"ECHA

EUROPEAN CHEMICALS AGENCY

ANNEX XV RESTRICTION REPORT

PROPOSAL FOR A RESTRICTION

SUBSTANCE NAME(S): DIISOCYANATES
IUPAC NAME(S): n.a.

EC NUMBER(S): n.a.

CAS NUMBER(S): n.a.

CONTACT DETAILS OF THE DOSSIER SUBMITTER:
BAUA

Federal Institute for Occupational Safety and Health
Division 5 - Federal Office for Chemicals
Friedrich-Henkel-Weg 1-25

D-44149 Dortmund, Germany

VERSION NUMBER: 2.1

DATE: 06 February 2017

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | Fax +358 9 68618210 | echa.europa.eu

1 (49)



TABLE OF CONTENTS

A. PROPOSAL FOR A RESTRICTION ..tuutititiititsassateaseateanesnesne e sesesnssnssnssassanssnesnesnennes 4
7 YU ] 0 0 1= V2 4
A.1.1 The identity of the SUbSTANCES .. .ciiiiiii i e 4
A.1.2 Scope and conditions of the restriction(S)....ccviiii i i 4
A.1.2.1 Proposal of Text for AnNnex XVIL. ... e 4

A.1.2.2 Which substances are covered? .. ...oviiiiiiiiiiiii i 6

A.1.3 Summary of the Justification.........cooii i e 6
A.1.3.1 Identified hazard and FiSK .....coiiiiiii e 6

A.1.3.2 Justification that the proposed restriction is the most appropriate Union-

1T L 1 == 13 Ul =P 6

A.2 The problem identified .....ccoiiiiiii i e e e e e e 8
A.2.1 The hazard, exposure/emissions and FiSK ......uiiriiiiiiiii i i ree e naee s 8
A.2.1.1 Hazard @SSeSSMENT ... .ttt ieiieiitereate s se e e s e ranranaanaaneaneaneanees 8

A R A o Yo 1= U [ = PP 14

AL 2. 1.3 RISK ctiiti it 17

A.2.2 Justification for an EU wide restriction measure........c.ccvviiiiiiiiiiiiiiiii e, 21
A2, 2.1 WHY REACH 2. . i et ae e anes 22

A.2.2.2 Why not the SVHC/Authorisation route? .........ccoiiviiiiiiiiiiiiiiciic e 23

A.2.2.3 Structure of the proposal......ccociiiiiiiii 23

F N I = T 1T < | o 1= PRSP 25

FANC I (g o o = Yot = R =TT 1 1= o | 26
FANNC 0 A 0 /o Y 18 Tt o o K PP 26
A.3.1.1 Risk Management OptioNS ..ivviiiiiii i e e e e e e 27

PAWNC I A ST W g Tot o] g IE=Tel=) g = [ o] (3 27

A.3. 1.3 BasiC Data .eeiieiiii i e 27

A.3.1.4 ECONOMIC IMPACES ottt e e e e e e aaneaas 29

A.3.1.5 Human health impacts ..ciiiiii e as 32

A.3.1.6 Other impacts, practicability and monitorability ............cocoviiiiiinn, 34

A.3.1.7 Proportionality (including comparison of options).........ccvvviiiiiiiniinnnnn. 38

A.4 Assumptions, uncertainties and sensitivities .....c.coviiiiiii i 43
F AN T @0 g el 18 £ o o = PP 44

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | Fax +358 9 68618210 | echa.europa.eu

2 (49)



TABLE OF TABLES

Table 1: Annual incidence of TDI-induced occupational asthma (taken from Ott 2002) ..... 19

Table 2: Incidence provided by a Canadian case-control study (Tarlo et al., 1997) .......... 20
Table 3: Summary table of estimated occurrence of isocyanate OA in the EU (as number of

new cases per year and as annual iNCIdENCE) ....uiiiiiiiii i e e 21
Table 4: Overview on exposed workforce in SECLOrS ....uvviiiiiiiii i e 25

Table 5: Overview on results of models for estimation of the annually occurring new asthma
Lot =] T 25

Table 6: Overview on input parameters used for modelling of the costs for appendix on
exemption and appendix on trainings and measures and on benefits for human health .... 28

Table 7: Overview on results of costs estimation for each RMO (rounded) ................e.... 31
Table 8: Overview on costs components of the occupational asthma............ccoooiiinl. 33

Table 9: Results on human health impacts (based on 6500 cases of occupational asthma per
A= T ) 34

Table 10: Summary and overview on results for possible RMOs after 20 years. (rounded to
T ol I 0T =] o o o ) P 42

TABLE OF FIGURES

Figure 1: Chemical structure of diiSOCyanates ......cciviiiiiiiiiiiiii i e 4
Figure 2: Relationship between toxicological and exposure related aspects of isocyanates 17

Figure 3: Forecast (low /high bound) for the relative development of the incidence rate after
implementation of the proposed restriction measure .........coooiiiiiiiiiii s 33

Figure 4: RMO1 over 20 years based on 6500 new cases of occupational diseases/year and
several training options. The training options that are not shown fall between options e and
a. (For reference: a = education center, ¢ = external training, d = training at work, e = e-
F=T= T o 11« ) PP 39

Figure 5: RMO2 over 20 years based on 6500 new cases of occupational diseases/year and
several training options. The training options that are not shown fall between options e and
a (For reference: a = education center, c = external training, d = training at work, e = e-

==Y 11T 1 40
Figure 6: Comparison of costs for exemptions and e-learning.........c.cccvviiiiiiiiiiininennens 41
Figure 7: RMO3 comparison costs and benefits over 20 years .......ccvvviviiiiieiinniinnnnnennens 42

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | Fax +358 9 68618210 | echa.europa.eu

3 (49)



ANNEX XV RESTRICTION REPORT - DIISOCYANATES

A. PROPOSAL FOR A RESTRICTION

A.1 Summary
A.1.1 The identity of the substances

Diisocyanates according to the following structure, whereby the group R is an aliphatic or
aromatic hydrocarbon unit of unspecified length. R does not contain urethane, urea,
uretdione, biuret or isocyanurate linkages (i.e. the diisocyanate entity is not the result of
prepolymerisation of a parent diisocyanate).

Figure 1: Chemical structure of diisocyanates
Further identity information on covered diisocyanates is given in Annex B.1.

It should be noted that in may publications dealing with hazards and risks of (di)isocyanates
in practical applications, authors use the terms “diisocyanates” and “isocyanates” rather
loosely in discussing effects from the formulations (i.e. mixtures) that are used in such
applications. This becomes already apparent from the occupational disease which is always
referred to as “isocyanate asthma”, where, if specific allergens are investigated, it is the
diisocyanates that are referred to.

In this dossier, we will use the term “diisocyanates” if we refer to specific data or
discussions regarding diisocyanates according to the above definition and “isocyanates” if
we refer to substances, mixtures, or formulations that may also contain (pre-)polymers or
oligomers with isocyanate groups, or species with an isocyanate functionality other than 2.
Note: Also see remark in Annex B.1.2.

A.1.2 Scope and conditions of the restriction(s)

The proposal limits the use of diisocyanates in industrial and professional applications to
those cases where a combination of technical and organisational measures as well as a
minimum standardised training package have been implemented. Information how to get
access to this package is communicated throughout the supply chain.
Exemptions are defined for cases where the content of diisocyanates in the substance or
mixture placed on the market or used is less than 0.1 wt%, as well as for mixtures
containing diisocyanates at higher levels than 0.1 wt% which fulfil criteria that show that
the potential risks using such products are very low.

A.1.2.1 Proposal of Text for Annex XVII

Column 1 Column 2

Designation of the Conditions of restriction
substance, of the group
of substances or of the
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ANNEX XV RESTRICTION REPORT - DIISOCYANATES

mixtures

Diisocyanates 1. Shall not be used as substances on their own, as a constituent in
other substances or in mixtures for industrial and professional uses,
unless

a) the cumulative concentration of diisocyanates in the substance or
mixture is less than 0.1 % by weight, or

b) the substance or mixture in the form in which it is supplied to the
user, including the combination of such substance or mixture, its
packaging and any application aid is placed on the market in
accordance with paragraph 2b), or

c) the employer or self-employed worker ensures that measures and
trainings are taken prior to the use of the substances or mixtures in
accordance with the provisions described in Appendix 13! (Trainings
and Measures).

Member States may implement or continue to apply own provisions for
the use of these substances and mixtures as long as the minimum
requirements of Appendix Trainings and Measures are met.

The employer or self-employed worker shall document the compliance
to the requirements of Appendix 13 (Trainings and Measures).

Proof of successful completion of a training according to Appendix 13
(Trainings and Measures) shall be recognised in all other Member
States.

2. Shall not be placed on the market as substances on their own, as a
constituent in other substances or in mixtures for industrial and
professional uses, unless

a) the cumulative concentration of diisocyanates in the substance or
mixture is less than 0.1 % by weight, or

b) the substance or mixture in the form in which it is supplied to the
user, including the combination of such substance or mixture, its
packaging and any application aid is compliant with Appendix 12
(Exemptions), or

c) the supplier ensures that the recipient of the substance or mixture
is provided with information according to paragraph 3.

3. For the purpose of 2c) manufacturers and importers of
diisocyanates on their own or as a constituent in other substances and
importers of mixtures containing diisocyanates shall develop a set of
teaching material in accordance with the provisions of Appendix 13
(Trainings and Measures) in an official language of the Member State
where the substance or mixture is placed on the market before placing
the substance or mixture on the market. They shall ensure that
training courses based on the training material are available to the
recipients of such substances or mixtures. They shall review and
update the training material after a maximum of 8 years, or without
delay if new information, which may affect the risk management
measures, becomes available and inform the recipients accordingly.
Natural or legal persons formulating mixtures containing diisocyanates
within the EU shall provide necessary information for the development
of the teaching material upon request of their substance suppliers.

All downstream users may be consulted for the purpose of the
development and update of the teaching material.

! The texts of “Appendix Trainings and Measures” and “Appendix Exemptions” are two separate
documents. A short summary can be found in A.2.2. Additional information can be found in Appendix
5 to the dossier. The document on Appendix 13 attached to this proposal contains elements that
should be included in the final legal text of the Appendix.
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ANNEX XV RESTRICTION REPORT - DIISOCYANATES

Please note that in the way the proposal for the scope of the restriction has been formulated
in Section Al.2.1, oligomers and prepolymers that contain >0.1 wt% of the diisocyanates
that meet the above definition (of which a non-exhaustive list is shown in Section B1.1),
would still be in scope of the restriction.

A.1.2.2 Which substances are covered?

All diisocyanates are known as sensitisers and are classified as Resp. Sens. 1, either as a
harmonised classification or as self-classification by the suppliers.

The restriction proposal covers all these diisocyanates, as well as other substances which
contain residual diisocyanates. This includes prepolymers, oligomers and polymers of
diisocyanates which still contain more than 0.1 % free diisocyanates.

Section B.1.1, table 1 provides some examples of substances covered by this restriction
proposal (non-exhaustive list).

A.1.3 Summary of the justification
A.1.3.1 Identified hazard and risk

Respiratory sensitisation has been an endpoint of major attention for the legislator and the
regulatory authorities. REACH recital (115) places respiratory sensitisers among the
“substances of the highest concern”.

Diisocyanates are respiratory sensitisers and are important substances used in many
applications (foams, sealants, coatings) throughout the European Union. The total tonnage
is about 2.5 million tonnes/yr. With regard to diisocyanates, respiratory sensitisation
therefore is seen as the endpoint of highest regulatory concern

The issue of occupational asthma (OA) caused by handling diisocyanates or formulations
containing such substances has been known for decades and occupational diseases caused
by these products are known in each Member State. The Dossier Submitter (DS) considers
the annual number of new occupational diseases caused by diisocyanates (estimated to be
more than 5000 cases) to be unacceptably high.

An already existing European wide regulation for MDI (entry #56 to Annex XVII to
Regulation (EC) No. 1907/2006 (REACH)) focusses mainly on the risk of skin sensitisation
for consumers and regulates the inclusion of protective gloves in packaging meant for the
general public. This does, however, not solve the problem of occupational asthma described
above.

A.1.3.2 Justification that the proposed restriction is the most appropriate Union-
wide measure

In a Risk Management Option Analysis (RMOA, (German CA, 2013)) arguments for a REACH
restriction for diisocyanates as a group have been discussed and concluded to be the best
regulatory measure. The main arguments are in summary:

1. The risk of occupational disease (mainly occupational asthma) is present for all
diisocyanates. Compared to authorisation, a restriction offers a more straightforward
approach to address all diisocyanates in one regulatory action. A restriction may also
cover prepolymers with residual diisocyanates.
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ANNEX XV RESTRICTION REPORT - DIISOCYANATES

2. It does not seem efficient to regulate the substances by means of the
SVHC/Authorisation route because of the extreme complexity of the supply chain and
the large number of uses. In view of the wide areas of uses, an extremely large
number of Applications for Authorisation (AfA) has to be expected.

3. Based upon present information, socioeconomic benefits of the substances are likely
to be much higher than the costs caused by the risks, making it likely that most AfAs
would be granted. Pressure for substitution would be limited.

4. Because of unique properties of diisocyanates and the resulting polyurethane
polymers, large scale substitution is unlikely.

5. The restriction route can concentrate on the conditions of supply and handling of
formulations containing diisocyanates.

6. A voluntary “self-restriction” by industry has some attraction, but will suffer from the
fact that no legal means are available to force companies that refuse to join such an
initiative.

Long term experience with the application of the Chemical Agents Directive (CAD,
Directive 98/24/EC) has shown that occupational safety and health measures are not
efficient enough to reduce sensitisation by diisocyanates to an acceptable level. Therefore a
restriction under REACH that aims at establishing stricter mandatory handling habits
throughout the EU is considered as the option of choice. The restriction proposal will also
create an incentive to develop and use products with very low potential of exposure. REACH
as a regulation for the placing on the market of substances is much better suited to
guarantee a comprehensive quality management from the top of the supply chain based on
the knowledge of the manufacturers and importers.

A major point of attention has to be sought in the improvement of awareness of situations
with potentially increased risks.

In addition the proposal is drafted in such a way that MS are still free to implement more
stringent measures as long as they meet the minimum requirements as defined in this
restriction.

The proposal for the restriction (Section A.1.2) also mentions two Appendices describing
further details regarding use conditions and exemptions. More details on these Appendices
are given in Section A.2.2. The full text of these Appendices can be found in two separate
documents to this dossier. Additional information can be found in Appendix 5 to this dossier.

A.1.3.2.1 Effectiveness in reducing the identified risks

A restriction under REACH that aims at establishing stricter mandatory handling habits
throughout the EU is considered as the option of choice. Apart from an incentive to use
products with very low potential of exposure, establishing stricter mandatory handling
habits will be reached by the obligation to train employees according to the potential risk
met with during their work. This will improve the fundamentals of handling diisocyanates
throughout the EU, and can be formulated in such a way that MS are still free to implement
more stringent measures as long as they meet the minimum requirements as defined in this
restriction. As will be discussed in Section A.3 (and in more detail in Annex E.6.1.1) it is
assumed that mandatory standardised training may lead to a 50-70 per cent reduction in
the yearly number of cases of newly reported occupational diseases due to handling
diisocyanates.

A.1.3.2.2 Proportionality to the risk

As will be reported in Section A.3 the costs of the proposed measure in the form of the
preferred option that combines both mandatory trainings and the option of exempted
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ANNEX XV RESTRICTION REPORT - DIISOCYANATES

products have been evaluated to be proportionate with respect to the risks that are avoided
by the measure.

A.1.3.2.3 Practicability, including enforceability

A number of aspects will be important in order to achieve an enforceable practical
implementation:

= Measures will build upon an established system for customers at the top of the supply
chain (*Walk the talk” (ISOPA, 2013) and “Safeguard — We care that you care!” from the
trade associations “European Diisocyanate and Polyol Producers Assocation” (ISOPA)
and “European Aliphatic Isocyanate Producers Association” (ALIPA)).

= Sharing common measures and trainings will improve communication and will help to
get acceptance for the new duties throughout the supply chain.

= A dissemination strategy to allow access to the relevant trainings in various languages in
all Member States will be made available by the manufacturers and importers of
diisocyanates and their partners from industrial associations. This will need a certain
transition time to be able to set up a structure to meet the new requirements.

= The restriction can be enforced by active checks of the training status of companies as
proven by the necessary documentation, as well as checks for the implementation of the
necessary risk management measures.

A.1.3.2.4 Monitorability

Monitorability of the restriction can in first instance be sought in tracking the degree of
implementation of trainings throughout the various countries. However, in the long run (10-
15 years) it should be possible to determine if the number of new occupational diseases
because of handling diisocyanates is going down as assumed. In preparation of further
activities the DS plans to update the survey on occupational diseases because of
diisocyanates at regular intervals. In this way the awareness for respiratory sensitisation
will be increased which will benefit future monitoring efforts in the Member States. In
addition, industry is called upon to generate longitudinal epidemiological data that allow the
evaluation of risks at current workplaces as well as its change that is expected to be
achieved by this restriction.

A.2 The problem identified
A.2.1 The hazard, exposure/emissions and risk
A.2.1.1 Hazard assessment

A.2.1.1.1 Introduction and scope

The observation of isocyanate-related occupational asthma (OA) is the main driver behind
this restriction proposal. In practice some of the symptoms associated with asthma are not
specific, i.e. they may also be indicative of other diseases. Therefore the human health risk
assessment in this dossier concentrated on the slightly broader regulatory endpoint of
respiratory sensitisation, which covers asthma and related respiratory symptoms such as
rhinitis or extrinsic allergic alveolitis, irrespective of the underlying mechanism
(immunological or non-immunological) under REACH and CLP (ECHA, 2016).

Aromatic diisocyanates may potentially be degraded by hydrolysis or metabolism to yield
primary aromatic amines known to be genotoxic carcinogens. Whether or not this is a
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ANNEX XV RESTRICTION REPORT - DIISOCYANATES

relevant point when using diisocyanates at the workplace has been a matter of debate. In
the present dossier this issue was, however, not considered further (for detailed reasons cf.
Annexes B.5.8 and B.5.9), as the Dossier Submitter (DS) did not expect a relevant impact
on the restriction proposal.

A.2.1.1.2 Hazard description based on REACH and CLP legal text and guidance

In analogy to skin sensitisation, the process of respiratory sensitisation is assumed to
comprise two phases, i.e. induction and elicitation. For skin sensitisation it is known that
elicitation thresholds apparently poorly correlate with induction potency and that there is
large interindividual variability depending among other factors on the sensitising potency of
the substance, the duration, site, and extent of exposure, the condition of the skin, and the
extent to which the sensitisation has been acquired, cf. e.g. (ECHA, 2012; Holloway et al.,
2010). For respiratory sensitisation, similar considerations apply, cf. e.g (Vercelli, 2016).

The major goal of this restriction proposal is to prevent new cases of sensitisation. As a
consequence hazard assessment concentrated on the induction step of respiratory
sensitisation. A more detailed description of the clinical picture in humans is provided in
Annex B.5.6.2.1.

A.2.1.1.3 Summary of non-human data

For the assessment of respiratory sensitisation, currently no formally recognised and
validated animal tests exist. In addition, even though in theory respiratory sensitisation
(induction and elicitation) can be regarded as a threshold effect, the available methods are
not suitable for threshold determination or DNEL derivation. In concert with human data,
some types of animal data may play a supportive role in the qualitative assertion of
respiratory sensitisation (ECHA, 2015; ECHA, 2016; European Parliament and Council,
2008).

All diisocyanates relevant under this restriction proposal are classified as Resp. Sens. 1 as
well as Skin Sens. 1 according to CLP (cf. Annex B.3 on classification and labelling). In fact,
MDI and TDI are recognised as potent, prototypic respiratory sensitisers and have been
employed frequently as model substances in test method development. Qualitative
assertion of the potential of diisocyanates to cause respiratory sensitisation was therefore
unnecessary; nevertheless the large body of non-human experimental data on diisocyanates
was evaluated with the following goals:

* to review the data with respect to the possibility to derive a DNEL (or DMEL) for
respiratory sensitisation and

= to report the lowest dose levels (LOECs) at which in animal experiments sensitisation
and/or respiratory effects have been observed after dermal or inhalation exposure.

To that end, variability and uncertainty have been considered for each aspect of hazard
characterisation. Study reports were evaluated for all adverse effects on the respiratory
system, and all effects indicative of sensitisation, i.e.:

= respiratory function (e.g. clinical signs, respiration rate (RR), or dimensionless flow
parameters),

= inflammation markers in the respiratory tract (e.g. histopathology, cytokines, clinical
signs of irritation etc.),

= antibody titres (e.g. total IgE, specific IgE, specific IgG), as well as the ratio of IgE to
IgG subtypes, and

= dermal contact hypersensitivity (as positive proof of the sensitised state).

The most important findings from the non-human database are summarised as follows:
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ANNEX XV RESTRICTION REPORT - DIISOCYANATES

= exposure to diisocyanates by inhalation, but also via the dermal route, can trigger both
Type I (immediate) and Type IV (delayed) respiratory hypersensitivity in a variety of
rodent species. Observed respiratory symptoms (increased respiratory rate, effects on
respiratory flow, laboured breathing etc.) resemble those seen in humans with asthma;

= skin sensitisation has also been observed following inhalational induction;

= respiratory sensitisation can be evoked with diisocyanates and with diisocyanate serum
albumin conjugates. Cross-reactivity with mono- and diisocyanates and polyisocyanate
resin has been reported;

= species and strain differences appear to exist regarding the relative proportions in which
individual traits of respiratory sensitisation are expressed;

= the severity of respiratory impairment following (single or repeated) short-term
challenges ranged from moderate change in respiratory rate and other breathing
parameters to anaphylaxis and mortality at high challenge concentrations;

= because in animal tests usually no follow-up data are available, no conclusion on
reversibility (in the sense of remission of the sensitised state) can be drawn;

= overall, the interdependencies and quantitative contributions to sensitisation of factors
such as the species and strain used, concentration and total dose received upon
induction, or the temporal pattern of dosing are still poorly understood;

= NOAECs, where reported, could not be used as Points of Departure (PoDs) for risk
characterisation, since most available studies only cover a limited spectrum of effect
markers, the most relevant species to be used is unclear, agreement on critical effect
levels is lacking, and many studies showed other deficiencies. Also there is great
uncertainty regarding the extrapolation of results from animal experiments to humans.

For the analysis of LOECs, studies were selected by the following tiered approach:

= Tier 1: Deselect all studies with induction routes not representative of the real-life
exposure situation in the scope of this restriction proposal;

= Tier 2: Separate the remaining studies according to induction route (inhalation, dermal)
and deselect those studies not matching pre-defined acceptance criteria (see Annex
B.5.6.4.6);

= Tier 3: Record for the remaining studies more detailed experimental parameters and
LOECs to provide an overview (separately for the dermal and inhalation routes) of the
lowest dose levels at which relevant effects were seen.

An example of a study in mice using a single, 1-h inhalation challenge following a
subchronic (6 wk) inhalation induction regime (4 h/d, 5 d/wk), which resembles, but might
still underestimate continuous exposure of humans e.g. at the workplace was carried out by
Matheson and co-workers in 2005. A spectrum of effects related to isocyanate-induced
respiratory sensitisation in the animal model was observed in this study already at a dose
level of 20 ppb TDI, corresponding to about 10 ppb or 0.07 mg/m3 NCO; a NOAEC was not
determined (Matheson et al., 2005).

Both strategy and results are discussed in more detail in Annex B. Studies are summarised
in tabular form in Appendix 1 to Annex B.

A.2.1.1.4 Summary of human data

The CLP regulation notes that evidence for chemical-induced respiratory sensitisation
(asthma/rhinitis/conjunctivitis/alveolitis) will normally be based on human experience. “The
condition will have the clinical character of an allergic reaction. However, immunological
mechanisms do not have to be demonstrated” (European Parliament and Council, 2008).
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ANNEX XV RESTRICTION REPORT - DIISOCYANATES

Human data relevant for the assessment of respiratory sensitisation may comprise
“consumer experience and comments, preferably followed up by professionals (e.g.
bronchial provocation tests, skin prick tests and measurements of specific IgE serum
levels); records of workers’ experience, accidents, and exposure studies including medical
surveillance; case reports in the general scientific and medical literature; consumer tests
(monitoring by questionnaire and/or medical surveillance); epidemiological studies.” (ECHA,
2016).

Nevertheless, studies in humans frequently suffer from limitations. The full spectrum of
aspects such as the test protocol used, the substance or preparation studied, the extent of
exposure, the frequency of effects, the persistence or absence of health effects, the
presence of confounding factors, the relevance with respect to the group size, statistics,
documentation, or the “healthy worker effect” which should all be reported (ECHA, 2016), is
rarely, if ever, provided in these reports.

More than 100 case reports and epidemiological studies fulfilling elementary eligibility
criteria have been evaluated. An overview of this evaluation is provided in Appendices 2
(case reports) and 3 (epidemiological studies). Moreover, an extensive review of
isocyanate-related occupational diseases is provided in Annex B.5.6.5.3.

The Dossier Submitter carried out an EU wide data request addressing institutions that were
known from former data requests to hold data on occupational diseases, and additionally
the respective Competent Authorities (CAs) (further details in Section A.2.1.3).

Major findings from the evaluation are summarised as follows:

Remarkably, diisocyanates cause both immediate (seconds to minutes) and delayed-onset
(up to several hours) type respiratory hypersensitivity in humans. A feature of particular
concern is the delay between onset of (low-level) exposure at work and the manifestation of
the asthmatic symptoms which may be as long as several years after the start of exposure.

Case reports provide overwhelming proof that humans exposed to diisocyanates may suffer
from a broad spectrum of respiratory effects including asthma and pathological changes of
the airways. Also a number of fatal cases have been reported, albeit not in recent years.
While during the early stages of the development of the disease, respiratory symptoms may
eventually be reversed upon removal from exposure, an irreversible remodelling of the
airways will eventually take place when exposure is continued.

Data show that renewed contact with a respiratory sensitiser, even after prolonged times of
non-exposure, may still evoke severe symptoms in affected subjects. Based on the available
data in humans, and notwithstanding recession of symptoms after removal from exposure
during early stages or individual variability in the degree to which certain features of the
disease are expressed, it is therefore concluded that once occupational asthma has been
acquired caused by diisocyanate exposure, the disease is principally irreversible.

In addition, potential cross-reactivity with other structurally related sensitisers and
increased sensitivity to non-specific stimuli as a consequence of sensitisation often further
negatively impact on the quality of life of sensitised individuals.

On the other hand these case reports only allow for a qualitative assessment, as none of
them includes reliable exposure (let alone dose-response) information, they feature only a
small number of patients, and in most cases only a limited spectrum of diagnostic endpoints
is covered. They are therefore principally unsuited for use in quantitative risk
characterisation. However, for the purpose of illustrating certain aspects of the disease such
as severity, delayed onset, irreversibility etc., some exemplary cases are described in detail
in Annex B.5.6.5.1.
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An overview of epidemiological studies on diisocyanates and respiratory effects conducted
until today with short study descriptions and results is given in Appendix 3 to Annex B. The
focus was placed on studies that may provide quantitative information on exposure and
exposure-response relationships (ERR).

Epidemiological studies on diisocyanate-exposed workers conducted over the last decades
show that the annual incidence of OA has decreased with decreasing exposure levels over
time. However, more recent studies still show a risk of respiratory sensitisation for workers
under current working conditions. As a consequence, every year a significant number of
new cases of occupational diseases are reported in the EU.

Despite a large number of available studies, none of these studies is eligible for deriving a
reliable ERR. Reasons for this are limitations of the studies, but it is also inherent in the
mechanism of the disease. No study overcomes the problem that sensitive predictive
markers for diisocyanate sensitisation are missing and that dermal exposure as well as
inhalation peak exposure likely contribute to the induction of sensitisation, but cannot be
assessed appropriately to date. The DS concludes that the human data show too many
uncertainties to derive a DNEL or DMEL. However, it is obvious that every year isocyanates
lead to a significant number of new disease cases in the EU. These cases serve as the basis
for the risk characterisation in Section A.2.1.3. For most of the cases reported in Europe the
specific isocyanate is not documented. This is one of the reasons for the proposed group
approach.

A.2.1.1.5 Group approach

The common mechanistic understanding of skin and respiratory sensitisation caused by low-
molecular weight chemicals in most cases is based on the assumption that in a first
“molecular initiating event” (MIE) the chemical (hapten) must bind to a protein. In the
course of this process the three-dimensional shape of this protein is altered which then
triggers the immune system to recognise the protein-hapten complex as foreign to the
body. The ability of diisocyanates to initiate the MIE, i.e. to bind to proteins, derives from
the presence of the (double) isocyanate group. Therefore, it seems justified to address all
diisocyanates under the same restriction proposal. Moreover, workers/professionals may be
exposed to more than one diisocyanate and cross-reactivity between different diisocyanates
has been demonstrated.

Arguably, depending on the non-isocyanate part of the molecular structure, the different
diisocyanate congeners will possess different potencies, e.g. due to different binding
affinities or different bioavailability. For the following reasons this was not further pursued
in this dossier:

= A limited number of animal studies would have been available to at least compare the
potency of some (but not all) of the congeners in a comparable experimental setting.
However, since for respiratory sensitisation no validated and accepted test protocol is
available in animals to be used for quantitative exposure-response assessment in
humans, the result of such a comparison would have been of limited, if any, use for
establishing relative potencies in humans.

= Also the available data in humans do not allow for potency comparison due to the
absence of reliable exposure-response-relationships.

= Due to deficiencies in the registration of occupational diseases, the observed cases of
diisocyanate-related occupational asthma cannot be attributed to specific diisocyanates.

= No thresholds could be established (cf. Section A.2.1.1.6), therefore the restriction
proposal does not foresee a limit value for single or all diisocyanates.
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However, as chemical reactivity of different substances should be compared on a molar and
not mass basis, relevant dose metrics were converted to the concentration of NCO groups in
order to compensate for differences in molecular weight. All conversion factors used in this
dossier can be found in Appendix 4.

A.2.1.1.6 Discussion on DNELs and existing OELs

There has been a long-standing debate on the question of the existence of a threshold for
respiratory sensitisation and on whether this threshold can be determined as a health-based
DNEL from experimental (non-human or human) data. An extensive discussion of this issue
is provided in Annex B.5.12. In essence the following reasoning has been applied:

For a given exposure scenario as characterised by route, duration, pattern and level of
exposure, it is plausible to assume that in theory a level of exposure exists below which in a
well-defined, previously unexposed human population no single case of induction of
sensitisation will occur.

Respiratory sensitisation can be induced via both the dermal and the inhalation routes (see
previous sections and (ECHA, 2016)). As the quantitative interaction between these routes
is currently not understood, a “combined DNEL” cannot be set. Derivation of meaningful
DNELs would only be possible for exposure scenarios for which the relevance of one of the
two routes can be ruled out (and the following reasoning relates to this case only).

Due to biological variability and uncertainty caused inter alia by the inherent limitations of
study designs and evaluation schemes, real-life thresholds can never guarantee 100 per
cent protection. Therefore, a DNEL cannot simply be declared “safe” without further
explanation. For instance, the nature of the critical effect and the critical effect size as well
as the human target population to be protected, e.g. workers/general population, a certain
fraction/percentile of that population, or even a specific sensitive sub-population, should be
implicitly or explicitly transparent (cf. (IPCS, 2014), for a more profound treatment of these
matters).

Also the confidence in the DNEL (the confidence that the protection goals are really
achieved) should be addressed:

= As mentioned above (and shown in more detail in Annex B.5.6.4), animal tests are not
suitable as PoDs for quantitative dose-response assessment in humans.

= Likewise the practical problems and limitations associated with human case
reports/studies and epidemiological studies for use as PoDs have been discussed above
(and in more detail in Annex B.5.6.5).

= With respect to differences in test design/exposure, the quantitative impact of different
exposure designs (exposure duration, intermittent vs. continuous exposure, dose per
exposure) on the sensitisation outcome both in humans and animals is poorly
understood, making any adjustment highly uncertain.

= There is insufficient quantitative knowledge regarding interspecies extrapolation.
Likewise no reliable data exist on the amount of human interindividual variability, i.e.
the difference in sensitivity between the median and sensitive sub-populations, towards
respiratory sensitisation.

= In addition, data quality often is compromised, in particular with older studies and with
studies designed for clarifying scientific questions in the academic setting rather than for
addressing the design and documentation needs of regulatory toxicology.

In conclusion, in the view of the DS no reliable threshold value for risk assessment at the
workplace can currently be derived from the available human and non-human data. Even if
a DNEL for inhalational or epidermal induction could have been derived, additional problems
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would be posed by cumulative exposure (to other isocyanates, with the problem of cross-
reactivity, or to other, e.g. unspecific stressors).

In contrast to the approach of this dossier, the registrants provide different occupational
exposure limits (OELs) e.g. German AGW or MAK values for TDI, MDI, HDI as DNEL. These
exposure limit values are mainly based on epidemiological studies on lung function
decrement and are not explicitly designed to protect from sensitisation. Diisocyanates are
designated as “Sa” in the German list of AGW which indicates that even in the case of
adherence to the AGW (including the short time OEL) the induction of an allergy
(sensitisation) and the elicitation of an allergic reaction cannot be ruled out (AGS, 2006).

A.2.1.1.7 Summary of hazard assessment results

Diisocyanates are respiratory sensitisers in animals and humans. In humans, this is
observed in the form of occupational asthma (OA) to diisocyanates (or other agents with
cross-reactivity) and accompanied by airway hyperresponsiveness (AHR, sometimes also
termed “bronchial hyperresponsibeness, or BHR) to other chemical, biological, or physical
stressors), as rhinitis, and/or in the form of extrinsic allergic alveolitis. The first
manifestation of OA/AHR may be delayed by months or even years after the onset of
exposure. The complex interplay between individual pre-disposition, exposure pattern, and
other potential factors of influence on the one hand, and time-point of onset and extent of
asthmatic disease in a specific individual on the other is still not understood in a
quantitative way.

The approximate number of new cases of isocyanate-related occupational asthma in the EU
is estimated to lie in the range of some thousands of new cases per year.

OA and AHR may be associated with severe, life-long impairment of the respiratory function
and a decline in physical performance. Life-threatening or even fatal cases have been
reported. If “reversibility” is defined as “the possibility of full restitution to the previous
state”, i.e. the health status expectable if exposure to the respiratory sensitiser had not
occurred, respiratory sensitisation has to be considered an irreversible condition in many, if
not most of the cases. Being an asthmatic requires long-term medical treatment. Partial loss
of lung function will often impede physical activity in all areas of life and constitutes a
permanent disablement.

Potential cross-reactivity and simultaneous exposure along both the dermal and inhalation
routes constitute further problems. Meaningful quantitative risk characterisation cannot be
performed based on the available non-human and human data, and a DNEL or DMEL of
sufficient reliability (with respect to the desired protection goals) cannot be derived. For this
reason, the DS has chosen an alternative risk characterisation approach based on the
number of occupational diseases.

A.2.1.2 Exposure

A.2.1.2.1 Workers exposure

In addition to the described hazards, the following section shows a significant worker
exposure and the wide spread use character of diisocyanates. The most likely routes of
occupational exposure to diisocyanates are via inhalation and the dermal route.

The potential for inhalation exposure is determined by factors such as intrinsic substance
properties (volatility) as well as by the ways how the substances are used and handled.

The volatility of diisocyanates highly correlates with their molecular size. Diisocyanates with
a low molecular weight have significant vapour pressures already at room temperature. In
particular toluene diisocyanate (TDI) and hexamethylene diisocyanate (HDI) are common
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diisocyanates which can vaporise easily at ambient temperature thus leading to significant
concentrations in the workplace air.

Higher temperatures also increase the tendency of diisocyanates to become airborne as
fumes and vapours. In this context, hot processes (e. g. hot melt adhesives, flame
laminating) are of special interest. Also aerosol formation during spray applications (e. g.
spray painting, blow foaming) can give rise to particularly high levels of inhalation exposure.

Dermal exposure is nearly always possible when diisocyanates are handled even if airborne
concentrations are minimal (Cowie et al., 2005). Skin contact with diisocyanate containing
products or with (partly) uncured products (e.g. production of polyurethanes) is a significant
route of exposure and of particular relevance (Austin, 2007).

Diisocyanates are used in a wide range of sectors and applications in many products.
However, within the scope of an exposure assessment for this dossier it is not envisaged to
give an exhaustive description of all uses for all types of diisocyanates. Emphasis is laid on
the most relevant species (namely MDI, TDI and HDI) and/or the most relevant uses with
respect to amount / volume and workplace exposure. The identified uses for this sake have
been grouped as follows:

= Manufacturing of diisocyanates

= Use in manufacture of polyurethanes and PU composite materials
= Use in manufacture of foam

= Use in spray foam applications

= Use in coatings

= Use in adhesives

The reported bandwidth of workplace exposure (including reported maximum values, where
not all data sets allow indication of percentiles) results in the following ranking order of
inhalation exposure levels to the respective diisocyanates and uses (where not all
diisocyanates were found to be relevant for all of the uses):

Inhalation exposure levels to HDI and its oligomers in coatings

0.003 up to 5566.3 ug/m3 (90" percentile, total range: 0.003-245 000 ug/m3)
Inhalation exposure levels to MDI in spray foam applications

from LOQ up to 2050 pg/ms3

Inhalation exposure levels to TDI in manufacture of foam

from LOQ up to 203 pg/m3

Inhalation exposure levels to TDI in manufacture of PU and PU composite materials
from LOQ up to 67.3 pg/ms3

Inhalation exposure levels to TDI in adhesives

from LOQ up to 48.2 pg/ms3

Inhalation exposure levels to MDI in adhesives

from LOQ up to 43 ug/m3

Inhalation exposure levels to MDI in manufacture of PU and PU composite materials
from LOQ up to 32.8 ug/ms3

Inhalation exposure levels to TDI in coatings

from LOQ up to From LOQ up to 35 pg/m3

Inhalation exposure levels to MDI in manufacture of foam

from LOQ up to 29 ug/ms3

Inhalation exposure levels to HDI in adhesives

from LOQ up to 1.0 pg/m3

LOQ: limit of quantification — not further specified here as they vary for the different data
sources
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The uses with the highest inhalation exposure levels are HDI (and its oligomers) in coatings
and MDI in spray foam applications. In both the diisocyanates are applied by spraying,
confirming that high exposures are to be expected when diisocyanate containing mixtures
are sprayed or applied in high energy processes.

Relatively high inhalation exposure levels are also found for some uses of TDI such as in the
manufacture of foam as well as in the manufacture of polyurethanes and PU composite
materials and, in parts, for the use in adhesives. The exposure levels of MDI on the other
hand are significantly lower for all of these uses. These findings are in line with the
expectation that use of less volatile diisocyanates leads to lower inhalation exposure levels.
In general for most of the uses the majority of the measured data found are quite low (near
or below the LOQ). However, some relatively high exposure levels occur also in uses that
appear to be well controlled at the first sight (e.g. TDI in adhesives). Such relatively high
levels of inhalation exposure seem to occur in an unpredictable manner in all sectors and
uses.

However, as measurements of airborne isocyanates are particularly challenging some of the
measurement methods might be less sensitive to highly reactive isocyanate species, hence
resulting in some underestimation of the actual exposure levels at workplaces. This might
be particularly true when it comes to assessing / detecting peak exposures to isocyanates,
e.g. to isocyanate emissions linked to hot processes (like opening of moulds after
polyurethane production or after hot gluing). As such emissions might be not detected by
some of the standard measurement methods this might lead to some systematic
underestimation of the exposure situation and associated risk when no additional risk
management precautions are taken.

This assessment is supported by biological monitoring data (based on the analysis of
isocyanate-adducts with haemoglobin or albumin in the blood or the determination of
corresponding diamines in urine or in plasma). In this context it has to be highlighted that
isocyanate adducts can often be detected in biological monitoring samples even if the
corresponding air monitoring measurements were below the limit of detection (see for
example (Creely et al., 2006)). In this study by Creely et al. it was also confirmed that
urinary levels of isocyanate metabolites of workers with observable dermal exposure were
over two times higher than of workers who did not have evident skin contact, highlighting
the significance of the dermal route. Unfortunately, data on dermal exposure to isocyanates
are scarce and there is no established standard for measuring skin exposure. Therefore,
even if some measurement data are available, comparison of the results is usually not
directly possible. A ranking of the described uses based on dermal exposure data is
therefore not practicably feasible.

A.2.1.2.2 Bystander exposure

Exposure to diisocyanates from professional uses is not necessarily limited to the operators
themselves, but it may affect other persons who enter the working area and/or have dermal
contact to uncured materials that still contain free diisocyanates. This problem has been
discussed in particular for construction and maintenance work with two-component spray
polyurethane foams. Case reports have been published according to which residents
developed respiratory and other symptoms after spray foam applications, and in some other
studies, diisocyanate concentrations in the vicinity of the application area were monitored
during and after work (see Appendix B.9.5.2.2 for details).

Two-component spray polyurethane foam applications typically produce high diisocyanate
monomer and oligomer exposures, requiring full personal protection of the operator. In
these cases the access to the working area must be restricted to trained and protected
workers and dispersion of diisocyanate into other areas of the building must be avoided by
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technical means. When the application is finished, diisocyanate can still be detected in
curing materials and in the air for some time. Key questions for bystander protection relate
to the measures (e.g. enclosure, ventilation) to be taken after the application and to the
time when the building can be safely occupied and used by the residents.

The curing time of spray polyurethane foam is affected by a variety of factors. In addition,
mistakes or uncommon conditions can lead to curing problems and bystander exposure to
diisocyanates and other foam components. Specific training and certification programs for
spray polyurethane foam applications have been developed in order to avoid such
conditions.

A.2.1.3 Risk

According to the previous Sections A.2.1.1 and A.2.1.2 several questions regarding
quantitative hazard and exposure assessment cannot be sufficiently answered. On the one
hand there is no agreement on which sensitive predictive markers for diisocyanate related
sensitisation to use as starting point for quantitative risk characterisation. This is one
reason, why it is not possible to derive a threshold for respiratory sensitisation. On the
other hand uncertainties exist regarding the quantitative assessment of exposure. Although
various measurement data exist for inhalation exposure, these measurement data only
assess a part of the actual exposure that is relevant for respiratory sensitisation. Dermal
exposure as well as inhalation peak exposure in most cases is not quantitatively assessable.
The different exposure components can contribute alone or in combination to respiratory
sensitisation. Figure 2 shows all components as parts (partly with undefined size) of one
column. The existing OELs do not cover this combined actual exposure.

Therefore, an approach comparing a DNEL or DMEL with inhalation and dermal exposure to
derive risk characterisation ratios (RCRs) is not considered an expedient option for the
endpoint of Resp. Sens. of diisocyanates in this dossier (see also Annex B5 for more
details).

Combined
exposure

Dermal

Peak and
undetected

«————— Threshold for respiratory sensitisation?

OEL: Occupational exposure limit value
STEL: Short-term exposure limit value

Figure 2: Relationship between toxicological and exposure related aspects of isocyanates

However, occupational asthma (OA) due to isocyanates is a problem identified worldwide
and isocyanates are one of the most common causes of occupational asthma in the EU (see
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Annex B.5.6). Therefore, in the following, the risk characterisation makes direct use of the
occurrence of OA due to isocyanates in humans (workers in the EU). This approach is more
straightforward than the usual RCR derivation, which is done for substances where human
cases cannot be assessed directly or cannot be ascribed to the specific substance.

A.2.1.3.1 Quantitative assessment of OA induced by isocyanates

Three different approaches to assess the occurrence of isocyanate OA in the isocyanate
exposed workers in the EU are applied for this risk characterisation, which can be assigned
to two general categories:

A. Assessment of the occurrence of isocyanate OA per se

o Occurrence of isocyanate OA based on an EU-wide request for OA statistics
(Approach 1)

o Occurrence of isocyanate OA observed in occupational epidemiological studies
(Approach 2)

B. Assessment of adult-onset asthma in the population and quantifying the fraction that is
due to occupational exposure to isocyanates (Approach 3)

In each of these approaches the estimations are given as

»= the absolute number of new OA cases due to isocyanates in the EU every year
= the annual incidence of OA due to isocyanates in the exposed workers

= In approaches 1 and 3 the incidence - as a measure of risk - is roughly estimated by
relating the absolute number of cases to the number of exposed workers. The number of
isocyanate exposed workers in the EU is based on estimations by industry (ISOPA;
European trade association for producers of diisocyanates and polyols, See Table 4 in
Section A.2.3). This results in 1.45 million workers who are exposed to a higher level of
isocyanates and are at risk. In the following this group will be designated as “high risk”.

Approach 1: Occurrence of isocyanate OA cases based on OA statistics

The cases of OA due to diisocyanates have been estimated on the basis of a survey carried
out in the EU in autumn 2015. The DS carried out an EU-wide data request, addressing
institutions that were known from former data requests to hold data on occupational
diseases. Additionally, also the CAs were contacted (for details see Annex B.5.6). Based on
13 countries that provided data on occupational disease cases (respiratory as well as skin
diseases), the annual number of cases was extrapolated to the working population of the
EU. This resulted in an average annual number of 270 cases (among these an estimated
number of 235 respiratory disease cases). As it is known that occupational disease statistics
are prone to underreporting (European Commission, 2013), different assumptions (factor of
2 and a factor of 10) for underreporting were made. This gives a range of occupational
diseases due to isocyanates in the EU between 540 and 2700 cases per year including about
470 to 2350 respiratory diseases, respectively.

Reasons for underreporting include for example poor recognition by physicians and workers
or the worker’s fear of the consequences of a report for their job.

As a considerable underreporting of isocyanate induced OA has to be assumed (and this is
also supported by the other approaches below), the annual incidence estimated here is
based on the higher estimate for underreporting: 2350 new cases per year/1.45 million
workers = 0.0016 new cases per year/worker = annual incidence of 0.16 %. This means,
that every year, 16 out of 10000 isocyanate exposed workers of the high risk group
become an asthma case due to isocyanate exposure.
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This estimated incidence of isocyanate induced OA is an estimate combined for several
industries and workplaces, irrespective of the exposure duration and the exposure level. It
provides a mean incidence of the high risk group.

A subgroup with higher exposure and risk are for example spray painters: Based on
occupational disease statistics in the UK (SWORD) for 2005-2014 an incidence of
occupational asthma in vehicle paint technicians of 0.066 % per year was calculated (HSE,
2016). For the period of 2009 to 2011, the calculated incidence also was 0.067 % per year.
Applying a factor of 10 for underreporting leads to an annual incidence of 0.66 %. This
value is corroborated by a large population-based study on the relation between
occupational exposure and new-onset asthma, which allows to calculate an annual asthma
incidence in spray painters of 0.85 % (Lillienberg et al., 2013) see Annex B 10). However,
these studies may have included spray painters that worked with other respiratory
sensitising components than just diisocyanates.

Approach 2: Occurrence of OA in epidemiological studies

Based on two reviews on respiratory effects due to TDI (Ott, 2002; Ott et al., 2003),
longitudinal studies were selected that may be nearest to the present exposure situation:
The 8h-TWA were < 5 ppb and therefore below most of the present OEL values in the EU
and the DNEL for TDI and MDI provided by the registrants. However, short-term TDI
concentrations were > 20 ppb (the present short-term exposure limit value e. g. in
Germany and the acute DNEL) (Table 1). Undetected peak exposures are likely to be still
present in recent workplaces (see Annex A.2.1.2). These studies were conducted in TDI
production and foam production. Table 1 gives an overview of the studies.

Table 1: Annual incidence of TDI-induced occupational asthma (taken from Ott 2002)

Study Time period Annual incidence of | TDI concentration [ppb],

(facility) TDI-induced assessed by personal sampling
occupational
asthma [%] (case
identification)

(Ott et al., 1980 - 1996 0.7 0.3 - 2.7 (TWA; range by job)

2000) (TDI (Assessment by STC > 20 0.5 - 0.9 times/shift in
production physician) moderate to high-exposure jobs)
unit)

(Bugler et al., 1981 - 1986 0.8 0.9 - 2.6 (TWA; range by job)

1991) (PU foam (Self-reporting) 22 % of 8-hr samples with short-term
production conc. > 20 and 10 % > 40
facility)

(Jones et al., 1982 - 1986 0.7 1.4 - 4.5 (TWA; range by job) (STC >

1992) (PU foam (Assessment by 20 3 % time in production and 0.1 %
production physician) of time in finishing jobs)
facility)

STC: short-term concentration (9-12 minutes)

TWA: time-weighted average

In a Canadian case-control study based on compensation claims for OA due to diisocyanates
(TDI, MDI, HDI) and covering 223 companies, annual incidences between 0.2 % and 0.7 %
were published (Tarlo et al., 1997), see Table 2.

The above cited studies indicate that in companies keeping 8h-TWA below 5 ppb, asthma
cases still develop. This may be due to both the 5 ppb being not protective enough as well
as peak exposures, undetected inhalation exposures or dermal contact. It has to be kept in
mind that the working conditions in these studies may be different from the current
situation (overestimation of incidence), but incidence might be underestimated in
epidemiological studies prone to healthy worker effect.
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In conclusion, according to this approach an incidence in the range from 0.2-0.7 % per year
may be assumed. Applying this to the 1.45 million exposed workers in the EU gives 2900 to
10150 new isocyanate asthma cases in the EU per year in the high risk group.

Table 2: Incidence provided by a Canadian case-control study (Tarlo et al., 1997)

Incidence
As provided in the
Study (0/0 in 4 0/0 per year
years, 1984-1988)
Overall (223 companies) 0.9 0.2
High exposure companies (ever 2.7 0.7
> 5ppb) with claims
Low exposure companies with 2.2 0.6
claims (always < 5 ppb)

Approach 3: Assessment of adult-onset asthma in the population and quantifying the
fraction that is due to occupational exposure to isocyanates

In an international prospective population-based study the overall incidence of adult-onset
asthma was estimated to be 0.099 % based on new asthma symptoms and bronchial hyper-
reactivity (Kogevinas et al., 2007). The population attributable fraction for adult asthma due
to occupational exposures was estimated from different authors to be in the range of 10 %
to 25 % (Kogevinas et al., 2007; Toren and Blanc, 2009) and was also expressed as 250 -
300 cases per million people per year by Kogevinas et al.. The working population in the EU
is given as 242.3 million people (Eurostat, 2015). With this, the new asthma cases due to
occupational exposure each year can be estimated: 250 cases per million people * 242.3
million people = 60575. Based on literature discussed in Annex B.10, as a reasonable
average about 10 % of OA is due to isocyanates. The estimated number of OA cases due to
isocyanates each year would be 6058. Calculating with 300 cases per million people results
in 7269 cases, respectively. Applying these numbers of cases to 1.45 million workers gives
an estimate of the annual incidence of 0.42 % or 0.50 %, respectively.

Further disease cases not quantified in this section include the dermal occupational disease
cases (see Annex B.5.6.5.3) as well as cases in the general population. A number of
publications have shown that bystanders such as residents in buildings, where spray-
foaming with diisocyanates has been performed, may suffer from sometimes severe health
effects when protection measures are inadequate (see Annex B.9.5.2.2).

A.2.1.3.2 Conclusion on risk characterisation

Although the incidence of isocyanate asthma has decreased over the last decades, there is
still a significant number of new cases of isocyanate induced OA every year throughout the
EU. Depending on the assumptions which are made in the different approaches, it is
estimated that the absolute number of new cases lies in the range between 2350 and
10150.

The annual incidence (excess risk) of asthma due to isocyanates in workers corresponding
to this absolute number of new cases exposed to isocyanates (excluding low exposed
workers) is estimated to range between 0.16 % and 0.7 %. This means, that every year,
16 to 70 out of 10000 exposed workers of the high risk group (and even more in special
occupations such as spray painters) become new asthma patients due to isocyanate
exposure. The DS considers this to be unacceptably high.
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Table 3: Summary table of estimated occurrence of isocyanate OA in the EU (as nhumber of
new cases per year and as annual incidence)

Approach of OA assessment

Assessment of OA per se 3
1 2 Assessment of asthma
OD statistics Epidemiological in the working
studies population and
quantifying the
fraction due to
isocyanates
New isocyanate asthma
cases in the EU per year . 2350 | 2900 - 10150 60582 72692
(n)
(E:)p3osed workers in the EU 1.45 million
?Ogor;ual incidence in the EU 0.16 0.2 — 0.7% 0.42 0.50

! Estimated number is based on the reported cases per year in the 13 countries that provided data on
disease cases. After extrapolation to the EU a value of 270 cases (includes respiratory as well as skin
diseases) is estimated. Based on the available information the percentage of respiratory cases is
estimated as 87 % of total cases, the yearly number of respiratory disease cases is estimated to be
235. Due to a significant amount of underreporting this number does not reflect the real amount of OA
cases in the opinion of the DS and is therefore coloured light grey. Using an overall factor for
underreporting of 10 leads to the estimate of 2350 new respiratory disease (OA) cases per year.

2 Depending on the estimate of the incidence of adult-onset asthma
3 Without low exposed workers and 10 % prevalent asthma cases

4 In studies where TWA exposure was mostly < 5 ppb, but peak exposures existed. This may be
similar to the actual exposure scenarios at the workplace today. Recent studies indicate that due to
healthy worker effects true incidence may actually be higher than observed in studies (Gui et al.,
2014).

A.2.2 Justification for an EU wide restriction measure

Diisocyanates are being used EU-wide, although the relative importance (and therefore the
number of people involved and potentially at risk) may differ from country to country.
Production of flexible foams appears to be of growing importance in some eastern European
countries. Production locations of rigid foams are in many cases closely linked to the
location of existing automotive suppliers (e.g. for seats and internal linings). Car repair
shops handling aliphatic isocyanates (or their derivatives) are present in all countries and
regions, as are uses of isocyanates in building and construction.

The analysis in Section A.2.1.3 with respect to occupational diseases has shown that
handling diisocyanates leads to some thousands of new diseases yearly, mainly as
occupational asthma.

The wide spread attention for isocyanates is shown by many publications. Reference is
made to studies in the Netherlands (Pronk, 2007) and in the United Kingdom (HSE, 2015).
Moreover, both TDI and MDI are part of the “List of undesirable Substances” in Denmark,
which resulted in some additional publications (Christensen et al., 2014). The severeness of
the problem is underlined by a recent publication describing the occupational health
situation in a modern foam plant in Romania (Gui et al., 2014). Apart from these, additional
literature is available from Sweden (Sennbro et al., 2004). And last but not least MDI also
appears in a list of RIVM (NL) (ter Burg and Jongeneel, 2012) listing chemicals in need of
further regulation. The existing REACH restriction for MDI has already been mentioned in
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Section A.1.3. Outside the EU, isocyanates are under close observation of the EPA by the
USA (US EPA, 2011).

As discussed in Section A.2.1 and the corresponding Annex B.9, the explanation of the still
occurring new cases of occupational diseases because of handling diisocyanates cannot
simply be found in large scale exceedances of existing exposure limits. In fact it is also not
very clear to what extent the existing national OELs will protect employees against the risk
of sensitisation. Validated animal models to derive such limits are not available and
epidemiological studies also have their limits. Many investigators assume that unrecognised
peak exposure of short duration because of lapses of attention in handling, or unrecognised
situations of increased exposure contribute to new cases of OA. This includes situations of
significant dermal exposures which because of a lack of quantitative measurements often go
unnoticed. All such situations are a major contributor to the initiation of sensitisation
(Hamada et al., 2012; Karol et al., 1981; Pronk et al., 2006).

This means that the way to reduce the number of occupational diseases cannot simply be to
lower the OEL or to introduce better equipment. A major point of attention has to be sought
in the improvement of awareness of situations with potentially increased risks. This should
allow to avoid such situations altogether or to take immediate corrective actions and
implement a stricter discipline in complying with the existing rules. The suppliers of
diisocyanates have concentrated on the dissemination of such elements for several years, in
the framework of their "Walk the talk” product stewardship programs (ISOPA, 2012; ISOPA,
2013). However, in first instance this only reaches the first layer of downstream users,
mainly large industrial customers. The existing program should be critically reviewed and
where necessary extended with new elements to advance the dissemination. In order to
improve its effectiveness throughout the supply chain, and make it a clear element in the
marketing of diisocyanates, means should be sought to make sure the necessary training is
extended throughout the supply chain in a mandatory and standardised manner. Only in
this way, it is possible to ensure that all workers handling diisocyanates eventually will
possess the level of awareness and competencies needed to handle such products in a way
that risks are reduced as far as possible. To reach this, initiatives from the top of the supply
chain have to be transmitted to the end users, in such a way that the same basic standards
and competencies are reached for all workers, depending on the uses they practice.

The above means that, in order to be effective, a regulatory action for limiting the risks of
handling diisocyanates should definitely be targeted at the total group of substances in the
various uses and be extended to cover all EU Member States. Moreover, in order to not
disturb the internal market, the measures proposed in this restriction should result in similar
obligations throughout all of Europe.

The result of the considerations in the RMOA (German CA, 2013) clearly shows that a
restriction under REACH is the most promising option to reduce the risks for these
substances, with a minimum of distortion of competition.

A.2.2.1 Why REACH?

Because of their wide spread use, diisocyanates need an EU-wide regulation. The best
chances of success are to be expected if the resources at the top of the supply chain are
incorporated. The focus of this proposal is therefore to promote the top down flow of
information and cooperation in the supply chain, in order to improve the handling of
diisocyanates. As a regulation for the placing on the market of substances REACH is better
suited for this purpose than any other European regulation.

Long term experience with the application of the Chemical Agents Directive (CAD,
Directive 98/24/EC) has shown that occupational safety and health measures are not
efficient enough to reduce sensitisation by diisocyanates to an acceptable level. In the
current proposal, the REACH restriction would build a mandatory basic framework for all of
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the EU. This would be more specific than for example minimum requirements under OSH,
but it may still be extended by additional measures on a national level if this is considered
necessary. In this way the restriction will allow to make best use of established national
occupational safety regulations.

A.2.2.2 Why not the SVHC/Authorisation route?

Taking the experience collected for other respiratory sensitisers (Austrian CA, 2012; Dutch
CA, 2012a; Dutch CA, 2012b), there is little doubt that diisocyanates with the classification
Resp. Sens. 1 may be identified as SVHC under REACH, Art. 57(f) (Equivalent Level Of
Concern). However upon consideration of the effects this may have in terms of
improvement in occupational safety and health and the general impact on industry, this
option does not look very attractive for the following reasons:

1. Because of the extreme complexity of the supply chain and the large number of
uses. Either upstream applications will be unspecific and therefore of unsufficient
effectiveness for occupational safety, or in case of down stream Applications for
Authorisation (AfAs) an extremely large number has to be expected, which may
overload the capcity of the system.

2. Because of the unique properties of diisocyanates and the resulting polyurethane
polymers, large scale substitution is unlikely. Therefore socioeconomic benefits of the
substances are likely to be much higher than the costs because of risks, making it
likely that most AfAs will be granted.

An additional advantage of the restriction route is that it can deal with all relevant
diisocyanates and their derivatives in one go and it can concentrate on the conditions of
supply and handling of formulations containing diisocyanates. This has been explained in
more detail in the RMOA (German CA, 2013).

A.2.2.3 Structure of the proposal

A proposal for the wording of the restriction can be found in Section A.1.2. It is important to
be aware of the proposed structure, especially with regard to the proposed exemptions:

In principle, the use of diisocyanates in industrial and professional uses is no longer allowed,
neither as such nor in mixtures, unless the conditions for exemption are met. This is the
case if either they contain < 0.1 wt% of free diisocyanate or they meet the conditions of the
Appendix on exemptions or the Appendix on training and measures. These Appendices will
be attached to the final REACH Annex XVII entry for the restriction.

The ideas behind these Appendices are discussed below:
Appendix Exemptions

There are situations in which the additional requirements of training and measures are likely
to be disproportional compared to the potential risks involved. Therefore, this Appendix (full
text in separate document) provides the possibility for an exemption in cases in which it can
be shown that the use of a product (including chemicals, packaging, application aids)
presents a very low risk during normal and foreseeable conditions of use.
This is the case for example in the building sector, where a lot of diisocyanate containing
products (e.g. building foams, glues) are only used for special short term activities during
the working time.
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Products are eligible for this exemption if they are shown to have a reduced risk potential
(e.g. they do not emit aerosols under ambient use conditions) and/or if specific application
equipment is used that has especially been developed to minimise exposure. An example is
the combination of a small foam cartridge with a special application nozzle preventing
potential for dermal contact and minimising inhalation exposure.

In the Appendix Exemptions criteria are defined to systematically identify these products
with potentially low exposure and risk. In order to determine whether a product fulfils these
criteria, an application specific assessment considering the exemption criteria laid down in
this Appendix is to be conducted. If the criteria are met, the requirements of the Appendix
Training and Measures can be omitted.

The products identified by the rules set down in this Appendix are by no means “safe”
products, which should already be obvious by the fact that they are still hazardous mixtures
as defined by Article 4 of CLP (European Parliament and Council, 2008). They are to be
classified as respiratory sensitisers and no threshold has been identified for the sensitising
potential of diisocyanates.

Appendix Trainings and Measures

This Appendix contains requirements for training as well as technical and organisational
measures. This is the core of the proposal aiming at disseminating appropriate handling
instructions in a standardised way throughout the supply chain. The dissemination of this
information throughout the supply chain is supported by the obligation for
manufacturers/importers of diisocyanates to make the training accessible to all downstream
users in the supply chain.

Member States are free to add measures within national OSH systems as long as the
minimum conditions of this Appendix are met.

The main elements of this Appendix are listed below. Because of their multiple uses and
different properties, the conditions of use and the associated potential risks of the different
diisocyanates and diisocyanate containing substances will be different. This also means that
the necessary risk management measures during handling in order to reach a level of
minimal risk need to be different. The Appendix contains a systematic overview of the
necessary measures that are to be implemented when handling diisocyanates in uses of
varying potential risks in order to meet the requirements of the REACH restriction. It is
beyond the possibility of the Appendix to list all uses of all diisocyanates in sufficient detail.
In order to select the necessary risk management measures under the REACH restriction, a
grouping approach is used. Apart from providing general safety instructions for all
employees, the following actions have to be taken by a company or employer in order to
comply:

1. Identify the "“measures group” for each employee that may be exposed to
diisocyanates, depending on the product used and the activities performed by that
employee or group of employees. Based on an expert judgement approach,
activities/uses are differentiated in qualitative exposure stages, describing the
probability and magnitude of dermal and inhalation exposure. The latter includes
contributions from vapour and aerosol exposure. These are ranked from minimal to
high (3 stages).

2. Implement the technical and organisational measures as identified for that particular
group and provide each employee with training incorporating the topics from the
tables in the Appendix. New employees shall be incorporated into the training system
at the start of their job.

3. Document the completion of the trainings.
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A.2.3 Baseline

In understanding the baseline of the proposal it is important to know the number of workers
that will be potentially impacted. Based on data supplied by ISOPA (in cooperation with
related associations of downstream users) the following overview is achieved:

Table 4: Overview on exposed workforce in sectors

Free of Risk for

Sector Workforce asthma* healthy
workers

Construction chemicals 1.8 million 1.62 million Low
Automotive repair (excl. motor - -
vehicle refinish, (MVR)) 1.8 million 1.62 million Low
Other sectors (e.g. metal
treatment, insulating panels 1.6 million 1.45 million High
etc.)
All sectors 5.2 million 4.69 million Low - high

Source: ISOPA, data modified (see Annex G.1.)

*Working population under asthma risk. Corrected for asthma prevalence of 10 % in the exposed
population.

Estimations of the annual occurring asthma cases in the baseline scenario can be performed
by the methods explained in Section A.2.1.3 with the results summarised in Table 4. It is
distinguished between healthy workers in activities of relatively high risk (about
1.45 million) and those that are less exposed (either by using products with lower potential
risk for exposure (about 3.2 million) or by performing activities of potentially lower risk.

The population of workers potentially exposed to isocyanates is expected to be more or less
stable over the assessment period of 20 years, i.e. workers leaving the workforce because
of retirement, work incapacity or job change will be replaced by new incoming workers to a
similar degree.

If no further action is taken, it is to be anticipated that the number of occupational asthma
(OA) cases, either being estimated from official statistics (approaches 1 and 2) or estimated
via epidemiological investigations (approach 3) in the population at risk will remain of
similar magnitude in the years to come. This will lead to an accumulation of health related
costs caused by new cases and the already existing burden of old cases.
In Table 5 the outcome is summarised.

Table 5: Overview on results of models for estimation of the annually occurring new asthma
cases

Method OA OA OA Assessment | OA Assessment
Assessment Assessment Approach 2 Approach 3
Approach 1 Approach 1
with reported | with under-
numbers reporting
factor 10
New OA
cases /yr 235 2350 2900 - 10150 6058 -7269
Average 235 2350 6525 6663
cases/yr
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Method OA OA OA Assessment | OA Assessment
Assessment Assessment | Approach 2 Approach 3

Approach 1 Approach 1
with reported | with under-

numbers reporting
factor 10
Cumulative
number of 4700 47000 58000 - 121 160 -

cases after 20 203 000 145 380

years

From the table above it can be calculated that the average value for method 2 (6525) is
rather close to the average of method 3 (6663). As the best estimate a value of 6500
will be used for the yearly number of new cases of occupational asthma in the EU.
This seems consistent with both ranges. Additional comparative calculations corresponding
to some of the other methods will be shown in Annex E.9.1.1.

A.3 Impact assessment
A.3.1 Introduction

As indicated in Section B.5.6. (Table 12) also skin diseases caused by the handling of
isocyanates are reported in the EU. However, it seems that cases of respiratory disease
make up the majority of the reported cases (> 80 %). Therefore, the primary health
concern triggering this restriction proposal is posed by respiratory sensitisation. The
regulatory importance of respiratory sensitisation is underscored by the fact that this
endpoint is listed under Art. 36 of the CLP regulation for triggering harmonised classification
and labelling (alongside CMR effects).

Although several data on skin diseases were included in the dossier (toxicological data,
human case reports, EU-wide data request on reported cases), the DS decided for the
subsequent, more detailed steps of hazard, risk and impact assessment, to focus mainly on
respiratory sensitisation. This means that the health impacts of the use of diisocyanates will
be even higher than presented below in this section and in more detail in Annex E, because
each year somewhat more cases of occupational diseases will occur than what the DS takes
into account (i.e. about 20% more because of skin sensitisations). As it is obvious that the
behaviour based measures that are proposed in this restriction proposal will also be
effective in reducing skin sensitisation, this means that for the same costs as calculated in
this section and in Annex E, the net savings effects may even be higher than shown in these
sections.

The major outcomes of the analysis of the three risk management options are presented in
this section mainly in the form of tables and graphs. Furthermore, the conclusion on the
most appropriate risk management option which is based on results from the impact
assessment is provided. Details, background information and further calculations regarding
the SEA can be found in Annex E to this dossier.

In principle the scope for estimation of the socio-economic impacts comprises the following
two scenarios:

= baseline scenario — “business as usual® - i.e. without additional measures

= restriction scenarios (RMO1, 2, 3).
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The socio-economic impacts result from the delta of the baseline and the restriction
scenario for the number of cases of occupational asthma. Skin sensitisation will not be
taken into account, although the proposed measures are expected to have the potential to
reduce the number of skin sensitisation cases as well. The impact assessment (forecast
modelling of costs and benefits) is limited to the EU-28 and a time period of 20 years.
Environmental impacts are not in the scope of the socio-economic analysis. All estimations
for benefit and costs will be presented as present values (PV). Based on the analysis of
alternatives for diisocyanates and the feedback from stakeholders, a major shift towards the
use of isocyanate free products is not foreseen anytime soon. Therefore, such effects have
not been taken into account.

A.3.1.1 Risk Management Options

The following restriction options will be considered:

= RMO1: implementation of restrictive conditions of use described in the proposed
Appendix on “Trainings and Measures” (mostly affected are workers at high risk) and
in the Appendix on “"Exemptions” (mostly affected are workers at low risk).

= RMO2: only implementation of restrictive conditions of use according to proposed
appendix on “Trainings and Measures” Note that in this case all workers need to be
trained, without an option for exemption.

= RMO3: complete ban of the use of diisocyanates and diisocyanates based products
Note: This is an extreme option that will only be analysed semi-quantitatively

As a further option authorisation was considered but not further assessed (see Section A.2)
mainly because alternatives to isocyanates will not be available, or available alternatives will
also have health risks (See Annex E.2).

The different restriction options were assessed according to the criteria effectiveness,
practicality and monitorability (Annexes E.9 and E.10). As a result of this assessment, the
restriction option RMO1 is proposed.

A.3.1.2 Restriction scenario(s)

The analysis of alternatives (see Annex E.2) has shown that given the large number of
diisocyanate applications there will not be one or a few alternatives covering all these uses.
In some areas (e.g. construction industry) alternatives are available and in commercial use.
For several other applications alternatives having the beneficial properties of diisocyanates
are not commercially available or available alternatives will not imply a shift to lower health
risk (e.g. epoxy resins). Therefore, if the restriction proposal is followed only a shift to
alternatives for some niche applications is expected (see Annex E.2). Thus the majority of
the industrial and professional users of diisocyanates will implement the training measures
and/ or use exempted products leading to economic impacts for these companies.

It is expected that the effort to comply with the restriction is viable for all companies
concerned.

A.3.1.3 Basic Data

The data used for the calculations that were performed are summarised below. More details
on these numbers can be found in Annexes E.5 and E.6.
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Table 6: Overview on input parameters used for modelling of the costs for appendix on

exemption and appendix on trainings and measures and on benefits for human health

Variable Main Range for Source
Value sensitivity

analysis

Low High

value [ value
Prevalence of asthma in
isocyanate exposed working 10 - - See Annex B.5.6.5.2
population [%]
Exposed working population high
risk group, all sectors, asthma 1.45 - - ISOPA and own appraisal;
free [million]
Medlc”al costs for asthma therapy 1700 ) ; BAUA
[€/a]
@ Annual indirect cost: . .
productivity loss all sectors 1762 - - Own estimation based on

EUROSTAT data
[€/person 10 days ]
Indirect cost: @ productivity loss 22 ) ) Own estimation based on
all sectors [€/person h ] EUROSTAT / ISOPA data
narec com ppomuenviioss | 1 ]~ o estmation basea o
. EUROSTAT / ISOPA data
repair[€/person h ]
- (Ayres et al., 2010), (Nowak et
:;:sl;:?ggofr?q; [%] 32 - - al., 2011), (Moscato et al.,
° 1999), own Estimation
@ Annual loss in income in all 31 700 ) } Own estimation based on
sectors [€/person] EUROSTAT / ISOPA data
WtP? for asthma [€/a] 1800 - - ECHA
Total effectiveness in 4 years ) 50 20 Own estimation mainly on basis
period [%] of HSE study
Frequency of training [years] 4 - - This proposal
@ Number of workers per 20 ) ) Analysis of EUROSTAT data, own
company in all sectors assumption
Suppliers number_fo_r 4600 ) ) ISOPA
Isocyanates containing products
Annual costs for product tests / . .
Appendix Exemptions - 0.625 1.74 Own estimation based on expert
i, judgement

[€ million]

2 Willingness to pay
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Variable Main Range for Source
Value sensitivity

analysis

Low High

value [ value
Number of product tests needed Personal communication with

) . 100 80 120

for Appendix Exemptions experts

Number of avoided trainings
because of Appendix Exemptions 3.6 - -
[million]

ISOPA, own estimation based on
expert judgement

It should be pointed out that the fact that the share of costs for productivity loss is between
20 and 90 % of the total costs, may lead to an underestimation of the costs/benefit ratio.
The real economic impacts due to productivity loss by investment in training of one working
day within a time period of 4 years might be not as significant as estimated in the
calculation of the costs if this is compared to productivity loss caused by work disability.

A.3.1.4 Economic Impacts

Negative economic impacts for producers and industrial and professional users of
diisocyanate containing products in RMO1 and 2 result predominantly from the additional
costs for the training measures. In addition, costs may incur for testing of the products
which might be eligible for an exemption according to the proposed Appendix on
exemptions.

The investments in planning, installation and maintenance of the technical equipment are
not in the scope of the economic impact analysis because these do not imply additional
efforts under this risk management option beyond what is already required for companies in
the established Directives 89/391/EEC and 98/24/EC. In addition to such technical
requirements, which create the basis for workers’ protection, the proposed RMO1 and RMO2
support these by the explicit training obligation. This should lead to an improvement in
handling standards of diisocyanates, with less potential for unrecognised situations of high
risks. Organisational measures will support this further.

A.3.1.4.1 RMO1 and RMO2: Training Measures in Appendix Trainings and Measures

Different options exist to attend and complete the trainings. A specific company may choose
one or the other form, depending on its circumstances. This will result in different costs.

The following training options were analysed as part of the economic impact assessment:

a) Courses at an established education centre / competence academy etc.

b) Integration of the training part into the product presentation/
supplier’s technical customer support

c) Training course external (off-site) incl. training material and certificate

d) Training on-site (in-house course with a commissioned trainer), in addition to the
usual mandatory EHS training. Because this consumes additional time, this will
generate extra costs compared to standard EHS trainings.

e) E-learning
f) Train the trainer principle including in-house instruction of the workers

On company level the following factors have been identified as cost drivers for the
additional costs depending on the training measure chosen:
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e Direct costs: training fee or trainer’s daily fee in price level of each Member State

e Indirect costs: time spendings for training/instruction and sector specific figures on
gross value added per employee (productivity loss values indicated in Annex E.5.1.1,
Table 72)

e Company size or number of workers per firm /course (this is explained in more detail
in Annex E.5.1.1)

e The number of suppliers for isocyanate containing products (in option b)

e Frequency (validity period of training) (according to Appendix “Training and
Measures” every four years)

e E-learning: one-off costs for software creation and annual running costs for system
maintenance, further efforts are additional program adjustments e.g. after 10 years
of implementation.

The total training costs of the proposed restriction measure are calculated by use of an
estimate for the number of companies and exposed workers concerned in the EU-28.

An important factor in the options a, d and f is the number of participants in one course
session with a commissioned trainer. Due to economies of scale, the higher the number of
participants in the training course, the lower are the total costs for each single option. A
supposedly near-optimum for acosts/benefit ratio can be achieved by grouping 20
participants in one course.

To avoid double counting, it was assumed that further efforts e.g. for creation of training
materials are already included in calculated various training fees.

Costs will be incurred each year at the same level. For our analysis we will consider
cumulative cost effects over a period of 20 years. — leading to a increase over time, with the
slope determined by the yearly costs of the various options considered.

A.3.1.4.2 RMO1: Testing costs for identification of the exempted products

Apart from the training costs, this RMO also incorporates an option for testing products to
be exempt from the restriction. Qualifying products for such an exemption may mean an
additional test program, which will incur additional costs. The following factors are essential
for the estimation of additional costs:

= Initial number of testing product groups or candidates for exemption

= One-off costs: testing the frame formulations and accordantly the conditions of
use

= Annual running costs: additional efforts for data preparation and communication due to
launching the new products and/ or information update

A.3.1.4.3 RMO2: Training and Measures for all workers

This involves the training costs for all workers exposed to diisocyanates. In addition to
RMO1 in which only the workers at high risk will complete the training, it is assumed that
the workers at low risk (Table 4), will complete the required training by the optionof e-
learning, instead of using exempted products.

A.3.1.4.4 RMO3: Elimination in the supply chain (complete ban)

In case of a complete ban profit losses may arise due to stop of production of PU-based
products, a shift to alternatives or a shift to import PU-based articles. These costs could not
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be quantified because of missing data. However, in order to get an estimation of the
economic impacts the additional costs for premature vehicle obsolescence in case
diisocyanate based repair coatings will be banned from the EU-market were extrapolated.

The overall costs resulting from a complete ban of diisocyanates are too complex to
estimate, because diisocyanates are in wide dispersive use. Therefore, the economic
impacts of a complete ban are quantitatively indicated on basis of statistics for economic
value added, which is being directly created by diisocyanates use as monomer for goods
production in the EU-28. Additional indicators such as value of lost jobs or the share of
investment costs and extra costs for supply chain reorganisation may be used to quantify
the economic impacts. In the Dossier Submitter’s opinion the largest economic impact in the
EU-28 results from value added loss. This impact has been captured in Figure 7. (See
Annexes E.5.2. and E.9.3E for more details).

A.3.1.4.5 Further implications of RMO3 (complete ban of the use of diisocyanates based

products)

* Threat of import dependency on non-EU countries

= Reliability of supply may be negatively affected

= Additional investment costs for relocation of production outside the EU

= Additional costs for adjustment within the supply chain
o Additional costs for suppliers certification/qualification in non-EU countries
o Additional administration and transport costs

= Adverse effects on competitiveness of the PU dependent European producers
(particularly automotive industry)

= Negative impact on use of resources, e.g. in a rough estimation (see Annex E.5.2) a
welfare loss of about € 5.5 billion per annum was obtained due to premature
obsolescence of motor vehicles in EU-28 if repair coatings would no longer be available.

= Additional efforts to find alternatives.

A.3.1.4.6 Economic impacts — Results

It should be stressed that depending on the training option the share of indirect costs due to
loss of productivity (i.e. the time spent on training instead of productive work) varies
between 20 % and 90 % of the training costs. Using the basic data in Table 6 and in more
detail in Annex E.5.2, the following results are obtained:

Table 7: Overview on results of costs estimation for each RMO (rounded)

RMO1* RMO2* RMO3

Additional costs (PV, million €
in average per year over 20 26 - 165 79 - 218 18126**
years) as a range*

For training (high | Only training, but | At least. For

risk group) and for a larger overall EU
Remark exemption collective (high market

procedure (low and low risk

risk group) groups)

*Range refers to the various training options listed in Annex A.3.1.3.1
** This represents the estimated value added for the total EU market for diisocyanates, calculated in
Annexes E.5.2 and E.5.3
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A.3.1.5 Human health impacts

Human health impacts are described as the result from the reduction of new asthma cases
in the future, due to improvement in the standards of handling diisocyanates.

The estimation of the human health impacts is based on data presented in the baseline
section A.2.3 and findings on effectiveness of the proposed measures.

A.3.1.5.1 Risk reduction capacity

RMO1 and RMO2: Effectiveness of the proposed restriction - training measures
according to the Appendix Trainings and Measures

Effectiveness is expressed by the potential to avoid a certain fraction of asthma cases in the
future relative to the baseline. A gquantitative estimation for the reduction of the incidence
rate after implementation of the proposed restriction measure is based on previous studies
on safety training effectiveness. The assumptions for estimation of the effectiveness are
based in particular on the results of the HSE's studies, describing the reduction of
occupational exposure to isocyanates in the vehicle repair industry (Stocks et al., 2015)
(Piney et al., 2015). Additional studies of more qualitative nature are found in (Bregnhgj et
al., 2012; Cohen and Colligan, 1998).

There are distinct differences between the measures described in these studies and the
current proposal. For more details see Annex E.6.1.1. Nevertheless, it seems plausible to
take the upper limit of effectiveness as reported in these studies as the upper limit that may
be achievable in the proposed restriction. This results in two different values for the
effectiveness. Graphically this is shown in Figure 3 showing values for a main expectation of
effectiveness (“low bound”) and an optimistic (“high bound”) scenario. In order to sustain
the level of awareness and correct handling, it is necessary to repeat the training at regular
intervals (four years is proposed). Resulting from the discussions with industry
representatives, the Appendix Trainings and Measures describes four year training cycles. It
is reasonable to assume that a first training of all workers concerned would take four years
to be completed. Therefore the effectiveness of the measure is expected to grow to the
maximum over this period, with only minor improvements after that.
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Figure 3: Forecast (low /high bound) for the relative development of the incidence rate
after implementation of the proposed restriction measure

RMO1: Effectiveness of the measures in Appendix “"Exemptions” with regard to
workers at low risk.

Additional identification and placing on the market of exempted products with the potential
for very low exposure for users in concerned sectors will lead to lower risks, in the case they
replace products with a potential for higher exposure. This is also in line with the hierarchy
of occupational protection measures. In such a case the delta in benefit would be positive.
However, at the moment it is not possible to quantify this in detail.

RMO3: Complete ban

For this (extreme) risk management option the potential possible benefit which could be
realised by a hypothetical risk reduction down to zero will be estimated. Implications on the
risk situation in non-EU countries in which the use of diisocyanates for goods production
would increase and risk for occupational illnesses may be higher than in the EU will not be
considered.

A.3.1.5.2 Valuation of human health impacts

The monetary effects are based on costs of medical treatment and productivity losses due
to days of work disability. Welfare losses due to losses of life quality caused by asthma are
also included in the valuation.

In the long-term employees may be driven to leave the job due to the risk of exposure to
isocyanates. The concerned employee may change job internally in the company, change
the company and the job as a whole, or will become unemployed (at least temporarily). In
case of total work disability, the employee can ultimately be forced to leave the labour
market and retire. Degradation of work qualification level or job experiences and
corresponding work capabilities or skills are included in health impact valuation as social
costs due to occupational/ work-related asthma. In Annex E.6.1.2.3 possible constellations
for employment of asthma suffering workers are analysed and combined with findings from
several studies. Based on this, a weighted average for loss of income of 32 % is estimated.

The following cost components listed in Table 8 are used for the monetary valuation:

Table 8: Overview on costs components of the occupational asthma

Cost category Costs driver Annual value [€]
direct costs Therapy/ medicine 1700%*
Disability

[10 disability days of 230 working
days x sector specific gross value

indirect costs added]
(including social costs)

0.04 x value added

Reduction in earning and value
creation capacity

[32 %** of the sector specific
personal costs]

0.32 x personnel costs

Pain & suffering/

Welfare loss 1800

intangible costs
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Note: See Annex 6.1.2.3 for more details
* adapted to EU-28 by use of Medical Health Purchasing Power Parity (OECD, 2012)
** weighted average (cf. Annex E 6.1.2.3)

In general a positive net benefit for human health is expected which results from the
reduction of asthma cases over a time period of 20 years.

Table 9: Results on human health impacts (based on 6500 cases of occupational asthma per
year)

RMO1* RMO2* RMO3

Cumulative number of
avoided cases over 20 years | 62465 — 87295** 62465 — 87295** 130 000
(based on best estimate)

Monetary values
(PV, € million) incl. social 271 - 378** 271 - 378** 627X **
costs , average/year

* Related only to trainings measure being the same for RMO1 and RMO2. Range for Low/High bound
efficacy.

**Related only to worker groups at higher asthma risk. See explanation below.

*** Hypothetycal risk reduction down to zero.

Health impacts are only monetarily quantified based on the risk-reduction capacity of the
implemented training measures. The risk reduction for the use of exempted products with
regard to asthma cases cannot be quantified at this moment. Therefore, restriction option 1
and 2 show the same level of monetary health impacts because it is assumed that all
asthma cases occur in the high risk group. Of course this is a simplification. If, against this
assumption, some cases of disease would occur in the low risk group this would lead to a
lower benefit for RMO1 than indicated in the table. On the other hand health benefits of
RMO1 may be underestimated because the risk-reduction capacity of increasing
development and introduction of low-exposure products is not included. In most cases the
improvements for human health of RMO3 may be less than expected. As described in the
section “Alternatives” (Annex E.2) substances that have some credibility as alternative have
human health risks themselves (often being skin sensitisers). The risk will not drop to zero
because most downstream users of PU-products would forcefully have to shift to any kind of
available alternative products if they want to stay in business.

A.3.1.6 Other impacts, practicability and monitorability

A.3.1.6.1 Social impacts

The social impacts in RMO1 and RMO2 can be expected in general to be positive. The
avoidance of asthma disease has benefits regarding work ability with all consequences for
employment and the individual income situation of workers. Social impacts are included in
the calculation of human health impacts. In RMO3 the social impacts are inter alia described
in the section economic impacts (See Annex E.5.2). For a ban of diisocyanates from the EU-
market a negative impact for the European society is expected.

A.3.1.6.2 Wider economic impacts

In case of a total ban of isocyanates from the EU market an extreme disturbance of the
smooth-running processes within the supply chain which comprises 240 000 (ISOPA, 2014)
companies is to be expected. Particularly the direct producers, suppliers/subcontractors,
direct isocyanate users e.g. foam, textile/PU-plastics producers are directly negatively
affected, because their business model is exclusively based on direct use of isocyanates. For
instance, the non-use costs of isocyanates could be characterised on the basis of
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investments made in production plants which should then be modified for other production
or sunk costs due to non-utilisation. Theoretically the customers for PU primary articles
could import them into the EU. The efforts for a complete shift of the supply chain processes
including suppliers certification/qualification in non-EU countries are associated with
additional overhead / administration costs / time and resource consumption e.g. for
transport of PU-based goods to the European market. According to the trade balance of
€ 95.1 billion (ACEA, 2016), the European Automotive sector is one important PU
consumption sector, which is in direct competition with the global market players. The
additional costs of reimport of PU-based goods would negatively affect the competitiveness
of the European automotive industry. On the other hand, EU-28 would lose the innovative
PU-market and correspondently the value creation within. The direct manufacturing and use
of isocyanates in the EU market contribute annually to value added creation of round
€ 24.3 billion in the EU-28. Another issue can arise from increasing import dependency. The
PU-articles do not contain diisocyanates anymore and can be thus imported into the EU-28.
The possible consequences are in detail highlighted in the Annex “Stakeholder consultation”.

A.3.1.6.3 Distributional impacts

Distributional impacts of the training costs are considered (model in Annex E.5.3.1.1.) for
consumers and downstream users on the basis of vehicle repair services. In this case, even
the most expensive training option ¢ would only cause a price increase with up to 62
Eurocent per average service (e.g. a car repair job) and negatively impact the operating
surplus with approximately 3 % per year if all employees need to be trained and not all
costs can be passed on to the customer. In case of a complete passing on of the costs to
the consumer the price of a service would increase by ca. 2 € per service.

The identification of exempted products would result in an estimated price increase of the
end products of less than 1 Eurocent per unit. (e.g. a can of foam).

Positive distributional effects are increased business for institutions offering training for
downstream users and laboratories that can perform tests for identifying low risk products
that can be exempted from the restriction.

Analysis of distributional effects for additional costs due to the proposed Appendix
Exemptions is carried out using another approach. In Annex E.5.3.1.1, it is analysed how
the products unit costs in some sectors will increase. For this purpose, the total annual costs
are to be set in relation to the overall number of relevant products sold or manufactured per
year. Based on the fact that in Germany alone 25 million polyurethane foam cans are sold?,
it is assumed that at least 100 million products are being placed on the European market
annually.

A.3.1.6.4 Other impacts on the market

Introduction of this proposal will lead to a situation where the marketing and use of
products containing diisocyanates will be subject to new conditions. It is to be expected that
in the beginning some aspects of the proposal will lead to uncertainty in the supply chain on
how the new obligations can be fulfilled. By itself, this situation may cause some negative
economic impacts where people lose business because they have not fulfilled their duties on
time. However, these effects are expected to be small and to be of a transient nature. They

3 https://www.regierung.oberfranken.bayern.de/umwelt/umweltinformationen/umweltinfo/umweltinfo2003_04.php
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will disappear over time when the new processes and roles of the various partners in the
supply chain become better defined.

An impact that seems already underway is the fact that discussions within the industry
about the plans for a restriction for diisocyanates make downstream users aware that using
diisocyanates in the future may become more challenging. At the moment it is unclear to
what extent this will change the economic analysis of this restriction significantly.

A.3.1.6.5 Aspects of practicability

Some aspects of the practical implementation need to be considered. At this point in time,
not all of these have yet been developed to the detail needed for a full implementation of
the restriction. The following is a listing of aspects that need to be addressed. They also
include suggestions/ assumptions from the DS that are needed to help the practical
implementation of this restriction:

Responsibility for developing the necessary training material.

Bodies of the industry handling diisocyanates (manufacturers, importers, major formulators,
industry sector associations) have committed themselves to the development of training
material*. Currently preliminary discussions regarding practical aspects are carried out in
the so called “PU exchange panel”, organised by the manufacturer associations ISOPA and
ALIPA. Stakeholders of all users of diisocyanates in the scope of the restriction were invited
to participate. It is to be expected that final responsibility for development of content and
material will be transferred to a “training working group” - “a not-for-profit body (under a
status to be determined) to represent industry with the other stakeholders involved in the
training process and in the maintaining of the training content. This body should be open for
all contributing parties to the training material””. Industrial representatives have indicated
their willingness to take up the burden of translation of the materials in the EU languages
needed. Material that is developed will take into account existing national regulations.

Quality assurance on material that is developed.

To ensure the quality of the process, the main responsibility will rest with the platform
indicated above, in exchange with the institutes/instructors that will provide the actual
trainings. The DS expects that an evaluation questionnaire before/after each training
session will provide an indication of what material works well or what is in need of change.
In order to reach a level playing field in the EU a mutual recognition system should be in
place to recognise trainings and the qualification of trainers across the EU. The DS
recommends establishing an advisory board where competent independent outsiders have
the possibility to provide input.

Organising the trainings in practice (or training licenced trainers).

“The developed training content (for example in the form of sets of slides or other material),
will be made available to downstream users as well as existing (public and/or private)

4 See a.0. : Press Statement from ISOPA/ALIPA and trade associations of October 28, 2016, after
submission of the dosser became public; Also see article in “"Kunststoffland NRW Newsletter” on the
occasion of K2016 (in German)

> Text in italics as phrased by ISOPA/ALIPA (December 2016)
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training institutes (e.g. Shield group, TUV, DEKRA) to use it. This may be done by a
licensing model. Conditions of this licensing still require discussion, but inspiration could be
taken from other sectors where similar systems already apply. These institutes will also use
their own tools of dissemination for the trainings. It is under discussion if the experts of the
licensed downstream user or training institute may be instructed by the platform.
Such institutes or downstream user would transform the licensed training content into
proper education material, train qualified instructors, which in turn would train the
workforce according to the terms of the restriction”.® How to communicate the availability of
trainings throughout the supply chains(with special attention to the lower segments of the
supply chain - small companies and self-employed individuals).

To this end a number of activities can be foreseen induced by the diisocyanate industry:

= Referencing the existing restriction in an SDS (as is already mandatory anyway). This
shall be combined with reference to a webpage where training information (general
content for the company involved is available and ways to register for training in a
specific area are indicated).

= Make it an obligation to meet restriction requirements with a provision in supply
contracts.

= Targeted offerings in trade press in various countries.

= Communication at trade fairs.

= Inclusion in programs for professional qualification/education

= Information dissemination via contact with occupational accident insurance companies.

» Communication via the network of chambers of commerce and inclusion of specific
training sessions in their offerings.

= Use of flyers in product packaging (especially in a first stage of communication)

* Make information available via national REACH-CLP helpdesks

Special considerations have to be given to offerings for training schedules in regions where
users of diisocyanates are few.

The case of self-employed workers (one-man companies)

= They will be made aware of their training duties in the communication actions provided
on a national level or when purchasing products in the scope of the restriction.

= They will be able to provide evidence of successful completion of training by receiving a
confirmation after completion of the required training. This confirmation can be
presented while purchasing products that are in the scope of the restriction.
(N.B. the DS expects that in many cases such people may purchase exempted products,
which would eliminate training duties)

Roll-out planning

A considerable time period will be needed for a full implementation of this system in all
member states and for all use sectors. From previous discussions, the DS assumes that
approximately 3-5 years will be needed. A priority planning will be helpful to limit this

6 Text in Italics as phrased by ISOPA (December 2016)
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period. A pilot project in an early stage is to be recommended in order to identify
disconnects.

A.3.1.6.6 Aspects of monitorability

Regarding the monitoring of the effectiveness for the proposal a number of aspects has to
be considered:

Responsibility for the scrutiny of the implementation and long term results of the trainings.
In this respect it is important to distinguish between short, medium and long term aspects:

= Short term: National enforcement authorities can check if companies have fulfilled their
training duties (i.e. do they have a confirmation of successful training completion for
their workforce, as defined in Annex “Trainings and Measures”).

= Medium term: Using the legal means available to them, MS can organise audits to check
if companies have implemented the requirements as described in the Annex “Trainings
and Measures”. A coordinated union-wide action via SLIC (Senior Labour Inpectors
Committee) may also be envisaged here.

= Long term: The most important objective of the restriction is to reduce the number of
new cases of occupational asthma. Development in this area needs to be monitored by
surveys by the DS at regular intervals (e.g. every three vyears).
The DS has committed itself to initiate such surveys and the follow-up work. This should
be seen on a time scale of 8-10 years.

Role for national enforcement authorities (NEAs) in this process.

The role of NEAs can be described as follows:

= NEAs have the right to request insight in the material used in the trainings.

= NEAs may require that, in case existing national regulations surpass the requirements as
defined in the Annex Trainings and Measures”, the provided material/instruction is
modified by the “training work group” mentioned above, to include this specific
information.

It should also be pointed out that the knowledge and awareness may by itself lead to an
initial increase in new cases that are reported, not because more cases actually appear, but
the awareness and the willingness to report, both from the side of the employee and from
the side of the employer and/or controlling physician, may be higher. Such a virtual
increase is a well-known phenomenon in monitoring campaigns for occupational safety
aspects. However, after a few years these effects will disappear and the actually underlying
trends will become dominant. However, this effect should be considered in the timing of
plans for concentrated efforts of data collection mentioned before.

A.3.1.7 Proportionality (including comparison of options)

To analyse proportionality, the estimated costs and benefits for human health of the
proposed restriction are compared. In addition, a cost-effectiveness analysis will be
presented which will show calculated figures indicating the investment costs needed to
avoid a case of asthma (details are shown in Annex E.9.1.4). The affordability of the
training costs for the individual company and consumers were also evaluated.
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A.3.1.7.1 Comparison of costs and benefits of RMO1

In this summary only one result of the costs-benefit analysis for RMO1 is presented which is
based on 6500 cases of OA/yr (Figure 4, see also Section A.2.3 Baseline). Benefits are
shown for 50 % effectiveness (Lowbound) and 70 % effectiveness (Highbound).

The combination of costs and benefits will give two sets of curves in one diagram. One set
will depend on the identified training option and its cumulative costs over 20 years. And the
other one representing the cost savings related to the reduced number of cases of
occupational asthma. Figure 4 provides information on the pay-off period. Depending on
effectiveness, most training options would reach the break-even point after 3-6 years
(low bound estimate of effectiveness) after implementation of the restriction. Only the
training option c seems to be less cost-effective in this case (pay off about 13 years).
Because of the external character inherent to option ¢, this is the most expensive training
per worker (see Annex E.5.1.1). However, it should be stressed that the effectiveness
regarding risk reduction of training via e-learning may not be expected to be at the same
level as face to face training options. Therefore in the Appendix Trainings and Measures, e-
learning is only foreseen for the basic training module (with the lowest risk expected).
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Figure 4: RMO1 over 20 years based on 6500 new cases of occupational diseases/year and
several training options. The training options that are not shown fall between options e and
a. (For reference: a = education center, ¢ = external training, d = training at work, e = e-
learning)

A.3.1.7.2 Cost effectiveness RMO1 (training for workers at high risk, exemptions for low risk

products)

The cost-effectiveness analysis provides information on costs for avoidance of one asthma
case over a period of 20 years. Considering the initial risk of 6500 cases/yr (see Section
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A.2.3), and depending on the training option and the assumed effectiveness of training
measures a range of € 8000 - 53000 (lowbound) or € 6000 - 38000 (highbound) is derived
for the costs to prevent one asthma case over a period of 20 years.

A.3.1.7.3 Comparison of costs and benefits RMO2 (No exemptions)

8000
7000 A
6000
o .
S 5000 e cum_Benefits_LowBound
": em@me cum_Benefits_HighBound
o
% 4000 e=@== cum_Costs_TrainOption_a
: e=fil== cum_Costs_TrainOption_c
=
E 3000 @ cum_Costs_TrainOption_d
E e=@==cum_Costs_TrainOption_e
2 2000
S
[-%
1000
0 T T T T T T T T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Years

Figure 5: RMO2 over 20 years based on 6500 new cases of occupational diseases/year and
several training options. The training options that are not shown fall between options e and
a (For reference: a = education center, ¢ = external training, d = training at work, e = e-
learning)

If no exempted products are identified, each downstream user (also in the “low risk” group)
will be obliged to attend training according to the Appendix Trainings and Measures. This
means much more workers need to participate in a training, leading to a considerable
increase in costs. In such a case the basic training module defined in that Appendix (“stage
1") is probably appropriate. In that case e-learning may be an appropriate model for
training. Figure 5 above indicates that the break-even point would be realised after
7 - 9 years (low bound estimate) - about twice as long as for RMO1. In case of training
option ¢ pay off about 17 years is expected. In overall consideration the RMO2 is still
proportional, but the realisation of benefits may be related to more uncertainties because of
the later pay-off period.

The cost-effectiveness analysis provides information on costs for avoidance of one asthma
case in a period of 20 years. Considering the initial risk of 6500 cases/yr (see Section
A.2.3), and depending on the training option and the assumed effectiveness of training
measures a range of € 25000 - 70000 (lowbound) or € 18000 - 50000 (highbound) is
derived for the costs to prevent one asthma case over a period of 20 years
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A.3.1.7.4 Costs of e-learning vs product exemption

In principle, companies using products in a potentially low risk environment (e.g. low
temperature adhesives with automated application) have the option to qualify the product
they use as “exempt” (according to the criteria in the Appendix on Exemptions) or just
adhere to the conditions of the Appendix on Trainings and Measures. Figure 6 compares the
economic impacts which result from costs incurred for obtaining exemptions and for e-
learning (one of the cheapest training options). The results clearly show that the option to
go for an exemption procedure is much more cost-efficient (with a factor in the range of
about 45 - 120), even if the number of such products or the costs involved would be
significantly underestimated. However, this is only true if the cost picture is considered for
sufficiently large sectors, where the costs of qualifying products for an exemption may be
shared by a number of companies.
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Figure 6: Comparison of costs for exemptions and e-learning

A.3.1.7.5 Cost and benefits of RMO3 (total ban)

An overall cost-benefit analysis resulting from a complete ban of isocyanates is very
complex and beyond the DS’s possibilities because of their widespread use.

In a first approach the cost over 20 years with regard to the lost added value generated by
the PU-production sector was estimated. Figure 7 below compares this to the benefits under
the assumption that the number of new asthma cases will drop to zero. It is obvious that
the negative economic effects will be overwhelming. Thus, RMO3 is not a proportional
measure for the reduction of new asthma cases.

The market for PU based products is a growing market. Therefore for modelling of the costs
over 20 years in RMO3 in average 1 % ofannual growth of the value added is assumed. This
premise is underpinned by the information provided by ISOPA and market forecasts.
Although the forecasts provide a higher growth rate in the short term, market saturation is
expected in the long term.
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Figure 7: RMO3 comparison costs and benefits over 20 years

Table 10: Summary and overview on results for possible RMOs after 20 years.

(rounded to 3rd position)

Benefit PV -
Costs PV o Benefit/cost

RMO, [€million] [€million] ratio Remark

After 20 years,
XMOI:d' assessment.

ppendix Range : figure for
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Measures and of effectiveness
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Benefit PV -
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manufacturers 362 500 13000 28 times higher clear
and down- o Inefficient use of
stream users) resources,
additional costs
within the supply
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The comparison of RMO1 with RMO2 is predominantly based on the balance of costs for the
training measures against the costs for testing of the products as “exempted product”
according to the proposed Appendix Exemptions. The costs for training measures in RMO2
are considerably higher because of the higher number of participants
More details to these background data can be found in Annex E.5.1.1.

A.4 Assumptions, uncertainties and sensitivities

Declaration on uncertainties and possible factors for bias in the modelling of costs and
benefits:

= The factors “retirement from employment” rate and “entry to the profession” rate were
not considered in the calculation of the health impacts and the costs. Generally it should
be assumed that more damaged persons leave the working collective and healthy
individuals with very low asthma prevalence will enter. So the prevalence rate would
decrease over the medium term. Therefore, the number of workers under risk is
potentially higher as assumed in modelling. In order to reduce the complexity these
factors have been waived in the modelling.

= Prevalence of asthma in the working population could be lower than 10 % assumed (e.g.
5 % from cross sectional studies (Wild et al., 2005)). In such case the number of
workers at risk would be higher and the number of asthma cases could increase
assuming the modelling based on the relative incidence rate approach.

= The assumed correlation of the isocyanates’ market share with the number of workers
might be incorrect because the degree of process automatisation in manufacturing could
be essential for number of employees. This aspect may have a marginal impact on the
total training costs. At the moment no more exact data on distribution of the exposed
workers within EU-28 are available.

= The statistics on gross value added, personal costs and turnover from 2012, 2013 and
2014 do not include the factor for purchasing power parity. According to EUROSTAT,
since 2012 up to 2014 the price level indices have remained at the same level.

= Furthermore in the calculation of overall costs (for about 1.6 million workers) in RMO1 a
combination of each training concept with e-learning has not been considered. The listed
uses (see Annex B.2) indicate that most of them would at least require the training for
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group 2 defined in Appendix Trainings and Measures. It is assumed that only 10 % of
uses or workers will be classified to stage 1 of that Appendix, where the training by e-
learning could be a possible option. The costs of e-learning are definitely lower, so the
effect for total costs will be very low due to the share of 10 %.

* For modelling of the costs over 20 years in RMO3 in average 1 % of annual growth of
the value added is assumed. This premise is underpinned by the information provided by
ISOPA and market forecasts.

» The costs values and savings based on asthma cases cannot be infinitely cumulated.
Due to findings on average age of the asthma sufferers, number of working years and
statistical life expectancy the resulting modelling over 20 years is just a snapshot, which
would not continue indefinitely.

= In this dossier, only the effects due to a reduction in asthmatic diseases are calculated.
As discussed in section A.2.1, diisocyanates also cause skin sensitisation. (13 % of
reported numbers of occupational diseases). The methods proposed in this restriction
may be expected to also reduce cases of skin sensitisation in about the same proportion
as asthmatic diseases. The positive human health impacts of this will add to the
benefits.

A.5 Conclusions

The DS is concerned by the fact that the risk of respiratory sensitisation resulting in
occupational asthma caused by diisocyanates is not adequately controlled by means of the
EU-wide existing regulations. The proposed approach was created with respect to
established national regulations and in particular on EU Directives 98/24/EC and
89/391/EEC.

From data analysis of occupational asthma statistics and epidemiological research, it is
concluded that in the EU the number of yearly new cases of occupational asthma is
unacceptably high. The number of new asthma cases has been found to be in the range of
2350 - 10150 cases/yr.

Therefore, regulatory action is required and this should be undertaken on a Union-wide
level. The proposed restriction is the most appropriate EU-wide measure because it targets
the risks from workplace exposure to diisocyanates while keeping the (safe) use of
diisocyanates a possible option.

The proposed restriction is considered to be a balanced and justified measure as the
benefits of risk reduction are estimated to outweigh the costs of the proposal after a
reasonable time (3 - 6 years). It should be stressed that the real economic impacts due to
productivity loss by one working day spending for training within a time period of 4 years
might not be as significant as estimated. The loss of only one working day might have
negligible effects due to the fact that the companies are not constantly working to 100 per
cent capacity and personnel buffer is planned. Surely this short time effect cannot be
deemed to be equivalent to productivity loss caused by working disability. The reduction of
risk in the EU as a result of the proposed restriction is estimated to avoid over 3000 cases
of occupational asthma per year after full implementation of the restriction measures.

Benefits (PV after 20 vyears) have been estimated growing to a range of
€ 5.4 - 7.6 billion. Depending on the training option and the assumed effectiveness of
training measures and considering the initial risk for 6500 cases/yr, the range of € 6000 -
38000 is derived for costs to prevent one additional new asthma case.
It is expected that the effort to comply with the restriction is viable for all companies
concerned. It was demonstrated that the restriction would also have only a small impact on
the prices of end-use services supplied.
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The proposed restriction is a practical and monitorable measure for industry and
enforcement authorities.

In conclusion, the restriction dossier demonstrates that an action is required on an EU-wide
level and the proposed restriction is the most appropriate measure. Even taking into
consideration the existing uncertainties, the main conclusion will not change. According to
the results provided in Table 10 the proposed RMO1 that combines both the measures
described in the Appendices on Exemptions and on Trainings and Measures is the most
costs-effective risk reduction measure. It provides the highest net benefit overall.

A.6 References

ACEA (2016): Key figures. European Automobile Manufacturers Association (ACEA).
http://www.acea.be/statistics/tag/category/key-figures (last accessed 2016-09-28)

AGS (2006): Technische Regeln fir Gefahrstoffe, TRGS 900: Arbeitsplatzgrenzwerte
[Technical rules for hazardous substances, TRGS 900: Occupational limit values], date:
2006-01. Ausschuss fir Gefahrstoffe. Bundesanstalt fir Arbeitsschutz und Arbeitsmedizin
(BAUA), Dortmund, Germany. http://www.baua.de/de/Themen-von-A-
Z/Gefahrstoffe/TRGS/pdf/TRGS-900.pdf?__blob=publicationFile&v=21 (last accessed 2016-
08-23)

Austin S. (2007): Biological monitoring of TDI-derived amines in polyurethane foam
production. Occupational Medicine 57 (6), 444-448. DOI: 10.1093/occmed/kgm085 (last
accessed 2016-09-19)

Austrian CA (2012): Annex XV dossier. Proposal for identification of a substance as a CMR
category 1A or 1B, PBT, vPvB or substance of an equivalent level of concern. Substance
name(s): C,C'-azodi(formamide) (ADCA). EC number(s): 204-650-8; CAS number(s): 123-
77-3. Environment Agency Austria on behalf of the Austrian Competent Authority (Austrian
Federal Ministry of Agriculture, Forestry, Environment and Water Management). European
Chemicals Agency (ECHA), Helsinki, Finland.
https://www.echa.europa.eu/documents/10162/d9e11c88-481a-47a9-8fff-915b48086ddb
(last accessed 2016-09-19)

Ayres ].G., Boyd R., Cowie H., and Hurley J.F. (2010): Costs of occupational asthma in the
UK. Thorax. DOI: 10.1136/thx.2010.136762 (last accessed 2016-09-28)

Bregnhgj A., Menne T., Johansen J].D., and Sosted H. (2012): Prevention of hand eczema
among Danish hairdressing apprentices: An intervention study. Occupational and
Environmental Medicine 69 (5), 310-316. DOI: 10.1136/0emed-2011-100294

Bugler J., Clark R.L., and Hill I.D. (1991): The acute and long-term respiratory effects of
aromatic di-isocyanates. A five year longitudinal study of polyurethane foam workers. III
report 10848. International Isocyanate Institute, Manchester, UK

Christensen F.N., N.H, Jeppesen C.N., and Clausen A.]J. (2014): Survey of certain
isocyanates (MDI and TDI). Part of the LOUS-review. Environmental Project No. 1537,
2014; ISBN: 978-87-93026-91-9. COWI A/S, Danish Technological Institute. Danish
Environmental Protection Agency, Copenhagen, Denmark.
http://www2.mst.dk/Udgiv/publications/2014/01/978-87-93026-91-9.pdf (last accessed
2016-09-19)

Cohen A. and Colligan M.J. (1998): Assessing occupational safety and health training. A
literature review. DHHS (NIOSH) Publication No. 98-145, date: 1998-06. Centers for
Disease Control and Prevention (CDC). National Institute for Occupational Safety and Health
(NIOSH). http://www.oshatrain.org/courses/pdf/assesstraining.pdf (last accessed 2016-09-
28)

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | Fax +358 9 68618210 | echa.europa.eu

45 (49)



ANNEX XV RESTRICTION REPORT - DIISOCYANATES

Cowie H.A., Hughson G.W., Creely K.S., Graham M.K., Hutchison P.A., and Aitken R.J.
(2005): An occupational hygiene assessment of the use and control of isocyanates in the
UK. Research report 311, ISBN: 0-7176-2959-7. Institute of Occupational Medicine. HSE
Books, Edinburgh, UK. http://www.hse.gov.uk/research/rrpdf/rr311.pdf (last accessed
2016-09-19)

Creely K.S., Hughson G.W., Cocker J., and Jones K. (2006): Assessing isocyanate exposures
in polyurethane industry sectors using biological and air monitoring methods. Annals of
Occupational Hygiene 50 (6), 609-621. DOI: 10.1093/annhyg/mel024 (last accessed 2016-
09-21)

Dutch CA (2012a): Annex XV dossier. Proposal for identification of a substance as a CMR
category 1A or 1B, PBT, vPvB or substance of an equivalent level of concern. Substance
name: Hexahydro-2-benzofuran-1,3-dione, cis-cyclohexane-1,2-dicarboxylic anhydride,
trans-cyclohexane-1,2-dicarboxylic anhydride (HHPA). EC number: 201-604-9, 236-086-3,
238-009-9. CAS number: 85-42-7, 13149-00-3, 14166-21-3. European Chemicals Agency
(ECHA), Helsinki, Finland. https://www.echa.europa.eu/documents/10162/6a9bf645-3e36-
4540-b9b8-48da3afb8245 (last accessed 2016-09-19)

Dutch CA (2012b): Annex XV dossier. Proposal for identification of a substance as a CMR
category 1A or 1B, PBT, vPvB or substance of an equivalent level of concern. Substance
name: Hexahydromethylphthalic anhydride, hexahydro-4-methylphthalic anhydride,
hexahydro-1-methylphthalic anhydride, hexahydro-3-methylphthalic anhydride. EC number:
247-094-1, 243-072-0, 256-356-4, 260-566-1. CAS number: 25550-51-0, 19438-60-9,
48122-14-1, 57110-29-9. European Chemicals Agency (ECHA), Helsinki, Finland.
https://www.echa.europa.eu/documents/10162/96184c0e-245a-49a2-8a69-691e156dbaf7

(last accessed 2016-09-19)

ECHA (2012): Guidance on information requirements and chemical safety assessment.
Chapter R.8: Characterisation of dose [concentration]-response for human health. European
Chemicals Agency, Helsinki, Finland.
http://echa.europa.eu/documents/10162/13632/information_requirements_r8_en.pdf (last
accessed 2016-09-19)

ECHA (2015): Guidance on the application of the CLP criteria. Guidance to Regulation (EC)
No 1272/2008 on classification, labelling and packaging (CLP) of substances and mixtures,
date: 2015-06. European Chemicals Agency.
http://echa.europa.eu/documents/10162/13562/clp_en.pdf (last accessed 2016-09-19)

ECHA (2016): Guidance on information requirements and chemical safety assessment.
Chapter R.7a: Endpoint-specific guidance. Version 5.0, date: 2016-12. European Chemicals
Agency (ECHA). http://echa.europa.eu/documents/10162/13643/ir_csa_r7a_r7-
3_caracal_draft_en.pdf (last accessed 2017-01-20)

European Commission (2013): Report on the current situation in relation to occupational
diseases' systems in EU member states and EFTA/EEA countries, in particular relative to
Commission Recommendation 2003/670/EC concerning the European schedule of
occupational diseases and gathering of data on relevant related aspects, date: 2013-03.
http://ec.europa.eu/social/BlobServiet?docld=9982&langld=en (last accessed 2016-09-19)

European Parliament and Council (2008): Regulation (EC) no. 1272/2008 of the European
Parliament and of the Council of 16 December 2008 on classification, labelling and
packaging of substances and mixtures, amending and repealing Directives 67/548/EEC and
1999/45/EC, and amending Regulation (EC) No 1907/2006 (last amended by Commission
Regulation (EU) 2015/491 of 23 March 2015). European Union,, Brussels. http://eur-
lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02008R1272-20160101&from=EN
(last accessed 2016-09-19)

Eurostat (2015): Employment (15-64 years) based on the European Union Labour Force
Survey (EU LFS). European Commission,.

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | Fax +358 9 68618210 | echa.europa.eu

46 (49)



ANNEX XV RESTRICTION REPORT - DIISOCYANATES

http://appsso.eurostat.ec.europa.eu/nui/show.do?wai=true&dataset=Ifsi_emp_a (last
accessed 2015-10-12)

German CA (2013): Analyis of the most appropriate risk management option for toluylidene
diisocyanate (TDI), date: 2013-07-16. Bundesanstalt flir Arbeitsschutz und Arbeitsmedizin
(BAuA), Dortmund, Germany (last accessed 2014-06-30)

Gui W., Wisnewski A.V., Neamtiu I., Gurzau E., Sparer J.A., Stowe M.H., Liu J., Slade M.D,,
Rusu O.A., and Redlich C.A. (2014): Inception cohort study of workers exposed to toluene
diisocyanate at a polyurethane foam factory: Initial one-year follow-up. American Journal of
Industrial Medicine 57 (11), 1207-1215. DOI: 10.1002/ajim.22385 (last accessed 2016-09-
19)

Hamada H., Isaksson M., Bruze M., Engfeldt M., Liljelind I., Axelsson S., Jonsson B.,
Tinnerberg H., and Zimerson E. (2012): Dermal uptake study with 4,4'-diphenylmethane
diisocyanate led to active sensitization. Contact Dermatitis 66 (2), 101-105. DOI:
10.1111/j.1600-0536.2011.01995.x (last accessed 2016-09-19)

Holloway J.W., Yang I.A., and Holgate S.T. (2010): Genetics of allergic disease. Journal of
Allergy and Clinical Immunology 125 (2, Supplement 2), S81-S94. DOI:
http://dx.doi.org/10.1016/j.jaci.2009.10.071 (last accessed 2016-09-19)

HSE (2015): Occupational asthma in Great Britain 2014, 1-17.
http://www.hse.gov.uk/statistics/causdis/asthma/asthma.pdf

HSE (2016): Index of data tables. THOR tables. Health and Safety Executive,.
http://www.hse.gov.uk/Statistics/tables/index.htm#thor (last accessed 2016-09-19)

IPCS (2014): Guidance document on evaluating and expressing uncertainty in hazard
characterization. Harmonization project document 11. International Programme on Chemical
Safety (IPCS). World Health Organization (WHO), International Labour Organization (ILO),
United Nations Environment Programme (UNEP).
http://www.who.int/ipcs/methods/harmonization/uncertainty_in_hazard_characterization.p
df (last accessed 2016-09-19)

ISOPA (2012): Walk the talk: TDI users. European Diisocyanate & Polyol Producers
Association.
http://www.productsafetyfirst.covestro.com/~/media/Product%?20Safety%20First/Documen
ts/Walk%?20the%20Talk%20-%20TDI.pdf?la=en (last accessed 2016-09-19)

ISOPA (2013): Walk the talk - praktische Hilfe fir den sicheren Umgang mit Chemikalien
[Walk the talk - practical help for the safe use of chemicals]. European Diisocyanate &
Polyol Producers Association (ISOPA). http://isopa.org/walkthetalk/LeafletDE.pdf (last
accessed 2016-09-19)

ISOPA (2014): Socio-economic contribution of the polyurethane industry to growth and jobs
in Europe. European Diisocyanate & Polyol Producers Association (ISOPA).
http://isopa.org/media/1100/isopa-socioeconomic-report.pdf (last accessed 2016-09-19)

Jones R.N., Rando R.]J., Glindmeyer H.W., Foster T.A., Hughes J.M., O'Neil C.E., and Weill H.
(1992): Abnormal lung function in polyurethane foam producers: Weak relationship to
toluene diisocyanate exposures. American Review of Respiratory Disease 146 (4), 871-877.
DOI: 10.1164/ajrccm/146.4.871 (last accessed 2016-09-19)

Karol M.H., Hauth B.A., Riley E.]J., and Magreni C.M. (1981): Dermal contact with toluene
diisocyanate (TDI) produces respiratory tract hypersensitivity in guinea pigs. Toxicology and
Applied Pharmacology 58 (2), 221-230. DOI: 10.1016/0041-008X(81)90426-9 (last
accessed 2016-09-19)

Kogevinas M., Zock 1.P., Jarvis D., Kromhout H., Lillienberg L., Plana E., Radon K., Toren K.,
Alliksoo A., Benke G., Blanc P.D., Dahlman-Hoglund A., D'Errico A., Hery M., Kennedy S.,
Kunzli N., Leynaert B., Mirabelli M.C., Muniozguren N., Norback D., Olivieri M., Payo F.,

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | Fax +358 9 68618210 | echa.europa.eu

47 (49)



ANNEX XV RESTRICTION REPORT - DIISOCYANATES

Villani S., van Sprundel M., Urrutia I., Wieslander G., Sunyer J., and Anto J.M. (2007):
Exposure to substances in the workplace and new-onset asthma: An international
prospective population-based study (ECRHS-II). The Lancet 370 (9584), 336-341. DOI:
10.1016/s0140-6736(07)61164-7 (last accessed 2016-09-28)

Lillienberg L., Andersson E., Janson C., Dahlman-Hoglund A., Forsberg B., Holm M.,
Glslason T., Jogi R., Omenaas E., Schlunssen V., Sigsgaard T., Svanes C., and Toren K.
(2013): Occupational exposure and new-onset asthma in a population-based study in
Northern Europe (RHINE). Annals of Occupational Hygiene 57 (4), 482-492. DOI:
10.1093/annhyg/mes083 (last accessed 2016-09-28)

Matheson J1.M., Johnson V.]., Vallyathan V., and Luster M.I. (2005): Exposure and
immunological determinants in a murine model for toluene diisocyanate (TDI) asthma.
Toxicological Sciences 84 (1), 88-98. DOI: 10.1093/toxsci/kfi050 (last accessed 2016-09-
19)

Moscato G., Dellabianca A., Perfetti L., Bramé B., Galdi E., Niniano R., and Paggiaro P.
(1999): Occupational asthma: A longitudinal study on the clinical and socioeconomic
outcome after diagnosis. CHEST 115 (1), 249-256. DOI: doi: 10.1378/chest.115.1.249 (last
accessed 2016-09-20)

Nowak D., Ochmann U., and Kellberger J. (2011): Evaluation der stationdren Rehabilitation
von Atemwegs- und Lungenerkrankungen in den berufsgenossenschaftlichen Kliniken
Falkenstein und Bad Reichenhall [Evaluation of the stationary rehabilitation of airway and
lung diseases in the professional association hospitals of Falkenstein and Bad Reichenhall],
date: 04/2011. Klinikum der Universitat Minchen, Institut und Poliklinik fir Arbeits-, Sozial-
und Umweltmedizin. Deutsche Gesetzliche Unfallversicherung (DGUV).
http://www.dguv.de/medien/ifa/de/pro/prol/ff-fb0094/abschlussbericht_final_21.4.11.pdf
(last accessed 2016-09-28)

OECD (2012): The adverse outcome pathway for skin sensitisation initiated by covalent
binding to proteins. Part 1: Scientific evidence. Document ENV/JM/MONO(2012)10/PART1,
date: 2012-04-05. Organisation for Economic Co-operation and Development (OECD), Paris.
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono%28
2012%2910/partl&doclanguage=en (last accessed 2016-09-20)

Ott M.G. (2002): Occupational asthma, lung function decrement, and toluene diisocyanate
(TDI) exposure: A critical review of exposure-response relationships. Applied Occupational
and Environmental Hygiene 17 (12), 891-901. DOI: 10.1080/10473220290107093 (last
accessed 2016-09-19)

Ott M.G., Diller W.F., and Jolly A.T. (2003): Respiratory effects of toluene diisocyanate in
the workplace: A discussion of exposure-response relationships. Critical Reviews in
Toxicology 33 (1), 1-59. DOI: 10.1080/713611031 (last accessed 2016-09-19)

Ott M.G., Klees J.E., and Poche S.L. (2000): Respiratory health surveillance in a toluene di-
isocyanate production unit, 1967-97: Clinical observations and lung function analyses.
Occupational and Environmental Medicine 57 (1), 43-52. DOI: 10.1136/0em.57.1.43 (last
accessed 2016-09-19)

Piney M., Llewellyn D., O'Hara R., Saunders J., Cocker J., Jones K., and Fishwick D. (2015):
Reducing isocyanate exposure and asthma risk in motor vehicle repair. International Journal
of Workplace Health Management 8 (4), 272 - 283. DOI: 10.1108/I1JWHM-10-2014-0043
(last accessed 2016-09-28)

Pronk A. (2007): Isocyanate exposure and respiratory health effects in the spray painting
industry. PhD thesis, Utrecht University.
http://dspace.library.uu.nl/bitstream/handle/1874/24281/full.pdf?sequence=6 (last
accessed 2016-09-19)

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | Fax +358 9 68618210 | echa.europa.eu

48 (49)



ANNEX XV RESTRICTION REPORT - DIISOCYANATES

Pronk A., Tielemans E., Skarping G., Bobeldijk I., J V.A.N.H., Heederik D., and Preller L.
(2006): Inhalation exposure to isocyanates of car body repair shop workers and industrial
spray painters. Annals of Occupational Hygiene 50 (1), 1-14. DOI: 10.1093/annhyg/mei044
(last accessed 2016-09-28)

Sennbro C.]., Lindh C.H., Ostin A., Welinder H., Jonsson B.A., and Tinnerberg H. (2004): A
survey of airborne isocyanate exposure in 13 Swedish polyurethane industries. Annals of
Occupational Hygiene 48 (5), 405-414. DOI: 10.1093/annhyg/meh034 (last accessed 2016-
09-19)

Stocks S.J., Jones K., Piney M., and Agius R.M. (2015): Isocyanate exposure and asthma in
the UK vehicle repair industry. Occupational Medicine 65 (9), 713-718. DOI:
10.1093/occmed/kqv108 (last accessed 2016-09-19)

Tarlo S.M., Liss G.M., Dias C., and Banks D.E. (1997): Assessment of the relationship
between isocyanate exposure levels and occupational asthma. American Journal of
Industrial Medicine 32 (5), 517-521. DOI: 10.1002/(SICI)1097-
0274(199711)32:5<517::AID-AJIM12>3.0.CO;2-5 (last accessed 2016-09-19)

ter Burg W. and Jongeneel W.P. (2012): Priority setting and risk management option under
REACH for sensitizers. RIVM Letter report 601030001/2012. Rijksinstituut voor
Volksgezondheid en Milieu (RIVM), Bilthoven, The Netherlands.
http://www.rivm.nl/bibliotheek/rapporten/601030001.pdf (last accessed 2016-09-19)

Toren K. and Blanc P.D. (2009): Asthma caused by occupational exposures is common - a
systematic analysis of estimates of the population-attributable fraction. BMC Pulm Med 9.
DOI: 10.1186/1471-2466-9-7 (last accessed 2016-09-28)

US EPA (2011): Toluene diisocyanate (TDI) and related compounds action plan [RIN 20270-
ZA14]. United States Environmental Protection Agency.
https://www.epa.gov/sites/production/files/2015-09/documents/tdi.pdf (last accessed
2016-09-19)

Wild D.M., Redlich C.A., and Paltiel A.D. (2005): Surveillance for isocyanate asthma: A
model based cost effectiveness analysis. Occupational and Environmental Medicine 62 (11),
743-749. DOI: 10.1136/0em.2004.016147 (last accessed 2016-09-19)

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | Fax +358 9 68618210 | echa.europa.eu

49 (49)



