial enzyme products are practically non-toxic to humans and other animals based upon 35+
years of testing, use in commerce, and an in-depth knowledge of their properties.

A review of the extensive literature, concerned with the safety of enzymes from microbial sources,
strongly supports the general assumption that industrial enzyme preparations from non-pathogenic
organisms are safe. They are not toxic by ingestion and do not exhibit reproductive or developmental
toxicity, nor are they mutagenic or clastogenic. The industry’s own historical toxicity data confirm this.

' The scope of this policy is industrial enzymes (UVCB substances)
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On the other hand there is a considerable scientific literature base on various protein and non-protein
microbial metabolites that may induce toxicity via the oral route (Pariza and Foster 1983; Pariza and
Johnson 2001). These include food poisoning toxins which are proteins (for example Staphylococcal
enterotoxins and the neurotoxins of Clostridium botulinum) and small molecular weight mold toxins
such as the aflatoxins. This has been discussed at length elsewhere and supports the conclusion that
the focus of safety evaluation should be to ensure that an enzyme production strain does not produce
toxins that are active via the oral route (Pariza and Foster, 1983; Pariza and Johnson, 2001). These
concepts and considerations form the basis for establishing production strain safety.

The primary concern in the safety evaluation of technical enzyme products is therefore the safety of
the production strain. The historical use of certain species and strains thereof provides proof beyond
reasonable doubt of the safety of these strains (see e.g. de Boer, A. S. and Diderichsen, B., 1991,
Barbesgaard P. et al., 1992, Priest F. et al, 1994, Nevalainen H. et al., 1994, Schuster E., et al., 2002,
van Dijck, P. W. M. et al., 2003). The experience from numerous studies is, that the non-enzymic
constituents originating from the fermentation as substrate residues or produced by the organisms
have no toxicological or ecotoxicological potential (cf. e.g. Pariza and Johnson, 2001, HERA risk
assessments on protease , and on amylase, lipase and cellulase, 2005, Zofia S. Olempska-Beer et al.,
2006). Again, the industry’s own toxicity data including documentation generated for regulatory
approval confirm this.

As an illustration, in numerous sub-chronic toxicity studies in rats and dogs with strains of the
Aspergillus species (a.o. A. oryzae and A. niger) and Bacillus species (a.o. B. subtilis /
amyloliquefaciens and B. licheniformis), only a few insignificant adverse effects have been observed.
The observed effects in blood chemistry (liver and kidney function) was never accompanied by
histological organ changes and thus deemed to be of minor toxicological relevance. Often the effects
were attributed to a high protein and salt (used as an additive after fermentation) content of the
batches used. In the few cases where irritancy and/or inflammation were observed, protease activity
was determined to be the cause (HERA risk assessment on amylase, lipase and cellulase, 2005).

Numerous in vitro mutagenicity studies, Ames tests and chromosome aberration tests, have not
revealed any adverse effects.

These studies were performed with enzyme fermentation batches from wild-type strains, classical
mutants and genetically modified strains.

The Safe Strain Lineage Concept

The toxicity test programs on GRAS determined enzyme products from industrial production strains of
e.g. Aspergillus or Bacillus have not shown adverse effects in vitro or in animal studies. The lack of
effects and the lack of expecting such effects based on the increased genetic knowledge of the
organisms qualify the discontinuation of extensive toxicological test programs required for food or feed
application by authorities, including the use of animal testing. If strains from a certain strain lineage
have been tested and used for several years, and further improved by e.g. deleting genes coding for
potentially harmful metabolites, then one must conclude at a certain point in time that a strain from this
strain lineage can be declared safe for use without further testing by extensive programs including
animal testing. This strain should be designated as “parental strain” of a “Safe Strain Lineage”, and be
used as a start point for further development and improvement for production strains.
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The term “safe strain lineage” refers to a cluster of related strains that have all been derived by genetic
modification from a single isolate (“parental strain”) that was thoroughly characterized and shown to be
non-toxigenic and non-pathogenic before the modifications to improve enzyme function were initiated
so as to produce the cluster.

This “Safe Strain Lineage” concept is depicted in Figure 1.

Different strains of this lineage (i.e. repeated assessments) have a history of
safe commercial use and products produced by strains within this lineage have
been approved by authorities on the basis of toxicological tests* for production
of enzymes or other biologicals (e.g. GRAS, TSCA Biotech, QPS)

NO

YES

A 4

According to literature, strains of this species are conncted with a toxin

NO producing potential of medical importance under the conditions of use for the
enzyme product. (Strains with a “true” mammalian pathogenic potential are not
used for enzyme production)

YES
A 4

NO A targeted investigation (e.g. metabolic profiling like Frisvad & Thrane,
cytotoxicity) of the strain / strain lineage confirm toxigenic potential of medical
importance

l YES

Toxin producing potential has been irreversibly
removed

YES

Strain lineage is
considered safe

* i.e. at least Ames, chromosomal aberration, 91-day oral toxicology, skin and eye irritation.

Figure 1: Safe Strain Lineage concept
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In theory, the chance that genetic modification or an unexpected mutation may cause the expression
of an unknown dormant gene coding for a toxic metabolite is never zero, but will be an unlikely event.
Depending on the amount of available data for the strain lineage in vitro tests on the enzyme
preparation may be necessary to detect a potential adverse effect.

Based on this, it is our conception, that:

A newly constructed strain using a host strain derived from a “Safe Strain Lineage”, or any changes
made to a safe production strain or production process, should require at most a limited in vitro test
programme on the enzyme preparation, to cover the minor theoretical possibility of activating silent
genes coding for a toxin, if the following requirements are fulfilled:

e Thoroughly conducted toxicological studies have elucidated the properties of a given enzyme
and the enzyme has a history of safe use.

e The “parental strain” belongs to a documented “safe strain lineage”

e The genetic history of the recipient microorganism (“strain line-tree”) is documented back to the
isolate from which it was derived (“parental strain”).

e Strain development and improvements by introduced genetic modifications are well
characterized in compliance with the definitions and requirements of regulatory bodies in the
EU and US for “introduced genetic material”.
(These modifications include deletions, rearrangements, amplifications, point mutations, and/or
plasmid loss within a single genome, either spontaneously or through use of chemical or
physical mutagens).

These requirements are in accordance with the published recommendations (cf. e.g. Pariza and
Johnson , 2001, Zofia S. Olempska-Beer et al., 2006).

To facilitate the implementation and acceptance of the safe strain lineage concept we have to
distinguish between the safety requirements for a “parental strain” and the safety requirements for
production strains or new strains to be introduced as production strains.

An example

As an example, a strain line from A. oryzae can be used. Several toxicological programmes on
enzymes from the original “parental strain” as well as on derived strains in the strain line tree have
been carried out.

There was no observed toxicity, therefore, any of these strains could theoretically be called “parental
strain”. For practical purposes a well-defined strain in the strain line tree was selected and used as
“parental strain”. This strain has several advantages: there is toxicity data directly on products
produced by this strain, the absence of several moderately toxic metabolites and undesirable side
activities is documented and there are no longer (antibiotic) resistance markers present.

The results of the several 13-week oral toxicity studies carried out can be summarized as the
following: No adverse effects were observed at the highest (maximum) dosing concentrations. These
concentrations differ slightly from enzyme to enzyme depending on the amount of Total Organic Solids
(TOS = 100% - water% - ash% - diluents %) and the maximum possible dosing amount (10ml). The
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calculated safety factors, based on these concentrations and the specific application, lie between 1000
and 100.000 in worst case scenarios.

Both A. oryzae and its enzymes are accepted as constituents of food (FAO/WHO JEFCA, 1987). The
safety of A. oryzae has been evaluated by a comprehensive literature survey in medical databases
and by Barbesgaard et al. (1992). A. oryzae has a long history of safe use. In the Orient it has been
used to produce koji, a complex enzyme preparation for the production of soy sauce, miso and sake
for more than 2000 years. In Europe, it has been used since the beginning of the last century in the
production of enzymes for baking and brewing and in the last decade as a recombinant organism for
production of a variety of bioindustrial products. Published data show that these A. oryzae strains can
be regarded as non-pathogenic. The wild type strain contains a non-functional cluster of genes
homologous to the aflatoxin biosynthetic genes of Aspergillus flavus. Due to the general concern
about aflatoxins the enzyme manufacturers using A. oryzae production strains have to ensure that
these strains do not revert to an aflatoxin producing strain. One way to accomplish this is to delete the
gene cluster? in the parental key strain in the development of the enzyme production strain. Another
way would be to demonstrate that the strain does not produce aflatoxins under production conditions.
Certain strains may produce one or more of the secondary metabolites cyclopiazonic acid, kojic acid
and beta-nitropropionic acid. The toxicity of these metabolites is low to moderate (Burdock and Flamm,
2000) and there are no reports that their production has resulted in adverse effects on human health.

Based on these data, the production strain can be considered a safe microorganism.

The genetically modifed A. oryzae production strain meets the criteria for a safe production
microorganism as outlined by several expert groups (Berkowitz and Maryanski 1989, International
Food Biotechnology Council 1990, EU Scientifc Committee for Food 1991, Organization for Economic
Cooperation and Development 1992, 1993, FAO/WHO 1996, Jonas et al. 1996, Pariza and Johnson
2001). It is constructed by common transformation procedures, using well-known plasmid vectors with
strictly defined and well-characterized DNA sequences that are known not to encode or express any
harmful or toxic substances. The development of the production strain has been evaluated at every
step to assess incorporation of the desired functional genetic information and to ensure that no
unintended sequences were incorporated (Yaver et al. 1996).

Several other examples of the safe strain concept are given by Zofia S. Olempska-Beer et al., 2006.

Safety evaluation principles

When a strain is to be used which is not a member of a safe strain lineage, several of the principles
described above can be used to evaluate the safety of the enzyme product. This can be the case e.g.
when using a natural isolate.

In those cases also the identity of the microorganism should be determined by an independent
laboratory. If a literature search shows that the species is not associated with toxin production of
concern, and is a species historically used for enzyme production, then the strain can be considered
safe.

*N.B. to delete this gene cluster a license will be required.
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If the species has not been used in industrial enzyme production before it's possible pathogenic /
toxicogenic potential should be considered. For a first time industrial use, the concentrate produced by
the strain should be tested at least through Ames, chromosomal aberration, and 91-day oral toxicology,
plus usually skin and eye irritation for worker safety. Assuming the results from that testing is
acceptable, a GRAS assessment of the enzyme preparation can be done through a paper exercise,
comparing the TOS levels from the tox. lots used in testing with the new enzyme preparation to do
consumption analysis and acceptability.

If the literature search showed that the species is associated with toxin production, a test for the toxin
under inducing conditions should be done. If the toxin is not found, one can proceed as above.

If the toxin is found, and sufficient genetic information is available for the species, one can proceed
with the deletion of one or more of the genes involved in the toxin synthesis if the genetical
background is known.
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Calculation of Tonnage for Enzyme Substances

Each registrant of substances under REACH has to calculate the yearly tonnage of the relevant substance
produced or imported in EU in order to establish the applicable deadline for registration.

The larger the tonnage, the earlier the registration deadline.

The basis for the tonnage calculation is the substance as defined under REACH. ECHA has specifically
addressed the issue of identification of enzyme substances, cf. section 4.3.2.3 of ECHA’s Guidance on Substance
Identification.

The relevant paragraphs of this guidance are inserted below. ERpC advises you to ascertain that your company
has calculated the tonnage of the relevant enzyme substance correctly.

The enzyme substance should be regarded as a ‘UVCB'-substance’ due to its variability and partly
unknown composition.

Enzyme substances are identified by the enzyme protein (IUBMB nomenclature) and the other
constituents from the fermentation.

The enzyme substance typically contains 10-80 % (w/w) of the enzyme protein. The other constituents
vary in percentage and depend on the production organism used, the fermentation medium, and
operational parameters of the fermentation process as well as the downstream purification applied, but
the composition will typically be within the ranges indicated in the following table.

Active enzyme protein 10 - 80%
Other proteins + peptides and amino acids | 5 - 55%
Carbohydrates 3-40%
Lipids 0-5%
Inorganic salts 1-45%
Total 100%

Tonnage shall thus be calculated as:
[enzyme protein] + [other constituents]

This calculation excludes water and any other solvent. It also excludes any ingredients that may be added to the
enzyme substance in order to make it into a commercial preparation.

Any questions about the above can be addressed to the ERpC coordinator on a confidential basis:

Mr. Youri Skaskevitch
Telephone: +32 (0)2 740 29 62
E-mail: coordinator@enzymes-reach.org or yskaskevitch@agep.eu

! Substances of Unknown or Variable composition, Complex reaction products or Biological materials
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