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A.USE OF DIBUTYL PHTHALATE IN PROPELLANTS

1 SUMMARY

1.1 I ntroduction

The applicant, DEZA, as. (hereafter referred to as “the applicant” or “DEZA”), is a Czech
manufacturer of dibutyl phthalate (DBP), EC No. 201-557-4, CAS No. 84-74-2. DBP made by
DEZA is consumed in a number of uses, one of the smaller ones is the use of the substance by a
small number of EU-based companies in the formulation of propellant grains which are
subsequently used in the manufacture of gun ammunition (typical small calibre ammunition for
firearms) and, to a much lesser extent, as components of pilot g ection system on board military and
civilian aircraft.

The scientific analysis presented in this document was performed by an independent third party
(Risk & Policy Analysts Ltd), under contract to the applicant. The third party, acting as a trustee,
has also handled, processed and synthesised the confidential business information received from
individual downstream users (DUs) without sharing such information with the applicant or other
third parties having due regard to the DUS wishes for confidentiality.

1.2 Role of DBP in propellants and final products of concern

This AoA covers Use No 2 of DBP, Use in propellants, which, as described in the Chemical Safety
Report (CSR), encompasses two sub-scenarios:

. Formulation 2: Industrial use as a burning rate surface moderant, plasticiser and/or
coolant in the formulation of nitrocellulose-based propellant grainst

« Industrial Use 2: Industrial use of propellant grains in manufacture of ammunition for
military and civilian uses, and pyrocartridges for aircraft gection seat safety systems
[excludes propéellants intended for manual reloading of ammunition cartridges by civilian
users|

These two sub-scenarios are considered together for the purposes of this AoA, for the following
reasons.

. from the perspective of the applicant, the alternatives discussed here apply equally to both;

« the processes described by the two sub-Scenarios are undertaken by actors downstream of the
applicant, in the same supply chain (on occasion both are undertaken by the same downstream
user); and

. it avoids repetition of the discussion and analysis.
The use of DBP in propellantsis characterised as follows:

« Tonnage and concentration in propellant mixtures. the use of DBP in the formulation of
propellants is one of the smaller uses for the substance in terms of tonnage, as shown in the

1 Theterm ‘grains can interchangeably be used with the term powder or formulation.
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ANALY SIS OF ALTERNATIVES

CSR. Additionally, the concentration of DBP in the nitrocellulose-based propellant mixturesis
relatively low, typically 2-5% (see Section 2.2.4.2); and

. Role of DBP in propellants: DBP is generally known as a phthalate ester plasticiser in PVC.
However, itsrolein propellant is generally much more niche. DBP may primarily act as a:

(a) surface moderant (also known as ‘deterrent’) for the propellant powder grains, i.e. it reduces
their burning rate, thus controlling the velocity and balistic performance of the projectile
(bullet). Well over 90% of the amount of DBP used in propellants is used specifically with the
aim of demonstrating this moderating role; or

(b) plasticiser to facilitate the processing properties of propellants. This plasticising role is
minor compared to the one above and has been found to be relevant to <<10% of the tonnage of
DBP used in propellants.

Information from consultation and aliterature review has identified the following final products that
may contain DBP-contai ning propellants (see Section 2.2.3):

o small calibre firearm ammunition (assumed in this AoA to refer to calibres of <20 mm)
primarily for military use and to a much lesser extent civilian (sport shooting/hunting) use;

. medium and large calibre military ammunition (>20 mm), including large calibre naval and land
gun ammunition and propellant charges for large calibre guns; and

« pyrocartridges, i.e. components of armed gection seats found on board military and civilian
arcraft.

Among these products, two are the most critical ones:

« small calibre ammunition that is used in the standard rifles and handguns of national armies on
NATO member nations — without this ammunition armies across the EU would face severe
operation capability issues; and

. pyrocartridges for gection seats — these components of gection seat mechanisms are present in
training aircraft of several national military air forces both in the EU and outside the EU, but
also in a number of civilian aircraft that are used by aerobatics teams and a growing number of
private users. The reliable functioning of aircraft gjection seats can literally prove to be a matter
of life and death in the case of an accident or other emergency.

Important Note: Uses not supported in this Application for Authorisation

Until now, a very small proportion of DBP-based propellant powders have been intended for use by licensed individual sport
shooters and hunters for the manual, private reloading of empty cartridges. This use of DBP-based propellants is not
supported by the applicant and it is not within the scope of this Application for Authorisation.

More generaly, this Application does not cover any direct consumer use of the substance or its mixtures, which may
feasibly and foreseeably result in consumer exposureto the substance.

DBP-based mixtures are hermetically sealed inside small calibre ammunition cartridges which may be used by
sportsmen/women, hunters and shooting enthusiasts. When present inside ammunition rounds, DBP is not accessible to the
user and the user will not be exposed to DBP under any foreseeable conditions of normal and safe use.

13 I dentification and screening of potential alternatives

There are severa theoretical options for the elimination of DBP from propellant mixtures, as
identified through a combination of literature review and consultation with DUs (see Section 3.2):

Use number: 2 Legal name of applicant: DEZA, a.s. 10
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« substitution of DBP in the mixtures by non-energetic alternative substances (43 potential
alternative substances have been identified);

. substitution of DBP in the mixtures by energetic alternative substances (34 potential alternative
substances have been identified);

+ replacement of DBP-based mixtures by aternative propellant mixtures that are based on
technologies that do not rely on DBP (six alternative technologies have been identified,
including extrusion of propellants, rolling of propellants, manufacture of propellants by
extrusion-impregnation, Low Vulnerability Ammunition (LOVA), extruded composite low
vulnerability technology and liquid gun propellants).

This AocA explains (see Section 3.1.1) that the applicant is a chemicals manufacturer with
specialisation in the manufacture of esters, for instance, phthalate esters. The applicant can under
no circumstances manufacture energetic substances neither can they supply alternative technologies
to their downstream users; therefore, the only alternatives that can be of relevance to the
applicant and to this AoA, which has been undertaken from the perspective of the applicant,
are potential alternative non-energetic substances. The other options are considered in the SEA
(in its Annex 7, which explains why these technologies are not technically and economically
feasible or indeed available for the affected DUS).

With this established scope of the analysis, the screening of the initia list of forty-three potential
alternative substances was undertaken (see the discussion of the screening process in Section 3.3.2
and the Confidential Annex) and this has resulted in the following shortlist of ten potential
alternative substances, which have been assessed in detail in this AoA.

Table1.1: Alternative substances assessed in detail in the Analysis of Alternatives

Potential alternative EC number CAS number
Methyl centralite (1,3-dimethyl-1,3-diphenyl urea) 210-283-4 611-92-7
Ethyl centralite (1,3-diethyl-1,3-diphenyl urea) 201-645-2 85-98-3
Akardite | (1,3-diphenyl urea) 203-003-7 102-07-8
Akardite |1 (3-methyl - 1,1-diphenyl urea) 236-039-7 13114-72-2
Akardite I11 (3-ethyl-1,1-diphenyl urea) 242-052-9 18168-01-9
Bis(2-ethylhexyl) adipate (DEHA) 203-090-1 103-23-1
Acetyl tributyl citrate (ATBC) 201-067-0 77-90-7
Tributyl citrate (TBC) 201-071-2 77-94-1
Dioctyl azelate (DOZ) 203-091-7 103-24-2
Isodecyl pelargonate (IDP) 203-665-7 109-32-0
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14

Assessment of suitability and availability of potential alter native substances

1.4.1 Findingson thetechnical suitability of potential alter native substances

Two paralel analyses have been undertaken in this AoA:

as required by the REACH Regulation, the ‘main’ assessment of the technical feasibility of the
selected potential alternative substances has been undertaken from the perspective of the
applicant. This has focused on the capabilities of the applicant to produce now and in the future
each of the shortlisted alternative substances in terms of manufacturing knowledge and
expertise, access to and handling issues for precursors to the alternatives and the foreseeable
level of demand for the alternatives by DUs; and

the perspective of DUs has also been considered. More specifically, the technical feasibility of
the selected potential alternative substances for the DUs has also been taken into consideration
because only aternatives that would (in principle) be technically feasible would make realistic
aternatives for the applicant to (start to) manufacture and place on the market. Eight
comparison criteria have been identified as relevant to the assessment of the technical feasibility
of potential aternative substances from the perspective of propellant manufacturers and their
customers: (a) plasticising effect, (b) solubility in water, (c) reduction of burning velocity of the
propellant, (d) diffusion rate, (€) melting point and boiling points, (f) heat of explosion, (g)
migration during storage and ballistic shelf-life, and (h) chemical shelf-life (see Section 2.3.1.2
and the Confidential Annex).

From the perspective of the applicant, only one out of the ten shortlisted potential alternative
substances can be considered technically feasible, DEHA. DEHA is already manufactured by the
applicant, therefore access to its precursors and manufacturing technology is aready in place.
However, DEHA is only suitable as a plasticiser and as such could only be feasibly used as a
substitute for DBP in asmall minority of cases (<<10% of the tonnage of DBP currently used).

No other potential alternative substance can be readily manufactured by the applicant. The
Confidential Annex to this AoA (Section 4.1.1) explains that:

all urea derivatives (centralites and Akardites) require precursors that either have a poor hazard
profile or are made with technology which is unavailable to the applicant and incompatible to
their esterification plant;

for other potential alternative substances, the applicant has either poor knowledge of precursor
availability or has established knowledge of market shortages of the required precursors; and

for the remaining potentia alternative substances for which precursors could be obtained in the
open market, the applicant does not have access to the required manufacturing technology,
which could alow their production at the industrial scale.

From the perspective of the DUs, the following define the technical feasibility of the selected
potential aternative substances:

not all potential alternative substances may be both technicaly feasible moderants and
technically feasible plasticisers. Centralites and Akardites are only (theoretically) suitable as
alternative moderants, while DEHA, DOZ and IDP may only be used as alternative plasticisers.
Only citrates (ATBC and TBC) appear to display promising technical characteristics for use
both as moderants and plasticisers. However, citrates would be accompanied by changes to the
production process of propellant manufacturers, such as temperature increases which in term
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may affect the stability of the propellant powder, and longer impregnation times making them
unsuitable for certain ammunition calibres;

urea derivatives, particularly centralites, are used as stabilisers in nitrocellulose-based propellant
mixtures. In such matrices, they are often associated with the formation of carcinogenic
decomposition products (see Section 4.2.2.2). As a result, on-going research has aimed at the
replacement of these stabilisers in nitrocellulose-based propellants. From atechnical, scientific
and innovation point of view, use of centralites (and to alesser extent Akardites) as moderants
would not be considered aforward step in the field of propellant manufacture;

importantly, for any potential alternative substance, technical feasibility will only be proven
through extensive R&D. The alternatives have so far been subject to very limited research by
propel lant manufacturers as potential substitutes for DBP and mostly for their role as moderants,
which is the most critical. The R&D programmes of propellant manufacturers are still at a too
early a stage for robust conclusions of technical suitability to be reached (see Section 5.6.1 and
the Confidential Annex);

even if any aternative substance proves to be suitable in laboratory tests, pilot scale trials and
industrial scale production runs, both the reformulated propellants and the ammunition and
pyrocartridges that contain them need to undergo a re-qualification process to ensure that the
new products meet existing military and civilian standards (see Section 2.3.2). The re-
gualification process is not only lengthy (up to 60 months for a single NATO-qualified small
calibre ammunition, see Confidential Annex, Section 5.6.1) but also considerably expensive not
only for the propellant manufacturer but also for companies downstream (ammunition and
aircraft manufacturers). Table 5.8 and Table 5.13 in the Confidentia explain that re-
qualification could cost several millions of Euros and would take several yearsto complete.

Overall, the only alternative substance that is currently technically feasible for the applicant
is DEHA and this cannot meet the requirements of the DUs for the vast majority of DBP-
based propellant mixtures.

1.4.2 Findingson therisk reduction potential of potential alternatives

The analysis of the selected non-energetic potential alternative substances has concluded the
following:

risks to the employees of the applicant’s DUs (propellant and ammunition manufacturers) are
currently adequately controlled below the effect threshold for DBP, as shown in the CSR that
accompanies this AOA. Therefore, the substitution of DBP by any alternative substance would
not confer any discernible benefit to these workers' health. No risk to the users of propellant or
ammunition or to the environment is envisaged from the use of the ammunition that contains
DBP-based propellants;

when the hazard profiles of alternatives are compared to that of DBP, it appears that the
alternatives generally have a more benign profile. For the endpoint for which DBP was listed
on Annex X1V of the REACH Regulation (reproductive toxicity), none of the selected potential
alternative substances, apart from DEHA (listed for Substance Evauation because of concern
regarding its reprotoxicity, in part relating to its structural similarity to DEHP), appears to raise
any concern (see Table 5.2 and Table 5.3, and the Confidential Annex);

concerns may exist for the selected aternatives with regard to acute toxicity (which has been
generally found to be low), irritancy (inhalation, skin and eye are affected by the majority of the
potential alternatives), repeat dose toxicity (ATBC) and aquatic toxicity (the majority of the
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potential alternatives). Tentative concerns on the endocrine disruption potential of some (DOZ
and IDP) have also been identified (see Table 5.2 and Table 5.3, and the Confidential Annex);
and

. the mgority of the selected alternatives have not been adequately researched and many of the
preliminary conclusions reached in this AoA are based on the results of alternative testing
approaches. Only for five substances, ethyl centralite, DEHA, ATBC, TBC and DOZ,
registration dossiers have been found on ECHA’s Dissemination Portal2. For some of the
potential alternatives (Akardite | & 111 and IDP) the lack of information renders any comparison
to DBP extremely uncertain.

Finally, from the perspective of the health and safety of workers of the applicant, the handling of
precursors to the five urea derivatives (the two centralites and the three Akardites) could raise
significant concerns, as explained in the Confidential Annex to this AoA.

1.4.3 Findingson the economic feasibility of potential alternatives

The selected potential alternative substances can be classified into three sub-groups according to
their economic feasibility characteristics:

. DEHA: thisis the only one of the potentia alternatives that is currently manufactured by the
applicant. Therefore, its manufacture is certainly economically feasible. However, DEHA
would only be able to replace a very small percentage of current DBP sales in the field of
propellants as it can only act as a substitute plasticiser. Selection of this substance as a
substitute for DBP would result in economic loss for DEZA;

. urea derivatives: this sub-group includes the two centralites and the three Akardites. The
applicant cannot manufacture these due to the technical limitations of their existing plant.
Conversion to one of those would be very long and exceedingly costly when considering the
lack of certainty on the technical feasibility for each of these substances for the DUs and also
the very modest tonnage that the applicant would foreseeably be able to successfully sell to its
customers; and

. oOther alternative esters. this sub-group includes the two citrates, IDP and DOZ. The
Confidential Annex to this AoA (Table 4.8) explains that costly plant conversion may be
needed, but not for all potential alternative substances within this sub-group. The development
of expertise in their manufacture would take a considerable time and the amount that the
applicant would potentially be able to sell would be too low to justify the associated expenditure
in R&D and investment (particularly for DOZ and IDP which might only act as substitute
plasticisers).

For the mgjority of the potential alternative substances, established suppliers appear to be presented
in the EU market. Therefore, it would be reasonable to assume that the applicant might face
difficulties in setting a foothold in the market as a new manufacturer of any of these potential
aternative substances, especialy given the low envisaged demand for these substances by their
DUs.

2 As of 28 February 2013, the ATBC entry appeared to have been removed from the Portal. Searches undertaken in
June 2013 confirmed the absence of the substance’s entry in the Portal.
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Overal, as a result of a refused Authorisation, the applicant would forfeit the turnover associated
with DBP sales to propellant manufacturers without being capable of replacing this with sufficient
revenue from sale of alternative substances. Therefore, the identified potential aternatives cannot
be considered economically feasible (details on turnover to be lost by the applicant are given in the
SEA, Section 2.2.2.1).

Important Note: Economic impacts on downstream users— Summary of key SEA findings

The SEA goes beyond the economic impacts on the applicant and analyses the costs for DUs associated with the use of these
alternatives and from arefused Authorisation for DBP more generally. The SEA explains that a refused Authorisation would:

e jeopardise the viability of downstream user production plants (SEA, Section 1.3.2.1);

e have severely detrimental effects on the capability of the EU ammunition manufacturing industry to manufacture the
most critical small calibre ammunition used in the standard rifles of the national armies of EU Member States (SEA,
Section 2.2.2.3)

o adversely affect the competitiveness of EU ammunition manufacturers as it would make it much easier for non-EU
manufacturers of ammunition to replace them in the role of suppliers of ammunition to EU Ministries of Defence (SEA,
Section 2.2.2.4);

o affect the market that supplies anmunition to civilian users particularly competition sport shooters, who rely on high-
performance small calibre ammunition (SEA, Section 2.3.3.1); and

e impact upon the airworthiness of several aircraft operated by certain EU national military air forces and of civilian
aircraft that are operated by professional aerobatics teams and private users, due to the inability to replace the gjection
seat DBP-containing pyrocartridges at the interval specified by the aircraft manufacturer (SEA, Section 2.2.3.4).

1.4.4  Findingson theavailability of potential alternatives

Of dl dternatives, only one, DEHA, is available to the applicant. Phenyl ureas cannot become
available without an entirely new production facility and alternative esters (other than DEHA)
would require lengthy testing and development of the required knowledge and technology before
production at the industrial scale becomes feasible. The current demand for DBP in the explosives
sector istoo low to make such a proposition financially viable and redistic.

15 Actions needed to improve the suitability and availability of potential alter natives

The applicant is not in a position to undertake extensive R&D for the development of a suitable
substitute for DBP in propellants. The quantity of DBP currently sold to propellant manufacturers
istoo small to justify major investment in the investigation and introduction of new technology that
would allow the manufacture of the alternatives. In any case, DEZA would only initiate work on
the production of any alternative substance on the request of its DUs, if the latter had robust
evidence of the aternative’s technical feasibility for use in the formulation of propellants. Such a
request has not been received so far.

On the other hand, DUs have been undertaking R&D work with the aim of developing atechnically
suitable aternative for DBP for their propellants for ammunition products. This planned work is
envisaged to entail a considerable cost and is expected to deliver a result after severa years (as
described in the Confidential Annex to this AoA, Section 5.6.1).

As with any R&D programme, there is no guarantee that a suitable aternative substance that
addresses the requirements of al propellant formulations will be found. Neither can it be assumed
that the most suitable aternative will necessarily end up being one of the selected dternative
substances examined in this AoA. Moreover, the R&D phase will have to be followed by a re-
qgualification procedure for each propellant type and each ammunition product (see description in
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Section 2.3.2). This re-qualification process will be long and will be accompanied by a significant

cost for both propellant and ammunition manufacturers, as shown in the Confidential Annex to this
AOA (Section 5.6).
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2 ANALY SIS OF SUBSTANCE FUNCTION

21 Introduction to propellantsrelevant to this Application for Authorisation

Propellants are low explosive materials that burn slowly in a controlled manner resulting in a large
volume of hot gases. These gases are typically used to impart motion to and propel a projectile,
such as a bullet, shell, rocket or missile (Agrawal, 2010). Thus, propellants are predominantly used
in guns, rockets and munitions and are often categorised as such (Agrawal, 2010); however,
generated gases from propellants can also be used to produce mechanical action such as drive
pumps, empty tanks, actuate valves, inflate air bags, etc. (Mukhopadhyay & Datta, 2007). An
overview of different propellant typesis given in Figure 2.1 below. The part of the chart circled in
red indicates the types of propellant in which DBP may be used in the supply chain of the applicant.
It should be noted that DBP is only used in solid propellants where nitrocellul ose acts as the binder.
Therefore, aternative substances should be suitable for this particular type of propellants.

Propellants
Gun Propellants Rocket Propellants
Liquid Solid Liquid Solid Hybrid Thixotropes or
Propellants Propeliants Rocket Rocket Rocket Gelled Rockst

Propellants  Propellants Propellants  Propellants

DB Composite CMDB Fuel-rich
Propellants  Propellants

|

Monecpropellants Bipropellants

Monopropellants Bipropellants

Hypergolic Non-hypergolic  Cryogenic

Figure2.1: Overview of propellant types by application (Agrawal, 2010)

Note: SB = single-base, DB = double-base, TB = triple base, NB = nitramine-base
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As shown in the Figure, propellants can be broadly classified into liquids or solids. Solid
propellants are typically known as smokeless powders, athough they are neither powders nor
completely smokeless. The basic types among these include (Kirchner & a, undated):

« single-base, which are prepared by dissolving nitrocellulose in ether and a cohal;
« double-base, which are prepared by dissolving nitrocellulose in nitro-glycerine; and

. triple-base, which are prepared by dissolving nitrocellulose in nitro-glycerine with
nitroguanidine added to reduce the temperature of the combustion-produced gas.

Whether the propellant should be single-, double- or triple-base and the exact composition of the
propellant depends on the requirements of users, thus no single formulation meets all users
requirements.

Figure 2.1 suggests that DBP is used in gun propellants. These are nitrocellulose-based mixtures
that are used in ammunition pieces for small, medium and large calibre guns. Gun propellants are
manufactured in granular or other shape (known as grains) to give a constant burning surface
without detonation and are used with the aim of propelling a solid projectile (e.g. a bullet)
(Akhavan, 2011).

Another application of propellants that are of relevance to this AfA is in cartridge-actuated
devices (CADs). CADs are small, self-contained energy sources that are used to do mechanical
work. The energy is generated by the burning of a propellant or pyrotechnic material and is often
used to push a piston or initiate an explosive train. This differentiates CADs from similar devices,
such as rocket igniters, where heat energy, not mechanical work, is the desired output (Grote,
undated). CADs find wide use in the aerospace and military sectors with examples including
thrusters/removers, cable cutters, explosive boltgnuts systems, safelfarm & arm/fire devices, gas
generators, ignition elements, laser ordnance, inflation and fire extinguishing devices, escape
system sequencers, and rocket catapults and thrusters (Valenta, 2009). By way of example, on a F-
18 fighter jet, a significant number of CAD systems may be found in the aircrew survival
equipment, the aircrew escape sequencing system, the engine/Auxiliary Power Unit fire
extinguishing system and el sewhere (Blachowski, undated). In the case of DBP, specific propellant
formulations that contain the substance are used in pyrocartridges which are located in the gection
seat mechanisms of military and civilian aircraft.

22 Use of DBP in the formulation of propellant grains and use of propellants in
ammunition and aircraft pyrocartridges

2.2.1 Useof DBP in the manufacture of propellants

DBP is typically added single-base, double-base and triple-base propellant formulations (see basic
components mentioned above) through proprietary manufacturing processes. The mixing of the
different components of propellants can be performed either in a solvent or water phase. DBP may
be present either on the surface of the propellant grain or inside the grain but the most critical
applications are those where DBP acts on the surface as a surface moderant. Mixing of the DBP-
based formulations is typically followed by ancillary processes such as washing and drying of the
propellant and mechanical processes such as rolling, shaping, pressing and extrusion to create the
different propellant grains. Details of the processes cannot be provided as DUs do not wish to share
their details with neither the public nor the applicant; the know-how of manufacturing the
propellantsis a closely guarded company secret for each user of DBP.
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Once the propellant formulation is complete, the fate of the propellant will vary:

it may sold by the propellant manufacturer to an ammunition manufacturer who will use it to
load ammunition cartridges and thus fabricate the final product (e.g. a rifle cartridge, shotgun
shell or pistol cartridge) —thisis by far the most common scenario;

some propellant manufacturers may use their own DBP-based propellant to manufacture
propellant charges in-house, which are then sold to final users, e.g. a national arlmy — a
propellant charge is a tube (a cartridge case), in which there is the propellant and an ignition
system. Propellant charges are used exclusively in propelling large calibre projectiles; or

some propellant manufacturers may use their DBP-based propellant to manufacture the
complete final product in-house, which is then sold to the final user, e.g. anational army.

2.2.2 Functionalities of DBP

DBP plays three distinct roles in propellant mixtures. It may act as:

amoderant: gun propellants need to have their mass burning rate reduced during the early part
of the combustion process, to slow the rise of chamber pressure. Propellants can burn so rapidly
that the initial rise of chamber pressure in a weapon may be faster than desired. The rate of
burning depends on the gas pressure, since an increase in gas pressure causes an increase in the
rate of burning on the surface of each grain and conversely, the rate of burning falls with
reduced gas pressure. Control of the rate of burning and hence gas pressure is possible by
varying the chemical composition of the propellant and by the choice of the geometrical shape
of the grain and its surface area (the larger the surface area of the grain, the greater is the
amount of gas evolved per unit of time). Any rapid rise in chamber pressure adversely affects
the velocity of the projectile (the reader is also referred to the discussion on progressive,
degressive and neutral propellants presented in Annex 7 of the SEA (Section 5.7.3)).

Alteration of the composition of the propellant is performed by the addition of a moderant, and
DBP can be one of these moderants. DBP may act as a moderant both when used for the
surface treatment of propellant grains and when used as admixture for its incorporation inside
the mass of the propellant;

aplasticiser: in order to convert nitrocellulose in a propellant from its natural fibrous state into
agd, it must be treated with a solvent. This may either be a volatile one subsequently removed
by evaporation (single-base propellants), or nitro-glycerine within double- and triple-base
propellant compositions. In either case, the process may require the assistance of a plasticiser
(Bailey & Murray, 2000). The plasticiser is used as an additive to increase the flexibility,
softness and workability/processability of the propellant. This agent is responsible for the
reduction in tensile strength and elastic modulus of the material. The addition of plasticiser to
the propellant composition provides properties suitable for storage, application and
transportation (Libardi, Ravagnani, Morais, & Cardoso, 2010).
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There are two categories of plasticisers used in propellants (Agrawal, 2010):

. non-energetic plasticisers modify tensile strength, elongation, toughness and softening
point but reduce the energy of the system; and

. energetic plasticisers enhance flexibility and elasticity in addition to increasing the overal
energy of a system and its spontaneous ignition propertiess; and

. acoolant: literature and consultation suggests that DBP also acts as a coolant for propellants.
As a coolant, DBP adsorbs heat when a propellant is decomposed during combustion, thus
imposing a limit on the flame temperature of propellants in order to minimise erosion of the
bore and other undesirable effects (Bailey & Murray, 2000) (Akhavan, 2011). Consultation has
confirmed that this is an al-around important role but particularly critical for some types of
powders for which the heat of explosion is required to be lower (large calibre ammunition and
combustible charges for large calibre munitions).

It isworth pointing out the following:

. thefirst two functionalities are the most critical, the cooling effect is of lesser importance when
selecting an dternative but still important in terms of the advantages that DBP-based
ammunition has over DBP-free dternatives. Propellant manufacturers would consider the
cooling effect of a substitute to DBP during the preliminary thermodynamic studies of potential
alternatives, but they would primarily have to focus on the two main roles of DBP, its deterrent
and plasticising effects; and

. DBP is typicaly used to deliver only one of the two critical functionalities, i.e. in some
propellants it is used specificaly to act as a moderant of the burning rate while in other
propellants, DBP is used to act as a plasticiser. Moreover, for different propellant
manufacturers, the importance of one or the other function may vary: for some the moderating
effect is more important while for others the plasticising effect is more important, depending on
the products each one manufactures.

Consultation with the DUs confirms that the moderating effect is by far the most important: >>90%
of the tonnage of propellants currently manufactured with DBP rely on the substance’s effect of
moderating the burning rate. Only a small minority of the all propellants manufactured rely on the
ability of DBP to plasticise the propellant mixture and allowing it to be easily passed through an
extruder.

Key point 1

For the “Applied for” Use, DBP is primarily used as a surface moderant and to a lesser extent as a plasticiser in
propellant formulations

Not all aternative substances may be both technically feasible moderants and technically feasible
plasticisers and some alternatives may or may not be suitable for replacing DBP in specific
propellant products. It should be clear that any given propellant manufacturer may use DBP as a
moderant in some of their propellant formulations and as a plasticiser in other propellant

3 Energetic plasticisers may sometimes be preferred because of their contribution to energy (Agrawal, 2010); however,
safety and cost considerations often demand that non-energetic plasticisers are used (KilnFired.com, undated). DBPisa
non-reactive non-energetic plasticiser.
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formulations. Therefore, their requirements for an alternative substance will not be uniform across
their entire portfolio of propellant products.

Key point 2

Any given potential alternative substance may show different technical feasibility when used as a substitute surface
moderant as opposed to its potential use as a substitute plasticiser in propellants

The juxtaposition of these two roles of DBP is shown in Table 2.1. The Table demonstrates which
DBP-containing products would likely be threatened by a refused Authorisation and confirms that
of particular importance is the use of DBP as a moderant in the formulation of propellants used
primarily in small calibre ammunition for military use.

Table2.1: Description of theimportance of the two key functionalities of DBP in propellants

M oder ant Plasticiser

Improves barrel pressure/bullet velocity ratio;
Mode of use typically (but not exclusively) used on the
surface of the propellant

Plasticiser used in the mass of the
propellant

Mediunvlarge calibre ammunition, very
Typical calibres Small calibre ammunition limited use in small calibre ammunition;
aircraft pyrocartridges

. - Mostly military : .

Military vs. civilian use Military vs. civilian: ca4:1 Almost exclusively military
gr?)rg:ela?:n?sf DBP-based >>90% of all propellants based on DBP <<10% of al propellants based on DBP
Number of relevant In the range of 10-100; larger than plasticiser | In the range of 10-100; smaller than
propellant types types moderant types

. Mainly water phase (with some solvent-phase | Mainly solvent phase (with some water-
Production process . X

mixtures) phase mixtures)

Generally, spherical grains (“ball powder”);

Form of propellant only some extruded shapes

Extruded shapes

NATO-qualified small-calibre ammunition:;
556 mm, 7.62 mm, 9 mm and 12.7 mm
calibres, widely used in the standard rifles of | Naval ammunition

the armies of both NATO member nationsand | Terrestrial army munitions

non-NATO nations*. These types of | Aircraft pyrocartridges used in the gjection

Important final products
depending on DBP

(examples) ammunition are of paramount importance to | seats of military and civilian aircraft
the operational capabilities of armed forces
and to national security

Further information AOA, Section 2.3.2 :

provided in SEA, Section 1.1.3.2 SEA, Section 1.1.3.2

Source: Consultation

* NATO member nations include 22 EU Member Sates (BE, BG, CZ, DK, EE, FR, DE, EL, HR, HU, IT, LV, LT, LU,
NL, PL, PT, RO, K, 9, ES UK) and 6 non-EU countries (Albania, Canada, Iceland, Turkey and the USA). Annex 3 of
the SEA shows that NATO-qualified calibre ammunition is used in the standard issue rifles used by the military/security
forces of the vast majority of EU Member Sates

Key point 3

The theoretical substitution of DBP by an alternative substance in the “Applied for” Use cannot follow a ‘one size fits
all’ approach. More specifically, in small calibre ammunition, DBP's role is most critically that of a surface moderant.
Given the importance of small calibre ammunition for DBP-based propellants, surface moderation is the key
functionality of DBP on which particular emphasis will be given in this AoA and the SEA
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2.2.3 Productscontaining DBP in the EU

2.2.3.1 Description of products

The products manufactured by the supply chain covered by this AfA include (in order of decreasing
importance in terms of tonnage of propellants manufactured):

« military/security forces small calibre ammunition;

« sport/hunting small calibre ammunition;

. medium and large calibre military ammunition; and
« arcraft pyrocartridges.

With regard to ammunition, the number of DBP-based types (formulations) and the number of
individual propellant products (each propellant type may come in a number of products-variations),
Table 2.2 summarises the available information.

Table2.2: Typesof final products containing DBP-based propellants within the supply chain

Number of
individual
propellant products

Single-, double-, or triple-base Number of DBP-

Product category formulations based types

Small calibre ammunition Double-base and single-base

Medium and large calibre Mainly double-base and single-base 10-100 100-1,000
ammunition but also some triple-base

Source: Consultation (additional detail isgivenin Table 1.9 in the SEA)

When considering the classification of calibres, the following should be noted:

. the separation of calibres to “small” (assumed to be <20 mm) and “medium” and “large”
(assumed to be >20 mm) is indicative, as different countries, companies and experts may use
different ‘cut-off’ values for these categories. It would also appear that the terms are used in
variable ways in different contexts (for example, in naval ammunition a 40 mm round is
considered ‘small’); and

« some of the DBP-based propellants can redlistically be used in severa calibres. The propellant
manufacturers do not always know with certainty in which calibres and for which weapon the
customer will use each of the supplied propellant formulations.

It should also be noted that, in this AoA, the distinction of propellants between “civilian” and
“military” is largely based on the propellant manufacturers’ best knowledge — they may not always
know for what purpose their propellants will be used, into which cartridges and for which type of
weapon it will be loaded. Furthermore, whether police use of ammunition is considered to be a
civilian or military use may differ amongst different countries. For example, in some countries,
police use is a civilian use, however, the composition of and qualification required for these
products is identical to ammunition used by the military. This AoA takes the approach of
considering police force ammunition alongside military ammunition and in general, where any
reference is made to military ammunition, this should be assumed to include police/security forces
ammunition as well.
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Beyond ammunition, DBP is present in pyrotechnic components for aircraft rescue systems in
certain types of aircraft. The affected aircraft types are discussed in detail in the SEA (see Section
1.1.3.5); it can be disclosed that the aircraft have been very popular over severa decades with
almost thousands of units produced over several decades and more than 1,000 units still being flown
by national armies and civilians around the globe (see SEA, Section 1.1.3.5). Aircraft
pyrocartridges of the type relevant to DBP in the “Applied for” Use include a shell body in the form
of a steel cartridge case; the propellant charge consists of single- or double-base powder, and the
ignition is mechanical or electrical. The pyrocartridge containing the propellant with DBP is
designed to activate the telescopic pull-out mechanism of the pilot’ s/co-pilot’s rescue seat to allow
them to gect away from the aircraft before the parachute is safely deployed in the case of an
emergency. The number of propellant formulations used in aircraft pyrocartridges cannot be
disclosed but can be confirmed to be far fewer than formulations for use in ammunition.

Key point 4

DBP plays a critical role in the most important small calibre NATO-qualified military ammunition types used by
national armies in the EU as well as in aircraft pyrocartridges that alow the operation of ejection seats in aircraft types
that are widely used within and outside the EU

2.2.3.2 Articlevs. mixturein a container

Consideration has been given to whether products that contain DBP-based propellants (ammunition
and pyrocartridges) should be considered articles under the REACH Regulation or mixtures in
containers.

It appears that there has been an on-going debate within the EU explosives industry.
Communication with the Association of European Manufacturers of Sporting Ammunition
(AFEMS) suggests that in the Association’s view, ammunition is an article (AFEMS, 2012). The
same belief is apparently held by more than 90% of AFEMS' associated members, although it is
recognised that not all ammunition manufacturers agree with this view.

On the other hand, clarification on the issue has been sought from Authorities. A question was
submitted to the UK REACH Helpdesk and a response was returned on 26 November 20124, In the
Helpdesk’s opinion, “ammunition (bullets, shotgun cartridges, etc.) should be regarded as
composite objects. The casing and projectile would be regarded as articles, which together form a
container holding the propellant and primer. The propellant and primer are mixtures of
substances”.

Following this advice (and associated discussions with officers of ECHA), the applicant has decided
to consider the ammunition and the pyrocartridges mixtures of DBP in containers.

Key point 5

This AoA (and the accompanying SEA) assumes that final products that contain DBP-based propellants (finished
military and civilian ammunition and finished aircraft pyrocartridges) are mixtures in containers rather than articles

4 REACH & CLP UK Helpdesk, Helpdesk reference - 23111RI112-1236.
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2.2.4  Tonnage and concentration of DBP in propellant mixtures

2.2.4.1 Tonnage of DBP consumed in the supply chain in the EU

The consumption of DBP by DUs in the applicant’s supply chain varies by year and depends on
demand for propellant/ammunition by users down the value chain. The latest information available
to the authors of this AOA suggests a modest annual consumption, as shown in the CSR (a specific
tonnage cannot be provided for reasons of confidentiality).

In general, it can be confirmed that the amount of DBP used in Formulation 2 and Industrial Use 2
is modest and rather niche when seen in the context of the wider uses of the substance. The CSR
would suggest that the consumption of DBP in Use 2 represents less than 10% of the consumption
of DBP in the applicant’s supply chain. The actual consumption in Industrial Use 2 is even lower,
as a proportion of the propellant grains are exported to ammunition manufacturers who are located
outside the EU.

Predictions on future changes in the consumption of DBP (assuming an Authorisation is granted)
are provided in the SEA (Section 1.2.2).

2.2.4.2 Concentration of DBP in propellant mixtures

Information on the DBP content of propellant mixtures and of the final products has been provided
by DUs. The concentration of DBP in the propellant mixture varies and depends on the
specifications of the different powders. The reason for this variability is that the burning rate of the
propellant must be adjusted to fulfil certain ballistic requirements, which differ by propellant
product.

Information from literature suggests that the concentration of DBP in propellant formulations varies
from >0-10%, but the typical range is 2-5% (Ammunition Pages, undated) (Kubota, 2007) (Olin
Winchester Ammunition, 2011) (Kirchner & a, undated) (Ledgard, 2006) (St. Marks Propellants,
1997) (Hunley, 1999). There is broad agreement between the data collected from literature and for
consultation. Inthis AoA, the DBP content of propellants is assumed to be 2-5%.

2.2.4.3 Tonnages of formulations containing DBP

Given the relatively low DBP concentration in propellant mixtures, the overall tonnage of
propellants is much more significant than the tonnage of consumed DBP (see Table 1.9 in the SEA).
Table 2.3 below shows what percentage of this overall tonnage is represented by propellants used in
ammunition of specific calibres/areas of use plus aircraft pyrocartridges.

Table2.3: Tonnage of DBP-based propellants manufactured in the EU

Propellant category Tonnage of propellants manufactured (2011)
Small calibre propellantsfor civilian use 20-30% of total

Small calibre propellants for military use 70-80%

Medium and large calibre propellants for military use Small

Propellants for aircraft pyrocartridges Very smal

Source: Consultation

Note: The Table excludes DBP-based propellants for civilian reloading for which an Authorisation is not sought
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Key point 6

Small calibre ammunition is by far the most important area of use for DBP, particularly for military applications. This
isfollowed in importance by small calibre civilian (competition sport and hobby shooting, and hunting) ammunition

2.3 Conditions of DBP use
2.3.1 Technical parametersof DBP usein propellants

2.3.1.1 Approach toinformation collection

Whilst the scientific and technical literature has been consulted on the role of moderants and
plasticisers such as DBP, the most important source of information has been the current DUs of the
substance who have first-hand knowledge of the requirements their propellant mixtures would need
to meet. Several written questionnaires and other written and verbal communication have been
used in the collection of information on the critical roles of DBP, its functionality in different final
products, and the technical feasibility and selection criteria that may be used for a comparison of
aternatives to DBP. Consultation begun in October 2011 and finished in April 2013. It must be
clear that propellant manufacturers have played a vital role to ensuring the completeness and
robustness of this analysis and the authors of this AoA are grateful for the time and effort allocated
to answering questions and clarifying issues. Some of the information obtained has not been
possible to reproduce due to DU’ s requests for confidentiality.

2.3.1.2 Technical feasibility and selection criteriafor DBP and alternatives

The function of DBP in propellant mixtures is complex and dependent on the final use of the
propellant mixtures, in addition to the other constituents of the propellant. Subsequently, when
identifying the critical properties of DBP initsuse in propellants, it isimportant that we consider:

1. critical properties of the substance itself, which make it suitable for use in the manufacturing
process that leads to the formulation of the propellant mixture;

2. critical properties of the resulting propellant mixture, which are associated to/depend on the
presence of DBP and which need to be achieved in order for the final product (ammunition
cartridge, pyrocartridge, etc.) to function as required and prescribed by the end user; and

3. critical properties of the final product, which need to be achieved in order for it to be
successfully sold on the market and deliver the functionality required by the final user over a
minimum time period.

We have thus distinguished three criteria categories and under each one, several technical feasibility
and selection criteria have been identified. These are shown in Table 2.4 and are primarily
associated with one of the two sub-scenarios of the “Applied for” Use but are, in any case,
important to the identification of a substitute for DBP. The main discussion is presented in the
Confidential Annex which, among other issues, explains whether it is possible to specify a
threshold level above or below which any alternative substance could be considered or not to be
performing satisfactorily as a substitute for DBP.
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Table2.4: Technical feasibility and selection criteriafor the assessment of alter natives

Criteria category Specific technical feasibility and selection criteria
Criteriarelating to the substance properties and the Plasticising effect
manufacturing process (Formulation 2) Water solubility

Reduction of burning velocity of the propellant

Criteriarelating to the performance of the Diffusion rate

propellant and the final product during use

(Industrial Use 2) Melting and boiling points

Heat of explosion

Criteriarelating to the lifetime of the propellant Migration and ballistic shelf-life

OIN|O| AR W|IN|FL

and the final product (Industrial Use 2) Chemical shelf-life

Source: Consultation

Key point 7

Information received from consultation suggests that the most important criterion for technical feasibility of an
aternative is the ballistic performance of the final ammunition rather than the alternative moderant/plasticiser
meeting a specific threshold for key properties. Ballistic performance needs to be tested in practice rather than be
theoretically established, hence the complexity, length and cost of the procedure leading to the substitution of DBP in
propellant formulations

The analysis of technical performance criteriain the Confidential Annex suggests that:

. therole of DBP as a moderant in surface treatment of propellant grains shows dependence on
the largest number of criteria. Thisrole of DBP is generally the most important, asit is of great
significance to the functionality of small calibre propellants, the — by far — most prominent and
critical application of DBP-based propellants; and

. water solubility, migration/ballistic shelf-life and chemical shelf-life are criteriathat are relevant
to al roles/functionalities of DBP.

Key point 8

The property in which DBP particularly excels among its peers, and thus is difficult to replace, is diffusion rate during
surface treatment, whichis critical for small calibre ammunition propellants

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 2.3.1.2

2.3.1.3 Relevance of technical feasibility criteriato the requirements of the end user

The above discussion primarily reflects the requirements of the propellant manufacturers, as regards
the potential substitution of DBP by an aternative substance but also inextricably links to the
requirements of the end user which dictate the characteristics and performance of the final product.
Consultation suggests that the users of ammunition are primarily concerned with the parameters
discussed in the Confidential Annex to this AoA.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 2.3.1.3
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2.3.2 Meeting relevant military and other performance standards

2.3.2.1 Introduction

There are severa areas of standardisation (hereafter referred to as ‘qualification’) for propellants
and ammunition and it is imperative that these are taken into account when alternatives to DBP are
considered. The purpose of carrying out such qualification is to (a) determine that the propellant
and ammunition will remain safe and suitable for service when exposed to the service environment
throughout their service lives (including matching the ballistics of the gun); and (b) ensure that
relevant Government requirements/directives and national legidation are adhered to (UK Ministry
of Defence, 2010).

It should be made clear that the standards generally do not explicitly specify the use of DBP within
the final product but rather set out specfic performance characteristics that the final product must
meet. The substitution of DBP in the formulation of propellants may be feasible and acceptable
from atechnical and business perspective, only if the DBP-free formulations and final products can
meet the prescribed military and civilian standards. Importantly, the specifications of these
standards are not easy to alter in order to accommodate |ess than suitable aternative components.

2.3.2.2 Standardsfor propellantsand ammunition for military applications

NATO standards

Key NATO structures and concepts of standardisation: the overarching objective of NATO
standardisation is to develop concepts, doctrines, procedures, and designs to achieve and maintain
the most effective levels of compatibility, interoperability, interchangeability and commonality in
the fields of operations, administration and materiel (Pellegrino & Kirkman, 2011). These terms are
very important in the operation of the NATO Alliance and are described as follows (Pellegrino &
Kirkman, 2011):

. interchangeability: items possessing similar functional and physical characteristics that are
equal in performance, and capable of being exchanged one for the other without alteration;

. interoperability: the ability of systems, units or forces to provide services to and accept
services from other systems, units or forces and to use the services exchanged to enable them to
operate effectively together; and

. compatibility: capability of two or more items or components of equipment or material to exist
or function in the same system or environment without mutual interference.

NATO Standardization Agreements for procedures and systems and equipment components, known
as “STANAGSs’, are developed and promulgated by the NATO Standardization Agency in
conjunction with the Conference of National Armaments Directors and other concerned authoritiess.
A STANAG is an agreement among several or all member nations to adopt like or similar military
equipment, ammunition, supplies and stores, as well as operational, logistic and administrative
procedures. The purpose is to allow one member nation’s military to use the stores and support of
another member’s military forces (Pellegrino & Kirkman, 2011). Each NATO member nation
ratifiesa STANAG and implementsit within its military.

5 Information available at: http://www.nato.int/cps/en/natolive/stanag.htm.
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Qualification of the propellant: before a propellant can be placed on the market for use in
military ammunition, it needs to be subjected to a qualification procedure. If the composition of the
propellant has changed (for example, if DBP is substituted with an aternative substance), the
propellant would have to be re-qualified. For a propellant formulation, quaification is an
assessment undertaken by a National Authority in accordance with STANAG 4170 and AOP-7 (see
description below) aimed at determining whether or not it possesses properties which make it safe
and suitable for consideration for usein its intended military role.

STANAG 4170 — Principles and Methodology for the Qualification of Explosive Materials for
Military Use

This STANAG lays down important principles of homologation and describes high-level
requirements, such as the general safety of propellants (for example, they should not explode if
accidentally hit) and the testing that needs to be undertaken (CEN, 2011). STANAG 4170
describes the mandatory data that are required to demonstrate compliance (UK Ministry of Defence,
2010):

a The explosive composition and its intended role.

b. The characteristics of the explosive material, which are relevant to its intended role and any
specific application that is envisaged.

C. The characteristics of the explosive material in its powdered state, as-used condition and
after possible degradation due to ageing and the service environment.

d. The effect of thermal ageing, particularly on the safety and performance characteristics of
explosive materials. Characteristics of particular interest include thermal, mechanical, and
electrostatic discharge sensitiveness, rheological and physical properties.

e For thermal sensitiveness, the ignition temperature and effects of confinement, charge size
and heating rate.
f. In the case of mechanical sensitiveness, the sensitiveness to shock, friction, impact, or to a

non-penetrating object, such as a crush or drop, or the effect of confinement and charge size
on explosiveness.

For electrostatic discharge, the materials sensitiveness to static electricity.

The variation of rheological and physical properties with temperature and age of the
material.

I The toxicity and disposal data on the explosive material, its components, and its reaction
products, in-so-far-as possible.

NATO member nations agree to a standardised qualification process and each nation has devel oped
their own database of test results (Turner, undated). To qualify, the propellant must undergo all the
mandatory testing as well as al additional testing decided by the national Authority. Generally, the
number of testsrequired is particularly large®.

6 The Swedish Defence Materiel Administration defines the following mandatory testing : 1. Ignition test, 2. Drop
weight impact test, 3. Tear test BAM, 4. Electric spark test, 5. Vessel combustion, 6. Vacuum stability test, 7. DDT test,
8. Combustion temperature, 9. Force. Additional testing may include the following: 1. Ignitability, hot wire, 2.
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AOP-7 — Manual of Data Requirements and Tests for the Qualification of Explosive Materials for
Military Use

Because of national variations in the testing requirements attached to STANAG 4170, this
STANAG is accompanied by AOP-77, the Manual of Data Requirements and Tests for the
Quadlification of Explosve Materials for Military Use. This manual documents qualification
procedures and tests used by the National Authorities of each member nation to assess the safety
and suitability of explosives used in their intended role2 AOP-7 points to several other STANAGs
that describe how each test needs to be undertaken. As noted, tests may differ in each member
nation since implementation of STANAG 4170 varies, however, certification according to a
STANAG only needs to happen once and is then valid for all countries for which the STANAG

applies.

STANAGS other than 4170 that may need to be taken into consideration in the qualification of a
propel lant®.

Qualification of the ammunition: the qualification of the propellant is followed by the
gualification of the ammunition that contains it. Should the composition of the propellant change,
the ammunition will have to be re-qualified as a follow-up to the re-qualification of the propellant.

STANAGS relevant to the qualification of ammunition

There are some very important STANAGs that have to be adhered to, and which would play an
important role in the substitution of DBP by potentia alternative substances:

« Small calibre ammunition STANAGS. the minimum proof and performance requirements for
small arms ammunition of NATO calibres are covered in STANAGS as follows:

« STANAG 4172 for 5.56 mm calibre: the 5.56x45 mm NATO (official NATO nomenclature
5.56 NATO) is arifle cartridge developed in the USA and originally chambered in the M 16
rifle. Under STANAG 4172, it is a standard cartridge for NATO forces as well as many
non-NATO countries;

« STANAG 2310 for 7.62 mm calibre: the 7.62x51 mm NATO (official NATO nomenclature
7.62 NATO) is arifle cartridge developed in the 1950s as a standard for small arms among

Ignitability, laser, 3. Ignitability, propellant fuze, 4. DTA/DSC, 5. Susceptibility to aging, 6. Ignition, hot fragments, 7.
Projectile impact test, 8. Stedl deeve test, 9. Detonahility test (Swedish Defence Materiel Administration, 1999).

7 NATO AOP-7. MANUAL OF DATA REQUIREMENTS AND TESTS FOR THE QUALIFICATION OF
EXPLOSIVE MATERIALS FOR MILITARY USE (AC/326 SUBGROUP 1). This manual documents Qualification
procedures and tests used by the National Authorities of each participating nation to assess the safety and suitability of
explosives used in their intended role, e.g. high explosive, booster, etc. The Qualification of a new explosive in
accordance with STANAG 4170 and this AOP does not imply Fina (or Type) Qualification for use in a specific
hardware application (Source: http://engineers.ihs.com/document/abstract/ JEFUIBAAAAAAAAAA).

8 Information available at: http://engineers.ihs.com/document/abstract/ JEFUIBAAAAAAAAAA.

9 STANAG 4147 — Chemical Compatibility of Ammunition Components with Explosives and Propellants (non-nuclear
Applications): This includes a series of requirementsin Annex B and tests in Annex D, which are to be used to ensure
that the chemical compatibility of explosives (propellants) with other ammunition components is at the necessary
standard for safety during manufacture, storage and use, and for reliability after storage under approved conditions
(information available at http://engineers.ihs.com/document/abstract/ WAPWCAAAAAAAAAAA, accessed on 28 July
2013).
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NATO member countries. It was introduced to US service in the M14 rifle and M60
machine gun in the late 1950s. The M14 was superseded in US service as the infantry
adopted the 5.56x45 mm NATO M16. However, the M14 and many other firearms that use
the 7.62x51 mm round remain in service, especialy in the case of sniper rifles, machine
guns, and as the service weapon chosen by specia operations forces. The cartridge is used
both by infantry and on mounted and crew-served weapons mounted to vehicles, aircraft and
ships;

« STANAG 4090 for 9 mm calibre: the 9x19 mm Parabellum cartridge was designed by
Georg Luger and introduced in 1902 by the German weapons manufacturer Deutsche
Waffen- und Munitionsfabriken (DWM) for their Luger semi-automatic pistol. Under
STANAG 4090, it is a standard cartridge for NATO forces as well as many non-NATO
countries. It has been described as “the world’s most popular and widely used military
handgun cartridge”; and

. STANAG 4383 for 12.7 mm calibre: the 12.7x99 mm NATO (aso known.50 Browning
Machine Gun (.50 BMG)) is a machine gun/rifle cartridge developed for the Browning .50
calibre machine gun in the late 1910s. Under STANAG 4383, it is a standard cartridge for
NATO forces as well as many non-NATO countries. The cartridge itself has been made in
many variants. multiple generations of regular ball, tracer, armour piercing, incendiary, and
saboted sub-calibre rounds. The 12.7x99 mm cartridge is also used in long-range target and
sniper rifles.

These are the so-called “NATO-qualified calibres” and are the most important calibres used in
the handguns, rifles and machine guns of the armies of NATO member countries and non-
NATO countries (also see Annex 3 to the SEA on the importance of NATO-qualified calibres
for the armed and security forces of EU Member States).

« STANAG 4224 — large calibre artillery and naval gun ammunition greater than 40 mm
(safety and suitability for service evaluation); and

. other STANAGs: some Ministries of Defence have been considering the progressive reduction
over time of the vulnerability of their stockpile as technology matures and procurement
opportunities allow. NATO member countries have agreed a policy for introduction,
assessment and testing for Insensitive Munitions. These are prescribed in STANAG 4439
(STANAG 4439 — Policy for Introduction and Assessment of Insensitive Munitions (1M))10.

Qualification process

Under the above STANAGS, the NATO quadlification approval process includes a wide array of
tests such as (Pellegrino & Kirkman, 2011):

« precision;

. function & casualty;

10 Official Insensitive Munitions Policies have been issued by the national authorities in France, Italy, the UK and the
USA. The nationa authorities in Australia, Canada, Denmark, Finland, the Netherlands, Norway and Sweden are
considering issuing Insensitive Munition Policies. Information available from http://www.imemg.org/imemg-
policies.html (accessed on 13 November 2012).
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. EPVAT (Electronic Pressure Velocity and Action Time — thesis a comprehensive procedure for
testing ammunition using state-of-the-art instruments and computers);

. trace

« bullet extraction;

« residual stress;

« penetration waterproof salt spray/corrosion;
« primer sensitivity;

. temp (high/low);

« propellant and primer analysis;
« smoke and flash;

. trgectory match;

 barrel erosion; and

. climatic storage.

For small calibre ammunition, testing requirements for the ammunition are described by the NATO
Manual of Proof & Inspection (MOPI) and Multi-Calibre (M-C) MOPI. The MOPI details the tests
to be conducted to ensure that the ammunition meets the requirements of the appropriate STANAG
and are named as follows:

« 556 mm. STANAG 4172 - MOPI AC/225 (LG/3-SG/1) D/84,

« 7.62mm. STANAG 2310 - MOPI AC/225 (LG/3-SG/1) D/9;

« 9mm. STANAG 4090 - MOPI AC/225 (P111-SP1) D/170(REV); and
« 127 mm. STANAG 4383 - MOPI AC/225 (LG/3-SG/1) D/11.

The MOPI prescribes test methods, inspection procedures and equipment needed to perform the
subject testing/inspection for the qualification of the ammunition. It includes sample sizes and
accept/reject criteria for each test/inspection. The NATO MOPIs are used throughout
government/industry and have become the standard for test procedures in the ammunition
community. The M-C MOPI was developed to prescribe uniform test procedures across 5.56 mm,
7.62 mm, 9 mm and 12.7 mm ammunition in order to eliminate/reduce inconsistencies and to
clarify/ssmplify procedures (Pellegrino & Kirkman, 2011).

Actorsin the qualification process

Qualification for small calibre ammunition (the main area of concern for DBP) at national level is
undertaken by National Test Centers (NTCs) which are certified by calibre. NTCs are inspected by
the NATO Regiona Test Centre Superintendents and staff. There are currently 10 NATO Certified
National Test Centers (Pellegrino & Kirkman, 2011):

11 NATO Army Armaments Group [AC/225] is the sub-group tasked to assess the compliance of candidate ammunition
designs with the technical performance requirements defined in the STANAG.
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« Belgium (5.56 mm/7.62 mm/9 mm/12.7 mm);
« France (5.56 mm/7.62 mm/9 mm/12.7 mm);

« Germany (5.56 mm/7.62 mm/9 mm);

« Greece (5.56 mm/7.62 mm/12.7 mm);

« ltaly (5.56 mm/7.62 mm/9 mm)

« Norway (7.62 mm/12.7 mm);

« Spain (7.62 mm/9 mm); and

« United Kingdom (5.56 mm/7.62 mm/9 mm),

as well as one in Canada (5.56 mm/7.62 mm/9 mm/12.7 mm) and one in the United States of
America (5.56 mm/7.62 mm/9 mm/12.7 mm).

Following the qualification of the ammunition at the national level, NATO Qualification Approval
follows. NATO Qualification Approval is conducted once for each ammunition design to confirm
compliance with the STANAG and MOPI. The ammunition is submitted for qualification to the
NATO European Regiona Test Centre (ERTC) in Pendine, Wales (UK), which is the recognised
facility for the accreditation of small arms and cannon ammunition. Submission is undertaken by a
national authority, not the ammunition manufacturer. The submitting NATO nation shall have
declared the ammunition design safe and suitable for use by their armed forces and have aready
procured or produced the ammunition to be tested (Pellegrino & Kirkman, 2011).

After successful completion, a NATO design number is assigned to identify the qualified design.
The submitting NATO nation is then granted authority to apply the NATO Symbol of
Interchangeability to the outer pack of all ammunition (Swedish Defence Materiel Administration,
1999). It is not possible for manufacturers or non-NATO nations to submit ammunition
independently for NATO Quadlification Approva testing (Swedish Defence Materiel
Administration, 1999).

National authority and company standards

Role of national standards. historically, two categories of nationa standards have been used in
Europe: American ammunition standards and Russian ammunition standards. A significant
departure of these standards from the approach of NATO STANAGSs is that often specific chemical
substances are identified in their specifications. If a propellant manufacturer wants to export its
products to several EU Member States (and beyond), they need to check which standards apply to
the country of export. If DBP is mentioned in the standards that apply in the destination country,
then DBP must be used. For example, US standard MIL-STD-652D clearly mentions DBP as a
component of the M1, M6, M31 and M31A1 propellants; therefore, the substance has to be used if
the customer requires that the products should comply with said standard.

Examples of national standards include:

+ MIL-STD-652C/MIL-STD-652D, Military Standard: Propellants, Solid, for Cannons
Requirements and Packing;

« MIL-C-60111C (cartridge, 5.56 mm, military and police design of cartridges); and
« MIL- C-70508 (cartridge, 9 mm, ball, NATO, XM882 (M882)).
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The key requirements of these standards are shown in Table 2.5. Notably, other American
propellants may also contain DBP. For example, the presence of 2% DBP is required in propellant
M14 and the presence of 9% DBP is required in propellant M8 (US Army Defense Ammunition
Center, 1998).

Table 2.5: Key requirements of somerelevant national standards

Standard Relevant excer pts— DBP-related requirements

Propéllant type M1 M6 M31 M31A1
MIL-STD-652D

DBP content (Yowt) 5.00 + 1.00% 3.00 + 1.00% 4.50 + 0.30% 5.00 £ 0.30%

Velocity: the average velocity of the sample cartridges, conditioned at 21° £1.1°C (70° £2°F),
shall be 3,115 feet per second (ft/sec) plus or minus 40 ft/sec. at 78 feet from the muzzle of the
weapon. The standard deviation of the velocities shall not exceed 40 ft/sec.

Chamber pressure: (@) Measurement by copper-crush cylinder: The average chamber pressure
of the sample cartridges, conditioned at 21° £1.1°C, shall not exceed 52,000 pounds per square
inch (PSI). The average pressure plus three standard deviations of chamber pressure shall not
exceed 58,000 PSI. (b) Measurement by piezoelectric transducer: The average chamber pressure
of the sample cartridges, conditioned at 21° +1.1°C shall not exceed 55,000 PSI. The average
chamber pressure plus three standard deviations of chamber pressure shall not exceed 61,000
PSI.

Temperature stability: When the sample cartridges are subjected to the following storage
conditions, the average velocity shall not decrease by more than 250 ft/sec and the average
chamber pressure by either method used in 3.9 shall not increase by more than 5,000 PSl. Also,
the average port pressure by either method above shall neither increase nor decrease by more
than 2,000 PSI with respect to the average velocity, chamber pressure and port pressure of the
sample cartridges of the same lot, conditioned at 21° +1.1°C for a minimum of twenty minutes.
Any increases in velocity and decreases in chamber pressure of the sample cartridges under these
temperature conditions are acceptable.

Stored at 52° +1.1°C for not less than one hour and fired at that temperature.

Stored at -54°+2.7°C for not less than one hour and fired at that temperature.

Function and casualty: The cartridge shall function without casualty at ambient temperature
and under the conditions specified above

MIL-C-60111C

Velocity: the average velocity of the cartridges when conditioned at 21°+2°C shall be 385
meters per second (m/sec) plus-or minus 15 m/sec at a point 16 metres from the muzzle. The
standard deviation of the velocities shall not exceed 9 m/sec. When conditioned and fired at the
following temperatures the average velocity at each temperature shall not vary by more than plus
or minus 30 m/sec from the average velocity obtained at 21°C.

-54°+ 2°C

+52°+ 2°C

Chamber pressure: the corrected average peak chamber pressure of the cartridge at the case
mouth position shall not exceed 215 Megapascals (MPa) and no individual peak pressure shall
exceed 250 MPa. When conditioned and fired at the following temperatures, the uncorrected
average peak chamber pressure at each temperature shall not vary by more than plus or minus 65
M Pa from the uncorrected average pressure obtained at 21°C.

-54° +2°C

+52° +2°C

Function and casualty: the cartridge shall function in all specified weapons without casualty at
ambient temperatures, at -54° +2°C and +52° +2°C

MIL- C-70508

Sources: Consultation;

US Department of Defense:

http: //mww.assi stdocs.comvsearch/document_details.cfm?ident_number=30144& SartRow= 1& Paginator PageNumber
=1&doc id=MIL-C-60111C&status all=ON&search method=BAS C;

US Department of Defense:

http: //mww.assi stdocs.comv/search/document_details.cfm?ident _number=31717& SartRow=50301& Paginator PageNu
mber=1007& status all=ON& search method=BASIC
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NATO STANAGSs vs. nationa requirements and sales to non-NATO member nations

The qualification of propellants and ammunition that is to be sold to non-NATO countries may
vary. There may be cases where EU-based propellant and ammunition manufacturers are able to
avoid undertaking a considerable proportion of the tests prescribed by STANAGs. However, it is
increasingly the case that non-NATO Ministries of Defence require products sold to them to have
been qualified in accordance with the NATO STANAGs. As a result, often the burden of re-
qualification is the same irrespective of the location of the customer. With particular regard to the
key calibres of 556 mm, 7.62 mm, 9 mm and 12.7 mm, these cartridges are so ubiquitous that
customers will aimost always require NATO-type qualification for products of these calibres.

It should be noted that some standards, such as MIL-C-60111C or MIL-C-70508, may currently be
classified as inactivel2, However, if the customer specifies that the cartridges must meet the
requirements of this standard, the propellant/cartridge manufacturers will have to accept this (if they
wish to win the contract) and usually there is no space for negotiation on the issue.

Company-specific standards

Examples of company-specific standards have been named by consultees for specific large calibre
ammunition and aircraft pyrocartridges. Products have been approved by their users under these
company specifications. The details of these standards are not provided here for reasons of
confidentiality.

2.3.2.3 Standardsfor propellantsand ammunition for civilian applications

EU Directive 93/15/EEC

Requirements of the Directive: smokeless powder (propellants) must comply with EU Directive
93/15/EEC. The purpose of the Directive is to establish a single market in the EU in the trade of
explosives for civilian use. It also ams to harmonise national regulations for civilian explosives
and to establish an administrative system for the supervision of transfers of explosives and
ammunition. The Directive applies to Class 1 explosives, as listed in the UN Orange Book on the
Transport of Dangerous Goods, but does not cover pyrotechnical articles, explosives or ammunition
intended for use by the armed forces or police, and other ammunition (except transfer
requirements).

Explosives faling within the scope of this Directive must comply with the essential safety
requirements set out in Annex |. The General Requirementsin Annex | are as follows:

1. Each explosive must be designed, manufactured and supplied in such away as to present a
minimal risk to the safety of human life and health, and to prevent damage to property and
the environment under normal, foreseeable conditions, in particular as regards the safety
rules and standard practices, including until such time asit is used.

2. Each explosive must attain the performance characteristics specified by the manufacturer in
order to ensure maximum safety and reliability.

12 Asindicated here:
http://www.assi stdocs.com/search/document_details.cfim?ident number=31717& StartRow=50301& PaginatorPageNum
ber=1007& status all=ON& search _method=BASIC.
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3. Each explosive must be designed and manufactured in such a way that when appropriate
techniques are employed it can be disposed of in a manner which minimises effects on the
environment.

The Special Requirements are that, as a minimum, the following information and properties —where
appropriate — must be considered:

1 Construction and characteristic properties, including chemical composition, degree of
blending and, where appropriate, dimensions and grain size distribution.

2. The physical and chemical stability of the explosive in al environmental conditions to
which it may be exposed.

3. Sensitiveness to impact and friction.

4, Compatibility of all components as regards their physical and chemical stability.

5. The chemical purity of the explosive.

6. Resistance of the explosive against the influence of water where it is intended to be used in
humid or wet conditions and where its safety or reliability may be adversely affected by
water.

7. Resistance to low and high temperatures, where the explosive is intended to be kept or used
at such temperatures and its safety or reliability may be adversely affected by cooling or
heating of a component or of the explosive as awhole.

8. The suitability of the explosive for use in hazardous environments (e.g. environment

endangered by firedamp, hot masses, etc.) if it isintended to be used under such conditions.
0. Safety features intended to prevent untimely or inadvertent initiation or ignition.
10.  The correct loading and functioning of the explosive when used for its intended purpose.

11.  Suitable instructions and, where necessary, markings in respect of safe handling, storage,
use and disposal, in the official language or languages of the recipient Member State.

12.  The ability of the explosive, its covering, or other components to withstand deterioration
during storage until the 'use by' date specified by the manufacturer.

13.  Specification of al devices and accessories needed for reliable and safe functioning of the
explosive.

Each explosive should be tested under realistic conditions. If thisis not possible in alaboratory, the
tests should be carried out in the conditions in which the explosive is to be used. Propellants of
relevance to DBP must at least a'so comply with the following requirements:

. they must not detonate when used for their intended purpose; and
. they must be stabilised against decomposition (as they are based on nitrocellulose).

Procedure for attaining CE mark: propellants (not the ammunition) that meet the requirements
of the Directive are awarded the CE mark by a Notified Body and then they may be placed on the
EU market. Propellants are subject to two procedures by a Notified Body, before they may be
placed on the market (BAM, 2012):
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. the CE mark examination with verification of conformity to the requirements set out in Annex |
of the Directive 93/15/EEC; and

. the monitoring of the quality control system according to one of the modules of the Directive.
The application for CE mark examination has to contain the following information (BAM, 2012):
. exact name of the explosive;

« name and address of the manufacturer or an authorised representative if the manufacturer is not
established in the EU;

« awritten declaration that the same application has not been lodged with any other Notified
Body; and

. a statement regarding which module the quality of the later produced explosive will be
guaranteed.

Furthermore, the Notified Body needs (BAM, 2012):

. information on the exact chemical composition of the sample and a suggested composition
range for the components, asit will be written in Annex 1 (identification) to the certificate;

. characteristic data, such as density, detonation velocity, grain sizes,

. Suitable instructions with respect to safe handling (i.e. intended use, period of usage, storage
conditions, and disposal); and

. for the conformity assessment of propellants, the Notified Body requires a sample of 5 kg.

In addition to the CE mark examination, the conformity of the final product to the sample has to be
guaranteed. With this am, a contract on monitoring of quality control with a Notified Body
accredited under Directive 93/15/EEC hasto be concluded (BAM, 2012).

A list of such bodies is available online!3 and includes 13 organisations located in Belgium,
Bulgaria, Czech Republic, Finland, France, Germany, Hungary, Poland, Romania, Slovak Republic,
Spain, Sweden and the UK.

Key point 9

Role of Notified Bodies in the re-qualification for propellants for military applications: the CE marking awarded
by Notified Bodies recognised under Directive 93/15/EEC is for civilian propellants only. However, Notified Bodies
also have to assess propellants for military applications before these are placed on the market. Thisisto allow their safe
transportation. This testing by the Notified Body will attract the usual fee charged for the examination of a civilian
propellant for the purposes of CE marking

13 Available here:
http://ec.europa.eu/enterprise/newapproach/nando/index.cfm?fuseaction=directive.pdf&drc _refe id=12&type dir=smp
&refe cd=93/15/EEC& drc_desc v2=93/15/EEC%20Explosives¥20for%20civil%20uses (accessed on 18 October
2012).
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CIP and SAAMI Standards

The Permanent International Commission (the ‘CIP’) for the Proof of Small Arms lays down
common rules and regulations for the proof of weapons and their ammunition in order to ensure the
mutual recognition of Proof Marks by its Member States. Fourteen countries are CIP Member
States including Austria, Belgium, Czech Republic, Finland, France, Germany, Hungary, Italy,
Slovak Republic, Spain, the UK and also Chile and the United Arab Emirates!4.

In compliance with the 1969 Convention, its Rules and Regulations and CIP Decisions, every small
arm together with al highly stressed component parts must undergo lawful testing in the Proof
House of the CIP Member State in which the manufacturer is located or, for imported weapons, in
the Proof House of the Member State into which they have been imported for the first time. The
same applies to commercial ammunition?s.

CIP has progressively established a set of uniform rules for the proofing of firearms and
ammunitions to ensure the reciprocal recognition of the proof marks of each of the CIP Member
States. It has provided a testing methodology and has prescribed maximum pressure levels.
Importantly, the pressure value is connected to the characteristics of the burning propellant, and as
explained earlier, DBP affects the burning rate of the propellant. Propellant and ammunition
manufacturers need to have due regard of the CIP rules when reformulating and internally testing a
civilian propellant/ammunition. As with STANAGs, DBP is not mentioned in CIP's rules; CIP
relates to the ballistics of ammunition and the standardisation of guns and has little direct control on
the use of specific substances.

Similar to CIP is the Sporting Arms and Ammunition Manufacturers Institute (SAAMI), an
association of American firearms and ammunition manufacturers. SAAMI publishes various
industry standards related to the field, including fire code, ammunition and chamber specifications,
and acceptable chamber pressure. The primary work of SAAMI is done by its Technical
Committee in the setting of industry standards. The Technical Committee works with the CIP, and
the CIP and SAAMI are working towards the development of internationally recognised standards.
However, SAAMI standards do not always match those of CIP and ammunition manufacturers may
need to meet both sets of standards!e.

The propellants manufactured by the users of DBP may need to meet the CIP or SAAMI standards
depending on the location they are being marketed in.

2.3.2.4 Standardsfor aircraft pyrocartridges

Consultation with parties that would be affected by a refused Authorisation for DBP has revea ed
the complex situation surrounding the re-quaification (also known as ‘certification’) of
reformulated aircraft pyrocartridges.

It has been suggested that it is very hard at the moment to define a complete set of standards.
Usually, the aircraft manufacturer in collaboration with the pyrocartridge manufacturer have to
make a selection of basic standards and, following that, agree (and complete) them with customer(s)

14 Y ugoslavia was also a member in the past.

15 | nformation from the CIP Internet site, http://www.cip-bobp.org/cip.

16 | nformation from the SAAMI Internet site, http://www.saami.org/who we are/technical/index.cfm.
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(the operator of the aircraft, i.e. a national air force) because only standards cited in the contract
with the customer shall be considered as relevant and valid.

For the development of new equipment (i.e. a new pyrocartridge), standards are defined usually on
the basis of standards used in previous or similar cases. Notably, standards for pyrocartridges, and
escape system characteristics are the main requirements, but standards relating to environmental
testing have to be included too.

The aircraft manufacturer has provided a list of standards that would potentialy be considered in
the certification of anew product. Thisisreproduced in Table 2.6.

Table2.6: Standards potentially applicableto there-qualification of new air cr aft
pyrocartridges

Standard number | Standard title Associated publications

Safety and performance

STANAG 4297:2001 Guidance on the assessment of the

AOP-15 Ed 3: guidance on the
assessment of the safety and

STANAG 4297 safety and suitability for service of munitions for NATO itability f e of |
armed forces - AOP-15 suitability for service of non-nuclear
munitions for NATO armed forces
STANAG 4242, Ed. 1 Vibration tests method and AOP-34, Ed. 1 Vibration tests method
STANAG 4242 o iy - : - iy o
(AECTP-400) severities for munitions carried in tracked vehicles— and severities for munitions carried in
AOP-34 tracked vehicles
MIL-S-18471G Military specification: system, aircrew
MIL-S-18471G automated escape, € ection seat type: general
specification for (08 Jun 1983)
MIL-C-83125 NOT 1 Cartridges for cartridge
MIL-C-83125 actuated/propellant actuated devices, general design

specification for

Environmental testing

NATO Allied Environmental
Conditions and Test Publication
AECTP-400 (Ed 3) Mechanical

STANAG 4370 Ed. 3 (2008) environmental tests (Jan 2006)

STANAG 4370 . .
Environmental testing NATO Allied Environmental
Conditions and Test Publication
AECTP-300 (Ed 3), Climatic
environmental test (Jan 2006)
MIL-STD-810 Environmental Engineering
MIL-STD-810 Considerations and Laboratory Tests
1SO 2678:1985 Environmental tests for aircraft
SO 2678 equipment - Insulation resistance and high voltage tests

for electrical equipment

Source: Consultation

Apart from the MILs and STANAGs that are to be met by aircraft pyrocartridges, all requirements
for the escape system of the particular aircraft have to be met. Throughout the standardisation
of gection seat pyrocartridges, the relevant Military Airworthiness Authority has to be involved.

2.3.3 Practical stepstothere-qualification of propellants and ammunition

The practical steps that would be involved in re-qualification of propellants, ammunition and
aircraft pyrocartridges if DBP was to be substituted with an alternative are presented in detail
(alongside indication of timelines and associated costs) in the Confidential Annex to this AoA. The
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Annex confirms that re-qualification for propellants, ammunition and aircraft pyrocartridges could
take several years. Clearly, the number of ammunition products that currently contain DBP is
significant and the substitution of DBP would require a lengthy re-qualification period. The

associated costs would be several millions of Euros, as described in the Confidential Annex.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 5.6.1

24

Summary of technical requirementsfor DBP usein propellants

The information presented in the earlier parts of Section 2 is summarised below. This Table
provides an overview of the role and functionality of DBP in propellants and outlines the criteria
against which the technical suitability of alternatives can be assessed.

Table2.7: Parametersfor DBP usein propellants and assessment of alternatives

Functional

aspect Explanation
Moderant of propellant combustion, i.e. it delays the burning of nitrocellulose and other energetic
components of propellant mixtures
Plasticiser for processing and shaping (extruding) the propellant, as it influences the rheological
Tasks properties of the mixture
performed by | Coolant, reducing burning velocity and heat of explosion, thus minimising barrel erosion and other
the substance undesirable effects.

Of the three functionalities mentioned above, the most important are those of moderant and
plasticiser with the former being particularly important for propellants used in small calibre (<20
mm) ammunition and the latter for propellants used in large (>20 mm) calibre ammunition.
Indirectly, DBP alows specific military/civilian ammunition standards to be met

Physical form
of the product

Liquid giving solid propellant grains

Concentration

properties and
quality criteria

of the Typically, 2-5% by weight; concentration in the final product (ammunition/pyrocatridge) will be
substancein lower
the product
Criteriafor manufacturing process | Plasticising effect
(Formulation 2) Water solubility
Critical Reduction of burning velocity

Criteriafor product performance Diffusion rate

(Industrial Use 2) Melting point and boiling points

the substance
must fulfil Heat of explosion
Criteriafor product lifetime Migration and ballistic shelf-life
(Industrial Use 2) Chemical stability and shelf-life
Frequency of Baich use
wt?gtanceyuse Quantity depends on composition of mixture; typically 1-10 g DBP per 100 g of nitrocellulose with
and usage atypical concentration of 2-5% by weight
quanti ti%ﬁ Overall consumption: varies depending on demand by DUs of propellants; tonnage is shown in the

CSR
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associated with
theuse of the
substance

Functional Explanation
aspect
Variable and confidential. Different propellant types (e.g. single- vs. double- vs.
triple-base) need different temperatures. Process temperature may differ among
users of DBP because of differences in the technologies used, the mechanical
Processand Temperature | properties of the mixed mass, the solvent used (water or acohol) and the dosing
perfor mance of DBP.
constraints The mixing cannot be made at too high a temperature because of the energetic
concer ning the materials used
use of the Depends on process. When used with a solvent, the mixing process cannot be
substance Humidity made in humid conditions because water renders the mixing difficult; the
moderant needs to contain <0.1% water
Purity The purity of DBP must be higher than 99%
Use of DBP cannot simply be eliminated from the existing propellant products without substitution
Conditions by an alternative. Military and civilian ammunition as well as aircraft pyrocartridges could not
under which function without DBP. Therefore, DBP or its entire formulations would have to be substituted with
the use of the an aternative.
substance Alternative propellant manufactruring technologies which may not use DBP exist; some are
could be established, others are emerging. These technologies are completely alien to the applicant.
eliminated Furthermore, Annex 7 to the SEA explains that these technol ogies are not technically or
economically feasible for the users of DBP
The ammunition used by the Ministries of Defence of NATO member nations (and beyond) must
Customer comply with strict military standards, typically dictated by NATO STANAGS, these are very
requirements | difficult to amend.

Ammunition manufacturers require that smokeless powders fulfil specific ballistic behaviour
standards and maintain their chemical stability for long-term storage. Thus, propellants are sold on
multi-year guarantees, which formulations based on alternative moderants/plasticisers/cool ants
would also need to meet

Industry sector
and legal
requirements
for technical
acceptability
that must be
met

Propellants and ammunition for military applications must comply with NATO STANAGs and
other national qualification requirements. For propellants, STANAG 4170 isthe most critical one.
For ammunition, the STANAGs of NATO-qualified calibres (5.56, 7.62, 9 and 12.7 mm) are
relevant to the most important propellant grains manufactured with DBP.

Propellants for civilian applications need to comply with EU Directive 93/15/EEC and other
performance standards (CIP, SAAMI).

Substitution of DBP by an alternative substance would result in the re-qualification of the
propellants and of all ammunition types that currently contain DBP-based propellants. Re-
gualification is lengthy and costly, as explained in the Confidential Annex to this AoA (Section 5.6)
and the SEA (Section 2.2)

Source: Consultation
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3 IDENTIFICATION OF POSSIBLE ALTERNATIVES
31 Introduction and scope of analysis

3.1.1 Scopetheanalysis

Starting the process of generating this AoA, the overall scope of this analysis has included the
following possibilities for substitution of DBP in propellant formulations:

« Uuseof aternative non-energetic substances (as explained, DBP is a non-energetic substance);
. Uuseof aternative energetic substances; and
. useof an aternative technology for the manufacture of the propellants.

Nevertheless, there is a requirement to undertake the AoA from the perspective of the applicant, the
manufacturer of DBP, DEZA. As a result, the scope of this document has had to be defined as
follows:

. relevance of alternatives to the two sub-scenarios of the “Applied for” Use: the potential
alternative substances analysed in Section 4 of this AoA are relevant to both sub-scenarios
describing the “Applied for” Use, thus they are only assessed once. Key reasons for this joint
analysis are:

. for any alternative to be technically and economically feasible to the applicant, it must meet
the needs of the processes described under both sub-scenarios; and

. the performance of DBP in the formulation of propellants and the use of these propellants in
ammunition and pyrocartridges are inextricably linked;

. assessment of feasibility, suitability and availability of alternatives: the analysis of technical
feasibility, economic feasibility and availability are primarily discussed from the perspective of
the applicant. However, certain elements are also examined from the perspective of the DUs.
These include:

. technica feasibility — without an aternative being technically feasible for the DUs, there
would be no economic incentive for the applicant to manufacture it, as the DUs would not
purchase it for use;

. market availability — it is assumed that wide market availability and presence of established
manufacturers/suppliers of the alternatives would reduce the likelihood of the applicant
becoming the preferred supplier of the alternatives (thus affecting the economic feasibility
of the alternative from their perspective); and

« R&D to be undertaken by DUs for the identification/development of suitable alternatives —
if the DUs do not establish through research whether any (and which specific) alternative
substance can deliver the required performance as a substitute for DBP, they would not
purchase the alternative and this would affect its economic feasibility from the perspective
of the applicant;

. relevance of potential alternatives to the applicant: DEZA is a chemicals manufacturer with
specialisation in the manufacture of esters, for instance, phthalate esters. DEZA cannot
manufacture energetic substances neither can it supply aternative technologies; therefore, the
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only aternatives that can be of relevance to the applicant are aternative non-energetic
substances.

In light of this, the focus in this AoA is on the analysis of non-energetic substances as suitable
to replace one or more of DBP' s functions of moderant, plasticiser and coolant. However, other
options for substitution, i.e. energetic substances and aternative technologies have also been
investigated as a theoretical possibility for DEZA’s DUSs, in order to provide a complete picture
to the decision-maker. Energetic plasticisers and aternative propellant manufacturing
technologies are presented in Annex 7 of the SEA.

3.1.2 List of shortlisted potential alter native substances

The next few pages describe the screening process that non-energetic aternatives have undergone.
The outcome of the screening process is a shortlist of ten potential alternative non-energetic
substances that will be examined in detail in Section 4 of this AoA. The shortlist is given in Table
3.1

Table3.1: Alternative substances assessed in detail in the AoA

Potential alternative EC number CASnumber
1,3-dimethyl-1,3-diphenyl urea (methyl centralite) 210-283-4 611-92-7
1,3-diethyl-1,3-diphenyl urea (ethyl centralite) 201-645-2 85-98-3
1,3-diphenyl urea (Akarditel) 203-003-7 102-07-8
3-methyl - 1,1-diphenyl urea (Akardite I1) 236-039-7 13114-72-2
3-ethyl-1,1-diphenyl urea (Akardite I11) 242-052-9 18168-01-9
Bis(2-ethylhexyl) adipate) (DEHA) 203-090-1 103-23-1
Acetyl tributyl citrate (ATBC) 201-067-0 77-90-7
Tributyl citrate (TBC) 201-071-2 77-94-1
Dioctyl azelate (DOZ) 203-091-7 103-24-2
Isodecyl pelargonate (IDP) 203-665-7 109-32-0

3.2 Description of efforts madeto identify possible alter natives
3.21 Research and development activities

3.2.1.1 Activitiesof the applicant

DEZA has not received any request from customers for alternative chemicals in this particular area
of use; the applicant would need a clear indication of technical feasibility from their DUs before it
would look into the manufacture of specific substitute chemical substances. As such, no specific
targeted need for R&D aimed at identifying a substitute chemical substance has arisen and no R&D
has been undertaken by the applicant to date. It is worth noting, however, that DEZA has
experience in esterification reactions and is knowledgeable of (but not necessarily experienced in)
some of the identified potential products. One of the aternative substances presented in Table 3.1
(DEHA) is currently manufactured by the applicant.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.4.
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3.2.1.2 Activities of downstream users of DBP

Overview of R&D activities

The authors of this AoA acting on behalf of the applicant conducted extensive consultation with
propellant manufacturers. During consultation, we enquired on the R& D work that users of DBP
have undertaken towards the identification of a suitable substitute for DBP and the development of
aternative propellant mixtures. The R&D that has been undertaken so far has only focused on
propel lants for ammunition, not for pyrocartridges.

The detail and extent of R&D work that companies have conducted varies, with some of them
having spent several years looking for suitable alternatives (having started in the mid- to late-
2000s); others may have only recently (2012) started their R&D work. As aresult, the amount of
time spent and costs incurred so far vary significantly. Specific information by company cannot be
provided here due to its commercially sensitive nature.

Companies have been researching both internally (to tap into prior accumulated knowledge and
research undertaken internally in the past) and externally (research undertaken by competitors and
other experts in the field, and through online searches scouring webpages of companies producing
or selling relevant substances). The result of such research has been the identification of a number
of candidate substances and a desk-based assessment of their physico-chemical characteristics and
their compatibility with other propellant components. Consequently, selected candidate substances
may be ordered, delivered and tested in the laboratory. Based on the experience of companies that
have already undertaken R&D work, we may distinguish the R& D stages shown in Table 3.2.

Table3.2: Key stepsof on-going R& D for replacing DBP

Potential alternatives
R&D Stage examined at this stage Types of staff involved
(indicative ranges)

Literature review and internal discussion for the

selection of potential candidate substitutes for DBP Up to hundreds R&D staff, technicians

Assessment of the compatibility of candidate
substitutes with the remaining ingredients of the Up to hundreds
propellant formulation

R& D staff, technicians,
chem. lab. staff

Laboratory scale testing of the feasibility of
incorporation of each candidate substitute into the <100
propellant
Pilot plant scale testing of propellant mixtures that R& D staff, technicians,
performed sufficiently at the lab test. Thisincludes <10 chem. lab. staff, plant
ballistic tests, ageing tests, etc. operators
Industrial scale testing of propellant mixtures,
including repeatability testing and in-house Very few
qualification testing

Source: Consultation

Duration of R& D and time allocation within downstream user R& D activities

The amount of time that each propellant manufacturer has invested in R&D for replacing DBP
varies. As explained above, the earliest that any company has started was in mid-2000s and the
most recent has been in 2012. There are cases where R&D is yet to be started; for some companies
the importance of DBP-based products within their portfolio of propellants for ammunition is small;
hence, it has been difficult for them to justify the expenditure for extensive R&D activities
specifically aimed at the substitution of DBP. However, R&D is indeed being undertaken by
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several propellant manufacturers who account for the vast magjority of the annual consumption of
the substance within the applicant’s supply chain.

R& D tasks may run concurrently; therefore, literature review and compatibility assessment may be
undertaken at the same time throughout the R& D programmes of certain propellant manufacturers.
Concurrent delivery of these tasks is essential, as the companies concerned do not have access to
large R&D resources. The members of staff involved in R&D are applied researchers who also
need to be engaged in other active duties while undertaking R&D on this particular issue. It must
also be noted that it is difficult for companies to precisely distinguish between research on a DBP
substitute, other research, and other non-research work of the members of staff involved. Some
companies may only have a limited number of research staff which often need to be involved in
non-research work.

Number of formulations for which alternatives have been investigated (as of end of 2012)

The R&D that has been undertaken so far has covered a variable number of propellant formulations
for each company. None of the propellant manufacturers in the applicant’ s supply chain has looked
into all of their propellant formulations yet. As of early 2013, ca. 25% of the combined number of
propellant formulations of all affected propellant manufacturers had been investigated. Therefore,
not only have propellant manufacturers not been able to identify any suitable alternative to DBP yet,
but also any aternative that could be identified or developed might not prove suitable or compatible
with their entire product portfolios.

Additionally, it is understood that for companies which may use DBP both as a surface moderant
and a plasticiser, the testing that has generally been undertaken so far has focused on the surface
treatment of the powder, as finding alternatives for surface treatment is more difficult than for the
other functionalities of DBP. Additionally, admixture testing is technically difficult to undertake in
the laboratory, as it is neither inexpensive nor quick. Therefore, for the use of DBP in the
formulation of propellant grains as a moderant in admixture or as a plasticiser, R&D efforts are
generdly till lacking.

Cost of downstream user R& D work so far

Information on the cost of R&D work undertaken as of the end of 2012 is provided in the
Confidential Annex.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 5.6.1

3.2.2 Data searchesfor the purposes of this ACA

A literature review was undertaken by the independent third party who has authored this AoA. The
open literature has been searched for information on propellants for the fina uses that are of
relevance to this AfA. The main approach has been to conduct a general search through a major
online search engine and then further elaborate the search terms as new, detailed information was
being obtained both from literature and consultation. Information was sought on:

. the identities of potential alternative substances and alternative propellant systems (including
acronyms, synonyms, EC numbers and CAS numbers, where available);

. theapplicability of potential alternatives to different final uses;

. the technical feasibility, economic feasibility, and human hedth and environmental hazard
properties of potential aternative substances.
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Key starting points for the collection of background information have included the following.

Table3.3: Key information sourcesused in theidentification of potential alternatives
Source Details Description
Google http://www.google.com Search engine
Google Scholar http://scholar.google.co.uk Scientific articles
Google Books http://books.google.co.uk/bkshp?hl=en& tab=wp | Books
Scirus http://www.scirus.com/ Scientific search engine
3.23 Consultations
3.2.3.1 Key consultees
Extensive consultation was undertaken for the purposes of this AoA. Apart from the manufacturer

of DBP, a considerable amount of information, expert advice and insight was provided by several
companies active in the applicant’s supply chain: propellant manufacturers, a small number of
ammunition manufacturers, an aircraft manufacturer and a few selected national Notified Bodies
acting under the provisions of Directive 93/15/EEC.

3232

Consultation tools

Consultation took several forms:

o« WIi
coll
and

tten questionnaires:. several questionnaires and written lists of questions were used for the
ection of information. Questionnaires were sent to the applicant in October 2011, May 2012
June 2013. Questionnaires were disseminated to propellant manufacturers in October 2011,

March 2012, May 2012, July 2012, March 2013 and April 2013. A questionnaire was sent to
ammunition manufacturers (selected individual companies and trade associations!’) as well as

the

manufacturer of the aircraft that uses the DBP-containing pyrocartridges in November-

December 2013. The aim of the questionnaires was to collect information on:

the usage of DBP in propellants and the associated tonnages and downstream applications,
the importance of DBP in the identified applications;

the technical feasibility and selection criteria to be used for the assessment of the technical
feasibility of potential alternative substances;

the technical suitability, economic feasibility and market availability of potential aternative
substances;

the practical, time and cost implications of re-qualification of propellants and ammunition
based on alternative substances;

the past and future R&D work that companies have or expect to undertake for the
development of alternatives; but also

17 These

included the Association of European Manufacturers of Sporting Ammunition (AFEMS) and the Federation of

European Explosives Manufacturers (FEEM).
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. the comparison of selected energetic plasticisers to DBP (the information has been used in
the preparation of Annex 7 to the SEA);

. the technica feasibility, relevance, economic feasibility and availability of alternative
propellant manufacturing technologies and systems (the information has been used in the
preparation of Annex 7 to the SEA);

. face-to-face meetings: meetings and site visits were held with the applicant and some of the
DUs of DBP; and

. telephone conversations. when necessary, telephone interviews with individual companies
were held.

Other consultation has included the use of a written questionnaire and subsequent email and
telephone communication with selected Directive 93/15/EEC Notified Bodies and efforts to
communicate with a selected Ministry of Defence, which did not produce a resul t18.

Consultation with actors along the supply chain and other stakeholders started in September 2011
and was concluded in July 2013.

3.3 Preliminary assessment and screening of identified non-ener getic alter natives

3.3.1 Introduction

The combined approach of consultation and literature review has resulted in the following Table
presenting all identified non-energetic substances that might be considered as potential aternatives
to DBP.

Table3.4: Matrix of potential non-ener getic alternative substances

No | Substance name EC Number CAS Number
1 Dimethyl phthalate (DMP) 205-011-6 131-11-3
2 Diethyl phthalate (DEP) 201-550-6 84-66-2
3 Bis(2-ethylhexyl) phthalate (DEHP) 204-211-0 117-81-7
4 Butyl benzyl phthalate (BBP) 201-622-7 85-68-7
5 Benzyl isononyl phthalate - 126198-74-1
6 Diamyl phthalate (dipentyl phthal ate) 205-017-9 131-18-0
7 Carbamide (urea) 200-315-5 57-13-6
8 Methyl centralite (1,3-dimethyl-1,3-diphenyl urea) 210-283-4 611-92-7
9 Ethyl centralite (1,3-diethyl-1,3-diphenyl urea) 201-645-2 85-98-3
10 | Akarditel (1,3-diphenyl urea) 203-003-7 102-07-8
11 | Akarditell (3-methyl - 1,1-diphenyl urea) 236-039-7 13114-72-2
12 | AkarditeIll (3-ethyl-1,1-diphenyl urea) 242-052-9 18168-01-9
13 | Dipropyl adipate (DPA) 203-371-9 106-19-4

18 propellant manufacturers have not condoned approaches to national and transnational (NATO) authorities and
invariably did not supply the contact details of relevant contact persons; therefore, no direct input by military authorities
has been made to thisanalysis.
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No | Substance name EC Number CAS Number
14 | Dibutyl adipate (DBA) 203-350-4 105-99-7
15 | Di-isobutyl adipate (DIBA) 205-450-3 141-04-8
16 | Bis(2-ethylhexyl) adipate (DEHA) 203-090-1 103-23-1
17 | Dibutyl sebacate (DBS) 203-672-5 109-43-3
18 | Dioctyl sebacate (DOS) 210-829-1 624-10-2
19 | Dibutyl maleate (DBM) 203-328-4 105-76-0
20 | Acetyl triethyl citrate (ATEC) 201-066-5 77-89-4
21 | Acetyl tributyl citrate (ATBC) 201-067-0 77-90-7

Acetyl trioctyl citrate (tris(2-ethylhexyl) 2-(acetyloxy)

22 propane-1,2,3-tricarboxylate) (ATOC) 205-617-0 144-150
23 | Trimethyl citrate (TMC) 216-449-2 1587-20-8
24 | Tributyl citrate (TBC) 201-071-2 77-94-1
25 | Tris(2-ethyl hexyl) phosphate (TOP) 201-116-6 78-42-2
26 | Tricresyl phosphate (TCP) 215-548-8 1330-78-5
27 | Camphor 200-945-0 76-22-2
28 | Isopropyl myristate 203-751-4 110-27-0
29 Glycerol formal (1,3-dioxan-5-ol & 1,3-dioxolan-4- 225-248-9 4740-78-7
ylmethanol) 226-758-4 5464-28-8
30 | 2,5,7,10-tetraoxaundecane 224-631-8 4431-83-8
31 | 1,2,3-triacetoxypropane (triacetin) 203-051-9 102-76-1
32 | Triphenylamine (TPA) 210-035-5 603-34-9
33 | Dioctyl azelate (DOZ) 203-091-7 103-24-2
34 | Isodecyl pelargonate (IDP) 203-665-7 109-32-0
35 | 2,4dinitrotoluene (2,4-DNT) 204-450-0 121-14-2

36 | Tegmer 810 (glycol ester) -
37 | Paraplex G-30 (mixed dibasic acid ester) -
38 | Paraplex G-31 (mixed dibasic acid polyester) -
39 | Paraplex G-50 and G-54 (polyester adipates) *

Rhodiasolv RPDE (reaction mass of dimethyl adipate and
dimethyl glutarate and dimethyl succinate)

41 | Polymeric sebacate
42 | Novolac epoxy flexibilisers

40 906-170-0 -

43 | Silylferrocene polybutadiene-based plasticiser
Sources.  (Sutton, 2001); (US DoD, 2012); (Akhavan, 2011); (Meyer, Koehler, & Homburg, 2002); (Agrawal,
2010); (Toxicology Regulatory Services, 2003); Consultation

* EC numbers and CAS numbers are not available but information is available on the New Jersey Trade Secret
Registry Numbers (TSRN) of these products: NJTSRN 8009285003 (Paraplex G-50) and NJTSRN: 8009285034P
(Paraplex G-54)

The Table presents substances representing families of substances such as phthal ates, phenyl ureas,
citrates, sebacates, adipates, and others. The Table also includes some commercialy available
(proprietary) mixtures, the composition of which is currently unknown to both the applicant and the
propel lant manufacturers themsel ves.

Many of the identified aternatives are accompanied by very little information, other than some
basic indication that they might theoretically perform arole similar to that of DBP. This does not
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mean that any given potential alternative substance may successfully replace one or more of the
functionalities of DBP across al or even some of the current applications of DBP-based propellant
formulations.

In the discussion that follows, we have made efforts to separate the three different functionalities of
DBP and screen the identified alternatives in terms of technical feasibility for each of the three
functionalities. The aim has been to screen out al those aternative substances that are clearly
unusable and only focus our detailed analysis (in Section 4 of this AoA) on those (yet unproven
ones) that could redlistically substitute DBP.

3.3.2 Screening of alter native non-ener getic substances

3.3.2.1 Approach

An initial version of this list of the 43 potentia alternative non-energetic substances was made
available to the manufacturers of propellants in the first questionnaire that was disseminated in
October 201119, Companies were asked to provide a comparison between DBP and each potential
alternative substance using a range of technical feasibility and selection criteria (those discussed in
Section 2.4 of this AoA). Companies were asked to:

. indicate whether they have any practical experience (e.g. have they undertaken any trials and/or
R&D work) with each of the alternative substances;

. rank each aternative for technical suitability on a 5-rank scale:
. (@) Quitable as a substitute for DBP;
« (b) Suitable but for use alongside DBP or use in certain applications only;
« (¢) Promising but uncertain;
« (d) Feasible but poor;
« (e) Unsuitable.

For a chemical substance to be considered a potentially suitable alternative, a ranking of (a) to
(d) should have been awarded. Particularly, where a (c) ranking (“Promising but uncertain™)
was received, consultees were asked to provide further clarification on the availability of
trial/test results and to explain their response in more detail;

« describe key problems that could be faced should any of the potentia alternative substances be
used as substitutes for DBP;

. compare each aternative to DBP against a set of key technical feasibility and selection
criteria?®.  Those used included: (&) reduction of burning velocity, (b) diffusion rate, ()
migration and ballistic shelf-life, (d) heat of explosion, (e) melting and boiling points, (f)
chemical stability and shelf-life, (g) solubility in water, and (h) plasticising effect;

19 Note that a small number of aternative substances were not included in the original list circulated to consultees but
were subsequently identified and added to it.

20 Consultees were also invited to add their own comparison criteria, where appropriate.
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. compare each potential aternative to DBP in terms of envisaged usage/consumption rate and
cost (per tonne);

. describe the practical, process and other cost implications of adopting each of the potential
aternatives; and

« compare each potential alternative to DBP in terms of market availability.

As literature searches and consultation progressed, additional alternative substances were added to
the original list and propellant manufacturers were contacted on subsequent occasions with a
request to assess the suitability of the new entries.

The applicant also contributed information with regard to current, past and foreseeable future
manufacture of any of the identified potential alternative substances (this is presented in the
Confidential Annex).

3.3.2.2 Overall technical suitability of non-energetic alternatives

The assessment of the overall technical suitability of the long list of identified potential aternative
substances is presented in detail the Confidential Annex. This first initial screening generated a
shorter list of potential alternative substances (Table 3.1 and Table 3.2 in the Confidential Annex).
A simplified version of Table 3.2 of the Confidential Annex is presented below. This shows the
shortlisted potential alternative non-energetic substances. The numbering in the Table refers to the
numbering in the previous Table (for consistency).

Table 3.5: Potential non-energetic alternative substances with most favourable technical
suitability profile — excludes substances with significant human health hazard concerns

No | Substance (product) name EC Number CAS Number
8 Methyl centralite (1,3-dimethyl-1,3-diphenyl urea) 210-283-4 611-92-7
9 Ethyl centralite (1,3-diethyl-1,3-diphenyl urea) 201-645-2 85-98-3
10 | Akarditel (1,3-diphenyl ureq) 203-003-7 102-07-8
11 | Akarditell (3-methyl - 1,1-diphenyl urea) 236-039-7 13114-72-2
12 | Akarditelll (3-ethyl-1,1-diphenyl urea) 242-052-9 18168-01-9
16 | Bis(2-ethylhexyl) adipate (DEHA) 203-090-1 103-23-1
20 | Acetyl triethyl citrate (ATEC) 201-066-5 77-89-4
21 | Acetyl tributyl citrate (ATBC) 201-067-0 77-90-7
22 | Acetyl trioctyl citrate (ATOC) 205-617-0 144-15-0
23 | Trimethyl citrate (TMC) 216-449-2 1587-20-8
24 | Tributyl citrate (TBC) 201-071-2 77-94-1
27 | Camphor 200-945-0 76-22-2
33 | Dioctyl azelate (DOZ) 203-091-7 103-24-2
35 | Isodecyl pelargonate (IDP) 203-665-7 109-32-0
36 | Tegmer 810 (glycol ester)
37 | Paraplex G-30 (mixed dibasic acid ester)
38 | Paraplex G-31 (mixed dibasic acid polyester)
39 Paraplex G-50 and G-54 (polyester adipates, more i
generaly)
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Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 3.3.2.2.

3.3.2.3 Moderating effect of non-energetic alter native substances

The assessment of the moderating effect of the shorter list of identified potential aternative
substances is presented in the Confidential Annex (Table 3.3 and Table 3.4 in the Confidential
Annex).

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 3.3.2.3.

3.3.2.4 Plagticising effect of non-ener getic alter native substances

The assessment of the plasticising effect of the shorter list of identified potential aternative
substances is presented in the Confidential Annex (Table 3.5 and Table 3.6 in the Confidential
Annex).

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 3.3.2.4.

3.3.2.5 Cooling effect of non-energetic alter native substances

The assessment of the plasticising effect of the shorter list of identified potential aternative
substances is presented in the Confidential Annex (Table 3.7).

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 3.3.2.5.

3.3.3 Conclusion of screening alter native non-ener getic substances

The Confidential Annex brings together the results of the above assessments and combines the
results in generating the final list of ten non-energetic substances that should be looked at in detail
(see Table 3.8 in the Confidential Annex). These include:

1 acetyl tributyl citrate (ATBC),

2. tributyl citrate (TBC),

which may theoretically act both as moderants and plasticisers;

3. methyl centralite (1,3-dimethyl-1,3-diphenyl urea),

4 ethyl centralite (1,3-diethyl-1,3-diphenyl urea),

5. Akarditel (1,3-diphenyl urea),

6 Akarditell (3-methyl - 1,1-diphenyl urea),

7 Akarditelll (3-ethyl-1,1-diphenyl urea),

which may theoretically be used as moderants of the propellant’s burning rate;

8. bis(2-ethylhexyl) adipate (DEHA),
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0. dioctyl azelate (DOZ), and
10.  isodecyl pelargonate (IDP)
which may theoretically be used as propellant plasticisers.

It should be noted again that DBP is used in each case to primarily play only one of its various
roles, i.e. it may be used primarily as a moderant or as a plasticiser, depending on the product in
guestion. As a consequence, aternative substances that deliver only one of the two functions might
still be considered as potential alternatives but only for certain of the propellant formulations
that currently contain DBP. The role of moderant is the most important and most relevant to the
vast mgjority of DBP-based propellant formulations.
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4 SUITABILITY AND AVAILABILITY OF POSSIBLE ALTERNATIVES

4.1 I ntroduction

41.1

K ey sour ces of information

With regard to the characteristics and properties of potential aternative substances, a range of
specialist websites have been consulted. The following Table gives an overview of some of the
most important information sources that were used in the preparation of this AoA.

Table4.1: Key information sources used

Source Details Description
Google http://www.google.com Search engine
Scirus http://www.scirus.com/ Scientific search engine
Chemical substance
ESIS http://esis.jrc.ec.europa.eu/home.php inventory (including old
IUCLID files)
ChemPortal http://www.echemportal .org/echemportal/substancesearch/ | Chemical substance
page.action?pagel D=9 inventory
KEMI PRIO Database http://www2.kemi.se/templ ates/ PRI OEngframes 4144, _Chemlcal substance
aspx inventory

German Federd
Environmental Agency

http://webrigol etto.uba.de/rigol etto/public/searchRequest.d

Inventory of aquatic

List of Substances which o?event=request hazards

are Hazardous to Water

SIN List http://w3.chemsec.org/ Inventory of substances of
concern

ChemIDPlus http://chem.sis.nlm.nih.gov/chemidplus/ _Chem|ca| substance
inventory

US EPA Substance http://iaspub.epa.gov/sor_internet/reqgistry/substreg/searcha | Chemical substance

Registry Services ndretrieve/substancesearch/search.do inventory

US EPA High Production
Volume Information

http://www.epa.gov/hpvis/index.html

Chemical substance
inventory and hazard

System (HPV1S) information

New Zealand Inventory of | http://www.epa.govt.nz/search-databases/Pages/nzioc- Chemical substance

Chemicals search.aspx inventory

OECD Screening http://www.chem.unep.ch/irptc/sidYOECDSIDS/indexcas | Risk assessment

Information Datasets numb.htm information

WHO Environmental ) L L Risk assessment

Health Criteria DocuUments http://www.who.int/ipcs/publications/ehc/en/ information

GESTIS Database of the http://gestis- .

German Social Accident en.itrust.de/nxt/gateway.dll/gestis en/000000.xml ?f=templ g:tzgg hazards

I nsurance ates$fn=default.ntm$3.0

CAMEO Chemicals http://cameochemical s.noaa.gov/ Chemical hazards
database

ATSDR Toxic Substances . . Risk assessment

Portal http://www.atsdr.cdc.gov/substances/index.asp information

gyartgcbl;i Res. Corp. http://srcinc.com/what-we-do/free-demos.aspx Risk assessment databases

Environment Canada Lists | http://www.ec.qc.ca/lcpe- Risk assessment

of Substances cepaldefault.asp?ang=En& n=EE479482-1 information

Australian Hazardous
Substances I nformation
System

http://hsis.saf eworkaustralia.gov.au/SearchHS.aspx

Risk assessment
information

WHO IARC Monographs

http://monographs.iarc.fr/ENG/Classification/index.php

Carcinogenicity effects
information
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Source Details Description
ECETOC Joint Risk ont
Assessment of Commodity | http://www.ecetoc.org/jacc-reports . assessm

) information
Chemicals

] . N Human health and

TOXNET http://toxnet.nlm.nih.gov/cgi-bin/sis/search environmental data
PubMed http://www.nchi.nlm.nih.gov/pubmed Scientific articles
NLM Gateway http://gateway.nlm.nih.gov/ Scientific articles
Google Scholar http://scholar.google.co.uk Scientific articles

Google Books

http://books.googl e.co.uk/bkshp?hl=en& tab=wp

Books

Properties of chemical

ChemSpider http://www.chemspider.com bstances

ChemNet http://www.chemnet.com Properties of chemical
substances

Chemical Book http://www.chemicalbook.com Properties of chemical

substances

4.1.2 Technical feasibility of selected alter native substancesfor the applicant

Section 4.1.2 of the Confidential Annex provides an overall anaysis of the technical and economic
feasibility of the selected potential alternative substances from the perspective of the applicant; in

particular, the Confidential Annex discussesin detail the capabilities of the applicant in sourcing the

precursors to the shortlisted potential alternatives to DBP and the technical implications of
establishing the production of each of the shortlisted substances. Only elements of this anaysis,

which while taking into account the chemical technology involved is entirely applicant-specific, are

presented in this Non-confidential document.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.2
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a) ALTERNATIVE SUBSTANCE: METHYL CENTRALITE (1,3-DIMETHYL-1,3-
DIPHENYLUREA)

4.2 Methyl centralite
4.2.1 SubstancelD and properties

4.2.1.1 Nameand other identifiersfor the substance
The identity of methyl centraliteis presented in the following Table.
Table4.2: Identity of methyl centralite

Parameter Value Sour ce
EC number 210-283-4 1
EC name 1,3-dimethyl-1,3-diphenylurea 1
CAS number 611-92-7 1
IUPAC name 1,3-dimethyl-1,3-di(phenyl)urea 1

Methyl centralite

Carbanilide, N,N'-dimethyl-
N,N-Dimethyl-N,N-diphenylurea
N,N'-Dimethyl carbanilide

Other names N-methyl (methylphenylamino)-N-benzamide L3
Urea, N,Nprime-dimethyl-N,Nprime-diphenyl-
Centralite 2
Centrdlitell
Molecular formula CisH16N2o 1
SMILES notation O=C(N(clcceecl)C)N(c2cecec2)C 1
Molecular weight 240.30 1
O / Ph
/
V——N
Structure / \ 2
—N
\\
“Ph
Sources:

1: ChemSpider Internet site: http://www.chemspider.comyChemical-Sructure.11423.html
2: ESSinternet Site: http://esis.jrc.ec.europa.eu/
3. ACTOR Internet site: http://actor.epa.gov/actor/GenericChemical ?casrn=611-92-7

4.2.1.2 Composition of the substance

No information is available on constituents or impurities. The substance does not appear on
ECHA'’ s database of registered substances?1.

21 Date of last search: 4 July 2013.
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4.2.1.3 Physico-chemical properties

The following Table summarises the available information on the physicochemical properties of
methyl centralite. Note that the information has been collected from a single literature source and
relies heavily on modelling results.

Table 4.3: Physicochemical properties of methyl centralite
Property Value Remarks Source
Physical state at 20°C and . . . R
1013 kPa Solid Based on Mélting Point of 116-122°C 1
) ] _ 122°C Predicted 1
Meélting/freezing point - :
116.54°C Mean or Weighted MP (EPI Suite) 1
350°C at 101.325 kPa Predicted dataACD/Labs’ ACD/ 1
Boiling point PhysChem suite
ap o Adapted Stein & Brown method (EPI
360.11 °C . 1
Suite)
. 3 Predicted data ACD/Labs’ ACD/
Density 1.161 g/cm PhysChem suiite 1
0kPa at 25°C Predicted datgACD/Labs ACD/ 1
Vapour pressure PhysChem suite
0.190 x 10° kPa at 25°C Modified Grain method (EPI Suite) 1
. Predicted data ACD/Labs ACD/
Surface tension 50.54 dyne/cm PhysChem suiite 1
o Estimate from LogK,, (WSKOW v1.41) -
. 47.37mg/L at 25°C logK o Used: 3.22 (EPI Suiite) !
Water solubility - -
11.902 mg/L Estimate from F_ragments. Wat Sol 1
' (v1.01) (EPI Suite)
Partition coefficient n- 3.22 KOWWIN v1.67 estimate (EPI Suite) 1
octanol/water
. o Predicted data ACD/Labs ACD/
Flash point 142.635°C PhysChem suiite 1
Flammability No data
Explosive properties No data
Self-ignition temperature No data
Oxidising properties No data
Granulometry No data
Source:

1: ChemSpider Internet site: http://www.chemspider.com/Chemical-Sructure.11423.html

4.2.1.4 Classification and labelling

An online search was performed using the CAS number in ECHA’s C&L Inventory. No
information on harmonised classification and labelling for methyl centralite is available. However,
one aggregated notification has been made. Thisis presented in Table 4.4.
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Table4.4: Notified classification and labelling of methyl centralite according to CLP criteria

Classification Labelling Number of
Hazard Class and Category| Hazard Statement | Hazard Statement Pictograms Signal Notifiers
Code(s) Code(s) Code(s) Word Code(s)

Acute Tox. 4 (ora_\l) H302 H302 GHSO7 .

S_T QT SE 3 (respiratory system H335 H335 Wng

viainhalation)

Source;

European Chemicals Agency: http://echa.europa.eu/

4.2.1.5 REACH Registration details

The following Table summarises the available information on the status of REACH Registration of
methyl centralite.

Table4.5: REACH Registration status of methyl centralite

Registration Result Date of last search
Pre-registered Y es— Envisaged Registration deadline: 30/11/2010 4 June 2012
Registered No 20 June 2013
Source;

European Chemicals Agency: http://echa.europa.eu/

4.2.2 Technical feasibility

4.2.2.1 Technical feasibility from the per spective of the applicant

DEZA does not currently manufacture this substance and does not have any plans to start
production in the future without a clear indication from its DUs that methyl centralite would be a
technically feasible and acceptable aternative.

The Confidential Annex to this AoA explains that DEZA does not have access to the precursors to
methyl centralite and their use by the DEZA plant that currently manufactures DBP is technically
infeasible for technical and safety reasons.

Importantly, the manufacture of methyl centralite is based on entirely different technology, which is
not within DEZA’s capabilities. DEZA'’s esterification plant can produce a range of phthalates
(depending on the availability of precursor alcohols) and other esters, should the raw materias
became available, but does not have the ability to manufacture phenyl ureas. Technically, this
alternative cannot be considered feasible for the applicant.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.2

4.2.2.2 Technical feasibility from the per spective of downstream users

Relevance as substitute for DBP

According to consultation, the relevance of the substance as a substitute for DBP in propellant
mixturesis as follows:
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Substance family Dialkyl diphenyl ureas

Function Moderant

Background to the use of the substance

Functions of methyl centralite in propellants. methyl centraite is used as a stabiliser and a
deterrent in propellants and explosives (Harper & Furton, 2007). It aso reduces propellant
temperature during deflagration and reduces flash in propellants that contain nitro-glycerine
(Mirecki & a, 2006). The substance is often described as a stabiliser that also displays a
plasticising effect, as shown in the Table below.

Table4.6: Functionalities of commonly used propellant stabilisers, incl. methyl centralite

Stabiliser categories Example substances

Pure stabilisers Akardite |

Methyl centralite
Ethyl centralite

Stabilisers with a gelatinising Methy! ethyl centralite

(plasticising) effect

Akardite I
Substituted urethanes: ethyl- and methylphenylurethanes diphenylurethane
o . DBP
Pure gelatinisers, without a :
stabilising effect Diamyl phthalate
Camphor

Source: (Meyer, Kohler, & Homburg, 2007)

A review of the stabilisation of nitrocellulose-based propellants

Generally, the stability of nitrocellulose-based propellants is poor because the stability of nitrocellulose and nitro-
glycerine is poor. Smokeless powders containing nitrocellulose or a mixture of nitrocellulose and nitroesters such as
nitro-glycerine or diethylene glycol dinitrate are chemically unstable due to the low binding energy (155 kJ.mol™) of the
ester functional group -CH,O-NO,. As a result, gaseous components, especially NO,, are liberated and nitric and
nitrous acids are created during storage and thermal exposure. Gradual decomposition is caused both by the action of
residual acids and salts that are usually sealed in nitrocellulose fibres after nitration, and by the general effects of the
thermal instability of nitroesters, especially during prolonged exposure or storage. Generated products react with the
traces of water and their acidic nature may auto-catalytically accelerate further decomposition (Frys & al, 2010).

Nothing can be done to stop the first degradation reaction (nitrocellulose losing nitrogen oxides), but the second
degradation reaction (the newly-formed nitrogen oxides ‘attacking’ and degrading the nitrocellulose molecule) can be
controlled by introducing a chemical stabiliser into the propellant composition (IPI, 2011). As the stabiliser has a
greater affinity for the nitrogen oxides than for nitrocellulose, it absorbs the nitrogen oxides before they can degrade the
nitrocellulose molecule. Compounds used as stabilisers are mostly substitution products of urea (including methyl
centralite) and aromatic amines (e.g. diphenylamine). Readily oxidisable compounds — higher acohols, camphor,
unsaturated hydrocarbons (vaselines) — may also be employed (Meyer, Kéhler, & Homburg, 2007).

Methyl centralite is found in double-base propellants, often at a concentration of 5% (Wallace,
2008).

Non-explosive uses of methyl centralite: other uses of methyl centralite include as an ageing
retardant for vulcanised rubber (Chemicalland 21, undated-c).

Comparison against key technical feasibility and selection criteria

Trials with the substance and perceived overall technical suitability: this information is
presented in the Confidential Annex.
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Comparison against the key technical feasibility and selection criteria: this information is
presented in the Confidential Annex.

Other technical considerations: consultation with industry experts confirms that there has been
substantial research on centralites and other urea-based additives. This research suggests that these
substances are not ideal as substitutes for DBP and papers presented at the Fraunhofer Institute for
Chemical Technology (ICT) conferencesin the period 1995-2004 demonstrate these problems. Key
research on the topic has been undertaken by researchers known in the field, Petrzilek and
V ogelsanger.

During the last few years, the toxicity of stabilisers and their daughter products have become a
major issue. At present, all conventional stabilisers (typically, aromatic amines or aromatic urea
derivatives, e.g. methyl centralite), which are currently used in nitrocellulose-based gun and rocket
propellants, are either toxic by themselves, contain toxic/carcinogenic impurities and/or produce
toxic/carcinogenic daughter products (e.g. nitrosamines) during production and/or propellant ageing
(Heeb, Langelage, & Vogelsanger, 2008).

A considerable amount of research is being undertaken for the development of a new generation of
stabilisers (as will be discussed later in this document) which are not associated with these
problems. In light of this on-going research, substances such as methyl centralite would not be
ideal substitutes for DBP in nitrocellul ose-based propel lants.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.2.2.2

4.2.3 Reduction of overall risk dueto transition to the alter native

4.2.3.1 Hazard information

Information on the hazards of methyl centralite has been sought from a variety of sources, given
that the substance has not been registered in the EU and information from a CSR is not yet
available. Information on the nature of the hazards posed by the substance are summarised in Table
4.7, while the mammalian and ecotoxicological hazardous properties are discussed in more detail
below.

Table4.7: Hazard information on methyl centralite

Database Parameter Value
Hazard class
German Federal Environmental (Note: there are three water hazard classes (WGK):
Agency List of Substanceswhichare | 1: low hazard to waters 2
Hazardous to Water 2: hazard to waters
3: severe hazard to waters)
Substance category Organics
Bioaccumulative No (rationale: QSAR)
Persistent No (rationale: QSAR)
Canada Domestic Substance List Inherently Toxic to Aquatic Organisms No (rationale: QSAR)
(DSL) (2007) Meets CEPA Categorization Criteria No
Meets Environmental Criteria for Categorization No
Meets Human Health Criteria No
DSL Quantity range (tonnes/year) 0-1
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Database Parameter Value

Journal of Pharmacology and Experimental
Therapeutics. Vol. 90, Pg. 260, 1947

NLM TOXNET Toxicology LDLo: 500mg/kg (rat)

Sources. (Environment Canada, 2011)

USEPA ACTOR Internet site: http://actor.epa.gov/actor/GenericChemical ?casrn=611-92-7

German Federal Environmental Agency Internet site:

http: //webrigol etto.uba.de/rigol etto/public/searchDetail.do?kennummer= 1700#

LDLo- Thisisthe lowest dose for which data suggests that it may result in the death of an organism, as such the LDsg,
may be assumed to be >500 mg/kg in rats

In respect to the Canada Domestic Substance List referred to above, some additional detail is
available on the ecological datathat were the basis of the conclusions by the Canadian authorities.

Table4.8: Ecological data supporting decisions of Environment Canada on methyl centralite

Parameter Value
Persistence

Media of concern leading to Categorization Water
Experimental biodegradation half-life (days) Not available
Predicted ultimate degradation half-life (days) 375
Biodegradation (by MITI) 0.0403
Biodegradation (by TOPKAT) 1
Ozone reaction half-life (days) (predicted by EPI) 999
Atmospheric oxidation half-life (days) (predicted by EPI) 0.4122
Underlying data regarding bioaccumulation

LogK, predicted by KowWin 3.22
Log BAF T2MTL (predicted by Gobas) 2.038
Log BCF 5% T2LTL (predicted by Gobas) 1.932
Log BCF Max (predicted by OASIS) 2591
Log BCF (predicted by BCFWIN) 1.781
Aquatic Toxicity

Pivotal value for iT (mg/L) 33
Acute toxicity to fathead minnow (LCso in mg/L) (predicted by TOPKAT v6.1) 33
Acute toxicity to fish (LCsp in mg/L) (predicted by Ecosar v0.99q) 12.705
Acute toxicity to fish (LCsp in mg/L) (predicted by Oasis Forecast M v1.10) 11.484
Acute toxicity to fish (LCsp in mg/L) (predicted by PNN) 113.066
Acute toxicity to daphnia (ECsp in mg/L) (predicted by TOPKAT v6.1) 224
Acute toxicity to aguatic organisms(fish, daphnia, algae or mysid shrimp) (ECso or LCso in mg/L) 0.023
(predicted by Ecosar v0.999)

Acute toxicity to fish (LCsy in mg/L) (predicted by Neutral Organics QSAR in Ecosar v0.999) 4.23
Chronic toxicity to daphniaor algae (ECso in mg/L) as predicted by Ecosar v0.99g 1.295
Source: OECD Internet site: http://webnet.oecd.org/ccrweb/Chemical Details.aspx?Chemical| D=84BA3328-31E8-
4225-906A-F5F80C5D30C0 (accessed on 4 July 2013)

Given the limited dataset on the hazardous properties of methyl centralite, QSAR models (OECD
QSAR toolbox and FDA EKDB models) were employed to derive additional insights into both the
mammalian and ecotoxicologica profile of this substance. The outputs of the modelling (and
associated references) are presented in Table 4.9.
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Table 4.9: Human health and environmental profile for methyl centralite

Hazard endpoint Finding Data sour ce Study design Assessed robustness’Comment
Toxicokinetics 96.9% OECD QSAR QSAR prediction of human intestinal Result reported to be undefined with regard
absorption by Multicase expert system to domain applicability, hence considered of
doubtful reliability
[rritation Skin irritation/ Not corrosive to skin OECD QSAR QSAR prediction by Bundesinstitut fir Result reported to be undefined with regard
corrosion Risikobewertung (BfR) skin to domain applicability, hence considered of
irritation/corrosion for severe skin irritation doubtful reliability
Not corrosive to skin OECD QSAR QSAR prediction by BfR skin Result reported to be undefined with regard
irritation/corrosion for undefined endpoint to domain applicability, hence considered of
doubtful reliability
Positive OECD QSAR QSAR prediction for severe skin irritation, Reported to be within QSAR domain, hence
from Danish EPA database considered acceptable
Eyeirritation Unknown OECD QSAR QSAR prediction by BfR eye Result reported to be undefined with regard
irritation/corrosion to domain applicability, hence considered of
doubtful reliability
Sensitisation No information
Genetic In vitro - Negative OECD QSAR QSAR prediction for Ames test (Salmonella Reported to be within QSAR domain, hence
toxicity Mutagenicity typhimurium), from Danish EPA database considered acceptable
Positive OECD QSAR QSAR prediction for DNA reactivity based Reported to be within QSAR domain, hence
on Ashby fragments, from Danish EPA considered acceptable
Database
Invitro— Negative OECD QSAR QSAR prediction for sister chromatid Reported to be within QSAR domain, hence
Chromosomal exchange in Syrian Hamster Embryo (SHE) considered acceptable
effect assay, from Danish EPA Database
Invivo - Negative OECD QSAR QSAR prediction for Rodent dominant lethal | Reported to be within QSAR domain, hence
Mutagenicity assay, from Danish EPA Database considered acceptable
Negative OECD QSAR QSAR prediction for mouse micronucleus Reported to be within QSAR domain, hence
assay, from Danish EPA Database considered acceptable
Negative OECD QSAR QSAR prediction for Drosophila Reported to be within QSAR domain, hence
melanogaster sex-linked recessive lethal considered acceptable
assay, from Danish EPA Database
Invivo— Negative OECD QSAR QSAR prediction for mouse micronucleus, Reported to be within QSAR domain, hence
Chromosomal from Danish EPA Database considered acceptable
effect Equivocal OECD QSAR QSAR prediction for mouse bone marrow Reported to be within QSAR domain, hence
sister chromosome exchange assay, from considered acceptable
Danish EPA Database
Carcinogenicity Negative OECD QSAR QSAR prediction for FDA Cancer Mde Reported to be within QSAR domain, hence
Mouse, from Danish EPA Database considered acceptable
TDs, = 1000 OECD QSAR QSAR prediction for mouse Carcinogenic Reported to be within QSAR domain, hence
mg/kg/day Potency Database (CPDB), from Danish EPA | considered acceptable
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OECD QSAR Data obtained using OECD QSAR Toolbox at Internet site:
http://www.oecd.or g/chemi cal safety/assessmentofchemi cal s/'theoecdgsartool box.htm#Download gsar _application toolbox

FDA EKDB data obtained using FDA EKDB Database at Internet site:
http: //www.fda.gov/ScienceResear ch/Bi oinfor mati csTool S'EndocrineDi sruptor Knowl edgebase/default.htm

Hazard endpoint Finding Data sour ce Study design Assessed robustness’Comment
Database
Negative OECD QSAR QSAR prediction for FDA femalerat cancer, | Reported to be within QSAR domain, hence
from Danish EPA Database considered acceptable
Negative OECD QSAR QSAR prediction for FDA male rat cancer, Reported to be within QSAR domain, hence
from Danish EPA Database considered acceptable
TDs, = 1000 OECD QSAR QSAR prediction for rat Carcinogenic Reported to be within QSAR domain, hence
mg/kg/day Potency Database (CPDB), from Danish EPA | considered acceptable
Database
Reproductive toxicity No information
Developmental toxicity/ Negative OECD QSAR QSAR prediction from FDA Teratogen Reported to be within QSAR domain,
Teratogenicity Information System (TERIS), from Danish hence considered acceptable
EPA Database
Other toxic Protein binding No information
endpoints potential
Androgen receptor | -1.73t02.25log RBA | FDA EKDB Model drew comparison with hydroxylinuron | Model reports that on basis of only limited
binding activity model and linuron similarity with compounds in database (0.46-
0.51), no conclusion should be drawn
Estrogen receptor -10000 log RBA FDA EKDB Model drew comparison with Carbendazim, Model reports that on basis of only limited
gene activation model N-Methylaniline and N,N-Dimethylaniline similarity with compounds in database (0.56-
0.60), no conclusion should be drawn
Estrogen receptor Negative OECD QSAR QSAR prediction for relative estrogen Reported to be within QSAR domain, hence
binding activity receptor binding activity, from Danish EPA considered acceptable
Database
-100 to -10000 log FDA EKDB Model drew comparison with 4,4'- Model reports that on basis of only limited
RBA model Methylenebis(N,N-dimethylaniling), M2 and | similarity with compounds in database (0.30-
M1 0.37),no conclusion should be drawn
Aquatic Invertebrate ECs, = 0.29 mg/L OECD QSAR QSAR prediction for Daphnia magna, from Reported to be within QSAR domain, hence
Toxicity (48hr) Danish EPA Database considered acceptable
Algael ECs, = 0.439 mg/L OECD QSAR QSAR prediction for Pseudokirchneriella Reported to be within QSAR domain, hence
(48hr) subcapitata, from Danish EPA Database considered acceptable
Fish LCs = 16.2(1.41-185) | OECD QSAR QSAR prediction for Fathead minnow from Reported to be within QSAR domain, hence
mg/L (96hr) the M1 - LCsy model considered acceptable
Bacteria ECs, = 0.0429 mg/L OECD QSAR QSAR prediction for Vibrio fischeri, from Reported to be within QSAR domain, hence
(5 min) uTOX (Multicase) considered acceptable
Sources:
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Based on al available information, the hazard profile of this substance may be summarised as
follows.

Mammalian hazard profile

Acute toxicity: methyl centralite is reported not to meet the Human Health Criteria under the
Canada Domestic Substance List, while the available data on estimated acute toxicity (LDLo value
in rodents, assumed to refer to ora route) for the substance (Table 4.8) suggest that, were it to be
classified under CLP, it may be assumed that it would be considered as no more than a Category 4
acute toxin. Indeed, as can be seen in Table 4.4 of the Non-confidential document, this supports the
available notified classification and labelling entry. Although no information has been identified to
permit detailed assessment of the justification for the suggested classification for specific target
organ toxicity involving the respiratory system via inhalation, the available evidence with regard to
theirritancy of the substance suggests this may be warranted.

Repeat dose toxicity: no information is available on the repeat dose toxicity of methyl centralite.

Irritancy and sensitisation: information from literature searches suggests that methyl centralite
may cause irritation to skin, eyes and mucous membranes. Prolonged or excessive exposure may
cause irritation in sensitive individuals. It is necessary to wear gloves, masks, goggles and use a
hood when handling methyl centralite (Chemcas, 2012). In-house QSAR modelling using the
OECD toolbox, identified only one prediction drawn from the Danish EPA database considered
reliable; this gave a‘Positive’ finding for severe skin irritation. No information on sensitisation was
identified using the available QSAR models.

Genotoxicity and carcinogenicity: overal the outputs from QSAR modelling, do not raise
concerns with regard to either the mutagenic or clastogenic potential of this substance. Methyl
centralite has not been assessed by IARC with regard to its carcinogenic potential (IARC, 2013).
QSAR modelling identified no concerns with regard to its carcinogenic potential.

Reproductive and developmental toxicity: no published data or QSAR predictions were
identified regarding the reproductive toxicity of this substance. A QSAR prediction by the TERIS
database indicated it to be negative for developmental toxicity.

Other toxicities. attempts at QSAR modelling of the substance's ability to interact with proteins
and with the oestrogen or androgen receptor were largely unsuccessful with no valid conclusions
reached using the FDA EKDB model. An OECD QSAR model for oestrogen receptor binding
(drawn from the Danish EPA database) did however, report the substance as falling within its
domain and to be negative for receptor binding. Thus, at this time, there is no basis for concern
regarding methyl centralite’s endocrine disruptive potential.

Environmental fate and behaviour and ecotoxicology

Available information, based largely on the outputs of various QSAR models, does not raise
concern for either the persistence or bioaccumulative potential of the substance in the environment.

No published experimental ecotoxicity data were identified in the searches conducted for this
exercise. While no classification for ecotoxicity has been included in the ECHA C&L Inventory, it
is reported as Hazard class 2 in the German Federal Environmental Agency List of Substances that
are Hazardous to Water. QSAR modelling of the ecotoxic profile of methyl centralite indicated
possible concern with regard to its aquatic toxicity, with predictions of LCsy or ECspvalues <1 mg/L
in invertebrate, algal and bacteria species.
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4.2.3.2 Comparison of hazards

Comparison to DBP

The following Table compares information available on the hazard profile of methyl centralite with
that for DBP. Methyl centralite appears to have a somewhat more benign mammalian toxicological
and ecotoxicological profile. Based on the limited QSAR model information available, it would
appear that the use of methyl centralite could theoretically reduce the hazards posed to workers and
the environment if it substituted DBP; nevertheless, the fact that all risks from the use of DBP in the
formulation of propellants and the subsequent use of such propellants have been shown in the CSR
to be adequately controlled should be taken into consideration.

Table4.10: Hazard comparison of DBP and methyl centralite

Hazard endpoint Methyl centralite DBP
Human health
Acute toxicity Slight (oral)
[rritancy Inhalation
Sensitisation
Repeat dose Toxic
STOT Liver, kidney, testes
Reproductive toxicity 1B (male fertility)
Developmental toxicity 1B (males)
Data are insufficient to determine the
carcinogenic potential. No evidence of
Carcinogenicity carcinogenicity is available. The CSR
assumes that the_ substance is not a
carcinogen
Environment
Aquatic ‘ Toxic | Very toxic
Other
Other issues ‘ Carcinogenic degradation products |

Note: grey cellsindicate areas where no relevant information is available

Concerns about carcinogenic decomposition products

During the last few years, the toxicity of stabilisers and their daughter products has become a major
issue. It is known that stabilisers which are currently used in nitrocellulose-based rocket and gun
propellants are either toxic by themselves, contain toxic/carcinogenic impurities and/or produce
toxic/carcinogenic daughter products during propellant ageing (Wilker, Heeb, Vogelsanger,
Petrzilek, & Skladal, 2007). In particular, the N-nitrosamines, which can be found in propellants
already after production, are known or suspected carcinogens. As a rule of thumb, it can be
assumed that the carcinogeneous potential of the N-nitrosamines increases as follows (Wilker,
Heeb, Vogelsanger, Petrzilek, & Skléadal, 2007):

N,N-diaryl-N-NO < N-aryl-N-alkyl-N-NO < N,N-dialkyl-N-NO.

The stabilisers p-nitro-N-methylaniline (pNMA), p-nitro-N-ethylaniline (pNEA), ethyl centralite
and methyl centralite, form N-nitroso-N-alkylanilines which are highly carcinogenic. Therefore, it
has been stated that these stabilisers should be replaced as soon as practical (Wilker, Heeb,
Vogelsanger, Petrzilek, & Skladal, 2007). Therefore, whilst centralites may appear to be less
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hazardous than DBP, when used in propellant formulations, they may react to give residues of
decomposition products. Methyl centralite cannot therefore be considered an ideal aternative for
DBPin light of its decomposition behaviour.

4.2.3.3 Safety issueswith the manufacture of methyl centralite

The Confidential Annex explains that the use of the precursors to methyl centralite by the applicant
would raise serious concerns. Based on hazard classifications and in comparison to the precursors
to DBP:

. the carbonyl precursor is acutely toxic (inhalation), may cause skin corrosion and is a hazardous
pressurised gas incompatible with the current plant; and

. the amine precursor has more severe acute toxicity properties than the current precursor used by
the applicant, isan eye irritant and has high chronic toxicity to the aguatic environment.

The use of precursors to methyl centralite would be unlikely to result in a lowering of existing
hazards at the workplace for DEZA’ s workers.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.2

4.2.4  Economic feasibility

DEZA does not and cannot manufacture methyl centralite as it does not have the technology and
expertise for doing so. The substanceisforeign to DEZA’ s product portfolio and capabilities.

The Confidential Annex to this AoA explains that the manufacture of methyl centralite could not
make use of existing facilities at DEZA’s DBP plant. An entire plant rebuild would be required
with a cost that could amount to several millions of Euros and would require a timeline sufficiently
long to make any thought of starting production completely unrealistic.

Importantly, due to the inherent technical infeasibility of the substance from the perspective of DUs,
it is unclear whether any of them would actually use methyl centralite as a substitute for DBP.
Even if methyl centralite would prove to be technicaly feasible for the applicant’s customers, the
volume of current sales of DBP to propellant manufacturers that could be substituted with methyl
centralite would only be very modest, due to (a) the presence of other established suppliers (see
Table 4.11) and (b) the overall small tonnage of moderant that is required in the “Applied for” Use.

Overdl, if methyl centralite were to be chosen by DUs as a substitute for DBP in propellant
formulations, DEZA would lose its entire sales of DBP in the field, as it would not be able to
produce this substance. Information on DEZA'’s turnover that is associated with sales of DBP to
propellant manufacturersis provided in the SEA (Section 2.2.2.1).

This alternative substance cannot be considered economically feasible for the applicant.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.3
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425  Availability

4.25.1 Current and projected availability

Availability for the applicant

As discussed above, methyl centralite is manufactured using technology that is alien to DEZA’s
current portfolio and capabilities. Phenyl ureas are not possible to manufacture at DEZA’s DBP
plant, as explained in the Confidential Annex to this AoA.

Availability for the downstream users

Information has been collected from propellant manufacturers and from literature on the market
availability of the potentia alternative substances. From the perspective of DUs, the magjority of
alternatives appear to be available on the market but insufficient information has been obtained for
some of them. The approach that has been followed and the information that has been collected are
presented in the Box below.

For methyl centralite, the available information is given in Table 4.11. The availability of the
substance appears to be acceptabl e but this assertion is based on limited information.

Table4.11: Market availability of methyl centralite

Data

Alternative availability

Market availability from the per spective of the downstream users

Generally available.

Methyl centralite | Limited Not REACH registered

Box 4.1: Approach to establishing the mar ket availability of potential alter native substances

With regard to the availability of the alternatives from the DUS' perspective, information was sought from two main
SOUICES:

« consultation — propellant manufacturers were asked to indicate whether they have researched the market for any of
the selected alternatives, whether they are familiar with any suppliers for each of the aternatives and to indicate
how confident they are about obtaining the required quantity of aternatives, in the theoretica event that an
Authorisation for DBP is not granted; and

o online searches — searches on the Internet were conducted for each of the 10 selected potential alternative
substances. The following sources were used to identify companies that may supply the substances in question.

Table A: Chemical distributor databases consulted

Chemical distributor database Internet link

LookChem http://www.lookchem.com/
Chemical Book http://www.chemi cal book.com/
ChemNet http://www.chemnet.com/
ChemExper http://www.chemexper.com/
Buyers Guide Chem http://www.buyersguidechem.com/
Chemlndustry http://www.chemindustry.com/
Chemical Register http://www.chemicalregister.com/
Chem Info http://www.chem-info.com/
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4.25.2 Actionsrequired for improving availability
Availability for the applicant

For methyl centralite to become available to the applicant a new production line would have to be
opened and a new technol ogy introduced.

The Confidential Annex to this AoA explains the challenges that the applicant would face in
researching, trialling and starting the production of methyl centralite at their plant. The conclusion
is that the availability of the substance for the applicant is very unlikely to improve in the
foreseeable future, without very significant investment, which in light of the size of the affected
market, cannot be justified.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section4.1.4

Availability for the downstream users

Methyl centralite is already used in nitrocellulose-based propellant formulations and is generally
available on the market for use by propellant manufacturers.

4.2.6  Conclusion on suitability and availability of methyl centralite

4.2.6.1 Technical suitability

The substance is a phenyl urea the manufacture of which is based on precursors and technology
completely unknown and wholly incompatible with the applicant’s production plant. Methyl
centralite cannot be considered technically feasible from the applicant’ s perspective.

From the perspective of the DUs, the substance could theoretically be used as a moderant but it isa
poor plasticiser when compared to DBP and it would not be considered as a potential substitute in
propellant formulations where a plasticising effect is specifically needed. The Confidential Annex
explains that the substance is not atechnically satisfactory substitute for DBP.

Moreover, the association of methyl centralite and other typical stabilisers of nitrocellul ose-based
propellants with decomposition products that are classified as or are suspected carcinogens casts
serious doubts on the technical suitability of the substance, particularly when active efforts have
been made to identify alternative, safer stabilisers for nitrocellul ose-based propellants.

4.2.6.2 Reduction of overall risks

In a direct comparison to DBP, methyl centralite would appear to have a more benign hazard
profile.

The substance does not appear to have been as thoroughly investigated as DBP, yet there are
concerns about its irritancy and its effects on the aquatic environment. The issue of its association
with hazardous decomposition productions in nitrocellulose-based propellants must also be noted.
As the risks from exposure to DBP from its use in the formulation and subsequent use of
propellants are adequately controlled, the use of methyl centralite would not result in discernible
benefitsto DUS workers' health.
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From the perspective of the applicant’s workers, the precursors to methyl centralite would appear to
have particularly adverse safety and human health hazard profiles and their handling and use would
not confer any improvement to the working conditions for the applicant’ s employees.

4.2.6.3 Economic feasibility

The cost of establishing a production line for methyl centralite would be extremely high and totally
unjustified in light of the presence of established suppliers of the substance and the very modest
sales that DEZA might potentially achieve in the field of propellants. The lack of documented
technical feasibility of the substance from the perspective of the DUs, cannot create optimism that
potential sales would alow DEZA to make a profit from anew production line.

4.2.6.4 Availability

From the perspective of the applicant, the substance is not available, as its manufacture is based on
technology and precursors which are not available to him. Availability is not expected to improve
into the future; the quantity of methyl centralite that would be sold by DEZA is too small to justify
the expense of setting up and operating a new production line based on new technology.

On the contrary, for DUs, market availability is believed to be acceptable, as the substance aready
finds applications in propellant formulations.

Key point 10

Methyl centralite is not a realistic alternative for the applicant and cannot be considered technically or economically
feasible
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b) ALTERNATIVE SUBSTANCE: ETHYL CENTRALITE
4.3 Ethyl centralite
4.3.1 SubstancelD and properties

4.3.1.1 Nameand other identifiersfor the substance
The identity of ethyl centraliteis presented in the following Table.
Table4.12: Identity of ethyl centralite

Parameter Value Source
EC number 201-645-2 2
EC name 1,3-diethyldiphenylurea 2
CAS number 85-98-3 2
IUPAC name 1,3-diethyl-1,3-diphenylurea 1

Urea, N,N'-diethyl-N,N'-diphenyl-

Ethyl centralite

Centralite |

Centralite 1

Diethyl diphenyl urea
Other names N,N"diethylcarbanilide 1

N-ethyl (ethyl phenylamino)-N-benzamide

sym-Diethyldiphenylurea

Urea, N,Nprime-diethyl-N,Nprime-diphenyl

Urea, 1,3-diethyl-1,3-diphenyl-
Molecular
formula CarHzN-0 2
SMILES notation | O=C(N(clccceel)CC)N(c2eceec2)CC
Molecular weight | 268.35

@) / Ph
NN
Structure \ 2
Et—N Et
Ph

Sources:

1: ChemSpider Internet site : http://www.chemspider.com/Chemical-Structure.6567.html
2. ESSinternet site: http://esis.jrc.ec.europa.eu/

http: //www.scbt.comvdatasheet-222965-1-3-diethyl-1-3-diphenyl urea.html

4.3.1.2 Composition of the substance

No information is available on constituents and impurities. The substance is registered at a tonnage
range between 100 and 1000 tonnes per year on ECHA'’ s database of registered substances??.

22 Date of last search: 25 June 2013.
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4.3.1.3 Physico-chemical properties

The following Table summarises the available information on the physicochemical properties of
ethyl centralite. The information has been collected from a number of literature sources and

consultation.

Table4.13: Physicochemical propertiesof ethyl centralite

Property Value Remarks Source
Physical state at 20°C and | White to off-white 16
101.3 kPa crystalline solid '
126.45°C Mean or Weighted MP (EPI Suite) 2
Melting/freezi it 73-75°C 3
ing/freezing poin
9p 72°C 6
71.5-72°Cor 79°C Consultation response
379 °C at 101.3 kPa ziﬁl cted data ACD/Labs' ACD/ PhysChem 5
Boil , 383.32°C Adapted Stein & Brown method (EPI Suite) 2
oiling point 306°C Quoted from Sax”s Dangerous properties of 6
Industrial Materials, 8" ed., 1992
326-330°C Consultation response
1.118 gler?® ziﬁl cted data ACD/Labs ACD/ PhysChem 5
Density 3 Quoted from Sax”s Dangerous properties of
112 glem Industrial Materials, 8th-ed., 1092 6
1.097g/cm’ 3
0 kPaat 25°C z:ﬁ(:cted data ACD/Labs ACD/ PhysChem 5
7
Vapour pressure 2.7x 10" kPa
(0.00000205 mm Hg) Quoted from Maylan, 1997 6
0.86 x 10°kPaat 25°C Modified Grain method (EPI Suite) 2
Surface tension 47.92 dynelcm ziﬁl cted data ACD/Labs ACD/ PhysChem 5
4791 mglL at 25°C Ejlt gatefrom LogK oy (WSKOW v1.41) (EPI 5
Estimate from Fragments - Wat Sol (v1.01 est)
Water solubility 1.1208 mg/L (EPI Suite) 2
4.79 mg/L at 25°C Quoted from Maylan, 1997 6
80 mg/L (80 ppm) 4
Partition coefficient n- 4.20 LOgKOW (KOWW'N v1.67 esti mate) (EP' SUlte) 2
octanol/water 42 Quoted from Maylan, 1997 6
150.836 °C Prgdlcted data ACD/Labs ACD/ PhysChem 5
suite
Flash point 148.5°C 3
o o Quoted from Sax”s Dangerous properties of
150°C (302°F) Industrial Materials (1992) 6
Flammability Red 1 - Flammability: Must | Under NFPA 704 o
be preheated to burn NFPA 704 is a standard maintained by the U.S.-
Yellow 3 -- Reactivity: based National Fire Protection Association. It 5
Explosive broperties Strong shock or heat may defines the colloquial “fire diamond” used by
P prop detonate - use monitors emergency personnel to identify the risks posed
Reactivity Alerts; Explosive | by nearby hazardous materials
Self-ignition temperature | No data
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Property Value Remarks Source
Oxidising properties No data

Granulometry No data

Source:

1: Santa Cruz Biotechnology Internet site:  http: //www.scht.com/datasheet-222965-1-3-diethyl-1-3-diphenylurea.html
2: ChemSpider Internet site: http: //www.chemspider.comy/Chemical-Structure.6567.html ?rid=490247b8-5eff-49be-
9fle-3adbcbd908f0

3: ChemNet Internet site: http://chemnet.comyProducts/supplier.cqi ?f=pclist;|lang= en;site= chemnet; region=; skey=85-
98-3%201%2C3diethyl 1%2C3diphenylurea;use cas=1;rand id=

4: (Wentsel, Wilkinson, Fitzpatrick, Howard, Jones, & Kitchens, 1979)

5. CAMEO Chemicals Internet site: http://cameochemical s.noaa.gov/chemical /20185

6: European Chemicals Agency: http://echa.europa.eu/

4.3.1.4 Classification and labelling

An online search was performed using the CAS number in ECHA’s C&L Inventory. No
information on harmonised classification and labelling for ethyl centralite is available. However,
according to the Inventory, two aggregated notifications have been made which accord with the
details on ECHA’s REACH registration database. Details are presented in Table 4.14.

Table4.14: Notified classification and labelling of ethyl centralite according to CLP criteria

Classification Labelling
H dCl d H d Stat t Pict Signal Number of
azar assan azard Statemen ictograms Signal | Notifiers
Category Code(s) Code(s) Hazard Statement Code(s) Word Code(s)
H302
Acute Tox. 4 (oral) H302 (Harmful if swallowed)
GHS07
H412 Wng 33
Aquatic Chronic 3 H412 (Harmful to aquatic life with
long lasting effects)
H335
(May cause respiratory
irritation) GHSO7
2
Acute Tox. 4 H302 (Harmtul if swallowed)
Aquatic Chronic 3 H412
Source:

European Chemicals Agency: http://echa.europa.eu/

4.3.1.5 REACH Registration details

The following Table summarises the available information on the status of REACH Registration of
ethyl centralite.

Table4.15: REACH Registration status of ethyl centralite

Registration Result Date of last search
Pre-registered Yes 30 December 2012
Registered Y es—100-1,000 tly 20 June 2013
Source:

European Chemicals Agency: http://echa.europa.eu/
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4.3.2 Technical feasibility

4.3.2.1 Technical feasibility from the per spective of the applicant

DEZA does not currently manufacture this substance and does not have any current plans to start
production in the future without a clear indication from its DUs that ethyl centralite would be a
technically feasible and acceptabl e alternative.

The Confidential Annex to this AOA explains that DEZA does not have access to the precursors to
ethyl centralite and their use by the DEZA plant that currently manufactures DBP is technically
infeasible for technical and safety reasons.

Importantly, the manufacture of ethyl centralite is based on entirely different technology, which is
not within DEZA’s capabilities. DEZA'’s esterification plant can produce a range of phthalates
(depending on the availability of precursor alcohols) and other esters, should the raw materials
became available, but does not have the ability to manufacture phenyl ureas. Technically, this
alternative cannot be considered feasible for the applicant.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.2

4.3.2.2 Technical feasibility from the per spective of downstream users

Relevance as substitute for DBP

According to consultation, the relevance of the substance as a substitute for DBP in propellant
mixturesis asfollows:

Substance family Dialkyl diphenyl ureas

Function Moderant (consultation also suggests a particular relevance as a coolant)

Background to the use of the substance

Functions of ethyl centralite in propellants. ethyl centralite serves multiple purposes in solid
propellants. It is used as a stabiliser, plasticiser and as a moderant (Harper & Furton, 2007). The
substance is often described as a ‘ stabiliser also offering a plasticising effect’, as shown in Table 4.6
(Meyer, Kohler, & Homburg, 2007).

It is found in single-, double- and triple-base propellants (Curtis, 1987), athough it is most
commonly used in double-base propellants (Wallace, 2008). It may be used as a surface moderant
in both small and large calibre ammunition (US EPA, 2012). Ethyl centralite reduces propellant
temperature during deflagration and reduces flash in propellants that contain nitro-glycerine
(Mirecki & al, 2006). It isaso employed as awaterproofing agent for propellants (1PI, 2011).

In propellants, ethyl centralite most often occurs with DPA (diphenylamine) (Wallace, 2008) and
finds many military applications (US Army, 1989). Ethyl centralite is also used in propellants for
cartridge and propellant actuated devices such as aircraft gector seats, automotive airbags and seat
belt pre-tensioners (SITIS Archives, undated). As a propellant stabiliser, it can be used in relatively
large proportions (up to 8%) of the propellant composition (1PI, 2011).

Notably, ethyl and methyl centralite behave in a chemicaly similar way; however, only one
compound is used in the ammunition make up, never both (Croft & Bartley, 2008).
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Non-explosive uses of ethyl centralite: the US National Toxicology Program notes a proposed use
of the substance in rubber manufacture (US NTP, 2012).

Comparison against key technical feasibility and selection criteria

Trials with the substance and percelved overall technical suitability: this information is

presented in the Confidential Annex.

Comparison against the key technical feasibility and selection criteria: this information is

presented in the Confidential Annex.

Other technical considerations: as discussed for methyl centralite, conventional stabilisers used
for nitrocellulose-based propellants belong to (a) aromatic amines or (b) aromatic urea derivatives.
Ethyl centralite belongs to the second group (Frys & a, 2010).

A considerable amount of research is being undertaken for the development of a new generation of
stabilisers. It istherefore clear that substances such as ethyl centralite that are considered unsuitable
and subject to replacement would not be idea substitutes for DBP in nitrocellulose-based
propellants.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.3.2.2

4.3.3 Reduction of overall risk dueto transition to the alter native

4.3.3.1 Hazard information

Information on the hazards of ethyl centralite has been sought from a variety of sources, including
the ECHA Dissemination Portal. Information on the nature of the hazards posed by the substance
are summarised in Table 4.16, while the mammalian and ecotoxicological hazardous properties are

discussed in more detail below.

Table4.16: Hazard information on ethyl centralite

Database Parameter Value
German Federal Hazard class

Environmental (Note: there are three water hazard classes (WGK):

Agency List of 1: low hazard to waters 2
Substances which are | 2: hazard to waters

Hazardous to Water 3: severe hazard to waters)

Danish PA Lists of
Effects for 2009

Classification

NR50/53;R43

Vel. L: The Danish EPA’s*Advisory list for self-classification
of dangerous substances’ (the Self-classification list)

Yes

Canada Domestic
Substance List (DSL)
(2007)

Substance category

Organics

Bioaccumulative

No (rationale: QSAR)

Persistent

No (rationale: QSAR)

Inherently Toxic to Aquatic Organisms

Yes (rationae: QSAR)

Meets CEPA Categorization Criteria

No

Meets Environmental Criteria for Categorization No
Meets Human Health Criteria No
DSL Quantity range (tonnes/year) >1-1,000

NLM TOXNET

National Technica Information Service. Vol. AD277-689

LDso = 200mg/kg, mouse
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Database Par ameter Value

Toxicology LDgy = 2,500mg/kg, mouse,
lungs, thorax, or respiration:
Gigiena i Sanitariya. For English trandation, see HYSAAV. | cyanosis

Vol. 41(5), Pg. 21, 1976 LDsy = 2,750mg/kg, rat,
lungs, thorax, or respiration:
Cyanosis
Chemical Zeiger, E, Anderson, B, Haworth, S, Lawlor, T and Mutagenicity test (Ames
Carcinogenesis Mortelmans, K (1988): Salmonella Mutagenicity Tests: 1V. 2553 inSallynon dla
Research Information | Results from the Testing of 300 Chemicals, Environ. Mol. t h?lmurium) neoative
System Mutagen., Vol 11(Suppl.12), ppl-158. P €9

Sources. (Environment Canada, 2011)

German Federal Environmental Agency Internet site:

http://webrigol etto.uba.de/rigol etto/public/searchDetail .do?kennummer=4488

OECD Internet site: http://webnet.oecd.org/ccrweb/Chemical Details.aspx?Chemical | D=3A98BDE8-609E-410D-9D10-
AC01CD64BB5B

USEPA ACToR Internet site: http://actor.epa.gov/actor/GenericChemical ?casrn=85-98-3

Chemical Carcinogenesis Research Information System Internet site:  http://toxnet.nlm.nih.gov/cgi-

bin/sis/search/r 2dbs+ ccris. @term+ @rn+85-98-3

In respect of the Canada Domestic Substance List referred to above, additional information is
available on the ecologica data that were the basis of the conclusions reached by the Canadian
authorities.

Table4.17: Ecological data supporting decisions of Environment Canada on ethyl centralite

Parameter ‘ Value
Persistence

Media of concern leading to Categorization Water
Experimental biodegradation half-life (days) Not Available
Predicted ultimate degradation half-life (days) 375
Biodegradation (by MITI) 0.0422
Biodegradation (by TOPKAT) 1
Ozone reaction half-life (days) (predicted by EPI) 999
Atmospheric oxidation half-life (days) (predicted by EPI) 0.3258
Bioaccumulation potential

Log Ko (predicted by KowWin) 4.2
Log BAF T2MTL (predicted by Gobas) 3.114
Log BCF 5% T2LTL (predicted by Gobas) 2.903
Log BCF Max (predicted by OASIS) 3.522
Log BCF (predicted by BCFWIN) 2.537
Aquatic Toxicity

Pivotal value for iT (mg/L) 0.963
Acute toxicity to fathead minnow (LCsy in mg/L) (predicted by TOPKAT v6.1) 0.963
Acute toxicity to fish (LCsy in mg/L) (predicted by Ecosar v0.990) 1.701
Acute toxicity to fish (LCsy in mg/L) (predicted by PNN) 143.300
Acute toxicity to daphnia (ECsy in mg/L) (predicted by TOPKAT v6.1) 51.7
Acute toxicity to aquatic organisms(fish, daphnia, algae or mysid shrimp) (ECso or LCso in mg/L) 0.102
(predicted by Ecosar v0.999)

Acute toxicity to fish (LCso in mg/L) (predicted by Neutral Organics QSAR in Ecosar v0.999) 0.567
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Par ameter Value

Chronic toxicity to daphnia or algae (ECso in mg/L) (predicted by Ecosar v0.999) 0.285

Source: OECD Internet site: http://webnet.oecd.or g/ccrweb/Chemical Details.aspx?Chemical | D= 3A98BDES-609E-
410D-9D10-AC01CD64BB5B

In addition to the above information sources, QSAR models (OECD QSAR toolbox and FDA
EKDB models) were employed to derive additional insight into the mammalian and
ecotoxicological profile of this substance. The outputs of the modelling (and associated references)
are presented in Table 4.18, overleaf. Based on all available information, the hazard profile of this
substance may be summarised as follows:

Mammalian hazard profile

Toxicokinetics: ethyl centralite is reported to be readily absorbed via the gastrointestinal tract and
absorption through other relevant tissues (e.g. skin and respiratory tract) may also occur, though has
not been quantified (Wentsel, Wilkinson, Fitzpatrick, Howard, Jones, & Kitchens, 1979). However,
it is reported to be metabolised in liver though there is no information on its subsequent elimination
(ECHA Dissemination Portal).

Acute toxicity: a number of studies have investigated the acute toxicity of ethyl centraite in
rodents; the results are summarised in Table 4.19. Some of these suggest an oral LDsp value in
excess of 2000 mg/kg. However, that reported by Chemische Werke Lowi (1978) indicates avalue
only one-sixth of this No information on the design of the study by Chemische Werke Lowi (1978)
is available but a regulatory compliant study reported on the ECHA Dissemination Portal
established an ora LDs in rats of approximately 780 mg/kg bw. In the Weeks & McCreesh (1977)
study, male Sprague-Dawley rats were given ethyl centralite in corn oil and clinical signs observed
included tremor, lethargy, wet anus, ruffled pelt, red discharge around the eyes, and tonic
convulsions at lethal doses. For Korolev et al (1976), symptoms observed were characteristic of
central nervous system toxicity and cyanosis. The relatively low LDsg value that was established
for the intra-peritoneal route by Doull et al. (1962) would suggest that the low estimate of acute oral
toxicity reported by Chemische Werke Lowi might be unreliable.
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Table4.18: Human health and environmental hazard profilefor ethyl centralite

databases (in OECD
QSAR)

typhimurium Strain TA 100) with SO
activation, from Romualdo Benigni

Hazard endpoint Finding Data source Study design Assessed robustness’Comment
Toxicokinetics 97% OECD QSAR QSAR prediction of human intestinal Result reported to be undefined with
absorption by Multicase expert system | regard to domain applicability;
hence considered of doubtful
reliability
[rritation Skin irritation/ Not corrosiveto skin | OECD QSAR QSAR prediction by BfR skin Result reported to be undefined with
corrosion irritation/corrosion for severe skin regard to domain applicability;
irritation hence considered of doubtful
reliability
Not corrosiveto skin | OECD QSAR QSAR prediction by BfR skin Result reported to be undefined with
irritation/corrosion for an undefined regard to domain applicability;
endpoint hence considered of doubtful
reliability
Positive OECD QSAR QSAR prediction for severe skin Reported to be within QSAR domain,
irritation, from Danish EPA database hence considered acceptable
Eyeirritation Unknown OECD QSAR QSAR prediction by BfR eye Result reported to be undefined with
irritation/corrosion regard to domain applicability;
hence considered of doubtful
reliability
Sensitisation No information
Genetic In vitro - Negative CCRIS database, Toxnet | Read-across of Ames Test (S N/A
toxicity M utagenicity databases (in OECD typhimurium Strain TA 100) without
QSAR) S9 activation, from Romualdo Benigni
Negative CCRIS database, Toxnet | Read-across of Ames Test (S N/A
databases (in OECD typhimurium Strain TA 153) without
QSAR) S9 activation, from Romualdo Benigni
Negative CCRIS database, Toxnet | Read-across of Ames Test (S N/A
databases (in OECD typhimurium Strain TA 97) without S9
QSAR) activation, from Romualdo Benigni
Negative CCRIS database, Toxnet | Read-acrosson Ames Test (S N/A
databases (in OECD typhimurium Strain TA 98) without S9
QSAR) activation, from Romualdo Benigni
Negative CCRIS database, Toxnet | Read-acrosson Ames Test (S N/A
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Hazard endpoint Finding Data source Study design Assessed robustness’Comment
Negative CCRIS database, Toxnet | Read-across on Ames Test (S N/A
databases (in OECD typhimurium Strain TA 153) with SO
QSAR) activation, from Romualdo Benigni
Negative CCRIS database, Toxnet | Read-acrosson Ames Test (S N/A
databases (in OECD typhimurium Strain TA 97) with S9
QSAR) activation, from Romualdo Benigni
Negative CCRIS database, Toxnet | Read-acrosson Ames Test (S N/A
databases (in OECD typhimurium Strain TA 98) with S9
QSAR) activation, from Romualdo Benigni
Negative P&G (in OECD QSAR) | Based on Ames Test (S. typhimurium N/A
Strain TA 97) without S9 activation,
from P& G
Negative P&G (in OECD QSAR) | Based on Ames Test (S. typhimurium N/A
Strain TA 98) without S9 activation,
from P& G
Negative P&G (in OECD QSAR) | Based on Ames Test (S. typhimurium N/A
Strain TA 100) without S9 activation,
from P& G
Negative P&G (in OECD QSAR) | Based on Ames Test (S. typhimurium N/A
Strain TA 1535) without S9 activation,
from P& G
Negative P&G (in OECD QSAR) | Based on Ames Test (S. typhimurium N/A
Strain TA 1537) without S9 activation,
from P& G
Negative P&G (in OECD QSAR) | Based on Ames Test (S. typhimurium N/A
Strain TA 1538) without S9 activation,
from P& G
Negative P&G (in OECD QSAR) | Based on Ames Test (S. typhimurium N/A
Strain TA 97) with S9 activation, from
P&G
Negative P&G (in OECD QSAR) | Based on Ames Test (S. typhimurium N/A
Strain TA 98) with S9 activation, from
P&G
Negative P&G (in OECD QSAR) | Based on Ames Test (S typhimurium N/A
Strain TA 100) with S9 activation,
from P& G
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Hazard endpoint Finding Data source Study design Assessed robustness’Comment
Negative P&G (in OECD QSAR) | Based on Ames Test (S. typhimurium N/A
Strain TA 1535) with S9 activation,
from P& G
Negative P&G (in OECD QSAR) | Based on Ames Test (S. typhimurium N/A
Strain TA 1537) with S9 activation,
from P& G
Negative P&G (in OECD QSAR) | Based on Ames Test (S. typhimurium N/A
Strain TA 1538) with S9 activation,
from P& G
Negative Kaziuset a (in OECD Based on Ames Test (S. typhimurium) | N/A
QSAR) no information on strain or S9 status,
from Kazius et al
Negative OECD QSAR QSAR prediction by Amestest )S. Reported to be within QSAR domain,
typhimurium), from Danish EPA hence considered acceptable
Database
Positive OECD QSAR QSAR prediction for DNA reactivity Reported to be within QSAR domain,
based on Ashby fragments, from hence considered acceptable
Danish EPA Database
Equivocal OECD QSAR Prediction for sister chromatid Reported to be within QSAR domain,
exchange assay in mouse bone marrow | hence considered acceptable
Equivocal OECD QSAR Prediction for sister chromatid Reported to be within QSAR domain,
exchange assay in mouse bone marrow | hence considered acceptable
Invitro — Negative OECD QSAR QSAR prediction for sister chromatid Reported to be within QSAR domain,
Chromosomal exchange in Syrian Hamster Embryo hence considered acceptable
effect (SHE) assay, from Danish EPA
Database
Invivo - Negative OECD QSAR QSAR prediction for Drosophila sex- Reported to be within QSAR domain,
M utagenicity linked recessive lethal test, from hence considered acceptable
Danish EPA Database
Invivo— Negative OECD QSAR QSAR prediction for mouse Reported to be within QSAR domain,
Chromosomal micronucleus assay from Danish EPA | hence considered acceptable
effect Database
Negative OECD QSAR QSAR estimation for Rodent, Reported to be within QSAR domain,
Dominant lethal assay (chromosome hence considered acceptable
aberration) from Danish EPA Database
Carcinogenicity Negative OECD QSAR QSAR prediction for FDA Cancer Reported to be within QSAR domain,
Female Mouse, from Danish EPA hence considered acceptable
Database

Use number: 2

Legal name of applicant: DEZA, as.

78




ANALY SIS OF ALTERNATIVES

Hazard endpoint Finding Data source Study design Assessed robustness’Comment
Negative OECD QSAR QSAR prediction for FDA Cancer Reported to be within QSAR domain,
Male Mouse, from Danish EPA hence considered acceptable
Database
TD50 = 1000 OECD QSAR QSAR prediction for mouse Reported to be within QSAR domain,
mg/kg/day Carcinogenic Potency Database hence considered acceptable
(CPDB), from Danish EPA Database
Negative OECD QSAR QSAR prediction for FDA Cancer Reported to be within QSAR domain,
Female Rat, from Danish EPA hence considered acceptable
Database
Negative OECD QSAR QSAR prediction for FDA Cancer Reported to be within QSAR domain,
Male Rat, from Danish EPA Database | hence considered acceptable
TD50 = 1000 OECD QSAR QSAR prediction for rat Carcinogenic | Reported to be within QSAR domain,
mg/kg/day Potency Database (CPDB), from hence considered acceptable
Danish EPA Database
Toxicity to Reproductive No information
reproduction
Developmental toxicity / Negative OECD QSAR QSAR prediction from FDA Teratogen | Reported to be within QSAR domain,
Teratogenicity Information System (TERIS), from hence considered acceptable
Danish EPA Database
Other toxic Protein binding No information
endpoints potential
Androgen -1.73t0-10000 log FDA EKDB model Model drew comparison with Model reports that on basis of only
receptor binding RBA hydroxylinuron, p-lactophenetideand | limited similarity with compoundsin
activity linuron database (0.40-0.43), no conclusion

should be drawn

Estrogen receptor
gene activation

-10000 log RBA

FDA EKDB model

Model drew comparison with N-
ethylaniline, carbendazim and
iprodione

Model reports that on basis of only
limited similarity with compoundsin
database (0.46-0.56), no conclusion
should be drawn

Estrogen receptor
binding activity

10% RBA OECD QSAR QSAR prediction for estrogen receptor | Reported to be outside of QSAR
binding affinity (Multicase) domain,
hence considered of doubtful
reliability
Negative OECD QSAR QSAR prediction by relative estrogen | Reported to be within QSAR domain,

receptor binding activity, from Danish
EPA Database

hence considered acceptable
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Hazard endpoint Finding Data source Study design Assessed robustness’Comment
-100 to -10000 log FDA EKDB model Model drew comparison with M2, Model reports that on basis of only
RBA alachlor and hydroxy-flutamide

limited similarity with compoundsin
database (0.33-0.35), no conclusion
should be drawn

Aquatic Invertebrate ECs = 0.29 mg/L OECD QSAR QSAR prediction by immobilization Reported to be within QSAR domain,
Toxicity (48hr) ECs, in D magna, from Danish EPA hence considered acceptable
Database
Bacteria ECs, = 0.0254 mg/L OECD QSAR QSAR prediction for V. fischeri, from | Reported to be within QSAR domain,
(5min) uTOX (Multicase) hence considered acceptable
Sources:

OECD QSAR Data obtained using OECD QSAR Toolbox at Internet site:
http://www.oecd.or g/chemi cal safety/assessmentofchemi cal s/theoecdgsartool box.htn#Download _gsar _application toolbox
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Table4.19: Acuteanimal toxicity studieson ethyl centralite

Animal L Dsg mg/kg How administered | Reference
. (Korolev, Arsenieva Vitvitskaya, Zakharova, &
Mice 2,500 Oral Kinzinrsky, 1976)
Rat . .
(Wistar) 780.9 Oral Key study reported on ECHA Dissemination Portal
(Korolev, Arsenieva Vitvitskaya, Zakharova, &
Rats 2,750 Oral Kinzinrsky, 1976)
Rats 420 Oral (Chemische Werke Lowi, 1978)
2,560 (1,810-3,160,
Rats 9596 confidence limit) Oral (Weeks & McCreesh, 1977)
Inhalation . -
Rat > 198 mg/L 8 hr) Key study reported on ECHA Dissemination Portal
Rat >2000 mg/kg/bw Dermal Key study reported on ECHA Dissemination Portal
Mice 200 Intra-peritoneal (Doull, PIzak, & Brois, 1962)

Sources. (Wentsel, Wilkinson, Fitzpatrick, Howard, Jones, & Kitchens, 1979)
European Chemicals Agency: http://echa.europa.eu/

As noted in Table 4.10 of the Non-confidential document, the ECHA C&L Inventory database
identifies 33 (aggregated) notifications, in which ethyl centralite is given the H302 (Acute Tox. 4
(oral)) precautionary statement. However, via the oral route, clinical signs of neurointoxication
(increased neuromuscular irritability, spasm) have been reported. However, the substance is
reported not to meet the Human Health Criteria under the Canada Domestic Substance List.

The ECHA Dissemination Portal also reports an inhalation and dermal LDsg values in rats of 198
mg/L and >2000 mg/kg bw, respectively based on unidentified studies; the latter value would
suggest alow dermal absorption. An acute inhalation study on male Sprague-Dawley rats has also
been reported by Weeks & McCreesh (1977) in which groups (6 animals in each) were exposed to
untreated air (controls) or air containing ethyl centralite at nominal concentrations of 0.4 or 198
mg/L. For one group receiving each level, the test atmosphere was generated by heating dispersion
tubes containing solid compound to 50 or 100°C respectively, while for another group, the
dispersion tube was at room temperature (in this latter case there was no discernible loss of test
material from the dispersion tube and the nominal concentration of ethyl centralite vapour was 0
mg/L). For al groups, no toxic effects were observed during exposure and a 14-day observation
period. At sacrifice, body-weight gain and bodyweight-relative organ weights (for liver, kidney,
lung, spleen and testes) were unaffected by treatment and no treatment-related histopathology was
observed (nasal turbinates, lung, heart, liver, spleen, oesophagus, stomach, intestines, kidney or
testes were examined). These results suggest that ethyl centralite does not represent a significant
hazard under conditions of acute inhalation.

Irritancy and sensitisation: An in vitro study using a reconstructed human epidermis model
(Guideline B46) conducted to GLP, which concluded the substance to be not irritating, is reported
on the ECHA Dissemination Portal. This finding was confirmed by an unidentified study
conducted to EU Method B4 and GLP in New Zealand White Rabbits, also reported by this source.
Weeks & McCreesh (1977) aso report that administration of 0.5 g dry ethyl centralite for 4 hours to
intact or abraded skin of New Zealand white rabbits resulted in no irritation after up to 72 hours.
Application of 0.5 gin 1.0 mL of acetone vehicle elicited mild irritation by 24 hours. The irritation
resolved by 7 days after application.

The ECHA Dissemination Portal reports that ocular irritancy has been assessed in a 2011 study in
New Zealand white rabbits conducted to EU Method B5 and GLP in which application of 0.1 g of
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the substance was applied to the eye and responses noted for a period of 72 hours, and in a study
conducted using Guideline B.47 (Bovine Corneal Opacity and Permeability Test Method for
Identifying Ocular Corrosives and Severe Irritant), again to GLP; these found ethyl centralite to be
non-irritant. Weeks & McCreesh (1977) also report on the ocular irritancy of this substance. A
single application of 0.5 g dry ethyl centralite to one eye of New Zealand white rabbits for 24 hours
produced no opacity. However, most of the rabbits exhibited some conjuctival redness and
discharge at 24 hours. By 72 hours, the eyes appeared normal, suggesting that the substance is
moderately irritating to the eye (Wentsel, Wilkinson, Fitzpatrick, Howard, Jones, & Kitchens,
1979). Use of the OECD QSAR toolbox identified only one positive prediction — in relation to
potential severe skin irritancy.

The ECHA Dissemination Portal aso reports an unpublished Local Lymph Node Assay (according
to EU Method B.42 and GLP) on BALB/c mice in which the substance was tested at levels of 3 to
300 mg/mL, in which no skin reactions or clinical signs were noted and the weight of the ear was
not increased, thereby demonstrating it to be not sensitising.

The above data taken together with the entry in ECHA C&L Inventory database of 2 aggregated
notifications in which ethyl centralite is assigned a H335 (may cause respiratory irritation)
precautionary statement, would suggest that the substance may be capable of dliciting irritancy of
the respiratory tract. However, it does not appear to be irritant to the skin or respiratory tract and
does not appear to show a dermal sensitisation potential.

Repeat dose toxicity: in a25-day study on white rats (strain and number unspecified) by Korolev
et al. (1976), animals were fed a diet containing the substance at 22, 110 or 550 mg/kg for 25 days.
None of these animals died during the exposure period but haematological (erythrocyte, leukocyte
and reticulocyte counts and levels of haemoglobin and methaemoglobin) and clinical pathological
(cholinesterase, aldolase and peroxidase activities, differential blood protein and urinary colour
intensity) investigations identified changes in erythrocyte count and peroxidase activity at 110
mg/kg. However, no information was given on the magnitude of this change or the extent to which
this was reflective of changes at the high dose level. At sacrifice, organ weights were recorded and
liver cholinesterase activity measured. It is reported at that the high dose of 550 mg/kg, changesin
a number of parameters were identified (p<0.05 - 0.01) but there are no further details given
(Wentsel, Wilkinson, Fitzpatrick, Howard, Jones, & Kitchens, 1979). The poor reporting of the
study makes interpretation of the toxicological significance of the findings uncertain and unreliable.

Also in Korolev et al (1976), white rats were fed a diet containing the substance at levels designed
to achieve dosages of 0.05, 0.5 and 5 mg/kg body weight for an unspecified period, but assumed to
be longer than the 25-day period addressed in the above experiment. In addition to the parameters
assessed in the 25-day study, the following endpoints were also assessed with regard to behaviour
(conditioned reflex activity) and clinical pathology (ceruloplasmin and 6-lipoprotein, sulphhydryl
groups, and transaminase and phosphatase activity). Semen was also apparently examined. No
changes were reported at 0.5 or 0.05 mg/kg bw/d, but statistically significant changes in conditioned
reflex activity, liver excretory function, peroxidase activity, ceruloplasmin and sulphhydryl groups
were noted at 5 mg/kg bw/d (Wentsel, Wilkinson, Fitzpatrick, Howard, Jones, & Kitchens, 1979).
Given the poor level of detail reported on the experimental design and the experimental findings,
these findings may be considered unreliable.

Thus, overall, this paper indicated that changes may occur in rodents exposed to repeated dietary
dosages of 0.05 mg/kg/d. There is, however, an absence of reliable information with which to
establish what constitutes a toxicologically relevant dosage and no reliable NOAEL can be
determined. The nature of the fragmentary report available, which does not suggest frank toxicity
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was elicited, does however suggest that ethyl centralite may only have limited toxicity under repeat
dose conditions.

The ECHA Dissemination Portal reports only one repeat dose study, conducted to EU Method B.7
and GLP, in which Wistar rats were dosed at 0, 50, 150, 450 or 600 mg/kg bw by oral gavage for 28
days, followed for some animals by a period of withdrawa of treatment (recovery phase).
Responses to treatment included altered blood ion balance and red cell parameters, decreased blood
AST and ASLP activities and, at the high dose, of ALT, together with increase in bilirubin levels.
The changes in blood ion balance had not resolved by the end of the recovery period. In females
only, signs of neurotoxicity were apparent (Straub phenomenon, restlessness, excitability and
extension rigidity of the hindlimbs) during the initial week of treatment only. Increased liver
weights of treated animals were noted in both sexes with, in males, histopathological examination
identifying hepatic basophile cytoplasm and cortical dystrophy of the kidneys. In females,
hyperplasia of ovarian stromal interstitia cells and genital tract hydrometra of the uterus were
noted. A LOEL (Lowest Observed Effect Level) of 50 mg/kg/day that applied to both sexes was
established. The authors suggest that the changes observed are without toxicological importance
and adaptive in nature but provide no robust argumentation to support this conclusion; the ECHA
Dissemination Portal a so notes that the conduct of a 90 day study in rodentsis being considered.

Genotoxicity and carcinogenicity: in the poorly reported and unreliable paper referred to above,
Korolev et al (1976) reported no mutagenic effects. Weeks & McCreesh (1977) and Wentsel et d
(1979) report negative findings from Ames assays on Saccharomyces cerevisiae. In an Ames assay
by Mortelmans & Zeiger (2000), in which S. typhimurium strains TA100, TA1535, TA97 and
TA98 were tested with and without metabolic activation, no effect was identified. The ECHA
Dissemination Portal also presents an unpublished mouse lymphoma L5178Y cell assay conducted
to EU Method B.17 and OECD 476 and to GLP, and an unpublished in vitro chromosome
aberration test in human lymphocytes conducted to EU Method B.10 and GLP; both studies were
negative.

A series of QSAR predictions were obtained from the OECD toolbox; of those considered to fall
within the domain of the respective model, only a prediction for DNA reactivity based on Ashby
fragments indicated positive genotoxic activity. Equivocal findings were also reported for sister
chromosome exchange in a mouse bone marrow model. A series of within-domain QSAR model
estimates of carcinogenic potential indicate low concern with regard to the potential for
carcinogenicity and, overall, therefore there appears to be little concern with regard to either the
potential genotoxic or carcinogenic potential of the substance.

Reproductive and developmental toxicity: in an unpublished Reproduction and Developmental
Toxicity Screening Test (OEC421) conducted to GLP reported on the ECHA Dissemination Portal,
Wistar rats were given the substance by oral gavage at dosages of 50, 150 or 450 mg/kg bw. A
NOAEL of 450 mg/kg bw/d was established in both the parental and F1 generations. However, in
the detailed description of the study findings it is noted that signs of neurotoxicity were observed
during the initial week of treatment and that one female of the parental generation given the high
dosage died following the first administration. However, none of the reproductive or
developmental parameters assessed were adversely affected by treatment. No other information is
available on the reproductive toxicity of the substance. The TERIS database does, however,
suggests it is not a developmental toxicant.

Other toxicities: robust QSAR modelling of the substance's ability to interact with the oestrogen
receptor or gene, or the androgen receptor was possible. However, the outputs derived do not raise
particular concern.
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Environmental fate and behaviour and ecotoxicology

Ethyl centralite is reported to have a solubility of 80 ppm suggesting that it would initially occur in
water; however, given its high organic solubility it would be expected to be readily adsorbed onto
sediment (Wentsel, Wilkinson, Fitzpatrick, Howard, Jones, & Kitchens, 1979). However, other
sources dispute this water solubility figure, suggesting much lower values (see Table 4.9 of the
Non-confidential document).

Furthermore, the substance is resistant to acid and base hydrolysis, though where the chemical is
degraded, the resulting products have been suggested to be N-ethylaniline and carbon dioxide
(Wentsel, Wilkinson, Fitzpatrick, Howard, Jones, & Kitchens, 1979). No information has been
identified on photodegradability. However, as assessed by the registrant on the ECHA
Dissemination Portal, ethyl centraliteis judged to be neither PBT, nor vPvB.

The ECHA Dissemination Porta reports a GLP compliant 96-hr static test conducted to Guideline
Letale Wirkung beim Zebrabéarbling-Brachydanio rerio (LC 0, LC 50, LC 100; 48-96 Stunden)
Verfahrensvorschlag: Umweltbundesamt Berlin, Stand Mai 1984), in Danio rerio in which a LCsg
of 15.6 mg/L was estimated. An Alga Inhibition Test to EU Guideline C.3 and GLP on
Desmodesmus subspicatus is aso reported that gave a 72 hour ErCsy of 37.8 mg/L (average
exposure concentration; 95% confidence limit: 36.09 — 39.42 mg/L).

Considering other published data, Wentsel et al (1979) report that ethyl centralite is acutely toxic to
fish at 10 ppm and that a level of 5 ppm is sufficient to rapidly stress fish. Additional information
on the substance's toxicity to fish is available from the study ‘Lethal Effects of 1888 Chemicals
upon Four Species of Fish from Western North America’ (MacPhee & Ruelle, 1969). This study
reports a series of 24 hour screening assays on multiple chemicals in the following fish species -
northern sguawfish (Ptychocheilus oregonenm), chinook salmon (Onchorhynchus tshawytscha),
coho salmon (O. kzxutch) and the steelhead (Salmo gairdnen), with effects assessed in terms of
mortality or loss of equilibrium. For ethyl centralite, death was noted to occur after 1-3 hours of
exposure at 10 ppm suggesting it has a moderate to high aguatic toxicity; a NOAEL was not defined
by the study. Furthermore, OECD QSAR predictions of the acute toxicity in bacteria and
invertebrate species also suggest a significant level of aquatic toxicity.

Together, these data suggest that ethyl centralite is of moderate to high aquatic toxicity and this
opinion is supported by the concerns identified by German and Danish authorities (see Table 4.16).
The ECHA Dissemination Portal reports a PNECteswater Of 0.0143 mg/L and a PNECheshwater sediment
of 0.784 mg/kg dryweight. For marine waters, values are PNECaine waer @€ 0.143 mg/L and
PNECmarine sediment Of 0.791 mg/kg dryweight.

In the 35 aggregated notifications on the ECHA C&L Inventory database, it is given a H412
(Aquatic Chronic 3) precautionary statement.

Limited insight into the consequences of exposure to the substance on terrestrial speciesis available
from a study on house and deer mice (Mus musculus and Peromyscus maniculatus, respectively)
(Schafer & Bowles, 1985). The LDsy in deer mice was found to be 1125 mg/kg bw (again
suggestive of relatively low mammalian toxicity; see discussion on acute toxicity in mammals
above) and areduction in food intake of 10.0% was noted in this species when given a diet of wheat
seeds treated with 2% of the test substance over a 3-day test period. For the house mouse, 40% of
animals were found to refuse to eat more than 50% of the provided wheat seeds when they were
treated with 2% of the test substance over a 5-day test period. This study suggests that, at least in
murine species, exposure to adiet containing the substance would lead to avoidance responses.
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4.3.3.2 Comparison of hazards

Table 4.20 compares the hazard profile of ethyl centralite with that of DBP, in terms of their
proposed DNELs. As can be seen, currently the DNELs proposed for ethyl centralite by its
registrant for long-term dermal exposure dermal of workers are more stringent than those for DBP,
as are the long-term inhalation and oral DNEL s for the general population.

Table4.20: Human health risk comparison between ethyl centralite and DBP

Parameter | Ethyl centralite ‘ DBP
Workers
Dermal Dermal
Acute/ short- DN(M)EL DN(M)EL
term exposure - nhalation
systemic effects DN(M)EL Inhalation DNEL | 2.84 mg/m?
Dermal Dermal
tAe::#:eei Sggztre DN(M)EL DN(M)EL
local effpects Inhaation Inhalation
DN(M)EL DN(M)EL
Long-term Dermal DNEL 0.0556 mg/kg bw/day Dermal DNEL 0.19 mg/kg bw/day
exposure -
sygtemic effects | Inhalation DNEL | 0.1959 mg/m® Inhalation DNEL | 0.13 mg/m?
Lona-term Dermal Dermal
o gsure_ local | DN(M)EL DN(M)EL
eff%ct S Inhaation Inhalation
DN(M)EL DN(M)EL
General population
Dermal Dermal
feﬁ[‘ntee)/( sggztre DN(M)EL DN(M)EL
stemig B Inhalation Inhalation
R4 DN(M)EL DN(M)EL
Dermal Dermal
gﬂ‘:( Sgg;tre DN(M)EL DN(M)EL
local effocts Inhalation Inhalation
DN(M)EL DN(M)EL
Long-term Dermal DNEL Dermal DNEL 2.2 mg/kg bw/day
exposure - Inhalation DNEL | 0.0483 mg/m? Inhalation DNEL | 0.62 mg/m?3
systemic effects Oral DNEL 0.0278 mg/kg bw/day Oral DNEL 0.22 mg/kg bw/day
Lona-term Dermal Dermal
o gwre_ local | DN(M)EL DN(M)EL
ffocts Inhalation Inhalation
DN(M)EL DN(M)EL
Sources:
CR
European Chemicals Agency: http://echa.europa.eu/
Note that for the general population, the CSR does not include toxicological thresholds, as consumer exposure is not
considered relevant to the uses of the substance. The figures noted above in the grey part of the Table are from the
registration of DBP, as shown on the ECHA Dissemination Portal

Use number: 2 Legal name of applicant: DEZA, a.s. 85



ANALY SIS OF ALTERNATIVES

Table 4.21 compares the environmental hazard profile of ethyl centralite with that of DBP, in terms
of their proposed PNECs. The values for DBP are considerably more stringent than those for ethyl
centraite.

Table4.21: Environmental risk comparison between ethyl centralite and DBP

Parameter | Ethyl centralite ‘ DBP
Aquatic organisms
PNEC agua PNEC agua
Freshwater (freshwater) 0.0143 mg/L (freshwater) 10 pg/L
. PNEC agua PNEC agua
Marine water (marine water) 0.143 mg/L (marine water) 1 pg/L
. PNEC agua PNEC agua
Intermittent (intermittent 0.143 mg/L (intermittent
releases
releases) releases)
STP PNEC STP 10 mg/L PNEC STP 0.22 mg/L
Sediment PNEC sediment | 0.784 mg/kg sediment PNEC sediment .
(freshwater) (freshwater) dw (freshwater) 1.19 mg/kg sediment dw
Sediment PNEC sediment | 0.791 mg/kg sediment PNEC sediment .
(marine water) (marine water) dw (marine water) 0.119 mg/kg sediment dw

Air

Air | | No hazard ‘ | No hazard

Terrestrial organisms

Soil | PNEC soil | 0174 mgkg soil dw | PNEC ol | 0.05 mg/kg soil dw

Predators

Secondary

o PNEC ora
poisoning

30 mg/kg food PNEC ora 1.33 mg/kg food

Sources:
CR
European Chemicals Agency: http://echa.europa.eu/

Table 4.22 considers the underlying hazard profiles of the two substances in more detail, and
indicates that ethyl centralite may show a somewhat more benign profile in mammals, at least with
regard to its reproductive and developmental toxic profile. There is, however, a degree of
uncertainty with regard to its repeat dose toxicity since a LOAEL, but no NOAEL, has been
established based on effects in severa organ systems; it is understood that further investigation of
this aspect has been proposed by the registrant. Nonetheless, based on the currently available data,
it is unclear if (or to what the extent) this substance may represent any lower risk to workers
regarding systemic toxicity and there are limited concerns with regard to its irritancy potential.
Indeed, it has been recommended that respirators, gloves and goggles be used when handling the
substance (Chemische Werke Lowi, 1978). No epidemiology data are available to directly inform
on the effects in humans, particularly workers, of exposure to ethyl centralite.

On the other hand, there is clear evidence to suggest that, particularly with regard to the aquatic
environment, ethyl centralite could confer some moderation of risk to the environment if it were to
substitute DBP. However, it should be noted that there are no environmental concerns regarding
this use of DBP.

The information on the generation of nitrosamines as likely decomposition products (as discussed in
relation to methyl centralite), is also applicable for this substance. Indeed, the use of ethyl centralite
in nitrocellulose-based explosives has been associated with the formation of carcinogenic N-
nitroso-N-alkylanilines (Wilker, Heeb, Vogelsanger, Petrzilek, & Skladal, 2007) .
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Table4.22: Hazard comparison of DBP and ethyl centralite

Hazard endpoint | Ethyl centralite ‘ DBP
Human health

Acute toxicity Slight (ord)

[rritancy Possibly viainhalation

Sensitisation

Repeat dose Uncertain Toxic

(NOAEL not yet established)

Potential concern for liver, kidney,

STOT . Liver, kidney, testes
ovaries and uterus
Reproductive toxicity 1B (malefertility)
Developmental toxicity 1B (males)
Data are insufficient to determine the

carcinogenic potential. No evidence of

Carcinogenicity carcinogenicity is available. The CSR
assumes that the substance is not a
carcinogen

Environment
Aquatic | Toxic (long-lasting effects) ‘ Very toxic
Other
Other issues | Carcinogenic degradation products ‘

Note: grey cellsindicate areas where no relevant information is available

4.3.3.3 Safety issueswith the manufacture of ethyl centralite

The Confidential Annex explains that the use of the precursors to ethyl centralite by the applicant
would raise serious concerns. Based on hazard classifications and in comparison to the precursors
to DBP:

« the carbonyl precursor is acutely toxic (inhalation), may cause skin corrosion and is a hazardous
pressurised gas incompatible with the current plant; and

. the amine precursor has more severe acute toxicity properties than the current precursor used by
the applicant.

The use of precursors to ethyl centralite would be unlikely to result in a lowering of existing
hazards at the workplace for DEZA’ s workers.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.2

4.3.4  Economic feasibility
The discussion presented above for methyl centralite would similarly apply here.

DEZA does not and cannot manufacture ethyl centralite as it does not have the technology and
expertise for doing so. The substanceisforeign to DEZA’ s product portfolio and capabilities.

The Confidential Annex to this AoA explains that the manufacture of ethyl centralite could not
make use of existing facilities at DEZA’s DBP plant. An entire plant rebuild would be required
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with a cost that could amount to several millions of Euros and would require a timeline sufficiently
long to make any thought of starting production completely unrealistic.

Importantly, due to the inherent technical infeasibility of the substance from the perspective of DUs,
it is unclear whether any of them would actually use ethyl centralite as a substitute for DBP. Even
if ethyl centralite would prove to be technically feasible for the applicant’s customers, the volume
of current sales of DBP to propellant manufacturers that could be substituted with ethyl centralite
would only be very modest, due to (a) the presence of other established suppliers (see Table 4.23)
and (b) the overall small tonnage of moderant that is required in the uses of concern.

Overdl, if ethyl centralite were to be chosen by DUs as a substitute for DBP in propellant
formulations, DEZA would lose its entire sales of DBP in the field, as it would not be able to
produce this substance. Information on DEZA’s turnover that is associated with sales of DBP to
propellant manufacturersis provided in the SEA (Section 2.2.2.1).

This alternative substance cannot be considered economically feasible for the applicant.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.3

435  Availability

4.35.1 Current and projected availability
Availability for the applicant

As discussed above, ethyl centralite is manufactured using technology that is alien to DEZA’s
current portfolio and capabilities. Phenyl ureas are not possible to manufacture at DEZA’s DBP
plant, as explained in the Confidential Annex to this AoA.

Availability for the downstream users

From the perspective of the DUs, the market availability of ethyl centralite is given in Table 4.23.
Table4.23: Market availability of ethyl centralite

Data

Alternative availability

Market availability from the per spective of the downstream users

Generally available.
Ethyl centralite Limited REACH Registered in May 2013; one registrant shown in Dissemination Portal
(100-1,000 tly)

4.35.2 Actionsrequired for improving availability

Availability for the applicant

For ethyl centraite to become available to the applicant, a new production line would have to be
opened and a new technol ogy introduced.

The Confidential Annex to this AoA explains the challenges that the applicant would face in
researching, trialling and starting the production of ethyl centralite at their plant. The conclusion is
that the availability of the substance for the applicant is very unlikely to improve in the foreseeable
future, without very significant investment, which in light of the size of the affected market, cannot
be justified.
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Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section4.1.4

Availability for the downstream users

Ethyl centralite is already used in nitrocellulose-based propellant formulations and is generally
available on the market for use by propellant manufacturers.

4.3.6  Conclusion on suitability and availability of ethyl centralite

4.3.6.1 Technical suitability

The substance is a phenyl urea the manufacture of which is based on precursors and technology
completely unknown and wholly incompatible with the applicant’s production plant. Ethyl
centralite cannot be considered technically feasible from the applicant’ s perspective.

From the perspective of the DUs, the substance has received mixed reviews by the manufacturers of
propellants, as discussed in the Confidential Annex. The companies consulted with believe that
ethyl centralite could theoretically be used as a moderant but it is unusable as a plasticiser. Even as
a moderant, ethyl centralite is poorer than DBP, although probably superior than methyl centralite.
Literature confirms that the substance is generally used as a stabiliser in nitrocellul ose-based
propellants where any plasticising effect or moderation of the burning rate are added benefits but
not the key purpose of ethyl centralite' s addition to the mixture.

Moreover, the association of ethyl centralite and other typical stabilisers in nitrocellul ose-based
propellants with decomposition products that are classified as or are suspected carcinogens casts
serious doubts on the technical suitability of the substance, particularly when active efforts have
been made to identify alternative, safer stabilisers for nitrocellul ose-based propellants.

4.3.6.2 Reduction of overall risk

Tentatively, in a direct comparison to DBP, ethyl centralite would appear to have a more benign
hazard profile compared to DBP. However, concerns exist for humans with regard to its hazard
potential under conditions of repeated exposure and its respiratory irritation properties. Limited
concerns also exist with regard to its aquatic toxicity. In addition, its presence in propellant
powders has been associated with the formation of carcinogenic decomposition products.

Overdl, the substance does not appear to have been as thoroughly investigated as DBP —
particularly with respect to its repeat dose toxicity. Classification and labelling has been notified
but it is currently not harmonised. However, as the risks from exposure to DBP from its use in the
formulation and subsequent use of propellants are adequately controlled, the use of ethyl centralite
would not result in discernible benefits to DUS workers' health.

From the perspective of the applicant’s workers, the precursors to ethyl centralite would appear to
have particularly adverse safety and human health hazard profiles and their handling and use would
not confer any improvement to the working conditions for the applicant’ s staff.

4.3.6.3 Economic feasibility

The cost of establishing a production line for ethyl centralite would be extremely high and totally
unjustified in light of the presence of established suppliers of the substance and the very modest
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sales that DEZA might potentially achieve. The lack of documented technical feasibility of the
substance from the perspective of the DUs cannot create optimism that potential sales would allow
DEZA to make a profit from anew production line.

4364 Availability

From the perspective of the applicant, the substance is not available as its manufacture is based on
technology and precursors that are not available to him. Availability is not expected to improve
into the future; the quantity of ethyl centralite that would be sold by DEZA is too small to justify
the expense of setting up and operating a new production line based on new technology.

On the contrary, for DUs, market availability is believed to be acceptable as the substance already
finds applications in propellant formulations.

Key point 11

Ethyl centralite is not a realistic alternative for the applicant and cannot be considered technically or economically
feasible. There may also be concerns with regard to its repeat dose toxicity
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C) ALTERNATIVE SUBSTANCE: AKARDITE | (1,2-DIPHENYL UREA)

4.4 Akarditel

441 SubstancelD and properties

4.4.1.1 Nameand other identifiersfor the substance

The following Table presents the identity of Akarditel.

Table4.24: |dentity of Akarditel

Parameter Value Source
EC number 203-003-7 1
EC name 1,3-diphenylurea 1
CAS number 102-07-8 1
IUPAC name 1,3-diphenylurea 2

Akardite |

N'N'-diphenyl urea

urea, N,N'-diphenyl-

1,3-diphenylcarbamide

1,3-Diphenyl-urea

Acardite
Other names Carbanilide 2

Diphenyl urea, unsym

Diphenylcarbamide

S-diphenylurea

Sym-diphenylurea

Urea, 1,3-diphenyl-
Molecular formula Ci3H1oN,O
SMILES notation clcec(ccl)NC(=0O)Nc2ceecc2
Molecular weight 212.25

O
Molecular structure \\ﬁ NH 1
Ph— NH \ph
Sources:
1: ESSinternet site: http://esis.jrc.ec.europa.eu/
2: Chemspider Internet site:  http://www.chemspider.com/Chemical-Structure.7314.html
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4.4.1.2 Composition of the substance

No information is currently available. The substance does not appear on ECHA'’s database of

registered substances?3.

4.4.1.3 Physico-chemical properties

The following Table summarises the available information on the physicochemical properties of
Akardite I. The information has been collected from a number of literature sources and through
consultation with stakeholders.

Table 4.25. Physicochemical propertiesof Akarditel

Property Value Remarks Source
Physica state at 20°C and .
1013 kPa Solid !
i ) , 238-240°C 1
Meélting/freezing point .
189°C Consultation response
Boiling point 260-262°C 1
Density 1.239g/cm® 2
1.47 x 10° kPa at 25°C ACD/Labs ACD/PhysChem Suite 1
Vapour pressure 1x 10-6 kPaat 25°C Expert database 1
3.33x 10°kPaat 25°C 3
Surface tension 56.39 dyne/cm ACD/Labs ACD/PhysChem Suite 1
103.7 mg/L at 25°C LogK o (WSKOW v1.41) (EPISuite) 1
Y alkowsky, SH & Dannenfelser, RM
(1992
Water solubility 150 mg/L at 20°C Stephen H & Stephen T (1963) 1,4
The Merck Index. 9th ed. Rahway, New
Jersey: Merck & Co., Inc., 1976., p. 227
1.947 mg/L Estimate from Fragments 1
octanol/water 3.00 Exper. database match 1
. 91.147°C ACD/Labs ACD/PhysChem Suite 1
Flash point
170.7°C 3
Flammahility No data
Explosive properties No data
Self-ignition temperature No data
Oxidising properties No data
Granulometry No data
Source:
1: Chemspider Internet site: http: //www.chemspider.com/Chemical-Structure.7314.html
2: Alfa Aesar Internet site:  http://www.alfa.com/en/GP100W.pgm?DSSTK=A18720
3: ChemNet Internet site:  http: //www.chemnet.com/cas/en/102-07-8/Diphenyl carbamide.html
4: HSDB Internet site:  http://toxnet.nlm.nih.gov/cai-bin/sis/search/f?./temp/~scXmAZ: 1
23 Date of last search: 4 July 2013.
Use number: 2 Legal name of applicant: DEZA, a.s. 92



ANALY SIS OF ALTERNATIVES

4.4.1.4 Classification and labelling

An online search was performed using the CAS number in ECHA’s C&L Inventory. No
information on harmonised classification and labelling for Akardite | is available. However, from
the ECHA C&L Inventory database two aggregated notifications have been identified. These are
presented in Table 4.26.

Table4.26: Notified classification and labelling of Akarditel accordingto CLP criteria

Classification Labelling
Hazard Class and Category Hazard |\ ard statement Pictograms Signal | Number of Notifiers
Code(s) Statement | o) Word Code(s)

Code(s)
Harmful in contact with skin H312
Harmful if inhaled H332 GHSD7 2

Wng

Harmful if swallowed H302

4415 REACH Registration details

The following Table summarises the available information on the status of REACH Registration of
Akarditel.

Table4.27. REACH Registration status of Akardite

Registration Result Date of last search
Pre-registered Y es— Envisaged Registration deadline: 30/11/2010 4 June 2012
Registered No 20 June 2013
Source;

European Chemicals Agency: http://echa.europa.eu/

4.4.2 Technical feasibility

4.4.2.1 Technical feasibility from the per spective of the applicant

DEZA does not currently manufacture this substance and does not have any current plans to start
production in the future without a clear indication from its DUs that Akardite | would be a
technically feasible and acceptable aternative.

The Confidential Annex to this AoA explains that DEZA does not have access to the precursors to
Akardite | and their use by the DEZA plant that currently manufactures DBP could potentially be
technically infeasible for technical and safety reasons.

Importantly, the manufacture of Akardite | is based on entirely different technology which is not
within DEZA’s capabilities. DEZA’s esterification plant can produce a range of phthaates
(depending on the availability of precursor alcohols) and other esters, should the raw materias
became available, but does not have the ability to manufacture phenyl ureas. Technically, this
alternative cannot be considered feasible for the applicant.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.2
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4.4.2.2 Technical feasibility from the per spective of downstream users

Relevance as substitute for DBP

According to consultation, the relevance of the substance as a substitute for DBP in propellant
mixturesis asfollows:

Substance family Diphenyl ureas

Function Moderant

Background to the use of the substance

Functions of Akardite | in propellants. literature suggests that Akardite | is a stabiliser for
double-base propellants without any pronounced plasticising effect (Meyer, Kéhler, & Homburg,
2007).

Non-explosive uses of Akarditel: the substance may be used in organic synthesis?4.

Comparison against key technical feasibility and selection criteria

Trials with the substance and perceived overall technical suitability: this information is
presented in the Confidential Annex.

Comparison against the key technical feasibility and selection criteria: this information is
presented in the Confidential Annex.

Other technical considerations. the issues associated with the generation of carcinogenic
decomposition products when centralites are present in nitrocellulose-based mixtures were
discussed earlier. Akardites are urea derivatives therefore decomposition might also result in
compounds with carcinogenic potential.  However, while centralites form N-nitroso-N-
alkylanilines, Akardites form N-nitroso-diphenylamines, which are only suspected to be
carcinogenic (Wilker, Heeb, Vogelsanger, Petrzilek, & Skladal, 2007).

Whilst Akardites cause lower concern compared to centralites, the generation of decomposition
products makes them less than ideal substitutes for DBP in nitrocellulose-based propel lants.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.4.3.1

443 Reduction of overall risk dueto transition to the alter native

4.4.3.1 Hazard information

Information on the hazards of Akardite | has been sought from a variety of sources, given that the
substance has not been registered in the EU and information from a CSR is not available.
Information on the nature of the hazards posed by the substance are summarised in Table 4.28,
while the mammalian and ecotoxicological hazardous properties are discussed in more detail below.

24 Information from the Hazardous Substances Data Bank: http://toxnet.nlm.nih.gov/cqi-
bin/sis/search/f?2./temp/~scXMAZ:1.
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Table4.28: Hazard information on Akarditel

Database

Parameter

Value

Canada Domestic
Substance List (DSL)
(2007)

Substance category

Organics

Bioaccumulative

No (rationale: QSAR)

Persistent

No (rationale: QSAR)

Inherently Toxic to Aquatic Organisms

No (rationale: QSAR)

Meets CEPA Categorization Criteria

No

Meets Environmental Criteria for Categorization

No

Meets Human Health Criteria

No

DSL Quantity range (tonnes/year) 0-1

National Technical Information Service. Vol. AD277-689 LDso = 200mg/kg (mouse)

NLM TOXNET Journal of Pharmacology and Experimental Therapeutics. Vol. _

Toxicology 90, Pg. 260, 1947 LDwo = 500 mg/kg (rat)
Szybalski, W; Ann Ny Acad Sci 76: 475 (1958) Non-mutagenic

Chemical Zeiger, E, Anderson, B, Haworth, S, Lawlor, T and Mutagenicity (Ames

Carcinogenesis Mortelmans, K (1988): Salmonella Mutagenicity Tests: IV. on Sa% him)l/Jrium)' asssy

Research Information | Results from the Testing of 300 Chemicals, Environ. Mol. n ati\sllg '

System Mutagen., Vol 11(Suppl.12), ppl-158. 9

Sources:

OECD Internet site: http://webnet.oecd.or g/ccrweb/Chemical Details.aspx?Chemical| D= 6F54EAC3-3A80-4C02-881A-
8E78261AB7EC

USEPA ACTOR Internet site: http://actor.epa.gov/actor/GenericChemical ?casrn=102-07-8

Chemical Carcinogenesis Research Information System Internet site:  http://toxnet.nlm.nih.gov/cgi-

bin/sig/sear ch/r 2dbs+ ccris%3A%40ter m+ %40rn+ 102-07-8

Additional data, as presented in Table 4.29, on the environmental and ecotoxicological properties of
Akardite | are available from the Canada Domestic Substance List referred to above. This can be
seen to be largely based on estimates and predictions derived from a number of QSAR systems
rather than reports from experimental studies per se.

Table4.29: Ecological data supporting decisions of Environment Canada on Akardite |

Parameter ‘ Value
Persistence

Media of concern leading to Categorization Water
Experimental biodegradation half-life (days) Not Available
Predicted ultimate degradation half-life (days) 15
Biodegradation (by MITI) 0.0831
Biodegradation (by TOPKAT) 0.826
Ozone reaction half-life (days) (predicted by EPI) 999
Atmospheric oxidation half-life (days) (predicted by EPI) 0.1254
Bioaccumulation potential

LogKw (predicted by KowWin) 3

Log BAF T2MTL (predicted by Gobas) 2,97
Log BCF 5% T2LTL (predicted by Gobas) 1.815
Log BCF max (predicted by OASIS) 1.715
Log BCF (predicted by BCFWIN) 161
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Parameter Value
Aquatic Toxicity

Pivotal value for iT (mg/L) 10.5
Acute toxicity to fathead minnow (LCsy in mg/L) (predicted by TOPKAT v6.1) 105
Acute toxicity to fish (LCsy in mg/L) (predicted by Ecosar v0.990) 19.278
Acute toxicity to fish (LCsy in mg/L) (predicted by Oasis Forecast M v1.10) 16.66
Acute toxicity to fish (LCsp in mg/L) (predicted by Aster) 18.83
Acute toxicity to fish (LCsy in mg/L) (predicted by PNN) 21.62
Acute toxicity to daphnia (ECsy in mg/L) (predicted by TOPKAT v6.1) 24
Acute toxicity to aquatic organisms(fish, daphnia, algae or mysid shrimp) (ECso or LCso in mg/L) 0.043
(predicted by Ecosar v0.999)

Acute toxicity to fish (LCso in mg/L) (predicted by Neutral Organics QSAR in Ecosar v0.999) 6.43
Chronic toxicity to daphnia or algae (ECs in mg/L) (predicted by Ecosar v0.99g) 1.732

Source: OECD Internet site: http://webnet.oecd.or g/ccrweb/Chemical Details.aspx?Chemical | D= 6F54EAC3-3A80-
4C02-881A-8E78261AB7EC

QSAR models (OECD QSAR toolbox and FDA EKDB models) were also employed to provide
additional insight into the mammalian hazard and ecotoxicological profile of this substance. The
outputs of the modelling (and associated references) are presented in Table 4.30. Based on all
available information, the hazard profile of this substance may be summarised as follows.

Mammalian hazard profile

Acute toxicity: Akardite | is reported not to meet the Human Health Criteria under the Canada
Domestic Substance List, while the available estimated acute toxicity data (LCso values in rodents,
assumed to refer to oral route, Table 4.28) suggest that, were it to be classified under CLP, it would
be likely to be considered as a Category 3 acute toxin. On the other hand, information noted in
Table 4.14 of the Non-confidential document from the ECHA C&L inventory, indicates that
Akardite | warrants the H302 (harmful if swallowed) and H332 (harmful if inhaled) precautionary
statements with regard to its acute toxic potential.

Repeat dose toxicity: no information is available on the repeat dose toxicity of Akardite .

Irritancy and sensitisation: as noted in Table 4.15 of the Non-confidential document, the ECHA
C&L Inventory identifies two aggregated notifications in which Akardite | is given the H312 (skin
toxicity) precautionary statement. QSAR modelling did not however, raise any further concern
with regard to its potential irritancy. No information is available on the sensitisation potential of the
substance.

Genotoxicity and carcinogenicity: other than one positive QSAR prediction of DNA reactivity
that was based on an analysis of Ashby fragments (drawn from the Danish EPA Database), a series
of QSAR predictions of in vitro and in vivo mutagenicity and clastogenicity indicate that Akardite |
is unlikely to be mutagenic, nor is it of concern with regard to clastogenicity. Similarly, the
available QSAR predictions of carcinogenic potentia raise little concern.

Reproductive and developmental toxicity: no information or predictions are available with
regard to the potential reproductive toxicity of this substance. The OECD QSAR prediction (based
on the TERIS database) suggests that it is negative for developmental toxicity.
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Table4.30: Human health and environmental hazard profilefor Akarditel

Hazard endpoint Finding Data source Study design Assessed robustness’Comment
Toxicokinetics Extent of OECD QSAR QSAR prediction of human intestinal Result reported to be undefined with
absorption = absorption by Multicase expert system regard to domain applicability,
90.2% hence considered of uncertain reliability
Irritation Skin Not Irritating or OECD QSAR QSAR prediction by Bundesinstitut fir Result with respect to severe skin
irritation/corrosion | Corrosiveto skin Risikobewertung (BfR) skin irritation reported to be undefined with
irritation/corrosion regard to domain applicability,
hence considered of uncertain reliability
Not Irritating or OECD QSAR QSAR prediction by BfR skin Result reported to be undefined with
Corrosiveto skin irritation/corrosion regard to domain applicability,
hence considered of uncertain reliability
Eyeirritation Undefined OECD QSAR QSAR prediction by BfR eye Result reported to be undefined with
irritation/corrosion regard to domain applicability,
hence considered of uncertain reliability
Genetic Invitro— Negative Bacterial Read-acrosson Ames Test (S. N/A
toxicity Mutagenicity mutagenicity ISSSTY | typhimurium Strain TA 100) with SO
(in OECD QSAR) activation, from Romualdo Benigni
Negative Bacterial Read-across on Ames Test (Styphimurium | N/A
mutagenicity ISSSTY | Strain TA 1535) with S9 activation, from
(in OECD QSAR) Romualdo Benigni
Negative Bacterial Read-across on Ames Test (Styphimurium | N/A
mutagenicity ISSSTY | Strain TA 97) with SO activation, from
(in OECD QSAR) Romualdo Benigni
Negative Bacterial Read-across on Ames Test (Styphimurium | N/A
mutagenicity ISSSTY | Strain TA 98) with S9 activation, from
(in OECD QSAR) Romualdo Benigni
Negative Bacterial Read-across on Ames Test (Styphimurium | N/A
mutagenicity ISSSTY | Strain TA 100) without S9 activation, from
(in OECD QSAR) Romualdo Benigni
Negative Bacterial Read-across on Ames Test(S. typhimurium | N/A
mutagenicity ISSSTY | Strain TA 1535) without S9 activation,
(in OECD QSAR) from Romualdo Benigni
Negative Bacterial Read-across on Ames Test (S. N/A
mutagenicity ISSSTY | typhimurium Strain TA 97) without S9
(in OECD QSAR) activation, from Romualdo Benigni
Negative Bacterial Read-across on Ames Test (S. N/A

mutagenicity ISSSTY
(in OECD QSAR)

typhimurium Strain TA 98) without S9
activation, from Romualdo Benigni
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Hazard endpoint Finding Data source Study design Assessed robustnessComment
Negative Genotoxicity OASIS | Derivation and validation of toxicophores | No reporting of strains addressed or
(in OECD QSAR) for mutagenicity prediction, based on read- | metabolic status precludes meaningful
across from Ames Test (on S. interpretation
typhimurium). No information available as
to strain(s) or S9 metabolic activation
status, from Kazuis et al
Negative OECD QSAR Prediction for mammalian cell Reported to be within QSAR domain,
unscheduled DNA-damage and repair hence considered acceptable
assay. No definition of speciesor cell type
employed but stated to include rat (S9)
metabolic activation, from Danish EPA
Database
Positive OECD QSAR QSAR prediction for DNA reactivity Reported to be within QSAR domain,
based on DNA reactivity assay using hence considered acceptable
Ashby fragments, from Danish EPA
Database
Negative OECD QSAR QSAR prediction for mouse COMET Reported to be within QSAR domain,
Assay, from Danish EPA Database hence considered acceptable
Invitro— Negative OECD QSAR QSAR prediction for mammalian Reported to be within QSAR domain,
Chromosomal chromosome aberration test, from Danish | hence considered acceptable
effect EPA Database
Negative OECD QSAR QSAR prediction for sister chromatid Reported to be within QSAR domain,
exchange in Syrian Hamster Embryo hence considered acceptable
(SHE) assay, from Danish EPA Database
Invivo - Negative OECD QSAR QSAR prediction for sex-linked recessive | Reported to be within QSAR domain,
Mutagenicity lethal assay in Drosophila melanogaster, hence considered acceptable
from Danish EPA Database
Invivo— Negative OECD QSAR QSAR prediction for mouse micronucleus | Reported to be within QSAR domain,
Chromosomal assay, from Danish EPA Database hence considered acceptable
effect Negative OECD QSAR QSAR prediction for rodent dominant Reported to be within QSAR domain,
lethal assay, from Danish EPA Database hence considered acceptable
Carcinogenicity Negative OECD QSAR QSAR prediction based on FDA Cancer Reported to be within QSAR domain,
Female Mouse Assay, from Danish EPA hence considered acceptable
Database
Negative OECD QSAR QSAR prediction based on FDA Cancer Reported to be within QSAR domain,
Male Mouse Assay, from Danish EPA hence considered acceptable
Database
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Hazard endpoint Finding Data source Study design Assessed robustnessComment
Negative OECD QSAR QSAR prediction for Mouse Lymphoma, Reported to be within QSAR domain,
from Danish EPA Database hence considered acceptable
Carcinogenic OECD QSAR QSAR prediction for Mouse Carcinogenic | Reported to be within QSAR domain,
potency value Potency Database (CPDB), from Danish hence considered acceptable
(TDsg) = 1000 EPA Database
mg/kg
Negative OECD QSAR QSAR prediction based on FDA Cancer Reported to be within QSAR domain,
Female Rat, from Danish EPA Database hence considered acceptable
Negative OECD QSAR QSAR prediction based on FDA Cancer Reported to be within QSAR domain,
Male Rat, from Danish EPA Database hence considered acceptable
Carcinogenic OECD QSAR QSAR prediction for Rat Carcinogenic Reported to be within QSAR domain,
potency value Potency Database (CPDB), from Danish hence considered acceptable
(TDsg) = 1000 EPA Database
mg/kg
Developmental toxicity/ Negative OECD QSAR QSAR prediction based on FDA Teratogen | Reported to be within QSAR domain,
teratogenicity Information System (TERIS), from Danish | hence considered acceptable.
EPA Database Prediction supported by lack of reported
effects from SHE assay (see above)
Toxicity to Reproductive No information
reproduction
Other toxic Protein binding No alert found OECD QSAR QSAR prediction No indication identified that model was
endpoints potential operating outside of its operational limits
No alert found OASIS (in OECD QSAR prediction No indication identified that model was

QSAR)

operating outside of its operational limits

Androgen receptor
binding activity

-2.25t0-1.73 log
RBA

FDA EKDB model

Model drew comparison with
hydroxylinuron and linuron

Model reports that on basis of only
limited similarity with compoundsin
database (0.46-0.51), no conclusion
should be drawn

Oestrogen gene -10,000 log RP FDA EKDB model Model drew comparison with Model reports that on basis of only
activation (relative potency) carbendazim, N-Methylaniline and N,N- limited similarity with compoundsin
Dimethylaniline database (0.56-0.60), no conclusion
should be drawn
Oestrogen receptor | 10% OECD QSAR QSAR prediction by oestrogen receptor Reported to be outside of QSAR
binding activity binding activity (Multicase) domain, hence considered of doubtful

reliability
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Hazard endpoint

Finding

Data source

Study design

Assessed r obustness’Comment

Negative

OECD QSAR

QSAR prediction by relative oestrogen
receptor binding activity, from Danish
EPA Database

Reported to be within QSAR domain,
hence considered acceptable

-100 to -10,000
log RP

FDA EKDB model

Model drew comparison with 4,4'-
Methylenebis(N,N-dimethylaniling), M2
and M1

Model reports that on basis of only
limited similarity with compoundsin
database (0.30-0.37), no conclusion
should be drawn

Aquatic
toxicity

Fish 5mg/L (14 hour) | Aquatic US-EPA Based on Applegate et a. (1957) ‘Toxicity | Based on pre-GLP study of unknown
ECOTOX (in OECD | of 4,346 Chemicalsto Larval Lampreys design
QSAR) and Fishes' reporting of a static test on
Oncorhynchus mykiss for which multiple
effect endpoints combined to give single
metric of toxicity
Fish 5mg/L (24 hour) | Aquatic US-EPA Based on Applegate et al. (1957) ‘Toxicity | Based on pre-GLP study of unknown
ECOTOX (in OECD | of 4,346 Chemicalsto Larval Lampreys design
QSAR) and Fishes' reporting of a static test on
Lepomis macrochirus for which multiple
effect endpoints combined to give single
metric of toxicity
Fish 5mg/L (24 hour) | Aquatic US-EPA Based on Applegate et a. (1957) ‘Toxicity | Based on pre-GLP study of unknown
ECOTOX (in OECD | of 4,346 Chemicalsto Larval Lampreys design
QSAR) and Fishes' reporting of a static test on
Petromyzon marinus for which multiple
effect endpoints combined to give single
metric of toxicity
LCsp =284 mg/L | OECD QSAR QSAR prediction for lethality in Fathead Reported to be within QSAR domain,
minnow (Pimephales promelas) from hence considered acceptable
Danish EPA Database
LCs = 13.4(1.2- OECD QSAR QSAR prediction for lethality in Fathead Reported to be within QSAR domain,
149) mg/L minnow from by M1 - L Cs, model hence considered acceptable
Not reported Behavioural effect | OECD QSAR QSAR estimation of a behaviour endpoint | Reported to be outside of QSAR
at 0.118 mg/L for an unspecified taxa using uTOX domain, hence considered of doubtful
(Multicase) reliability
Invertebrate Immobilisation OECD QSAR QSAR estimation of immobilisation Reported to be outside of QSAR
(assumed) ECs, =0.118 endpoint for an unspecified taxausing domain, hence considered of doubtful
mg/L uTOX (Multicase) reliability
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Hazard endpoint Finding Data source Study design Assessed robustnessComment
Not reported Mortality ECso= | OECD QSAR QSAR estimation of mortality for an Reported to be outside of QSAR
0.118mg/L unspecified taxausing uTOX (Multicase) domain, hence considered of doubtful
reliability
Bacteria ECs,=0.118mg/L | OECD QSAR QSAR estimation of undefined endpoint Reported to be outside of QSAR
by uTOX (Multicase) for a5 minute domain, hence considered of doubtful
lethality in Vibrio fischeri reliability
Terrestrial Plant Survival = 0% (14 | Terrestrial US-EPA Based on Bruce & Zwar (1966) ‘Cytokinin | N/A
toxicity days) ECOTOX (in OECD | Activity of Some Substituted Ureas and
QSAR) Thioureas on Nicotiana tabacum,
measuring population survival
Plant Growth = 1500% | Terrestrial US-EPA Based on Torigoe et al. (1972) ‘Cytokinin | Relevance and predictivity of underling
(30 days) ECOTOX (in OECD | Activity of Azaindene, Azanaphthalene, assay system to prediction of in vivo
QSAR) Naphthalene, and Indole Derivatives behaviour uncertain
using an in vitro tobacco (Nicotiana
tabacum) pith callus bioassay to ng
growth based on biomass
Plant Growth = 240% Terrestrial US-EPA Based on Torigoe et al. (1972) ‘Cytokinin | Relevance and predictivity of underling
(30 days) ECOTOX (in OECD | Activity of Azaindene, Azanaphthalene, assay system to prediction of in vivo
QSAR) Naphthalene, and Indole Derivatives behaviour uncertain
using an in vitro tobacco (Nicotiana
tabacum) pith callus bioassay to assessing
growth based on biomass
Plant Growth=1770% | Terrestrial US-EPA Based on Torigoe et al. (1972) ‘Cytokinin | Relevance and predictivity of underling
(30 days) ECOTOX (in OECD | Activity of Azaindene, Azanaphthalene, assay system to prediction of in vivo
QSAR) Naphthalene, and Indole Derivatives behaviour uncertain
using an in vitro tobacco (Nicotiana
tabacum) pith callus bioassay to ng
growth based on biomass
Sources:

OECD QSAR Data obtained using OECD QSAR Toolbox at Internet site:
http://www.oecd.or g/chemi cal safety/assessmentofchemi cal s/'theoecdgsar tool box.htm#Download_gsar _application toolbox

FDA EKDB data obtained using FDA EKDB Database at Internet site:
http: //mww.fda.gov/ ScienceResear ch/Bioinfor mati csTool sEndocrineDi sruptor Knowl edgebase/default.htm
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Other toxicities: QSAR modelling using the OECD toolbox to inform on the substance's ability to
interact with proteins identified no concerns, though the model was reported as operating outside of
its domain and, hence, this cannot be considered as areliable prediction. Similarly, although again
identifying no alerts, the predictions on androgenic and oestrogenic receptor and gene activation
potential generated by the FDA EKDB model appear unreliable. However, a QSAR prediction of a
negative response for relative oestrogen receptor binding activity from the Danish EPA Database,
appears robust.

Environmental fate and behaviour and ecotoxicology

Available information in Table 4.30, based largely on the outputs of various QSAR models, does
not raise concern for ether the persistence or bioaccumulative potential of the substance in the
environment. No published experimental aquatic toxicity data were identified, but QSAR
predictions of the toxicity of Akardite | to aquatic organisms suggest that it is not acutely toxic to
fish but may pose some measure of acute risk to invertebrates and bacteria. However, it appears
unlikely that it would warrant classification as a chronic environmental toxin.

QSAR predictions of toxicity to terrestrial organisms, based on an in vitro tobacco (Nicotiana
tabacum) pith callus bioassay for plant growth generally also do not raise concerns with regard to
the toxicity of the substance in this taxa. These findings — supported by the conclusions of the
Canadian Authorities — suggest that there is unlikely to be significant concern for the aquatic or
terrestrial toxicity of Akarditel.

4.4.3.2 Comparison of hazards

The following Table compares the limited information (mainly from QSAR models) available on
the hazard profile of Akardite | to that established for DBP. Whilst there is an extensive dataset to
draw upon in the case of DBP, it should be stressed that the assessment of Akardite | involves a
considerable measure of uncertainty given the extensive reliance on QSAR predictions of varying
robustness and, importantly, the gap in understanding of its toxic profile in relation to repeat dose
toxicity and reproductive toxicity.

Nonetheless, available data suggest that Akardite | may show a degree of acute toxicity (which
could have limited implications for the acute risks faced by workers). Its repeat dose and
reproductive toxicity are unknown (though a limited measure of reassurance for the latter may be
derived from a lack of QSAR aerts in respect of its interaction with endocrine receptors).
However, it appearsthat it is unlikely to constitute the same level of environmental hazard as DBP.

Table 4.31: Hazard comparison of DBP and Akarditel

Hazard endpoint | Akarditel ‘ DBP
Human health

Acute toxicity Slight/moderate (oral, inhalation)

Irritancy Skin (?)

Sensitisation

Repeat dose Toxic

STOT Liver, kidney, testes
Reproductive toxicity 1B (malefertility)
Developmental toxicity 1B (males)

Use number: 2 Legal name of applicant: DEZA, a.s. 102




ANALY SIS OF ALTERNATIVES

Hazard endpoint Akarditel DBP

Data are insufficient to determine the
carcinogenic potential. No evidence of

Carcinogenicity carcinogenicity is available. The CSR
assumes that the substance is not a
carcinogen
Environment
Aquatic Very toxic
Other
Other issues Potential for carcinogenic degradation
products

Note: grey cellsindicate areas where no relevant information is available

It should be noted, however, that the presence of Akardites in nitrocellulose-based propellants may
be associated with the formation of potentially carcinogenic N-nitroso compounds. Thelr potency
would be considered lower than that of the decomposition compounds linked to centralites, but they
have not been investigated as thoroughly.

4.4.3.3 Safety issueswith the manufacture of Akarditel

The Confidential Annex explains that the use of the precursors to Akardite | by the applicant would
raise serious concerns. Based on hazard classifications and in comparison to the precursors to DBP:

. the carbonyl precursor is flammable, acutely toxic (by inhalation), may cause skin corrosion and
highly toxic to the aguatic environment (acute and chronic); and

. the amine precursor has more severe acute toxicity properties than the current precursor used by
the applicant, it is a skin sensitiser, causes damage to the eyes, has mild mutagenic and
carcinogenic properties and is highly toxic to the aquatic environment (acute).

The use of precursors to Akardite | would be unlikely to result in a lowering of existing hazards at
the workplace for DEZA’ s workers.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.2

4.4.4  Economic feasibility
The discussion presented above for methyl and ethyl centralites would similarly apply here.

DEZA does not and cannot manufacture Akardite I, as it does not have the technology and expertise
for doing so. The substanceisforeign to DEZA'’s product portfolio and capabilities.

The Confidential Annex to this AoA explains that the manufacture of Akardite I could not make use
of existing facilities at DEZA’s DBP plant. An entire plant rebuild would be required with a cost
that could amount to several millions of Euros and would require a timeline sufficiently long to
make any thought of starting production completely unrealistic.

Importantly, due to the inherent technical infeasibility of the substance from the perspective of DUs,
it is unclear whether any of them would actually use Akardite | as a substitute of DBP. Even if
Akardite | would prove to be technically feasible for the applicant’s customers, the volume of
current sales of DBP to propellant manufacturers that could be substituted with Akardite | would
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only be very modest, due to the overall small tonnage of moderant that is required in the “Applied
for” Use.

Ovedl, if Akardite | were to be chosen by DUs as a substitute for DBP in propellant formulations,
DEZA would lose its entire sales of DBP in the field, as it would not be able to produce this
substance. Information on DEZA’s turnover that is associated with sales of DBP to propellant
manufacturersis provided in the SEA (Section 2.2.2.1).

This alternative substance cannot be considered economically feasible for the applicant.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.3

445  Availability

4.45.1 Current and projected availability

Availability for the applicant

As discussed above, Akardite | is manufactured using technology that is alien to DEZA’s current
portfolio and capabilities. Phenyl ureas are not possible to manufacture at DEZA’s DBP plant, as
explained in the Confidential Annex to this AoA.

Availability for the downstream users

From the perspective of the DUs, the market availability of Akarditel isgivenin Table 4.32.
Table4.32: Market availability of Akarditel

Alternative Dat_a . Market availability from the per spective of the downstream users
availability

Potentially available. Some consultees have experienced difficulty in sourcing
Akardite | Very limited the substance
Not REACH registered

4.45.2 Actionsrequired for improving availability
Availability for the applicant

For Akardite | to become available to the applicant a new production line would have to be opened
and a new technology introduced.

The Confidential Annex to this AoA explains the challenges that the applicant would face in
researching, trialing and starting the production of Akardite | at their plant. The conclusion is that
the availability of the substance for the applicant is very unlikely to improve in the foreseeable
future, without very significant investment, which in light of the size of the affected market, cannot
bejustified.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section4.1.4

Availability for the downstream users

No specific information is available.
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446 Conclusion on suitability and availability of Akarditel

4.4.6.1 Technical suitability

The substance is a phenyl urea the manufacture of which is based on precursors and technology
completely unknown and wholly incompatible with the applicant’s production plant. Akardite |
cannot be considered technically feasible from the applicant’ s perspective.

From the perspective of the DUs, the substance has been described as a potential substitute
moderant, but a poor plasticiser. This assessment is only based on informed assumptions and
speculation rather than the results of actual testing. As a result, a meaningful comparison to DBP
cannot be performed based on existing information. The issue of potentially carcinogenic N-nitroso
decomposition products also casts a shadow on the technical feasibility of the substance, although
Akardites cause less concern compared to centralites.

4.4.6.2 Reductionin overall risk

Generdly, the amount of information available is very limited (particularly in relation to repeat
dose toxicity and reproductive toxicity), certainly much more limited compared to the DBP dataset.
There are indications of some acute toxicity and the known issue of the generation of potentially
carcinogenic N-nitroso decomposition products, although such issues may be less prominent in
comparison to centralites. Nevertheless, as the risks from exposure to DBP from its use in the
formulation and subsequent use of propellants are adequately controlled, the use of Akardite |
would not result in discernible benefitsto DUS workers' health.

From the perspective of the applicant’s workers, the precursors to Akardite | would appear to have
unfavourable safety and human health hazard profiles and their handling and use would not confer
any improvement to the working conditions for the applicant’s staff.

4.4.6.3 Economic feasibility

The cost of establishing a production line for Akardite | would be extremely high and totally
unjustified in light of the very modest sales that DEZA might potentialy achieve in the field of
propellants. The lack of documented technical feasibility of the substance from the perspective of
the DUs, cannot create optimism that potential sales would alow DEZA to make a profit from a
new production line.

4464 Availability

From the perspective of the applicant, the substance is not available as its manufacture is based on
technology and precursors which are not available to him. Availability is not expected to improve
into the future; the quantity of Akardite | that would be sold by DEZA is too small to justify the
expense of setting up and operating a new production line based on new technol ogy.

From the perspective of the DUs, some concerns have been expressed as to the ease of obtaining the
substance on the market.

Key point 12

Akardite | is not arealistic alternative for the applicant. Its technical feasibility for DUs is uncertain and its economic
feasibility is poor. Its hazard profileislargely unknown
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d) ALTERNATIVE SUBSTANCE: AKARDITE Il (3METHYL-1,1,-DIPHENYLUREA)

45 Akarditell

45.1 SubstancelD and properties

45.1.1 Nameand other identifiersfor the substance

The following Table presents the identity of the Akardite I1.

Table4.33: Identity of Akarditell

Parameter Value Source
EC number 236-039-7 1
EC name 3-methyl-1,1-diphenylurea 1
CAS number 13114-72-2 1
IUPAC name 1,3-diethyl-1,3-diphenylurea 2
Urea, N'-methyl-N,N-diphenyl-
(methylamino)-N,N-dibenzamide
1-Methyl-3,3-diphenylurea
N,N-diphenyl-N'-methylurea
N'-methyl-N,N-diphenylurea
N,N'-diethylcarbanilide
Carbamite
Other names N,N'-diethyl-N,N'-diphenylurea 2,3
S-Diethyldiphenylurea
Sym-diethyldiphenylurea
N,N-Diethylcarbanilide
Bis(N-ethyl-N-phenyl)urea
Urea, N,N'-diethyl-N,N'-diphenyl-
Carbanilide, N'-diethyl-
Molecular formula C14H14N,O 1
SMILES notation O=C(N(clcceecl)c2eccec2)NC 3
Molecular weight 226.27 2
@ \ / Ph
Structure \/7 N 1
—NH \Ph
Sources:
1: ESSinternet site: http://esis.jrc.ec.europa.eu/
2: PubChem Compound Internet site;
http: //pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=6828& loc=ec_rcs#x27
3: ChemSpider Internet site: http://www.chemspider.com/Chemical-Sructure.23952.html
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45.1.2 Composition of the substance

No information is available on constituents and impurities. The substance does not appear on
ECHA'’ s database of registered substances?.

45.1.3 Physico-chemical properties

The following Table summarises the available information on the physicochemical properties of
Akardite 1. The information has been collected from severa literature sources and through
consultation with stakeholders.

Table 4.34: Physicochemical propertiesof Akarditell

Property Value Remarks Source
zg?,/ g ﬁ dStlaéiagt Solid White to light grey crystalline powder
KPa ' Safety Data Sheet provided by consultee
_ _ 141.26°C Mean or Weighted MP (EPI Suite) 1
g/loielnttl ng/freezing 170-171.5°C Safety Data Sheet provided by consultee
189°Cor 171.2°C or 190°C | Consultation response
Boil - 412.913°C at 101.3 mmHg Predicted data ACD/Labs ACD/ PhysChem suite 1
oiling poin
9P 389.02°C Adapted Stein & Brown method (EPI Suite) 1
Density 1.152 g/lem® Predicted data ACD/Labs ACD/ PhysChem suite. 1
0 kPaat 25°C Predicted data ACD/Labs ACD/ PhysChem site. 1
Vapour pressure = - X -
0.137 x10™” kPaat 25°C Modified Grain method (EPI Suite) 1
Surface tension 47.805 dyne/cm Predicted data ACD/Labs ACD/ PhysChem suite 1
o Estimate from LogKy,, (WSKOW v1.41) - logK,, used:
692.6 mg/L at 25°C 1.95 (estimated) (EPI Suite) 1
Water solubility 282.75 mg/L gjlt gate from Fragments - Wat Sol (v1.01 est) (EPI 1
Insoluble/low solubility L|teratur_e suggests that Akardite |1 isinsoluble in water 2.3
or very little soluble in water
Partition .
coefficient - 195 (Log Octanol-Water Partition Coef (SRC) - LogK oy 1
' (KOWWIN v1.67 estimate)) (EPI Suite
octanol/water
Flash point 203.523°C Predicted data ACD/Labs ACD/ PhysChem suite 1
Flammability No data
Explos_ve No data
properties
Self-ignition No data
temperature
OX|d|sng No data
properties
Granulometry No data
Source;

1. ChemSpider Internet site: http://www.chemspider.comyChemical-Sructure.23952.html ?rid=f76b4315-f254-4562-
9481-57a6a85c0acl

2: (Chemicalland 21, undated)

3: (Walsh & al, 2010)

25 Date of last search: 4 July 2013.
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45.1.4 Classification and Labelling

No harmonised classification and labelling for Akardite Il is available. However, in the ECHA
C&L Inventory database one aggregated notification has been identified. Thisis presented in Table
4.35. Furthermore, the database also suggests that an additional four notifiers have not classified
the substance.

Table4.35: Notified classification and labelling of Akarditell accordingto CLP criteria

Classification Labelling Number of
Hazard Class and Category Hazard Statement | Hazard Statement | Pictograms Signal Notifiers
Code(s) Code(s) Code(s) Word Code(s)

. H319 GHS07
Eye Irrit. 2 H319 (Eyeiritation) Wng 23
Source;
European Chemicals Agency: http://echa.europa.eu/
45.1.5 REACH Registration details
The following Table shows the status of REACH Registration of Akardite Il.
Table4.36. REACH Registration status of Akarditell
Registration Result Date of last search
Pre-registered Y es — Envisaged Registration deadline: 30/11/2010 4 June 2012
Registered No 20 June 2013

Source:
European Chemicals Agency: http://echa.europa.eu/

45.2 Technical feasibility

45.2.1 Technical feasibility from the per spective of the applicant

DEZA does not currently manufacture this substance and does not have any current plans to start
production in the future without a clear indication from its DUs that Akardite Il would be a
technically feasible and acceptable aternative.

The Confidential Annex to this AoA explains that DEZA does not have access to the precursors to
Akardite Il and it is unclear whether these can be easily obtained and how they could be used within
DEZA’s plant.

Importantly, the manufacture of Akardite Il is based on entirely different technology, which is not
within DEZA’s capabilities. DEZA'’s esterification plant can produce a range of phthalates
(depending on the availability of precursor alcohols) and other esters, should the raw materials
became available, but does not have the ability to manufacture phenyl ureas. Technically, this
alternative cannot be considered feasible for the applicant.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.2
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45.2.2 Technical feasibility from the per spective of downstream users

Relevance as substitute for DBP

According to consultation, the relevance of the substance as a substitute for DBP in propellant
mixturesis asfollows:

Substance family Alky! diphenyl ureas

Function Moderant (consultation also suggests a particular relevance as a coolant too)

Background to the use of the substance

Functions of Akardite Il in propellants: literature suggests that Akardite 1l is a component of
propellants and it is used as a stabiliser, plasticiser and surface moderant. As discussed earlier in
this document, Akardite Il has been described as a stabiliser with a plasticising effect (Akardite Il is
considered one of the best stabilisers for nitrocellulose or energetic plasticiser systems).

Akardite Il is often used in propellants containing diethyleneglycol dinitrate (DEGN) (US Army,
1989).

Non-explosive uses of Akarditell: noneidentified.

Comparison against key technical feasibility and selection criteria

Trials with the substance and perceived overall technical suitability: this information is
presented in the Confidential Annex.

Comparison against the key technical feasibility and selection criteria: this information is
presented in the Confidential Annex.

Other technical considerations: Akardite Il is known to form carcinogens when it reacts with the
nitrous oxides formed in the decomposition of the propellant matrix (Langlet, 2006). We discussed
earlier the issues associated with the generation of carcinogenic decomposition products when
centralites are used. Akardites are urea derivatives therefore decomposition might also result in
compounds with carcinogenic potential.  However, while centralites form N-nitroso-N-
alkylanilines, Akardites form N-nitroso-diphenylamines which are only suspected to be
carcinogenic (Wilker, Heeb, Vogelsanger, Petrzilek, & Skléadal, 2007).

Whilst Akardites cause lower concern compared to centralites, the generation of decomposition
products makes them less than ideal substitutes for DBP in nitrocellulose-based propel lants.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.5.2.2

453 Reduction of overall risk dueto transition to the alter native

45.3.1 Hazard information

Despite extensive searches in several databases and online sources, very little published information
has been identified for Akardite Il. Given the limited dataset on the hazardous properties of
Akardite Il that are published, QSAR models (OECD QSAR toolbox and FDA EKDB model) were,
therefore, employed to derive additiona insight into both the mammalian and ecotoxicological
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profile of this substance. The outputs of the modelling (and associated references) are presented in
Table 4.37, overleaf.

Based on al available information, the hazard profile of this substance may be summarised as
follows.

Mammalian hazard profile

Acute toxicity: available data suggest alow acute toxicity (Oral LDsp = 2000 mg/kg bw for mice)
for Akardite 11 (Nippon Kayaku, 2008). This implies that, were these data to be considered in the
classification of the substance under CLP, it would be likely to be considered as a Category 4 acute
toxin.

Repeat dose toxicity: no information is available on the repeat dose toxicity of AkarditeIl.

Irritancy and sensitisation: QSAR modelling did not raise concerns with regard to the
substance’s skin irritancy. However, as noted in Table 4.20 of the Non-confidential document, the
ECHA C&L Inventory identifies 23 aggregated notifications in which Akardite Il is indicated to
warrant a H319 for eye irritation statement. No information is available on its sensitisation
potential.

Genotoxicity and carcinogenicity: a series of Ames assays on S. typhimurium strains TA97, 98,
100 and 1535, in the presence or absence of metabolic activation, were negative (Zeiger, Anderson,
Haworth, Lawlor, & Mortelmans, 1992), while additional QSAR modelling provides further
confidence that Akardite Il is not mutagenic in prokaryotic organisms irrespective of metabolic
status. A QSAR prediction for mutagenicity in D. melanogaster was also negative. However,
QSAR predictions for unscheduled DNA repair activity in a mouse bone marrow sister chromatid
exchange assay and for a mouse micronucleus test gave equivocal and positive responses
respectively, raising a limited degree of concern with regard to the potential for genotoxicity to
occur in mammalian species in vivo. Severa QSAR estimations of rodent carcinogenic potency
suggest only low concern is warranted with regard to the substance’ s carcinogenic potential.

Reproductive and developmental toxicity: no information is available on the potentia
reproductive toxicity of this substance. The OECD QSAR prediction (based on the TERIS
database) indicates that it is not a developmental toxin.

Other toxicities: although not considered to generally provide robust predictions, the QSAR
modelling of the substance’s ability to interact with proteins or with the oestrogen or androgen
receptor did not identify potential concerns with regard to its endocrine disruptive potential. In
particular though, the only OECD model output on oestrogen receptor binding affinity that was
reported to be within its domain, was negative.
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Table4.37: Human health and environmental hazard profilefor Akarditell

Hazard endpoint Finding Data source Study design Assessed robustness’Comment
Toxicokinetics 96.2% OECD QSAR QSAR prediction of human intestinal | Result reported to be undefined with regard to
absorption by Multicase expert domain applicability;
system hence considered of uncertain reliability
Irritation Skin Not corrosive to OECD QSAR QSAR prediction by Bundesinstitut Result undefined with regard to domain
irritation/corrosion skin fur Risikobewertung (BfR) skin applicability;
irritation/corrosion hence considered of uncertain reliability
Negative OECD QSAR QSAR prediction for severe skin Reported to be within QSAR domain, hence
irritation, from Danish EPA Database | considered acceptable
Not corrosive to OECD QSAR QSAR prediction by BfR skin Result undefined with regard to domain
skin irritation/corrosion applicability;
hence considered of uncertain reliability
Eyeirritation Undefined OECD QSAR QSAR prediction by BfR eye Result undefined with regard to domain
irritation/corrosion applicability;
hence considered of uncertain reliability
Genetic Invitro - Mutagenicity | Negative Genotoxicity Based on Ames Test (S. typhimurium, | N/A
toxicity OASIS(in Strain TA 97) without S9 activation,
OECD QSAR) | fromP&G
Negative Genotoxicity Based on Ames Test (S. typhimurium, | N/A
OASIS(in Strain TA 98) without S9 activation,
OECD QSAR) | fromP&G
Negative Genotoxicity Based on Ames Test (S. typhimurium, | N/A
OASIS(in Strain TA 100) without S9 activation,
OECD QSAR) | fromP&G
Negative Genotoxicity Based on Ames Test (S. typhimurium, | N/A
OASIS(in Strain TA 1535) without S9
OECD QSAR) activation, from P& G
Negative Genotoxicity Based on Ames Test (S. typhimurium, | N/A
OASIS(in Strain TA 1537) without S9
OECD QSAR) activation, from P& G
Negative Genotoxicity Based on Ames Test (S. typhimurium, | N/A
OASIS(in Strain TA 1538) without S9
OECD QSAR) activation, from P& G
Negative Genotoxicity Based on Ames Test (S. typhimurium, | N/A
OASIS(in Strain TA 97) with S9 activation,
OECD QSAR) | fromP&G
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Hazard endpoint Finding Data source Study design Assessed robustness’Comment
Negative Genotoxicity Based on Ames Test (S. typhimurium, | N/A
OASIS(in Strain TA 98) with S9 activation,
OECD QSAR) from P& G
Negative Genotoxicity Based on Ames Test (S. typhimurium, | N/A
OASIS(in Strain TA 100) with S9 activation,
OECD QSAR) from P& G
Negative Genotoxicity Based on Ames Test (S. typhimurium, | N/A
OASIS(in Strain TA 1535) with S9 activation,
OECD QSAR) from P& G
Negative Genotoxicity Based on Ames Test (S. typhimurium, | N/A
OASIS(in Strain TA 1537) with S9 activation,
OECD QSAR) | fromP&G
Negative Genotoxicity Based on Ames Test (S. typhimurium, | N/A
OASIS(in Strain TA 1538) with S9 activation,
OECD QSAR) | fromP&G
Negative Genotoxicity Based on Ames Test (S. N/A
OASIS(in typhimurium) (no strain or S9
OECD QSAR) information), from Kazius et a
Negative OECD QSAR QSAR prediction by DNA reactivity, | Reported to be within QSAR domain, hence
based on DNA reactivity assay using | considered acceptable
Ashby fragments, from Danish EPA
Database
Negative OECD QSAR QSAR prediction by Amestest (S. Reported to be within QSAR domain, hence
typhimurium), from Danish EPA considered acceptable
database
Invitro— Negative OECD QSAR Prediction for mouse bone marrow Reported to be within QSAR domain, hence
Chromosomal effect sister chromatid exchange assay considered acceptable
(Hypoxanthine-Guanine
Phosphoribosyl Transferase), from
Danish EPA Database
Negative OECD QSAR QSAR prediction for sister chromatid | Reported to be within QSAR domain, hence
exchange in Syrian Hamster Embryo | considered acceptable
(SHE) assay, from Danish EPA
Database
Invivo - Mutagenicity | Negative OECD QSAR QSAR prediction for sex-linked Reported to be within QSAR domain, hence

recessive lethal assay in Drosophila
melanogaster, from Danish EPA
Database

considered acceptable
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Hazard endpoint Finding Data source Study design Assessed robustness’Comment
Equivocal OECD QSAR QSAR prediction for unscheduled Reported to be within QSAR domain, hence
DNA repair response based on a considered acceptable
mouse bone marrow sister chromatid
exchange assay, from Danish EPA
Database
Invivo— Positive OECD QSAR QSAR prediction for mouse Reported to be within QSAR domain, hence
Chromosomal effect micronucleus assay, from Danish considered acceptable
EPA Database
Carcinogenicity Negative OECD QSAR QSAR prediction based on FDA Reported to be within QSAR domain, hence
Cancer Female Mouse, from Danish | considered acceptable
EPA Database
Negative OECD QSAR QSAR prediction based on FDA Reported to be within QSAR domain, hence
Cancer Male Mouse, from Danish considered acceptable
EPA Database
Negative OECD QSAR QSAR prediction for Mouse Reported to be within QSAR domain, hence
Lymphoma, from Danish EPA considered acceptable
Database
Carcinogenic OECD QSAR QSAR prediction for Mouse Reported to be within QSAR domain, hence
potency value Carcinogenic Potency Database considered acceptable
(TDsg) = (CPDB), from Danish EPA Database
1000 mg/kg
Negative OECD QSAR QSAR prediction based on FDA Reported to be within QSAR domain, hence
Cancer Female Rat, from Danish considered acceptable
EPA Database
Negative OECD QSAR QSAR prediction based on FDA Reported to be within QSAR domain, hence
Cancer Male Rat, from Danish EPA considered acceptable
Database
Carcinogenic OECD QSAR QSAR prediction for Rat Reported to be within QSAR domain, hence
potency value Carcinogenic Potency Database considered acceptable
(TDs) = (CPDB), from Danish EPA Database
1000 mg/kg
Toxicity to reproduction No information
Developmental toxicity Negative for OECD QSAR QSAR prediction based on FDA Reported to be within QSAR domain, hence
teratogenicity Teratogen Information System considered acceptable
(TERIS), from Danish EPA Database
Other toxic | Protein binding No alert found OECD QSAR QSAR prediction No indication identified that model was operating
endpoints potential outside of its operational limits
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Hazard endpoint Finding Data source Study design Assessed robustness’Comment
No alert found OASIS(in QSAR prediction No indication identified that model was operating
OECD QSAR) outside of its operational limits
Androgen receptor -2.25t0-1.73log FDA EKDB Model drew comparison with linuron | Model reports that on basis of only limited
binding activity RBA model and hydroxy linuron similarity with compounds in database (0.48-0.44),
no conclusion should be drawn
Oestrogen gene -10,000 log RP FDA EKDB Model drew comparison with Model reports that on basis of only limited
activation (relative potency) model diphenylamine, N-phenyl-1- similarity with compounds in database (0.61-0.63),
naphthylamine and N-phenyl-2- no conclusion should be drawn
naphthylamine
Oestrogen receptor 10% OECD QSAR QSAR prediction by oestrogen Reported to be outside of QSAR domain,
binding activity receptor binding activity (RBA hence considered of doubtful reliability
Multicase)
Negative OECD QSAR QSAR prediction by relative Reported to be within QSAR domain, hence
oestrogen receptor binding activity, considered acceptable
from Danish EPA Database
-10000 log RP FDA EKDB Model drew comparison with Model reports that on basis of only limited
(relative potency) model diphenylamine, n-phenyl-1- similarity with compounds in database (0.61-0.63),
naphthylamine and n-phenyl-2- no conclusion should be drawn
naphthylamine
Aquatic Taxa not specified 0.016 mg/L OECD QSAR QSAR estimation of behaviour Reported to be within QSAR domain, hence
toxicity endpoint by uTOX (Multicase) considered acceptable
Taxa not specified Immobilisation OECD QSAR QSAR estimation of immobilisation Reported to be within QSAR domain, hence
ECs, = 0.016 mg/L endpoint by uTOX (Multicase) considered acceptable
Invertebrate Immobilisation OECD QSAR QSAR estimation by EC50 for D. Reported to be within QSAR domain, hence
ECs, = 0.51 mg/L magna, from Danish EPA Database considered acceptable
(48 hour)
Taxa not specified 0.016 mg/L OECD QSAR QSAR estimation of undefined Reported to be within QSAR domain, hence
endpoint by uTOX (Multicase) considered acceptable
Bacteria ECs,=0.016 mg/L | OECD QSAR QSAR estimation of undefined Reported to be within QSAR domain, hence
endpoint by uTOX (Multicase) fora | considered acceptable
5 minute lethality in Vibrio fischeri
Sources:

OECD QSAR Data obtained using OECD QSAR Toolbox at Internet site:

http://www.oecd.or g/chemi cal safety/assessmentofchemi cal §/'theoecdgsar tool box.htm#Download_gsar _application toolbox

FDA EKDB data obtained using FDA EKDB Database at Internet site:
http: //mww.fda.gov/ScienceResear ch/Bioi nfor mati csTool 'EndocrineDi sruptor Knowl edgebase/defaul t.htm
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Environmental fate and behaviour and ecotoxicology

Available information, based largely on the outputs of various QSAR models, does not raise
concern for either the persistence or bioaccumulative potential of the substance in the environment.

No published experimental ecotoxicity data were identified in the searches conducted for this
exercise, and no classification for ecotoxicity has been included in the ECHA C&L Inventory,
though this is noted to be due to the lack of data. When limited QSAR modelling of the ecotoxic
profile of Akardite Il were undertaken, findings for aquatic taxa raised a possible concern with
regard to its acute aguatic toxicity, with an ECsy value for immobilisation in daphnids of only 0.51
mg/L predicted for a 48-hour test. This would be alevel indicative of an acute toxicity Category 1
assignment were these QSAR-generated data to be used for classification under CLP.

No information is available on the toxicity to terrestrial species and the QSAR output available,
though of limited nature, does not provide convincing evidence that there should be significant
concern with regard to the chronic ecotoxic potential of Akarditell.

4.5.3.2 Comparison of hazards

The following Table compares the available information on the hazard profile of Akardite 11 to that
of DBP. As for Akardite I, the hazard profile of Akardite 1l established here is subject to a
considerable measure of uncertainty, given the extensive reliance on QSAR predictions of varying
robustness and, importantly, the gap in understanding of its toxic profile in relation to the important
endpoints of repeat dose toxicity and reproductive toxicity.

Table4.38: Hazard comparison of DBP and Akarditell

Hazard endpoint Akarditell DBP
Human health
Acute toxicity Slight
[rritancy Ocular
Sensitisation
Repeat dose Toxic
STOT Liver, kidney, testes
Reproductive toxicity 1B (malefertility)
Developmental toxicity 1B (males)
Genotoxicity Indications from QSAR modelling
Data are insufficient to determine the
carcinogenic potential. No evidence of
Carcinogenicity carcinogenicity is available. The CSR
assumes that the substance is not a

carcinogen
Environment
Aquatic Potentially toxic Very toxic
Other
Other issues Potential for carcinogenic degradation

products

Note: grey cellsindicate areas where no relevant information is available
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The Table indicates that, while in severa respects Akardite Il appears to show a more benign
mammalian toxicity and to have a less hazardous ecotoxicological profile than DBP, it is classified
as an eye irritant (thereby posing a potential occupational hazard) and there is aso reason for
limited concern with regard to its potential mammalian genotoxicity. Overal, though, based on
limited information, it appears that the use of Akardite Il could theoreticaly reduce hazards to
workers and the environment if it substituted DBP. However, this conclusion does not include
consideration of the issue of its potential carcinogenic decomposition products. As discussed earlier
with respect to Akardite |, Akardites may form decomposition products that are suspected
carcinogens. However, in recent research Akardite Il has been presented as the least critical
stabiliser currently in use. Akardite Il is as pure substance markedly less toxic than most of the
other stabilisers and produces much smaller amounts of N-nitroso-diphenylamine compared to other
stabilisers such as diphenylamine (Wilker, Heeb, Vogel sanger, Petrzilek, & Sklédal, 2007).

45.3.3 Safety issueswith the manufacture of Akarditell

The Confidential Annex explains that the use of the precursorsto Akardite Il by the applicant would
raise concerns. Based on hazard classifications and in comparison to the precursors to DBP:

. thecarbonyl precursor isflammable, acutely toxic (by inhalation), and mildly reprotoxic; and
« theamine precursor is askin and eye irritant.

The use of precursors to Akardite 11 would be unlikely to result in alowering of existing hazards at
the workplace for DEZA’ s workers.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.2

454  Economic feasibility
The discussion presented above for the other urea derivatives would similarly apply here.

DEZA does not and cannot manufacture Akardite |1 asit does not have the technology and expertise
for doing so. The substanceisforeign to DEZA’s product portfolio and capabilities.

The Confidential Annex to this AoA explains that the manufacture of Akardite Il could not make
use of existing facilities at DEZA’s DBP plant. An entire plant rebuild would be required with a
cost that could amount to several millions of Euros and would require atimeline sufficiently long to
make any thought of starting production completely unrealistic.

Importantly, due to the inherent technical infeasibility of the substance from the perspective of DUs,
it is unclear whether any of them would actually use Akardite Il as a substitute of DBP. Even if
Akardite 11 would prove to be technicaly feasible for the applicant’s customers, the volume of
current sales of DBP to propellant manufacturers that could be substituted with Akardite Il would
only be very modest, due to (a) the presence of other established suppliers (see Table 4.39) and (b)
the overall small tonnage of moderant that isrequired in the “Applied for” Use.

Overdl, if Akardite Il were to be chosen by DUs as a substitute for DBP in propellant formulations,
DEZA would lose its entire sales of DBP in the field, as it would not be able to produce this
substance. Information on DEZA’s turnover that is associated with sales of DBP to propellant
manufacturersis provided in the SEA (Section 2.2.2.1).

This alternative substance cannot be considered economically feasible for the applicant.
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Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.3

455  Availability

455.1 Current and projected availability

Availability for the applicant

As discussed above, Akardite Il is manufactured using technology that is aien to DEZA’s current
portfolio and capabilities. Phenyl ureas are not possible to manufacture at DEZA’s DBP plant, as
explained in the Confidential Annex to this AoA.

Availability for the downstream users

From the perspective of the DUs, the market availability of Akardite Il is given in Table 4.39.
Table4.39: Market availability of Akarditell

Alternative Dat_a . Market availability from the per spective of the downstream users
availability
. I Generally available
Akarditell Very limited Not REACH registered

455.2 Actionsrequired for improving availability
Availability for the applicant

For Akardite Il to become available to the applicant a new production line would have to be opened
and a new technology introduced.

The Confidential Annex to this AoA explains the challenges that the applicant would face in
researching, trialling and starting the production of Akardite 11 at their plant. The conclusion is that
the availability of the substance for the applicant is very unlikely to improve in the foreseeable
future, without very significant investment, which in light of the size of the affected market, cannot
bejustified.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section4.1.4

Availability for the downstream users

Akardite |1 is already used in nitrocellulose-based propellant formulations and is generally available
on the market for use by propellant manufacturers.

45.6 Conclusion on suitability and availability of Akarditell

45.6.1 Technical suitability

The substance is a phenyl urea the manufacture of which is based on precursors and technology
completely unknown and wholly incompatible with the applicant’s production plant. Akardite 11
cannot be considered technically feasible from the applicant’ s perspective.
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From the perspective of the DUs, it could theoretically be used as a moderant but it is unusable as a
plasticiser. Even as a moderant, Akardite Il is a poorer moderant than DBP, as discussed in the
Confidential Annex. Indeed, its current use in DBP-relevant propellant formulations is very
limited. The issue of potentially carcinogenic N-nitroso decomposition products also casts doubts
on the technical feasibility of the substance, although Akardites cause less concern compared to
centralites.

45.6.2 Reduction in overall risk

As for Akardite I, the hazard profile of Akardite Il is subject to a considerable measure of
uncertainty, with significant knowledge gaps for the important endpoints of repeat dose toxicity and
reproductive toxicity. Akardite Il appears to have a more benign toxicological and ecotoxicol ogical
profile than DBP; however, it is classified as an eye irritant and raises concern with regard to its
potential mammalian genotoxicity and acute aquatic toxicity. The potentia carcinogenicity of the
decomposition products formed in nitrocellulose-based plasticisers should be noted. As the risks
from exposure to DBP from its use in the formulation and subsequent use of propellants are
adequately controlled, the use of Akardite Il would not result in discernible benefits to DUS
workers' health.

From the perspective of the applicant’s workers, the precursors to Akardite |1 would appear to have
unfavourable safety and human health hazard profiles and their handling and use would not confer
any improvement to the working conditions for the applicant’ s staff.

4.5.6.3 Economic feasibility

The cost of establishing a production line for Akardite |1 would be extremely high and totally
unjustified in light of the presence of established suppliers of the substance and the very modest
sales that DEZA might potentially achieve. The lack of documented technical feasibility of the
substance from the perspective of the DUs, cannot create any optimism that potential sales would
allow DEZA to make a profit from a new production line.

45.6.4 Availability

From the perspective of the applicant, the substance is not available as its manufacture is based on
technology and precursors not available to him. Availability is not expected to improve into the
future; the quantity of Akardite 1l that would be sold by DEZA istoo small to justify the expense of
setting up and operating a new production line based on new technology.

From the perspective of the DUs, the substance appears to be generally available on the market.

Key point 13

Akardite Il is not arealistic alternative for the applicant. Its technical feasibility for DUs is uncertain and its economic
feasibility is poor. Its hazard profile shows significant information gaps
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€) ALTERNATIVE SUBSTANCE: AKARDITE IIl (3-ETHYL-1,1,-DIPHENYL UREA)
4.6 Akarditelll
4.6.1 SubstancelD and properties

4.6.1.1 Nameand other identifiersfor the substance
The following Table presents the identity of Akardite I11.
Table4.40: Identity of Akarditelll

Parameter Value Source

EC number 242-052-9 1

EC name 3-ethyl-1,1-diphenylurea 1

CAS number 18168-01-9 1

IUPAC name 3-Ethyl-1,1-diphenylurea 2

Urea, N'-ethyl-N,N-diphenyl-

Other names N'-ethyl-N,N-diphenylurea 2

Molecular formula CisH1sN0 1

SMILES notation O=C(N(clcceecl)c2ecccc2)NCC 2

Molecular weight 240.3 1

O / Ph

Molecular structure \ﬁ N 1
Et—NH \ Ph

Sources:

1. ESSlinternet site: http://esis.jrc.ec.europa.eu/
2: Chemspider Internet site:  http://www.chemspider.com/Chemical-Sructure.26909.html

4.6.1.2 Composition of the substance

No information is available on constituents and impurities. The substance does not appear on
ECHA'’ s database of registered substances?.

4.6.1.3 Physico-chemical properties

The following Table summarises the available information on the physicochemical properties of
Akardite I1l. The information has been collected from a single literature source and consultation.

26 Date of last search: 4 July 2013.
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Table4.41: Physicochemical propertiesof Akarditelll

Property Value Remarks Source
Physical state at 20°C and .
101.3kPa Solid
MPBPWIN v1.42, Mean or Weighted
149.16°C : ' 1
Melting/freezing point MP (EPISuite)
73.1°Cor 89°C Consultation response
423.26°C at 101.3 kPa ACD/Labs ACD/PhysChem Suite 1
Boiling point . MPBPWIN v1.42, Adapted Stein &
400.62°C Brown method (EPI Suite) 1
Density 1.128 g/lem® ACD/Labs ACD/PhysChem Suite 1
OkPaat 25°C ACD/Labs ACD/PhysChem Suite 1
Vapour pressure g MPBPWIN v1.42, Modified Grain
585x107kPa method (EPISLite) !
Surface tension 46.58 dyne/cm ACD/Labs ACD/PhysChem Suite 1
221.4 mg/L at 25°C WSKOW v1.41 (EPISuite) 1
Water solubility 87.196 mg/L Estimate from Fragments, Wat Sol 1
(v1.01 est)
Partition coefficient n- 2.44 KOWWIN v1.67 estimate (EPISuite) | 1
octanol/water
Flash point 209.78 °C ACD/Labs ACD/PhysChem Suite 1
Flammability No data
Explosive properties No data
Self-ignition temperature No data
Oxidising properties No data
Granulometry No data
Source;

1: Chemspider Internet site: http://www.chemspider.conV/Chemical-Structure.26909.html

4.6.1.4 Classification and labelling

An online search was performed using the CAS number in ECHA’s C&L Inventory. No
information has been retrieved?’.

4.6.1.5 REACH Registration details

The following Table summarises the available information on the status of REACH Registration of
Akardite 1.

Table4.42: REACH Registration status of Akarditelll

Registration Result Date of last search
Pre-registered Y es — Envisaged Registration deadline: 30/11/2010 4 June 2012
Registered No 20 June 2013
Source:

European Chemicals Agency: http://echa.europa.eu/

27 Date of last search: 4 July 2013.
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4.6.2 Technical feasibility

4.6.2.1 Technical feasibility from the per spective of the applicant

DEZA does not currently manufacture this substance and does not have any current plans to start
production in the future without a clear indication from its DUs that Akardite Il would be a
technically feasible and acceptabl e alternative.

The Confidential Annex to this AOA explains that DEZA does not have access to the precursors to
Akardite 111 and it is unclear whether these can be easily obtained and how they could be used
within DEZA'’ s plant.

Importantly, the manufacture of Akardite I11 is based on entirely different technology, which is not
within DEZA’s capabilities. DEZA’s esterification plant can produce a range of phthalates
(depending on the availability of precursor alcohols) and other esters, should the raw materials
became available, but does not have the ability to manufacture phenyl ureas. Technically, this
alternative cannot be considered feasible for the applicant.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.2

4.6.2.2 Technical feasibility from the per spective of downstream users

Relevance as substitute for DBP

According to consultation, the relevance of the substance as a substitute for DBP in propellant
mixturesis asfollows:

Substance family Alky! diphenyl ureas

Function Moderant

Background to the use of the substance

Functions of Akardite Ill in propéellants: literature suggests that Akardite 111 is a stabiliser for
double-base propellants with a more pronounced plasticising effect than Akardite | (Meyer, Kohler,
& Homburg, 2007).

Non-explosive uses of Akarditelll: noinformation isavailable.

Comparison against key technical feasibility and selection criteria

Trials with the substance and perceived overall technical suitability: this information is
presented in the Confidential Annex.

Comparison against the key technical feasibility and selection criteria: this information is
presented in the Confidential Annex.

Other technical considerations. the issues associated with the generation of carcinogenic
decomposition products when Akardites are used in nitrocellulose-based propellants would aso

apply here.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.6.2.2
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4.6.3 Reduction of overall risk dueto transition to the alter native

4.6.3.1 Hazard information

In the absence of any published information on the hazard profile of Akardite 111, QSAR models
(OECD QSAR toolbox and FDA EKDB models) were employed to derive additional insights into
both the mammalian and ecotoxicological profile of this substance. The outputs of the modelling
(and associated references) are presented in Table 4.43, overleaf. Based on al avalable
information, the hazard profile of this substance may be summarised as follows.

Mammalian hazard profile

Acutetoxicity: no information is available on the acute toxicity of Akardite Il1.
Repeat dose toxicity: no information is available on the repeat dose toxic potential of Akardite 1.

Irritancy and sensitisation: two QSAR estimates of skin corrosivity/irritancy and one estimate for
eye irritation were generated using the OECD toolbox. However, only one for the skin fell within
its established domain. This indicated that it was not considered of concern with regard to severe
irritancy. Overal, therefore, there appears to be no grounds for concern for these endpoints. No
information is available on the sensitisation potential of Akardite 1.

Genotoxicity and carcinogenicity: a series of QSAR predictions for in vitro prokaryotic
mutagenic activity were consistently negative, as was a prediction based on a mammalian SHE
assay. A prediction based on the mouse micronucleus assay was also negative. However,
equivocal responses were predicted in QSAR models drawing on one mammalian cell line for
mutagenicity and one based on a mouse bone marrow assay for chromosomal effects. Overall,
however, there appears to be little concern with regard to the potential of Akardite Ill to cause
genotoxicity. Similarly, a series of QSAR models for carcinogenicity indicated alow concern with
regard to this endpoint.

Reproductive toxicity and developmental toxicity: no information is available on the
reproductive or developmental toxicity of the substance.

Other toxicity: use of the FDA EKDB model to inform on the protein binding and oestrogenic and
androgenic activity of Akardite 111 raised no alerts concerning the potential endocrine activity of the
substance, although these predictions should not be considered robust and are therefore unsuited to
drawing firm conclusions.

Environmental fate and behaviour and ecotoxicology

Available information from various QSAR models does not raise concerns as to the persistence or
bioaccumul ative potential of the substance in the environment.

No published experimental ecotoxicity data were identified, but QSAR predictions of its toxicity to
aquatic organisms suggest that it is not acutely toxic to fish but could possible pose some measure
of acute risk to invertebrate and bacterial species. The level of toxicity predicted for bacteria (ECs
=0.0132 mg/L) would raise some concern with regard to the risk posed to micro-organisms.
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Table4.43: Human health and environmental hazard profilefor Akarditelll

Hazard endpoint Finding Data source Study design Assessed robustnessComment
Toxicokinetics Extent of absorption | OECD QSAR | QSAR prediction of human Result reported to be undefined with regard to
=96.7% intestinal absorption by Multicase domain applicahility, hence considered of uncertain
expert system reliability
Irritation Skin Not corrosive to OECD QSAR | QSAR prediction by Bundesinstitut | Result reported to be undefined with regard to
irritation/corrosion skin fur Risikobewertung (BfR) skin domain applicahility, hence considered of uncertain
irritation/corrosion (for an reliability
undefined endpoint)
Negative OECD QSAR | QSAR prediction for severe skin Reported to be within QSAR domain, hence
irritation, from Danish EPA considered acceptable
Database
Not corrosive to OECD QSAR | QSAR prediction by BfR skin Result reported to be undefined with regard to
skin irritation/corrosion model domain applicahility, hence considered of uncertain
reliability
Eyeirritation Undefined OECD QSAR | QSAR prediction by BfR eye Result reported to be undefined with regard to
irritation/corrosion domain applicability, hence considered of uncertain
reliability
Genetic Invitro - Negative OECD QSAR | QSAR prediction based on Ames Reported to be within QSAR domain, hence
toxicity Mutagenicity test (S typhimurium), from Danish | considered acceptable
EPA Database
Negative OECD QSAR | QSAR prediction based on Ames Reported to be within QSAR domain, hence
test (S typhimurium), S9 activation | considered acceptable
status unspecified, from Danish
EPA Database
Negative OECD QSAR | QSAR prediction by Amestest (S. Reported to be within QSAR domain, hence
typhimurium) with S9 metabolic considered acceptable
activation, from Danish EPA
Database
Negative OECD QSAR | QSAR prediction by Amestest (S. Reported to be within QSAR domain, hence
typhimurium) without S9 metabolic | considered acceptable
activation, from Danish EPA
Database
Negative OECD QSAR | QSAR prediction by DNA Reported to be within QSAR domain, hence

reactivity (based on DNA reactivity
assay using Ashby fragments, from
Danish EPA Database

considered acceptable
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Hazard endpoint Finding Data source Study design Assessed robustness’Comment
Equivocal OECD QSAR | QSAR prediction for Chinese Reported to be within QSAR domain, hence
Hamster Ovary (CHO) cell assay considered acceptable
for chromosome aberration test,
from Danish EPA Database
Invitro— Negative OECD QSAR | QSAR prediction for sister Reported to be within QSAR domain, hence
Chromosomal effect chromatid exchangein Syrian considered acceptable
Hamster Embryo (SHE) assay,
from Danish EPA Database
Invivo - No information
Mutagenicity
Invivo— Equivocal OECD QSAR | Prediction for mouse bone marrow | Reported to be within QSAR domain, hence
Chromosomal effect sister chromatid exchange assay considered acceptable
Negative OECD QSAR | QSAR prediction by mouse Reported to be within QSAR domain, hence
micronucleus chromosome considered acceptable
aberration assay, from Danish EPA
Database
Carcinogenicity Negative OECD QSAR | QSAR prediction based on FDA Reported to be within QSAR domain, hence
Cancer Female Mouse, from considered acceptable
Danish EPA Database
Negative OECD QSAR | QSAR prediction based on FDA Reported to be within QSAR domain, hence
Cancer Male Mouse, from Danish considered acceptable
EPA Database
Negative OECD QSAR | QSAR prediction for Mouse Reported to be within QSAR domain, hence
Lymphoma, from Danish EPA considered acceptable
Database
Carcinogenic OECD QSAR | QSAR prediction for Mouse Reported to be within QSAR domain, hence
potency value Carcinogenic Potency Database considered acceptable
(TDs) = (CPDB), from Danish EPA
1000 mg/kg Database
Negative OECD QSAR | QSAR prediction based on FDA Reported to be within QSAR domain, hence
Cancer Female Rat, from Danish considered acceptable
EPA Database
Negative OECD QSAR | QSAR prediction based on FDA Reported to be within QSAR domain, hence

Cancer Male Rat, from Danish EPA
Database

considered acceptable
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Hazard endpoint Finding Data source Study design Assessed robustness’Comment
Carcinogenic OECD QSAR | QSAR prediction for Rat Reported to be within QSAR domain, hence
potency value Carcinogenic Potency Database considered acceptable
(TDsg) = (CPDB), from Danish EPA
1000 mg/kg Database
Toxicity to reproduction No information
Developmental toxicity / No information
teratogenicity
Other toxic | Protein binding No alert found OECD QSAR | QSAR prediction No indication identified that model was operating
endpoints potential outside of its operational limits
No alert found OASIS(in QSAR prediction No indication identified that model was operating
OECD QSAR) outside of its operational limits
Androgen receptor -2.25t0-1.73 log FDA EKDB Model drew comparison with Model reports that on basis of only limited similarity
binding activity RBA model linuron and hydroxylinuron with compounds in database (0.4-0.44), no
(RBA) conclusion should be drawn
Oestrogen gene -10000 TO-100log | FDA EKDB Model drew comparison with Model reports that on basis of only limited similarity
activation RBA model hydroxyflutamide, 4,4'- with compounds in database (0.29-0.33), no
methylenebis(N,N-dimethylaniline) | conclusion should be drawn
and M2
Oestrogen receptor 10% OECD QSAR | QSAR prediction by oestrogen Reported to be outside of QSAR domain,
binding activity receptor binding activity hence considered of doubtful reliability
(RBA) (Multicase)
Negative OECD QSAR | QSAR prediction by relative Reported to be within QSAR domain, hence
oestrogen receptor binding activity, | considered acceptable
from Danish EPA Database
-10000 TO-100log | FDA EKDB Model drew comparison with Model reports that on basis of only limited similarity
RBA model hydroxyflutamide, 4,4'- with compounds in database (0.29-0.33), no
methylenebis (N,N- conclusion should be drawn
dimethylaniline) and M2
Aquatic Taxa not specified 0.0132 mg/L OECD QSAR | QSAR estimation of behaviour Reported to be within QSAR domain, hence
toxicity endpoint by uTOX (Multicase) considered acceptable
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Hazard endpoint Finding Data source Study design Assessed robustness’Comment
Taxa not specified Immobilisation ECsy | OECD QSAR | QSAR estimation of immobilisation | Reported to be within QSAR domain, hence
=0.0132 mg/L endpoint by uTOX (Multicase) considered acceptable
Invertebrate Immobilisation ECsy | OECD QSAR | QSAR estimation for D. magna, Reported to be within QSAR domain, hence
=0.33 mg/L (48 from Danish EPA Database considered acceptable
hour)
Taxa not specified ECs,=0.0132mg/L | OECD QSAR | QSAR estimation of mortality by Reported to be within QSAR domain, hence
uTOX (Multicase) considered acceptable
Algae ECs, = 0.764 mg/L OECD QSAR | QSAR prediction for mortality in P. | Reported to be within QSAR domain, hence
(48 hour) subcapitata, from Danish EPA considered acceptable
Database
Fish LCso = 44.5(4.21- OECD QSAR | QSAR prediction for mortality in Reported to be within QSAR domain, hence
469) mg/L (96 hour) fathead minnow (P. promelas), considered acceptable
from Danish EPA Database
Taxa not specified 0.0132 mg/L OECD QSAR | QSAR estimation of undefined Reported to be within QSAR domain, hence
endpoint by uTOX (Multicase) considered acceptable
Bacteria ECs,=0.0132mg/L | OECD QSAR | QSAR estimation on Vibrio fischeri | Reported to be within QSAR domain, hence

viabhility, by uTOX (Multicase)

considered acceptable

Sources:

OECD QSAR Data obtained using OECD QSAR Toolbox at Internet site:
http://www.oecd.or g/chemi cal safety/assessmentofchemi cal s/'theoecdgsar tool box.htnm#Download_gsar _application toolbox

FDA EKDB data obtained using FDA EKDB Database at Internet site:
http: //mww.fda.gov/ ScienceResear ch/Bi oi nfor mati csTool S EndocrineDi sruptor Knowl edgebase/defaul t.htm
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4.6.3.2 Comparison of hazards

The absence of any publicly available experimental data — particularly with regard to the acute and
repeat dose toxicity and reproductive and developmental toxicity of Akardite I11 — together with the
variable robustness of the QSAR predictions generated for some endpoints, significantly limits our
ability to establish a hazard profile for this substance. However, tentatively it may be considered
that, based on the available information, there appears to be little concern with regard to potential
genotoxicity or carcinogenicity and it does not appear to pose a major concern with regard to either
its environmental fate and behaviour, or ecotoxicity profile. As such, it might therefore be
tentatively suggested that Akardite I11 may possess a more benign human and environmenta hazard
profile than DBP.

Table 4.44 below summarises our current limited understanding of the hazard profile of Akardite
[1l, in comparison with that established for DBP. It should be stressed, however, that this
assessment of Akardite |11 incorporates a considerable degree of uncertainty given the reliance on
QSAR predictions and, importantly, the absence of any information on severa critical human health
endpoints.

Table 4.44: Hazard comparison of DBP and Akarditelll

Hazard endpoint Akarditelll DBP
Human health
Acute toxicity
Sensitisation
Repeat dose Toxic
STOT Liver, kidney, testes
Reproductive toxicity 1B (malefertility)
Developmental toxicity 1B (males)
Data are insufficient to determine the

carcinogenic potential. No evidence of

Carcinogenicity carcinogenicity is available. The CSR
assumes that the substance is not a
carcinogen

Environment
Aquatic Potentially toxic Very toxic
Other

Potential for carcinogenic degradation
products

Other issues

Note: grey cellsindicate areas where no relevant information is available

4.6.3.3 Safety issueswith the manufacture of Akarditelll

The Confidential Annex explains that the use of the precursors to Akardite 111 by the applicant
would raise serious concerns. Based on hazard classifications and in comparison to the precursors
to DBP:

« the carbonyl precursor is highly flammable, acutely toxic (by inhalation) and may cause skin
and eyeirritation; and

« theamine precursor is askin and eye irritant.
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The use of precursorsto Akardite 111 would be unlikely to result in alowering of existing hazards at
the workplace for DEZA’ s workers.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.2

4.6.4 Economic feasibility
The discussion presented above for the other urea derivatives would similarly apply here.

DEZA does not and cannot manufacture Akardite Ill as it does not have the technology and
expertise for doing so. The substanceisforeign to DEZA’ s product portfolio and capabilities.

The Confidential Annex to this AoA explains that the manufacture of Akardite I11 could not make
use of existing facilities at DEZA’s DBP plant. An entire plant rebuild would be required with a
cost that could amount to several millions of Euros and would require atimeline sufficiently long to
make any thought of starting production completely unrealistic.

Importantly, due to the inherent technical infeasibility of the substance from the perspective of DUs,
it is unclear whether any of them would actually use Akardite Il as a substitute of DBP. Even if
Akardite 111 would prove to be technically feasible for the applicant’s customers, the volume of
current sales of DBP to propellant manufacturers that could be substituted with Akardite 111 would
only be very modest, due to the overall small tonnage of moderant that is required in the “Applied
for” Use.

Overdl, if Akardite Ill were to be chosen by DUs as a substitute for DBP in propellant
formulations, DEZA would lose its entire sales of DBP in the field, as it would not be able to
produce this substance. Information on DEZA’s turnover that is associated with sales of DBP to
propellant manufacturersis provided in the SEA (Section 2.2.2.1).

This alternative substance cannot be considered economically feasible for the applicant.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.3

465  Availability

4.6.5.1 Current and projected availability

Availability for the applicant

As discussed above, Akardite I11 is manufactured using technology that is alien to DEZA’s current
portfolio and capabilities. Phenyl ureas are not possible to manufacture at DEZA’s DBP plant, as
explained in the Confidential Annex to this AoA.
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Availability for the downstream users

From the perspective of the DUs, the market availability of Akardite Il isgivenin Table 4.45.
Table4.45. Market availability of Akarditelll

Data

Alternative availability

Market availability from the per spective of the downstream users

Uncertain availability. Some consultees have experienced difficulty in sourcing
Akardite I11 Very limited the substance.
Not REACH registered

4.6.5.2 Actionsrequired for improving availability
Availability for the applicant

For Akardite Ill to become available to the applicant a new production line would have to be
opened and a new technol ogy introduced.

The Confidential Annex to this AoA explains the challenges that the applicant would face in
researching, trialling and starting the production of Akardite Il at their plant. The conclusion is
that the availability of the substance for the applicant is very unlikely to improve in the foreseeable
future, without very significant investment, which in light of the size of the affected market, cannot
bejustified.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section4.1.4

Availability for the downstream users

No specific information is available.
4.6.6 Conclusion on suitability and availability of Akarditelll

4.6.6.1 Technical suitability

The substance is a phenyl urea the manufacture of which is based on precursors and technology
completely unknown and wholly incompatible with the applicant’s production plant. Akardite 11
cannot be considered technically feasible from the applicant’ s perspective.

From the perspective of the DUSs, practical experience with the substance is extremely limited and
suggestions of potentia technical feasibility as a moderant are the result of informed assumptions
and speculation rather than actual testing with the substance. The issue of potentially carcinogenic
N-nitroso decomposition products also casts doubt on the technical feasibility of the substance,
although Akardites cause less concern compared to centralites.

4.6.6.2 Reduction in overall risk

The absence of any publicly available experimental data — particularly with regard to the acute and
repeat dose toxicity and reproductive and developmental toxicity of Akardite I11, significantly limits
our ability to establish a hazard profile for this substance. Based on the limited available
information, it might therefore be tentatively suggested that Akardite 111 might possess a more
benign human and environmental hazard profile than DBP. Concerns may arise in respect with the
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generation of potentialy carcinogenic N-nitroso decomposition products, although such issues may
be less prominent in comparison to centralites. As the risks from exposure to DBP from its use in
the formulation and subsequent use of propellants are adequately controlled, the use of Akardite I11
would not result in discernible benefits to DUS workers' health.

From the perspective of the applicant’s workers, the precursors to Akardite 11 would appear to have
unfavourable safety and human health hazard profiles and their handling and use would not confer
any improvement to the working conditions for the applicant’s staff.

4.6.6.3 Economic feasibility

The cost of establishing a production line for Akardite 111 would be extremely high and totally
unjustified in light of the very modest sales that DEZA might potentially achieve. The lack of
documented technical feasibility of the substance from the perspective of the DUs, cannot create
any optimism that potential saleswould alow DEZA to make a profit from anew production line.

4.6.6.4 Availability

From the perspective of the applicant, the substance is not available as its manufacture is based on
technology and precursors not available to him. Availability is not expected to improve into the
future; the quantity of Akardite I11 that would be sold by DEZA is too small to justify the expense
of setting up and operating a new production line based on new technology.

From the perspective of the DUs, some concerns have been expressed as to whether obtaining the
substance on the market is easy.

Key point 14

Akardite Il is not arealistic alternative for the applicant. Itstechnical feasibility for DUs is uncertain and its economic
feasibility is poor. Itshazard profileislargely unknown
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f) ALTERNATIVE SUBSTANCE: BIS(2-ETHYLHEXYL) ADIPATE
4.7 Bis(2-ethylhexyl) adipate
4.7.1 SubstancelD and properties

4.7.1.1 Name and other identifiersfor the substance
The following Table presents the identity of DEHA.
Table 4.46: |dentity of DEHA

Parameter Value Source
EC number 203-090-1 1
EC name Bis(2-ethylhexyl) adipate 1
CAS number 103-23-1 1
IUPAC name Bis(2-ethylhexyl) adipate 1
Di-octyl-adipate (DOA)
Other names Hexanedioic acid, bis (2-ethylhexyl) ester 12
Adipic acid, bis (2-ethylhexyl) ester
Di-2-ethylhexyl hexane-1,6-dioate
Molecular formula CyoH40,
SMILES notation O=C(OCC(CC)Ccrcr)yceeeec(=o)oce(ceee)ce
Molecular weight 370.5665

SLI\(ET

o

Molecular structure OMD 3

0

Erj\ Bu

Sources:

1: European Chemicals Agency: http://echa.europa.eu/

2: ChemSpider Internet site:  http://www.chemspider.com/Chemical-Sructure.7358.html
3. ESSinternet site: http://esis.jrc.ec.europa.eu/

4.7.1.2 Composition of the substance

No information is available on constituents or impurities of the commercially available substance,
including in the ECHA Dissemination Portal?8. However, a search of the Internet reveals several
commercialy available DEHA products with purity of >98%2°.

28 Date of last search: 5 July 2013.
29 See for example: http://www.chemexper.com/chemicals/supplier/cas/103-23-1.html (accessed on 15 February 2013).
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4.7.1.3 Physico-chemical properties

The following Table summarises the available information on the physico-chemical properties of

DEHA. Theinformation has been collected from asingle literature source and consultation.

Table4.47: Physico-chemical propertiesof DEHA

Property Value Remarks Source
Physical state at 20°C o
and 101.3 kPa Liquid !
. . _ Measured; Lide DR (1998): CRC Handbook of
Melting/freezing point | -67.8°C Chemistry and Physics, 79"ed. Boca Raton, FL: 1
CRC PressInc. (cited in HSDB)
- ; o Measured; SRC PhysProp (2008), Syracuse
Boil t 1
orling poin 417°C at 1013.25 hPa R ch Corporation Database
Density 0.92 g/cm® at 20°C DIN 51757, pycnometer method 1
Estimated value through graphic extrapolation
3x10%kPaat 20°C analogous to 1
Vapour pressure the vapour pressure of tetracosane
113 x107 kPaat 20° Felder J.D. et a. (1986): Environmental 1
' Toxicology and Chemistry, Vol. 5, pp. 777-784
. Predicted datais generated using the ACD/Labs
Surface tension 32.23 dyne/cm ACD/PhysChem Suite 2
0.0032 mg/L at 22°C Felder, D, Adams, WJ & Saeger, VW (1986): 1
Water solubility Assessment of the Safety of Di_octyl Adipate in
0.78 mg/L at 22°C Freshwater Environments, Environ. Toxicol. Chem. | 1
Vol 5, pp. 777-784
Partition coefficient n- . OECD Guideline 117 (Partition Coefficient (n- 1
octanol /water 8.94a25°C octanol / water), HPL C Method)
Closed cup
196°C at 1013.25 hPa Database from Berufsgenossenschaftliches Institut 1
fur Arbeitsschutz, dated 2007
Flash point Lewis, R.J. Sr. (1993): Hawley's Condensed
196°C at 1013.25 hPa Chemical Dictionary, Twelfth Edition, p. 394, Van | 1
Nostrand Reinhold
206°C Cleveland closed cup
Flammability Not relevant
Explosive properties Not relevant
Measured
National Fire Protection Association (1997): Fire
377°C at 1013.25 hPa Protection Guide to Hazardous Materials 12ed., 1
Self-ignition Quincy, MA: National Fire Protection Association,
temperature p. 325-44 (cited in HSDB)
Measured
340°C at 1013.25 hPa GESTIS Database, Berufsgenossenschaftliches 1
Ingtitut fur Arbeitsschutz
Oxidising properties No oxidising properties
Granulometry Not relevant
Sources:
1: European Chemicals Agency: http://echa.europa.eu/
2: ChemSpider Internet site: http://mwww.chemspider.com/Chemical-Sructure.7358.html
3: (Unitex, 2004)
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4.7.1.4 Classification and labelling

An online search using the substance’'s CAS number was undertaken on ECHA’s C&L Inventory=0.
No information on harmonised classification and labelling for DEHA is available; 796 notifiers did
not submit a classification. The ECHA Dissemination Portal similarly does not indicate any
classification was required. However, according to the Inventory, nine aggregated notifications
have been made. These are presented in Table 4.48.

Table 4.48: Notified classification and labelling of DEHA accordingto CLP criteria

Classification Labelling
Hazard . . Number of
Hazard Classand Statement | Hazard Statement Code(s) Pictograms Signal | Ngtifiers
Category Code(s) Word Code(s)
Code(s)
Skin lrrit. 2 H315 H315 (Causes skin irritation) GHSO7
Eye Irrit. 2 H319 H319 (Causes serious eye irritation) GHS09 23
Aquatic Acute 1 H400 H400 (Very toxic to aguatic life) Wng
Aquatic Acute 1 H400 H400 (Very toxic to aguatic life) GHS09
. : H410 (Very toxic to aquatic life with wWn 11
Aquatic Chronic 1 H410 long lasting effects) 9
. . . GHS09

Aquatic Acute 1 H400 H400 (Very toxic to aguatic life) Wng 6
Skin lrrit. 2 H315 H315 (Causes skin irritation) GHSO7
Eye Irrit. 2 H319 H319 (Causes serious eye irritation) GHS09 4
Aquatic Acute 1 H400 H400 (Very toxic to aguatic life) Wng

H312 (Harmful in contact with skin)
Acute Tox. 4 H302 H302 (Harmful if swallowed)
Skin Irrit. 2 H315 H315 (Causes skin irritation) GHS06

. - — GHS09 1

Eye Irrit. 2 H319 H319 (Causes serious eye irritation) Dgr
Acute Tox. 2 H332 H332 (Harmful if inhal ed)
Aquatic Acute 1 H400 H400 (Very toxic to aguatic life)
Carc. 2 H351 H351 (Suspected of causing cancer) le;|/§88 1

H361 (Suspected of damaging fertility GHS08
Repr. 2 H361 or the unborn child) Wng 1
Aquatic Acute 1 H400 H400 (Very toxic to aguatic life) GHS09
Aquatic Chronic 2 Ha11 Toxic to aquatic life with long lasting Wng

effects
Blank entry 1

4.7.1.5 REACH Registration details

The following Table summarises the available information on the status of REACH Registration for
DEHA.

30 Date of last search: 5 July 2013.
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Table4.49: REACH Registration status of DEHA

Registration Result Date of last search
Pre-registered Yes 2 November 2012
Registered Y es —10,000-100,000 t/y 20 June 2013
Source:

European Chemicals Agency: http://echa.europa.eu/

4.7.2 Technical feasibility

4.7.2.1 Technical feasibility from the per spective of the applicant

The applicant currently manufactures this substance in quantities sufficient for supplying their
existing customers in the field of propellants. Technically, this aternative is feasible for the
applicant.

4.7.2.2 Technical feasibility from the per spective of downstream users

Relevance as substitute for DBP

According to consultation, the relevance of the substance as a substitute for DBP in propellant
mixturesis as follows:

Substance family Adipate esters

Function Plasticiser

Background to the use of the substance

Functions of DEHA in propellants. the use of DEHA as a plasticiser in gun propellants has been
confirmed in literature (Damse & Singh, 2008). Other adipates have also been identified as relevant
to propellants such as di-n-propyl adipates and polyglycol adipates.

DEHA may aso be used in rocket propellants as a plasticiser (Ledgard, 2006) (Ledgard J. , 2007)
and as a binder in plastic bonded explosives (IPI, 2011b) (BlastGard, 2008).

Non-explosive uses of DEHA: information is available from the registration dossier for DEHA,
which is available from the ECHA Dissemination Portal3l. The substance is commonly used as a
plasticiser for PVC, for the manufacture of PVC articles by calendering, spread coating, etc.
(including for food contact and medical applications) but also through the manufacture of plastisols.
DEHA has numerous PV C applications in toys, vinyl flooring, wire and cable, stationery, wood
veneer, coated fabrics, gloves, tubing, artificial leather, shoes, sealants, and carpet backing. It is
also used in films employed in food packaging materials, fillers, paint and lacquers, adhesives,
plastic in concrete, and rubber products. Future applications are expected to include products for
the hospital sector and printing inks, essentially as substitutes for phthalate esters (Lowell Center
for Sustainable Production, 2011).

31 |nformation available from: http://apps.echa.europa.eu/registered/data/dossiers/DI SS-a134506¢-6383-58e2-e044-
00144f67d031/AGGR-f8bd7790-6b58-472f-8df 1-fef99bcdcd5d DI SS-a134506c-6383-58e2-e044-
00144f67d031.htmi#section_3 5 (accessed on 5 July 2013).
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Other materials commonly plasticised with DEHA include rubber, acrylates and nitrocellulose,
cellulose butyrate, polyvinyl pyrrolidone, nitrile rubber, polyurethanes, and cosmetics (curable nail
coating) (Wypych, 2004).

DEHA is aso used in the formulation of lubricants and adhesives and as a viscosity modifier in
fragrances.

Comparison against key technical feasibility and selection criteria

Trials with the substance and perceived overall technical suitability: this information is
presented in the Confidential Annex.

Comparison against the key technical feasibility and selection criteria: this information is
presented in the Confidential Annex.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.7.2.2

47.3 Reduction of overall risk dueto transition to the alter native

4.7.3.1 Hazard information

The ECHA Dissemination Portal, together with other publicly available sources, provides a good
insight into most aspects of the mammalian and ecological hazards posed by DEHA. As a result,
only limited recourse to QSAR modelling (OECD QSAR toolbox and FDA EKDB models) was
undertaken to inform on the substances potential for interacting with the endocrine system (the
outputs of the modelling are presented in Table 4.50).
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Table4.50: QSAR output for potential endocrinerelated effectsfor DEHA

models

Hazard endpoint Finding Data source Study design Assessed robustness’Comment
Protein binding potential No aert found OECD QSAR QSAR predictions based on OASIS and OECD Not possible to classify based on

model’ s rules, hence not considered
reliable

Androgen receptor binding
activity

-10000 log RBA

FDA EKDB model

Information based on di(2-ethylhexyl) adipate
(not read across)

Model considered to be operating within
domain, hence considered reliable

activity (Multicase)

Estrogen gene activation -10000 log RP FDA EKDB model Information based on di(2-ethylhexyl) adipate Model considered to be operating within
(not read across) domain, hence considered reliable
Estrogen receptor binding 0 OECD QSAR QSAR prediction for rat estrogen receptor No information on conformity with
activity binding affinity from Fang et al. Chem. Res. QSAR model’s domain characteristics
Tox., 14,280-294 (year not reported), from reported, hence of uncertain reliability
OASIS database
10% OECD QSAR QSAR prediction by estrogen receptor binding Reported to be outside of QSAR

domain, hence considered of doubtful
reliability

-10000 log RBA

FDA EKDB model

Model reportsthat DEHA is not active

Sources.

OECD QSAR Data obtained using OECD QSAR Toolbox at Internet site:
http://mwww.oecd.or g/chemi cal safety/assessmentofchemi cal s/theoecdgsartool box.htn#Download _gsar _application toolbox
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Based on al available information, the hazard profile of this substance may be summarised as
follows.

Mammalian hazard profile

Toxicokinetics: based upon experimenta data, it appears that DEHA is rapidly and completely
absorbed from the gastrointestinal tract, undergoing extensive Gl tract hydrolysis (SCENIHR,
2008), a conclusion supported by the three key unpublished oral gavage studies (all Klimisch Score
1) cited in the ECHA Dissemination Portal. Each of these studies involved use of radiolabelled
material (**C-DEHA) at a dosage of 500 mg/kg bw in F344 rats and Cynomolgus monkeys, and 50,
500 and 5,000 mg/kg in B6C3F1 mice. The studies were conducted using protocols similar to
OECD Guideline 417 and were conducted to GLP. The study in mice showed **C-DEHA and/or its
metabolites were rapidly absorbed with the highest **C levels occurring in blood and liver after 1 or
3 hours. In the GI tract, large amounts of diester (DEHA), monoester (MEHA) and alcohol (EH)
were present, while hepatic metabolites were more polar; furthermore, the metabolite profiles
showed clear sex differences. Overal, about 91% urinary elimination was achieved at 50 or 500
mg/kg but only 75% at 5,000 mg/kg by 24 hours. Faecal elimination accounted for 7-8% at the low
or intermediate dosage and 4% at the high dosage. A small amount was eliminated by expiration.
In rats, male metabolite levels were higher than in females, with the highest concentration of
radioactivity occurring in the Gl tract 24 hours after dosing (comprising mainly the diester,
monoester, alcohol and a trace of polar material), followed by liver (oxidation products), adrenals,
kidneys, fat, and skin. Most of the blood radioactivity was recovered in plasma. Urine contained 2-
ethylhexanoic acid (EHA), the glucuronic acid conjugate, a hydroxy acid (5-hydroxy-2-
ethylhexanoic acid, 5-OH EHA), and a diacid (2-ethyl-1,6-hexanedioic acid, DIEHA). Overal,
95% of the administered dose was excreted by 24 hours. In the monkey, radioactivity quickly
reached the blood stream, peaking 2 hours after dosing (the earliest sampling time investigated)
followed by evidence of rapid systemic distribution, including particularly to the skin, fat and liver.
Males showed a more rapid excretion, particularly during the first 6 hours, than females, though in
each sex urinary elimination predominated accounting for 89-90% of the total.

A 1993 publication of a study in which six male volunteers were given 46 mg of DEHA dosed in
corn oil via a gelatine capsule (Klimisch Score 2), is also available. This, while identifying no
adverse responses, showed unconjugated [2H10]JEHA was the only compound present at
measurable quantities in plasma though [2H10] EH was detectable at below the limit of
quantification. [2H10] EHA was found to be the principal metabolite in the urine, although [2H5]5-
OH-EHA, [2H5] DIiEHA, [2H5]EH and [2H5]keto-EHA were also present. The rate of elimination
was similar for al metabolites, giving an overall elimination half-life (t2) of 1.5 hours.

Acute toxicity: the key acute oral toxicity study followed a design similar to OECD TG 401, but
not to GLP, in Fischer 344 rats. In this, animals were given doses at up to 20 g/kg bw. Oral LDsg
values of ca. 45,000 mg/kg bw (males) and ca. 24,600 mg/kg bw (females) were reported. Other
supporting studies considered of relevance here indicated the LDsp value to be ca. 22,500 mg/kg bw
in both sexes of rat, and 15,000 mg/kg bw (males) and ca. 24,600 mg/kg bw (females) in mice.
Further studies in rabbits and cats of limited designs — such that they are difficult to interpret — also
indicated limited acute toxicity. An acute inhalation study to OECD TG 403 and EU Method B.2
(Klimisch Score 1) in Wistar rats suggested a 4 hour inhalation LCsy of > 5.7 mg/L air. These
results are supported by the conclusions of SCENIHR (2008) that considered DEHA to show very
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low acute toxicity (LDsp = 7.4-45.0 g/kg bw) while the OECD SIDS for this substance3? suggests
that dermal exposure has no effects at dosages in excess of 2,000 mg/kg.

Irritancy and senditisation: the ECHA Dissemination Portal presents arguments based on read
across from a BUA 1996 study (Klimisch Score 2) which reports an in vivo test on the white rabbit
for *Plastomoll DNA’ as the basis for considering DEHA to be not irritating. Similarly, read across
for eye irritation is made from an OECD Guideline 405 study (Klimisch Score 1) for Plastomoll
DNA in the white rabbit, which gave a primary irritation index of 1. These conclusions are, in
genera, in line with other assessments. For example, the OECD SIDS concludes that there is
evidence that dermal irritation following prolonged exposure (24 hours) is slight and that shorter
periods do not result in irritation and should not be considered to demonstrate eye irritation, while
SCENIHR (2008) note that DEHA has been reported to be non-irritating or slightly irritating to the
skin of rabbits.

With regard to sensitisation, two reports (again drawing on the 1996 BUA report) and a QSAR
model (al judged Klimisch Score 2) are used to support weight of evidence arguments that DEHA
is not a sensitiser, a conclusion further supported by SCENIHR (2008), OECD SIDS and
Environment Canada (2011).

Repeat dose toxicity: two key studies are presented within the ECHA Dissemination Portal. Inthe
first study, published in 2006, conducted using a design similar to a draft of the enhanced OECD
TG407 and to GLP (Klimisch Score 2), Sprague-Dawley rats were orally gavaged with DEHA at O,
40, 200 or 1,000 mg/kg/day for at least 28 days. In-life examinations identified no responses to
treatment but post mortem examination showed, in males, increased body weight-relative kidney
weight without associated histopathological change at 200 mg/kg/day, while at 1000 mg/kg/day,
increased body weight-relative kidney weight and increased renal eosinophilic and hyaline droplets
were noted for both sexes. Increased liver weight was also noted at the high dosage in males and
females though no associated pathology is reported. However, another study (Klimisch Score 2)
reported under * Special investigations' in the Dissemination Portal compared the activity of several
peroxisome proliferators and found that, in rats and mice given up to 2% DEHA in the diet for 30
days, peroxisome proliferation was apparent.

Another study into the hepatic toxicity of DEHA in the mouse and rat (Klimisch Score 1) in which
animals were fed diets containing 0, 0.012, 0.12, 1.2 or 2.5% DEHA for up to 21 days (giving
average intakes in mice of 32, 325, 3322 or 6370 mg/kg/day respectively and, in rats, 11, 122, 1177
or 2275 mg/kg/day) also found a significant increase in liver-weights of animals given 1, 2 or 2.5%
DEHA. Histochemical examination of rat livers showed a dose-related reduction in periportal fat
deposition in al treated groups and reduced cytoplasmic basophilia at 2.5% DEHA, a change
associated with a moderate increase in peroxisome numbers. A dlight rise in peroxisome numbers
was al so detectable in the 1.2% group with marginal increases apparent at 0.12%. In the mice, there
was essentidly little difference in neutral fat deposition in the controls and those given 0.012 or
0.12% DEHA, athough fat deposition was largely centrilobular. Feeding 1.2 or 2.5% DEHA
resulted in reduced centrilobular fat accompanied by the presence of fat deposits in the periportal
region (considered likely to be artifactua in nature and, hence, probably should be discounted).
There was a moderate increase of hepatic peroxisome numbers in hepatocytes from the 1.2 or 2.5%
mouse groups but no changes at the 0.12% level (average intake 325 mg/kg/day), though an intake
of 122 mg/kg/day resulted in a dight increase in peroxisome numbers. Generally, the effects of
DEHA were found to be reversible following 14 days of withdrawal of treatment, though, for mice,

32 Available at: http://www.inchem.org/documents/sids/sids/103231.pdf (accessed on 27 February 2013).
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some hepatocytes adjacent to the centrilobular vein still contained increased peroxisomes. Further
examination of the animals suggested the peroxisome response to be potentially mediated via a
DNA-linked mechanism. A series of other studies (not discussed here in detail) also reported under
‘Specia investigations' provide additional support that DEHA is a peroxisome proliferator in rodent
species. Although not discussed in the entry on the ECHA Dissemination Portal in respect of repeat
dose toxicity, an increase in ovarian follicular atresia was aso reported at the high dosage of the
first key study. Based on the lack of associated rena pathology at 200 mg/kg bw/day, the kidney
organ weight change was discounted at this dosage, which was suggested to constitute the NOAEL
for this study.

The other key study presented relates to the non-neoplastic effects seen in response to dietary
administration at 0, 12,000 or 25,000 ppm (equivalent to 0, 600 or 1250 mg/kg bw/day) to Fischer
344 rats over 103 weeks using a design similar to OECD TG 451, the neoplastic findings for this
study are discussed below in relation to the carcinogenicity of DEHA. The only evidence of non-
neoplastic response was a reduction in body weight gain in rats given the high dosage. Thus, the
NOAEL was established at 12,000 ppm, equivaent to 600 mg/kg bw/day.

Other supporting studies are also presented which appear to be derived from the same paper and to
be dose-range finding investigations to determine exposure levels for a carcinogenicity study using
various species that were given DEHA at various dietary levels. As they add little to the
understanding of the repeat dose toxicity profile of DEHA beyond that provided by the above
discussed robust repeat dose investigations, they will not be considered further here.

The SIDS Initial Assessment Report (from OECD) for this substance notes that repeated-dose
dietary toxicity studies of up to 90-days exposure in rats and mice identified reduced body weight
gain at approximately 400 mg/kg bw/day or above in rats, and at approximately 600 mg/kg bw/day
or above in mice, leading to suggested sub-chronic NOAELSs of 189 mg/kg/day in rats and 451
mg/kg/day in mice when given viathe ora route.

One unreliable repeat dose study in which the effects of dermal application were investigated by
Hodge et al. (1966) is aso mentioned on the ECHA Dissemination Portal (Klimisch Score 3) but no
findings are discussed.

Genotoxicity and carcinogenicity: the ECHA Dissemination Portal identifies three key (Klimisch
Score 2) and three supporting studies on the in vitro genotoxicity of DEHA. These include: a
bacterial reverse mutation assay at up to 10,000 ug/plate in S. typhimurium strains TA 1535, TA
1537, TA 98 and TA 100, in the presence or absence of metabolic activation (S9 mix) and using a
positive control, in a design similar to OECD TG 47; a mouse lymphoma L5178Y cells mutation
assay similar to OECD TG 476 at up to a nominal level of 5,000 pg/ml (precipitation was observed
at 1,000 pg/ml but the test was also conducted at 5,000 pg/m) by McGregor (1988); and a Chinese
Hamster ovary (CHO) cell assay at 40-400 pg/mL for chromosomal effects reported by Galloway et
al. (1987). The bacterial mutagenesis study was negative while a significant increase in mutant was
noted in one replicate but not in another, though clear cytoxicity was noted. The CHO assay gave
ambiguous results when no metabolic activation was used. Conclusions from a supporting study (a
L5178Y mouse lymphoma assay) showed no significant adverse response and sister chromatid
exchange (SCE) results for another CHO assay, identified as a supporting study, were negative
without metabolic activation but equivocal in the presence of metabolic activation for CHO cells. A
further negative S typhimurium assay was aso presented. In the key in vivo bone marrow
micronucleus study in B6C3F1 mice (Shelby et al., 1993; Klimisch Score 2) using daily dosages of
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375, 750, 1,500 and 2,000 mg/kg ip33 for 3 days, the response was negative. A B6C3F1 mouse
study at a dose up to 5 g/kg, that complied with OECD Guideline 474 and CLP, reported no
significant differences in percent micronucleated PCEs** between treated and negative control
animals, the study was judged to warrant Klimisch Score 1, though for some reason is reported as a
supplementary rather than a key study. Overal, it appears that DEHA should be regarded as
negative for mutagenic and for clastogenic potential, reflecting the opinion of the CSTEE noted by
SCENIHR (2008) and the opinion of Environment Canada (2011).

With regard to carcinogenicity, two key studies are presented in the ECHA Dissemination Portal.
In one, a 103 week dietary study in which animals were fed a diet at concentrations designed to
achieve dosages of 600 or 1,250 mg/kg bw/day in the Fischer 344 rat and which was of a design
similar to OECD Guideline 451, there were no significant increases relative to the tumour incidence
found in the negative controls (Klimisch Score 2). It is also noted that the mean body weight of
high-dose animals was lower than controls though no comment is made of intergroup survival or
why the study was apparently of 103 weeks, as opposed to the guideline requirement of 104 weeks
duration. In contrast, a key OECD TG 451 study (supplemented by inclusion of urinaysis,
haematological and clinical biochemistry investigations) but again with treatment via the diet for
103 weeks (not 104 weeks and followed by a 4 week period of withdrawal from treatment) at
concentrations resulting in dosages of 1,715 and 3,570 mg/kg bw in B6C3F1 mice (Klimisch Score
2), found increased incidences of hepatocellular carcinoma and hepatocellular adenoma in high
dose treated animals (hepatocel lular adenoma incidence of 5/50 in females but no significant effect
reported in males, and, for hepatocellular carcinoma, incidence of 14/50 in females and 20/49 in
males). These studies appear to originate from the same 1982 reporting source though no reference
citation is provided by the registrant in their Portal entries.

There is thus clear evidence of hepatic carcinogenic effects in mice but not in rats. Given the
absence of any significant genotoxic potential and in the light of the evidence on its repeat dose
toxicity and the evidence in both rat and mouse species to suggest DEHA may be a peroxisome
proliferator, however, it is likely that the carcinogenic effect may operate via a non-genotoxic
mechanism and not of direct relevance to humans. In this respect, the basis on which the entry on
the C&L Inventory by a single notifier that DEHA may warrant classification as Carcinogenic
Category 2 H351 isunclear..

Reproductive and developmental toxicity: the reproductive toxicity of DEHA isinformed on the
ECHA Dissemination Portal by one key experiment, though a number of supporting studies are also
mentioned. In the key study — which was conducted using adesign similar to OECD TG 415 and to
GLP (Klimisch Score 1) — diets containing DEHA at concentrations of O (untreated control), 300,
1,800 or 12,000 ppm were fed to male and female Wistar rats for up to 10 weeks, resulting in
animals receiving nominal dosages of 0, 28, 170 or 1,080 mg/kg bw/day. In addition to recording
clinica signs and body weight performance, a number of reproductive endpoints (length of
gestation and of pre-coita interval) and offspring viability performance (live born index, survival
index, litter size, total litter weight and whole litter loss) were recorded. In the FO (parenta)
generation, the NOAEL based on absolute liver weight change in both sexes and body weight gain
impairment in females) was established at 170 mg/kg bw/day (nominal) though no impact on
reproductive parameters was indicated. Of the three supporting studies identified, in one published
study (Mityata et al., 2006, conducted to OECD TG 422 and GLP) in Sprague-Dawley rats oraly

33 ip — Intra-peritoneal injection administration.

34 PCE - Polychromatic erythrocyte.
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gavaged at 40, 200 or 1,000 mg/kg/day for at least 28 days (Klimisch Score 2), aNOAEL for the FO
generation of 200 mg/kg bw/day was established in females. Some evidence of reproductive
toxicity, namely increased ovarian follicle atresia and abnormal oestrous cycling, were noted in
some rats at 1,000 mg/kg. For males, only non-reproductive effects (increased eosinophilic bodies
and hyaline droplets in the kidneys) were noted for the 1,000 mg/kg group. As the other supporting
studies were considered to warrant Klimisch Score 3, they have not been considered further here.

Although the key study above reports there to be no evidence of reproductive effects on parental
animals even at a dose that elicits mild systemic toxicity, the supplementary study — which appears
reasonably robust — provides some suggestion of reproductive toxic changes in females at 1,000
mg/kg bw/day, although 200 mg/kg/day appears to constitute the NOAEL. The OECD SIDS Initial
Assessment Report reports there to be no evidence of reproductive toxicity associated with DEHA
but SCENIHR (2008) noted the findings of the study by Mityata et al. (2006).

Developmental effects are considered in one key study on the ECHA Dissemination Portal
conducted to GLP and of a design similar to OECD TG 414 (Klimisch Score 1). This showed
several similarities to the OECD TG 415 study reported above, including use of the same rat strain
and treatment levels. Against a reported NOAEL for maternal toxicity of 170 mg/kg bw/day
(nominal), developmental toxicity findings comprised minimal foetotoxicity (reduced ossification
and increase in incidence of viscera variants) giving a nominal NOAEL of 28 mg/kg bw/day; the
authors interpretation was that these changes did not represent a significant adverse outcome.

The above referenced study judged ‘key’ for reproduction also provides further insight into possible
developmental concerns though this is not specifically referred to in the Dissemination Portal. In
this, the NOAEL for developmental effects in the F1 generation was reported as 170 mg/kg bw/day
(nominal) based on effects on pup and litter weights which were noted to be present throughout the
postnatal period at 12,000 ppm (1,080 mg/kg/d) and a dlightly reduced mean litter size at this
dosage. A further 1973 study is mentioned in the Dissemination Portal (Klimisch Score 2) but
relates to a non-relevant route of administration and, hence, may be considered of little relevance
here though it did report a NOAEL of only 9.2 mg/kg bw/day based on findings of gross, skeletal
and visceral abnormalities and foetal size impairment. Mean foetal weights in the mid- and high-
dose groups were significantly lower than controls though there were no skeletal effects identified.

In their review, SCENIHR (2008) note that CSTEE (1999) had identified several studies
demonstrating a foetotoxic potential of DEHA, with one establishing a materna NOAEL of 800
mg/kg bw/day and a developmental NOAEL of 200 mg/kg of DEHA, with prolonged gestation
occurring at 800 mg/kg. Furthermore, the OECD SIDS Initial Assessment Report also reports a
1988 study (citing CEFIC as the source) that found pre-implantation foetal 10sses occurred at 1,080
mg/kg/day in the absence of gross, skeletal or visceral abnormalities. Slight foetotoxicity was,
however, reported at 170 mg/kg/day in the form of reduced ossification but 28 mg/kg/day was again
determined to be the NOAEL. The US EPA also suggested a NOAEL of 170 mg/kg/day.

The OECD SIDS Initial Assessment Report notes that during metabolism DEHA may be
hydrolysed to adipic acid and 2-ethylhexanol, the latter is then oxidised to the established
developmental toxin ethylhexanoic acid (EHA).

Ovedl, therefore, the reproductive and developmental hazard posed by DEHA is an area of
uncertainty though it is important to note that reproductive changes have only been seen at
relatively high exposures though there is some indications that it may cause developmental changes
at somewhat lower dosages, with this being mediated potentially via a toxic metabolite. In this
respect, the substance was listed in March 2013 for Substance Evaluation with respect to its
potential CMR status, in part because of concerns regarding its reprotoxic potential.
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Other toxicities: use of OECD QSAR toolbox and FDA QSAR models for the ability of DEHA to
interact with proteins, the oestrogen or androgen receptors or the oestrogen gene, raised no concern
with regard to the activity of DEHA in respect of these parameters. It should, however, be noted
that in the case of the protein binding and oestrogen receptor binding activity models, there is some
doubt as regards the robustness of the predictions generated by the available models.

Ecotoxicological Hazard Profile

Aquatic Toxicity

The aquatic toxic potential of DEHA is informed by a key acute study in fish (O. mykiss)
undertaken according to test guideline EPA-66013-75-009 (Klimisch Score 2), which suggests a 96
h LCy of >0.78 mg/L. This study included test concentrations in excess of 100 times DEHA’ s water
solubility (0.78 +/- 0.16 mg/L) without causing deaths. A supporting screening study in fish
(Leuciscus idus) (Klimisch Score 2) also found a lack of toxicity in excess of DEHA’s water
solubility, reporting LCso (4, 24 and 48h) values of >10,000 mg/L. No long-term studies of
aqueous fish toxicity are, however, available.

A key study on invertebrates is presented in the ECHA Dissemination Portal (Klimisch Score of 2)
undertaken to European test guideline (Directive 79/83L/EWG, appendix V, part C2) and similar to
OECD TG 202 in Daphniad. This reports an immobilisation ECsg (3, 6, 24 and 48 hour) of >500
mg/L, the highest nominal test concentration. Further invertebrate studies on the Portal inform on
chronic toxicity in agueous species. The key study (Klimisch Score 2) is undertaken to OECD TG
211 in D. magna, cited as OECD Guideline 202, part 2 (Daphnia sp., Reproduction Test). This
gave 21 day NOEC and LOEC values of >0.77 mg/ and > 0.77 mg/L respectively indicating that the
chronic and reproductive toxicity in daphnids are above the agueous solubility. The supporting
study (Klimisch Score 2) undertaken according to Draft No.3, of ASTM?35 E-47.01 relates to aflow-
through test again in D. magna which found reduced yields of young per adult at mean measured
concentrations of 0.087 or 0.18 mg/L. A maximum acceptable toxicant concentration (MATC) for
chronic toxicity in D.magna was derived a 0.024 - 0.052 mg/L, based on adult mean length,
survival and young per adult per reproductive day. It was concluded that the geometric mean of the
LOEC and NOEC was 0.035 mg/L, approximately ten-fold above DEHA’s solubility limit.

Information is also available on the toxicity to aguatic algae and cyanobacteria in the form of one
key study in the dissemination porta undertaken according to Guideline DIN 38412, part 9
(Klimisch Score 2), in Desmodesmus subspicatus. A 72 hour ECsg for biomass of >500 mg/L was
found, again indicating very low aquatic toxicity.

One key and one supporting study on the toxicity of DEHA to microorganisms are given in the
ECHA Dissemination Portal. 1n the key 1996 study undertaken to EU Method C.11 under Directive
87/302/EEC, part C (Klimisch Score of 2), the 3 hour ECsy was >350 mg/L based on respiration
rate. The supporting study conducted to DIN 38412, part 27 (Klimisch Score 2) gave 0.5 hour ECyg
and ECy values for Pseudomonas putida of >10,000 mg/L, the highest level tested.

Although there is no data on toxicity in sedimentary species, a study in the earthworm, Eisenia
fetida, informs on terrestrial toxicity. In this study, conducted to EU Method C.8 under Directive
87/302/EEC, part C, p. 95, the LC;p value over 14 days of >1,000 mg/kg was reported.

35 ASTM American Society for Testing and Materials, Philadelphia, PA, USA
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4.7.3.2 Comparison of hazards

Table 4.51 compares DEHA to DBP in terms of DN(M)EL values. The Table is based on the
information presented in the ECHA Dissemination Portal. This information should, however, be
considered in the light of current uncertainty as to the appropriate interpretation of the experimental
evidence on DEHA' s reproductive toxicity.

Table4.51: Human health risk comparison between DEHA and DBP

Par ameter | DEHA | bBP
Workers
Dermal Dermal
Acute/snort- | vyEL DN(M)EL
term exposure - Inhalation
systemic effects DN(M)EL Inhalation DNEL | 2.84 mg/m?
Dermal Dermal
g#i)’(;gg;tre DN(M)EL DN(M)EL
Inhaation Inhaation
local effects DN(M)EL DN(M)EL
Long-term Dermal DNEL | 222 Mo/kg Dermal DNEL | 0.19 mg/kg bw/day
exposure - bw/day
systemic effects Inhalation DNEL | 17.8 mg/m?3 Inhalation DNEL | 0.13 mg/m?
Lona-term Dermal Dermal
o gsure_ local | DN(M)EL DN(M)EL
eff%ct S Inhaation Inhaation
DN(M)EL DN(M)EL
General population
Dermal Dermal
f;;‘;’(sgg;tre DN(M)EL DN(M)EL
. Inhalation Inhalation
systemic effects | e DN(M)EL
Dermal Dermal
g&“;’(sgg:tre DN(M)EL DN(M)EL
Inhalation Inhalation
local effects DN(M)EL DN(M)EL
] . Dermal DNEL 13 mg/kg bw/day | Dermal DNEL 2.2 mg/kg bw/day
ong-term - X
exposure - Inhalation DNEL | 4.4 mg/lr(n3 Inhalation DNEL | 0.62 mg/m?
systemic effects | oy pNEL ST Oral DNEL 0.22 mg/kg bwiday
Lona-term Dermal Dermal
o gw?:a-local DN(M)EL DN(M)EL
- f%cts Inhalation Inhalation
DN(M)EL DN(M)EL
Sources:
CR
European Chemicals Agency: http://echa.europa.eu/
Note that for the general population, the CSR does not include toxicological thresholds, as consumer exposure is not
considered relevant to the uses of the substance. The figures noted above in the grey part of the Table are from the
registration of DBP, as shown on the ECHA Dissemination Portal

Table 4.52 compares the environmental hazard profile of DEHA with that of DBP, in terms of their
proposed PNECs. The values for DBP are more stringent than those for DEHA with the exception
of the freshwater aguatic PNEC for which DEHA’sis lower than the PNEC for DBP.
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Table4.52: Environmental risk comparison between DEHA and DBP

Par ameter | DEHA | DBP
Aquatic organisms
PNEC agua PNEC agua
Freshwater (freshwater) 3.2 ug/L (freshwater) 10 pg/L
. PNEC agua PNEC agua
Marine water (marine water) 3.2 pg/l (marine water) g/l
. PNEC agua PNEC agua
Intermittent (intermittent 3.2 ug/L (intermittent
releases
releases) releases)
STP PNEC STP 35 mg/L PNEC STP 0.22 mg/L
Sediment PNEC sediment . PNEC sediment .
(freshwater) (freshwater) 15.6 mg/kg sediment dw (freshwater) 1.19 mg/kg sediment dw
Sediment PNEC sediment PNEC sediment .
(marine water) (marine water) (marine water) 0.119 mg/kg sediment dw

Air

Air |

| No hazard

Terrestrial organisms

Soil | PNEC soil

| 0.865 mg/kg soil dw

| PNEC soil

| 0.05 mg/kg soil dw

Predators

Secondary
poisoning

PNEC ora

PNEC ord

1.33 mg/kg food

Sources.
CR

European Chemicals Agency: http://echa.europa.eu/

Finally, Table 4.53 provides a comparison of concerns arising from DBP and DEHA by human
health and environmental endpoint.

Table4.53: Comparison of DEHA and DBP against human health and environmental

endpoints
Hazard endpoint DEHA DBP
Human health
[rritancy Skin, inhalation
Repeat dose Toxic Toxic
STOT Kidney, liver, ovary Liver, kidney, testes
Reproductive toxicity (unTC‘g‘t'; ) 1B (male fertility)
Developmental toxicity (ur;I—c(()e)r(tI; n) 1B (males)
Data are insufficient to determine the
Yes carcinogenic potential. No evidence of

Carcinogenicity

but suspected to operate via arodent
specific mechanism

carcinogenicity is available. The CSR
assumes that the substanceis not a
carcinogen

Environment

Aquatic

Uncertain (conflicting evidence but also
PNECi eshwater lOWer than DBP's)

Very toxic
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Hazard endpoint DEHA DBP

Other

DEHA islisted in the 2013-2015 CoRAP.
The substance has been listed by Finland
based, in part, on reproductive toxicity.
Listing in the Community Theinitial concerns are described as:

Rolling Action Plan (CoRAP) Human health/ Suspected CMR;
Exposure/ Wide dispersive use;

Consumer use; Aggregated tonnage

Expected year of Evaluation: 2015

Note: grey cellsindicate areas where no relevant information is available
2013-2015 CoRAP available at: http://echa.europa.eu/documents/10162/13628/corap 2013 en.pdf (accessed on 5 July
2013)

Table 4.51 indicates that, overall, DEHA has been suggested to warrant the setting of higher
DNELs for workers. On the other hand, Table 4.53 shows that there is some uncertainty with
regard to the extent to which it may constitute a human health concern, particularly in relation to its
reproductive and developmenta toxicity. It is of note that the Finnish Authorities have added
DEHA to the CoRAP in respect to its suspected CMR properties.

4.7.4 Theavailableinformation on the ecotoxicity of DEHA clearly demonstratesthat this
substance does not constitute an environmental hazard even at aqueous
concentration aboveits limit of solubility, indicating that there are no
environmental concer ns.Economic feasibility

DEHA can only be used in propellants as a plasticiser. Only <<10% of the tonnage of DBP
currently used by the applicant’s DUsisrelevant to its role as a plasticiser. Therefore, the scope for
sales of DEHA as a substitute for DBP in propellant formulation is very limited, particularly when
considering that the plasticising effect of DEHA is considered worse than the effect of DBP.
DEHA could not be used in the vast mgjority of small calibre ammunition, which accounts for the
most important final products for DBP-based propel lant mixtures.

Overal, athough currently manufactured by the applicant, the substance cannot be considered
economically feasible. Under a refused Authorisation, sales of DBP to propellant manufacturers
would be lost and could only be replaced by a much more modest level of DEHA sales, if any at all.
It must be noted that there are several other companies that have registered the substance and DEZA
will not be the only supplier to place DEHA on the market.

Some additional detail is provided in the Confidential Annex.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.3

475  Availability

The substance is currently produced by DEZA in sufficient quantities (100-1,000 t/y). Severa other
registrants appear in ECHA’ s Dissemination Portal.
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4.7.6  Conclusion on suitability and availability of DEHA

4.7.6.1 Technical suitability

The substance is available to the applicant and it is currently being manufactured, therefore it can be
considered technically feasible from the applicant’ s perspective.

From the perspective of the DUs, DEHA is described as suitable only as an aternative plasticiser.
This would mean that it is suitable to replace <<10% of the current tonnage of DBP consumed by
propellant manufacturers within the applicant’s supply chain. Moreover, even as a plasticiser
DEHA is expected to perform worse than DBP and would require substantial re-formulation of the
propellant products. Overall, the substance makes a poor substitute for DBP.

It must be noted however that DEHA has not been trialed by all propellant manufacturers and the
assessment of its suitability varies among companies that have made an input to this analysis, due to
their different requirements (i.e., their need for amoderant vs. the need for a plasticiser).

4.7.6.2 Reduction in overall risk

The DNEL values for DEHA in the ECHA Dissemination Portal are higher than the DNEL values
for DPB in workers. However, DEHA shows some evidence of mammalian toxicity particularly in
relation to concerns regarding its reproductive toxic. Such concerns would appear to be pertinent to
the recent listing of DEHA on the CORAP instigated in respect to its potential CMR properties.

On the other hand, the available information on the ecotoxicity of DEHA demonstrates that this
substance does not constitute an environmental hazard even at aqueous concentration above its limit
of solubility; yet, the PNECieswater Value presented in the ECHA Dissemination Portal is lower than
the respective value for DBP.

4.7.6.3 Economic feasibility

DEHA is currently manufactured by the applicant but cannot be considered economically feasible;
only avery small tonnage of DEHA could be potentially sold as a substitute plasticiser for DBP in
propellants, if any at all.

4.7.6.4 Availability

DEHA is available both to the applicant and their EU-based DUSs.

Key point 15

DEHA is not a redlistic alternative for the applicant. Although technically feasible and with a human health hazard
profile generally more benign than DBP (but with some concerns over its repeat dose toxicity and rodent hepatic
carcinogenicity), its economic feasibility is poor
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g) ALTERNATIVE SUBSTANCE: ACETYL TRIBUTYL CITRATE
4.8 Acetyl tributyl citrate
481 SubstancelD and properties

4.8.1.1 Name and other identifiersfor the substance
The following Table presents the identity of ATBC.
Table4.54. Identity of ATBC

Parameter Value Source
EC number 201-067-0 1
EC name Tributyl O-acetylcitrate 1
CAS number 77-90-7 1
IUPAC name Tributyl 2-acetoxypropane-1,2,3-tricarboxylate 4

1,2,3-propanetricarboxylic acid, 2- (acetyloxy)-, tributyl ester
Citric acid, tributyl ester, acetate (8Cl)

Other names Tributyl 2-acetylcitrate 2
Citroflex A-4
CITROFOL Bl
Molecular formula CyoH340g
SMILES notation 0O=C(OCCCC)CC(OC(=0)C)(C(=0)0OCccr)cc(=0)occecece
Molecular weight 402.48
O ; Bu
/Q\L i
0 O 0
Bu/
Molecular structure 1
@] O
Bu

Sources:

1: ESISInternet site:  http://esis.jrc.ec.europa.eu/

2: ChemSpider Internet site: http://www.chemspider.conVChemical-Structure.6259.html

3: Chemical Book Internet site: http: //mwwwv.chemicalbook.comVCASEN 77-90-7.htm

4: European Chemicals Agency: http://echa.europa.eu/

Important Note: information from the ECHA Dissemination Portal was obtained in late 2012. However, at the end
of February 2013, the above link was no longer valid. Indeed the substance does not appear in the Registration
database under the above EC number and the CAS number appears to be allocated to a different chemical substance
(date of last search: 5 July 2013)

4.8.1.2 Composition of the substance

No information is available on constituents or impurities of the commercially available substance,
including in the ECHA Dissemination Portal.

A quick search on the Internet can reveal severa commercialy available ATBC products with
purity of 98% and above.
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However, we note a particular notification of classification and labelling shown on the ECHA C&L
Inventory36. Twelve companies notified the substance as a gas with a classification of Muta. 1B
(H340) and Carc. 1B (H350), accompanied by Note K. Note K states that the classification as a
carcinogen or mutagen need not apply if it can be shown that the substance contains less than 0.1%
w/w 1,3-butadiene (EINECS No 203-450-8). If the substance is not classified as a carcinogen or
mutagen, at least the precautionary statements (P102-)P210-P403 or the S-phrases (2-)9-16 should
apply. Therefore, it is reasonable to assume that under certain circumstances ATBC may be
accompanied by impurities (1,3-butadiene) which could lead to a Carc. 1B and Muta. 1B
classification. This classification is not believed to be of direct relevance to the ATBC product that
might be used by propellant manufacturers.

4.8.1.3 Physico-chemical properties

The following Table presents the key physico-chemical properties of ATBC. The information has
been collected from the ECHA Dissemination Portal and other sources, including consultation with
stakeholders.

Table 4.55: Physico-chemical propertiesof ATBC

Property Value Remarks Source
Physical state at 20°C and C_:olt_)urle&, dlightly viscous 1
101.3 kPa liquid
-57°C at 101.3 kPa
Meélting/freezing point -59°C
-80°C or -75°C Consultation response
331°C at 97.64 kPa 1
Boiling point 327°C 2
173°C Consultation response
Density 1.0528 g/cm? at 20°C 1
6.93 x 10° kPa at 20°C 3
R P TP e e i e
6.1x 107 kPaat 25°C 4
0.11 kPaat 170°C 2
Surface tension 54.6 mN/m at 4 mg/L 1
4.49 mg/L at 20°C 1
Water solubility <100 mg/L 3
2,045 mg/L I(E\/Plle(l))N (v 3.10), WSKOWWIN Program 3
E(;“{;'rtl'o‘l’?v\fd?frf'c' ent n- 4.86at 40°C and pH 7.1
) 217.9°C at 101.7 hPa
Flash point
204°C

36 Available here: http://clp-
inventory.echa.europa.eu/SummaryOf ClassAndL abel ling.aspx ?Substancel D=111970& HarmOnly=no?fc=true& |lang=en
date of last search: 5 July 2013).
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Property Value Remarks Source
. Data waiving — study scientifically
Flammability No data unjustified
. . Data waiving — study scientifically
Explosive properties No data unjustified

Self-ignition temperature No data

Data waiving — study scientifically

Oxidising properties No data unjussified

Granulometry No data Datawaiving — study scientifically
unjustified

Source:

1: European Chemicals Agency: http://echa.europa.eu/

2: ATBC Technical Datasheet, Vertellus Internet site:

http: //mwww.ver tel lus.convDocuments%5CTechSheet%5CCI TROFL EX%20A4%20English. pdf

3: USEPA Robust Summary and Test Plant: http://www.epa.gov/hpv/pubs/summaries/acetl cit/c15025r s. pdf
4: US Consumer Product Safety Commission: http: //www.cpsc.gov/about/cpsia/phthal sub.pdf

4.8.1.4 Classification and labelling

A search in ECHA’s C&L Inventory in 2012 suggested that no harmonised classification and
labelling for ATBC is available. However, several notified classifications and labelling were
identified. These are presented in Table 4.56. The Inventory suggested that the lead registrant and
afurther 1,285 notifiers did not classify the substance; a further 58 notifiers found the available data
lacking.

Table4.56: Notified classification and labelling of ATBC according to CLP criteria

Classification Labelling Number of
Hazard Class and Hazard Statement | Hazard Statement | Pictograms Signal Word Notifiers
Category Code(s) Code(s) Code(s) Code(s)
Flam. Gas 1 H220 H220 GHS02
Muta. 1B H340 H340 o 12
Carc. 1B H350 H350 Dgr
Skin Irrit. 2 H315 H315 GHS07 3
Eyelrrit. 2 H319 H319 Wng
Eye Irrit. 2 H319 H319 GVT/%)? 3
Aquatic Chronic 3 H412 H412 1

Source:
European Chemicals Agency: http://echa.europa.eu/

4.8.1.5 REACH Registration details

The following Table summarises the available information on the status of REACH Registration for
ATBC.

Table4.57: REACH Registration statusof ATBC

Registration Result Date of last search
Pre-registered Yes 4 June 2012

. Unknown - Originally found but searches on 27 February
Registered 2013 and 5 July 2013 did not reveal aregistration entry 5 July 2013
Source:

European Chemicals Agency: http://echa.europa.eu/
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4.8.2 Technical feasibility

4.8.2.1 Technical feasibility from the per spective of the applicant

DEZA does not currently manufacture this substance and does not have any current plans to start
production in the future without a clear indication from its DUs that ATBC would be a technically
feasible and acceptable alternative.

The Confidential Annex to this AoA explains that DEZA’s ability to obtain the precursors to
ATBC, which the company does not currently manufacture. Upon enquiry, the applicant has
confirmed that they are not familiar with the conditions and parameters under which the
manufacture of ATBC might be undertaken, and expects difficulties with implementing a
manufacturing campaign for the substance, including concerns regarding purity.

Overal, the applicant cannot manufacture ATBC at present. Technically, this alternative cannot be
considered feasible for the applicant at present.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.2

4.8.2.2 Technical feasibility from the per spective of downstream users

Relevance as substitute for DBP

According to consultation, the relevance of the substance as a substitute for DBP in propellant
mixturesis as follows:

Substance family Citrate esters

Function Moderant and plasticiser (consultation also suggests a particular relevance as a coolant too)

Background to the use of the substance

Functions of ATBC in propellants: ATBC consists of citrate with three ester bonded butyl groups
and one acetyl group bonded to the fourth available oxygen atom. Among other uses, ATBC is
used as a non-VOC solvent in nitro-cellulose propellants (Bolgar & al, 2008) and it has been
promoted as a substitute for DBP (Vertellus, 2012). ATBC may also be used as a non-energetic
plasticiser in propellants for micro gas generators used in automotive seat pre-tensioners (Mangum,
Emery, & Ryder, 2002).

Non-explosive uses of ATBC: ATBC is widely used as a plasticiser in food contact polymer
applications. It is claimed to perform well as a plasticiser in vinyl toys for children offering
excellent processing options, low toxicity, and a long history of use in sensitive applications. It
provides improved adherence to metals, low volatility and resistance to yellowing. It isused inink
formulations, vinyl gloves, nail polishes, adhesives and coatings. Finally, it is effective in solution
coating for both paperboard and foil (Vertellus, 2012).

Apart from PVC, resins to be plasticised with ATBC include cyanoacrylates (medical applications)
and polylactides (surface coatings, films, coated papers, and mouldings) (Wypych, 2004).

Finally, ATBC is reported to be used as plasticisers in the production of cosmetics such as nall
products (Johnson, 2002), aerosol hairsprays (Unitex, 2009b) and as a flavouring agent (WHO,
2000).
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Comparison against key technical feasibility and selection criteria

Trials with the substance and perceived overall technical suitability: this information is
presented in the Confidential Annex.

Comparison against the key technical feasibility and selection criteria: this information is
presented in the Confidential Annex.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.8.2.2

4.8.3 Reduction of overall risk dueto transition to the alter native

4.8.3.1 Hazard information

Mammalian hazard profile

This Section discusses the results of key and supporting studies from the ECHA Dissemination
Portal, together with other sources, including the output from QSAR modelling where this was
considered to provide relevant additional information. It should be noted that as of 5 July 2013 and
since late February 2013, the Portal offered no access to the ATBC entry for unknown reasons.

Toxicokinetics:. the ECHA Dissemination Portal summarised a robust (Klimisch Score 1)
toxicokinetic study in Sprague-Dawley rats by Hiser et al. (1992) using the radiolabelled substance
([14°]ATBC) given by oral gavage at a dosage of 70 mg/kg bw. This showed that ATBC was
readily absorbed (>67% absorption, with t¥2 of 1.0 h), but was then rapidly and completely
metabolised and excreted, with 9 metabolites being identified in urine (including acetyl citrate,
mono-butyl citrate - tentatively the major metabolite, acetyl mono-butyl citrate, dibutyl citrate, and
acetyl dibutyl citrate) and 3 in faeces. Urinary metabolites positively identified were acetyl citrate,
mono-butyl citrate (tentatively the major metabolite), acetyl mono-butyl citrate, dibutyl citrate, and
acetyl dibutyl citrate. After 24 hours, blood clearance was in excess of 87% of administered
radioactivity, giving an elimination half-life (t*2) of 3.4 hours. However, SCENIHR concluded that
blood clearance was biphasic with half-lives of 3.9 and 39 hours (SCENIHR, 2008). One of the two
supporting studies also reported, perhaps unsurprisingly, that ATBC was hydrolysed more slowly in
human serum (t¥2 = ca. 7 h) than in rat liver homogenate (t%2 = <30 min) but that the metabolites
produced were similar.

Acute toxicity: the acute oral toxicity study in rats (Klimisch Score 2) at dosages of up to 31,500
mg/kg resulted in signs of gastrointestinal disturbance but no deaths over a 21 day observation
period. The LDs, was estimated at >ca. 31,500 mg/kg. A supporting study in cats (Klimisch Score
2) reported signs suggestive of dlight nausea and also diarrhoea for less than 24 hours following
dosage of up to 50,000 mg/kg bw, but no deaths. No studies on inhalation toxicity were identified
but an acute dermal toxicity study in male rabbits (Klimisch Score 2) in which ATBC was applied
to intact skin for 4 days at ca. 1000 mg/kg resulted in no adverse effects.

Irritation and sensitisation: an unpublished non-guideline skin irritation study in rabbits (judged
as Klimisch Score 2 by the notifiers but for which supporting methodological detail is apparently
lacking), identified no evidence of dermal irritation at a dosage of ca. 1000 mg/kg. A further
unpublished non-guideline study on ocular irritation in rabbits (again, reported as Klimisch Score 2)
reports moderate erythemain 2/3 of rabbits in 20 minutes, persisting throughout the remainder of a
3 hour observation period, but the effect was only still apparent in one rabbit when observed after 5
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and 24 hours. The effect in this anima had resolved within 48 hours. ATBC was therefore
considered to be adlight eye irritant by the assessors.

Based on summary information included in a publicly available ‘Notice of Filing a Pesticide
Petition to Establish a Tolerance for a Certain Pesticide Chemical in or on Food' to the US EPA
(Klimisch Score 4), relating to a Draize repeat insult patch test in 59 human volunteers and in a
Guinea pig maximisation test similar to OECD Guideline TG 406, a weight of evidence was
advanced to justify a conclusion that ATBC was found not to induce dermal irritation or contact
sensitisation. Support for this conclusion is also provided by the output of QSAR modelling (based
on the TOPKAT system, see Table 4.58 overleaf) which indicates ATBC to be a non-sensitiser.

Repeat dose toxicity: the ECHA Dissemination Portal specifies only two studies as key, though
several supporting studies that inform on the repeat dose toxicity of ATBC are also reported. In an
apparently unpublished study in Wistar rats conducted according to OECD TG 408, but not to GLP
(Klimisch Score 1), animals were fed diets containing ATBC so as to achieve dosages of 0, 96.02,
287.50 or 961.16 mg/kg bw/day over 13 weeks. Treatment-related changes comprised sight
clinica chemistry perturbations (decreased globulin and bilirubin levels and aspartate
aminotransferase and lactate dehydrogenase activities, and disturbed electrolyte profile) and at a
high dosage a liver weight increase was noted, accompanied by post mortem observations of liver
enlargement in two females and evidence of minimal hepatocellular hypertrophy at this dosage.
The authors consider the changes to reflect metabolic adaptation, though no detailed argumentation
to support this view (as opposed to regarding this as evidence of toxicity) isgiven. The authors thus
suggest that the NOAEL should be regarded as 1000 mg/kg bw/day. In an apparently unpublished
combined repeated dose and carcinogenicity dietary study in Wistar rats (reported as conducted to
guidelines 875/318/EEC; 83/571/EEC; 91/507/EEC) (Klimisch Score 1), animals were fed a diet
containing ATBC designed to achieve nomina dosages of 0, 100, 300, 1000 mg/kg bw/day for 12
months. No effects were reported on survival, clinical signs, at ophthalmoscopic examination, or in
food consumption and haematological parameters. The liver was the target organ, with a NOAEL
at 52 weeks of 300 mg/kg bw/day in males and 1000 mg/kg bw/d in females based on changes in
body and liver weight and the occurrence of centrilobular hepatic hypertrophy. It should, however,
be noted that several of the supporting studies also reported are assigned Klimisch Scores of 1 or 2,
and some of these indicate that the NOAEL for repeat dose toxicity may be somewhat lower than
the 300 mg/kg bw/day proposed by the registrant.

In addition, in a 90-day study in CD BR rats given ATBC at levels designed to achieve dosages of
0, 100, 300, or 1000 mg/kg bw/day via the diet, an increase in blood alkaline phosphatase (ALP)
and a decrease in urinary pH was apparent in both sexes at 1000 mg/kg/d and in males at 300
mg/kg/day. Anincrease in body weight-relative to liver and kidney weights was also noted at 1,000
mg/kg bw/day. In another study, dietary administration to juvenile Han Wistar rats at up to 1,000
mg/kg bw/day for 13 weeks resulted in reduced body weight gain and hepatic enlargement at 1,000
mg/kg/day, while at 300 mg/kg/day few differences from controls were seen. Based on areview of
these findings it was concluded that toxicological significance was only warranted to changes at the
high dosage of 1000 mg/kg/d and suggested that the NOAEL for repeat dose toxicity should be
considered to be 300 mg/kg/d (Hirata-K oizumi, Takahashi, Matsumoto, Kawamura, Ono, & Hirose,
2012). However, detailed argumentation to support this proposal was not adequately provided by
the authors raising questions as to the robustness of such a conclusion.

Importantly, in their recent review, SCENIHR considered the findings of a 90-day rat study by oral
gavage in which haematological and blood biochemical changes were noted at 300 mg/kg bw/day
while at 1000 mg/kg bw/day liver weight increased (SCENIHR, 2008).
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Table4.58: Potential endocrine effectsfor ATBC

Hazard endpoint Finding Data source Study design Assessed robustness’Comment
Sensitisation Invivo - Skin Non sensitiser OECD QSAR OECD QSAR prediction based on N/A
sensitisation TOPKAT database for Guinea pig
Maximisation Test
Protein binding potential No alert found OECD QSAR QSAR prediction No indication identified that model was operating
outside of its operational limits
No alert found OASIS (in OECD QSAR prediction No indication identified that model was operating

QSAR)

outside of its operational limits

Androgen receptor binding

-2.73 t0 -10000

FDA EKDB model

Model drew comparison with dibutyl

Model reports that on the basis of only limited

activity log RBA adipate, di(2-ethylhexyl) adipate and similarity with compounds in database (0.47-
di-i-buty! adipate 0.48), no conclusion should be drawn
Oestrogen gene activation -10000 log RP FDA EKDB model | Model drew comparison with Model reports that on the basis of only limited
glycyrrhizic acid, 2K, dibutyl adipate | similarity with compoundsin database (0.48-
and di(2-ethylhexyl) adipate 0.49), no conclusion should be drawn
Oestrogen receptor binding RBA = 10% OECD QSAR QSAR prediction for oestrogen Reported to be outside of QSAR domain,
activity (RBA) receptor binding activity (M ulticase) hence considered of doubtful reliability
-10000 log RBA | FDA EKDB model | Model drew comparison with di(2- Model reports that on the basis of only limited
ethylhexyl) adipate, bis(n-octyl) similarity with compounds in database (0.32-
phthalate and Cineole 0.48), no conclusion should be drawn
Sources:

OECD QSAR Data obtained using OECD QSAR Toolbox at Internet site:
http: //www.oecd.or g/chemi cal safety/assessmentofchemi cal s/theoecdgsartool box.htn#Download _gsar _application toolbox

FDA EKDB data obtained using FDA EKDB Database at Internet site:
http: //mww.fda.gov/ ScienceResear ch/Bi oinfor maticsTool S EndocrineDi sruptor Knowl edgebase/defaul t.htm
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More recently a report (Maag, Lassen, Brandt, Kjaholt, Molander, & Hagen Mikkelsen, 2010)
considered the toxicity of ATBC and focused on a study in Wistar rats fed a diet of 100, 300 and
1,000 mg/kg/day. It formed part of a reproductive study in which F1 generation animals were
treated for 13 weeks following exposure of the parent generation during pre- and post-mating
periods, through to weaning (involving treatment of animals prior to mating and the pre- and post-
natal period). They noted effects on body weight gain in both sexes and increased liver weight at
the high dosage, together with signs of hepatic hypertrophy. Weak peroxisome proliferase activity
was apparent in males at 300 mg/kg/day (a change of questionable human significance) and in both
sexes at 1,000 mg/kg/day. Based on these results, a NOAEL in males of 100 mg/kg/day and of 300
for females was considered appropriate, and consequently, in the light of these authoritative
reviews, it should be concluded that 100, rather than 300, mg/kg bw/day, should be regarded as the
NOEL for this endpoint.

Genetic toxicity: the ECHA Dissemination Portal cites, for in vitro effects, a bacterial reverse
mutagenicity study without inclusion of metabolic activation that was similar to OECD TG 471 in
S typhimurium (strains TA1535, TA1537, TA1538, TA98 and TA100) (Klimisch Score 2). No
indication of mutagenic activity was found.

A series of other bacterial (Ames) or mammalian cell (mouse lymphoma, Chinese Hamster Ovary
(CHO) and primary lymphocyte cell assays (Klimisch Scores 1 or 2) are also cited as supporting
studies, all of which identified no evidence of mutagenic potentia. In vivo, the key study identified
is a mammalian bone marrow chromosome aberration assay (to OECD Guideline 475 and GLP;
Klimisch Score 1) on Wistar rats given a single oral dose of 2000 mg/kg bw. No evidence for any
chromosomal effect was identified. Further support is aso given by a negative finding from an
unscheduled DNA synthesis (UDS) test on liver from Han Wistar rats given dosages of 800 or 2000
mg/kg conducted to OECD TG486 (Klimisch Score 2). The conclusion that ATBC was not
genotoxic was supported by additional reports (e.g. (SCENIHR, 2008), (Maag, Lassen, Brandt,
Kjalholt, Molander, & Hagen Mikkelsen, 2010)).

Carcinogenicity: according to the ECHA Dissemination Portal, the key study on carcinogenicity
was conducted to Guidelines 875/318/EEC; 83/571/EEC and 91/507/EEC and to GLP (Klimisch
Score 1) and represents the carcinogenic study phase from the combined repeat dose and
carcinogenicity study discussed above in relation to repeat dose toxicity. The substance is reported
not to have elicited any treatment-related neoplastic change at dosages of up t01000 mg/kg bw/d.
Although not included on the Dissemination Portal, SCENIHR (2008) comment on a two-year
dietary study in rats in which no significant effects were identified. However, they provide little
detail other than noting that the study was not to modern standards and that caution was needed in
interpreting the findings.

Reproductive and developmental toxicity: the ECHA Dissemination Portal cited only two
studies informing on the substance's reproductive toxicity, neither of which is indicated as being a
key study for this endpoint. The first is an unpublished two-generation dietary study in an
unspecified rat strain that is stated to comply with US EPA OPPTS 870.3100, OECD Method 408
and EC Method B26 guidelines and to GLP (Klimisch Score 1) and in which animals received
dosages of 0, 100, 300 or 1000 mg/kg bw/day. No in-life or necropsy changes attributable to
treatment are reported but the authors conclude that the NOAEL value for reproduction (and
developmental) toxicity is 300 mg/kg/day for the FO (parental) generation but 1000 mg/kg/day in
the F1 (offspring) generation. However, given the lack of detailed information presented on the
study findings, it is unclear as to why different NOAEL values were suggested to apply between the
generations. In the second study, which was also a two-generation dietary investigation at the same
dosages conducted in a manner similar to OECD Guideline 416 but with only limited
histophathological examination (hence judged Klimisch Score 2), findings are poorly reported and
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it is not possible to assess the robustness of the authors’ conclusion that the NOAEL for the FO and
F1 generation was only 100 mg/kg bw/day.

SCENIHR (2008) also discuss two multi-generation studies using the same dosages, but given the
absence of definitive reference citations, it is not possible to confirm absolutely if these are identical
or not to those cited in the Dissemination Portal. In their review, SCENIHR comment that in one
study no effects of ATBC were identified in any reproductive endpoints and offspring survival and
growth and endocrine systems were unaffected, whilst in the second study dosages of 300 mg/kg/d
or above produced only bodyweight effects, such that the study NOEL was considered to be 100
mg/kg bw/day. Overall, therefore, it may be assumed that while there is evidence of material repeat
dose toxicity at dosages in excess of 100 mg/kg bw/day, there is no evidence of ATBC affecting
reproductive endpoints at up to 300 mg/kg bw/day.

The ECHA Dissemination Portal cited as the key study one on rats. Although stated as not being
conducted to an established guideline or GLP and to lack detail in reporting, it is reported to warrant
aKlimisch Score of 2. In the study, rats of unspecified strain were apparently given feed containing
amilk solution of ATBC at 0, 50 or 250 mg/kg for 12 months. After 9 months, animals were mated
and male gonads and embryotoxicity (numbers of corpora lutea, implantation sites, resorptions and
deformities) and offspring development (birth length, ear and eye opening, appearance of body hair
and teeth, behaviour and body weight) were examined. The maternal NOAEL is stated as 50
mg/kg, while the NOAEL for developmenta toxicity is 250 mg/kg bw/d. A similarly constituted
study in mice from the same paper, which showed a similar picture, is presented as a supplementary
entry.  Additional details are provided in a submission to the US EPA prepared by
Toxicology/Regulatory Services, Inc. (2003), in which it is reported that, while still considering the
study to have a developmental NOAEL of 250 mg/kg bw/d, there were increases in body weight
and length of the offspring and in placental weights at the 250 mg/kg bw/day dosage. Further
reassurance as to the validity of the 250 mg/kg dosage as the NOAEL for ATBC is, however,
provided by the lack of apparent developmental effects even at high dosages in the two-generation
studies discussed above.

Other toxicitiess SCENIHR (2008) note that multi-generation studies have not suggested any
endocrine disruptor potential for ATBC but it is not clearly stated which endocrine-relevant
endpoints had been considered. Therefore, QSAR modelling for its ability to interact with proteins
and the oestrogen or androgen system were attempted but failed to establish robust predictions (see
Table 4.58).

Although not mentioned in either the ECHA Dissemination Portal or by SCENIHR (2008), Maag et
al. (2010) report that ATBC has dlicited neurotoxic effects attributable to local anaesthetic/neural
blockade when applied in a 3% acacia to the sciatic nerve of rats and in a 5% suspension of ATBC
in 3% gum acacia to the conjunctival sac of the eye of arabbit. However, given the lack of overt
signs of neurotoxicity reported in either the repeat dose or reproductive/developmental studies
considered above, it may be concluded that the reported changes should not be regarded to be of
significant concern.

Environmental fate and behaviour and ecotoxicology

The ECHA Dissemination Portal provided information on the environmental fate and
bioaccumulation potential of ATBC. A biodegradation test ssimilar to OECD TG 302C indicated
that 82% degradation occurred over 28 days, which would be suggestive of inherent
biodegradability. Thisis not, however, supported by afinding of only 16% biodegradation (i.e. not
readily biodegradable) in an EU Method C.4-E and OECD TG 301D compliant study. The SRC
BIODEG database (see Table 4.59) includes a finding of 48-51% aerobic degradation in sewage for
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a 28-day MITI test. Nonetheless, it is of note that the studies which are considered key studies
concluded that ATBC is readily biodegradable in a range of media. A bioconcentration factor
(BCF) of 31.57 L/kg wet wt (based on a measured logK,,, of 4.86) for ATBC, calculated using
EPIWIN (v 4.0), BCFBAF Program (v 3.00) and considered to warrant a Klimisch Score of 2, is
also derived leading to a conclusion that there is alow potential for bioconcentration. Furthermore,
in a OECD TG 121 study (Klimisch Score 1), a log Ko of 4.271 was determined using a HPLC
method while Mackay Level | modelling of environmental distribution (Klimisch Score 2) showed
that the substance was about equally distributed to air (27.8%), water (18.1%), soil (28.0%) and
sediment (26.1%) with distribution to other compartments being negligible.

Overal, these findings, which are in line with the notified classifications for the substance, suggest
that there should be little concern with regard to either the environmental fate and behaviour of
ATBC or its bioaccumulation potential. However, some caution in uncritically accepting these
conclusions may be warranted in the light of the findings of Maag et al. (2010) which report a
calculated BCF of 250 and a Ko of 1,800 based on a water solubility of 5 mg/L. On the basis of
their findings, Maag et a. (2010) suggest ATBC may show some bioaccumulation potential as well
as strong sorption properties (i.e. low mobility in soil). Detailed studies may be necessary to
resolve these apparent conflicting opinions on its properties.

Table 4.59: Biodegradation information on ATBC from the SRC BIODEG database

Aerobic tests Anaerobic tests

Screening Test BSA -2 Anaerobic - Soil
gr(r):a%lt(i:glnﬂeatment BFA -3 Anagerobic - Water

Grab Sample - Soil BFA -2 Anaerobic Summary

Grab Sample - Water - Other

Field Test - Pure Culture

Aerobic Summary BST -2 Number of References 2
Source:

SRC BIODEG Internet site:  http: //srcinc.com/what-we-do/databasefor ms.aspx?id=383
Notes:

BF - Biodegrades fast

BFA - Biodegrades fast w/acclimation

BS- Biodegrades slow

BSA - Biodegrades slow w/acclimation

1 - Chemical tested in three or more tests, consistent results

2 - Chemical tested in two tests, or resultsin more than two tests are interpretable, but conflicting data
3 - Only onetest or uninterpretable, conflicting data

With regard to the aquatic toxicological potential of ATBC, the key acute fish study identified is a
1974 flow-through 96-hour study of a design similar to OECD TG 203 (Klimisch Score 2) in
Bluegill sunfish which gave a LCsg (96n) Of 38-60 mg/L (nominal) and a NOEC of 10 mg/L
(nominal). These values are not dissimilar to that quoted as supplementary information for the
marine species Fundalus heteroclitus of LCsy(96h) of 59 mg/L (nominal) and a NOEC of 10 mg/L
(nominal) while, for invertebrates the key OECD TG202 study in Daphnids (Klimisch Score 2)
reports a mobility ECso (24 h) of >1mg/L. Algael toxicity, as assessed in a study compliant with
EU Method C.3 and OECD TG 201 (Klimisch Score 1), gave 72h NOEC and LOEC values for
growth of 4.65 and 10.9 mg/L respectively, equating to an ECs of 74.4 mg/L. When yield was
considered, the ECso was lower at 11.5 mg/L. It should be noted, however, that Maag et al. (2010)
make reference, amongst other generally more conservative estimates, to an acute study in fish in
which the most sensitive finding was for Pimephales promelas larvae over 18 hr in a 7-day static-
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renewal test to US EPA Method 1000.0, which indicated lower values (LCsp (48h) = 2.8 mg/L and
LCso (168hr) = 1.9 mg/L). Information about ATBC's long-term aquatic toxicity from the ECHA
Dissemination Portal is restricted to a study using EU Method C.20 on D. magna (Klimisch Score
1) that reported a 21-day NOEC of >1.11 mg/L for reproduction rate and survival of adults. An
ECso (reproduction rate) of >1.11 mg/L was also quoted. It is possible that if reference was made to
the studies noted by Maag et a. (2010), this might explain the inclusion of Aquatic Chronic 3-H412
categorisation by one of the notifiers of the substance.

4.8.3.2 Comparison of Hazards

Table 4.60 compares ATBC to DBP in terms of DN(M)EL values. The DNEL vaues for ATBC
are from the ECHA Dissemination Portal.

Table4.60: Human health risk comparison between ATBC and DBP

Par ameter | ATBC | DBP
Workers
Dermal Dermal
Acute/ short- DN(M)EL DN(M)EL
term exposure - Inhalation
systemic effects DN(M)EL Inhalation DNEL | 2.84 mg/m?
Dermal Dermal
fefr‘:f‘;/( Sg;ztre DN(M)EL DN(M)EL
local effects Inhalation Inhalation
DN(M)EL DN(M)EL
Long-term Dermal DNEL 2 mg/kg bw/day | Dermal DNEL 0.19 mg/kg bw/day
exposure -
sygtemic effects | Inhalation DNEL | 7.04 mg/m? Inhaation DNEL | 0.13 mg/m?
Lona-term Dermal Dermal
ex (?sure- local DN(M)EL DN(M)EL
eff%cts Inhalation Inhalation
DN(M)EL DN(M)EL
General population
Dermal Dermal
’t:::#n'tee)/(sg;;tre DN(M)EL DN(M)EL
: Inhalation Inhalation
systemic effects |\ vyEL DN(M)EL
Dermal Dermal
grcr‘:]tee)/(sgg'}re DN(M)EL DN(M)EL
Inhalation Inhalation
Joze] Cifcsis DN(M)EL DN(M)EL
Long-term Dermal DNEL 1 mg/kg bw/day | Dermal DNEL 2.2 mg/kg bw/day
exposure - Inhalation DNEL | 1.74 mg/m? Inhalation DNEL | 0.62 mg/m?
systemic effects | org pNEL 1 mg/kg bw/day | Oral DNEL 0.22 mg/kg bw/day
Lona-term Dermal Dermal
o gsure_ local | DN(M)EL DN(M)EL
eff%ct S Inhalation Inhalation
DN(M)EL DN(M)EL
Sources:
CR

European Chemicals Agency: http://echa.europa.eu/

Important Note: the above information on ATBC appears to have been removed from the ECHA Dissemination
Portal (date of last search: 5 July 2013, last accessed in late February 2013)

Note that for the general population, the CSR does not include toxicological thresholds, as consumer exposure is not
considered relevant to the uses of the substance. The figures noted above in the grey part of the Table are from the
registration of DBP, as shown on the ECHA Dissemination Portal
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Due to the apparent removal of the ATBC entry from the ECHA Dissemination Portal a comparison
of environmental PNEC values cannot be given in tabular form here.

Finally, Table 4.61 provides a comparison of concerns arising from DBP and ATBC by human
health and environmental endpoints.

Table4.61: Comparison of ATBC and DBP against human health and environmental
endpoints

Hazard endpoint ATBC DBP
Human health

Irritancy Slight (eye)

Repeat dose Toxic Toxic

STOT Liver, kidney Liver, kidney, testes
Reproductive toxicity 1B (male fertility)
Developmental toxicity 1B (males)

Data are insufficient to determine the
carcinogenic potential. No evidence of

Carcinogenicity carcinogenicity is available. The CSR
assumes that the substance is not a
carcinogen
Environment
Aquatic | Uncertain ‘ Very toxic

Note: grey cellsindicate areas where no relevant information is available

Table 4.60 indicates that, compared to DBP, ATBC has a less severe DNEL established for
systemic effects on workers under long-term exposure conditions via the inhalation and dermal
route. However, a review of the available literature does raise some concerns as regards the
conclusions reached by the registrant for the substance. More specifically, as discussed above, in
the case of repeat dose toxicity, findings from some of the supporting studies (with Klimisch Scores
of 1 or 2) reported by the registrants together with the conclusions drawn by SCENIHR (2008) and
Maag et al. (2010) indicate that the NOAEL for repeat dose toxicity should probably be established
at 100 mg/kg bw/day, rather than the 300 mg/kg bw/day indicated by the registrant.

Overdl however, examination of the available information on the mammalian hazard data for
ATBC identifies few concerns. As concluded by SCHENIR (2008), ATBC is not mutagenic or
carcinogenic, has low acute toxicity, shows no significant evidence of reproductive or development
effects at dosages of up to 300 mg/kg bw/d, and only €licits effects when given repeatedly at
dosages in excess of 100 mg/kg bw/d (possibly as a result of having mild peroxisome proliferative
properties).

With regard to its environmental effects, information as presented in the past on the ECHA
Dissemination Portal indicates very little basis for concern, though it should be noted that Maag et
al. (2010) have recently raised some concerns with regard to its potential to show aquatic toxicity
and at least limited bioaccumulation potential although it is likely that detailed studies would be
necessary to resolve this issue.

4.8.4 Economic feasibility

DEZA does not manufacture ATBC as it is unfamiliar with the technology and process parameters
required for its production but, primarily, due to alack of demand for the substance by the DUs.
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Importantly, due to the unproven technical feasibility of the substance from the perspective of DUs,
it is unclear whether any of them would actually use ATBC as a substitute of DBP. Moreover, even
if ATBC would prove to be technically feasible for the applicant’ s customers, the volume of current
sales of DBP to propellant manufacturers that could be substituted with ATBC would likely only be
very modest, due to (a) the presence of other established suppliers (see Table 4.62) and (b) the
overall small tonnage of moderant/plasticiser that isrequired in the “Applied for” Use.

It must be noted that a certain minimum tonnage of ester has to be manufactured before the
economics of production become viable; the volume of current sales of DBP to propellant
manufacturers cannot justify the investment cost associated with the setting up of a new production
line for ATBC, especially since DEZA would face strong competition from established suppliers of
the substance.

This alternative substance cannot be considered economically feasible for the applicant.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.3

485  Availability

4.85.1 Current and projected availability
Availability for the applicant

As discussed above, ATBC is manufactured using technology that is unknown to DEZA and its
compatibility with the current esterification plant is uncertain. The applicant cannot manufacture
ATBC at present.

Availability for the downstream users

From the perspective of the DUs, the market availability of ATBC isgiven in Table 4.62.
Table4.62: Market availability of ATBC

Alternative Dat_a . Market availability from the per spective of the downstream users
availability
- Available on the market
ATBC Very limited Unclear REACH registration status

4.85.2 Actionsrequired for improving availability

Availability for the applicant

For ATBC to become available to the applicant the ability of the existing esterification plant to
manufacture ATBC at sufficient quantities and in the required quality needs to be investigated, if
there a market incentive for doing so.

The Confidential Annex to this AoA explains the tasks that the applicant would have to undertake
in researching, trialling and starting the production of ATBC at their plant. The time that would be
required for such production to be initiated at the industrial scale would extend beyond the Sunset
Date for the Authorisation of DBP even if DEZA started the process of researching the production
of ATBC as soon as this AfA was submitted.

The conclusion is that without a breakthrough in the DUs R&D efforts, the availability of the
substance for the applicant would be unlikely to improve in the foreseeabl e future.
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Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section4.1.4

Availability for the downstream users

ATBC isgenerally available on the market for use by propellant manufacturers.
4.8.6 Conclusion on suitability and availability for ATBC

4.8.6.1 Technical suitability

The substance is not available to the applicant and it is manufactured with technology that is not
currently known to them and may be incompatible with their existing facilities, therefore it may not
be considered technically feasible.

From the perspective of the DUs, ATBC is described as suitable for consideration both as an
aternative surface moderant and an alternative plasticiser. When ATBC is compared to DBP
against the key technical feasibility and selection criteria, ATBC appears to have, in principle, small
differences to DBP, as discussed in the Confidential Annex, but is likely to be suitable for use under
current production processes for certain calibres only. The Confidential Annex explains that the
theoretical use of the substance would require changes to production processes and reformulation in
order to ensure that the propellant mixtures behave in a manner similar to existing DBP-based
formulations.

4.8.6.2 Reduction of overall risk

With regard to ATBC human health and environmental hazard profile, the information available
suggests that ATBC may pose a lower long-term hazard to human health compared to DBP. With
regard to its environmental effects, information available indicates little basis for concern, though it
should be noted that recent research has raised some concerns with regard to ATBC’s potential to
show aquatic toxicity and at least limited bioaccumulation potential, an issue which would require
additional study to resolve.

As the risks from exposure to DBP from its use in the formulation and subsequent use of
propellants are adequately controlled, the use of ATBC would not result in discernible benefits to
DUs workers' health.

4.8.6.3 Economic feasibility

Given the uncertain uptake of ATBC by DUs, the applicant’s lack of knowledge over the
production conditions and the need to ensure that a minimum sales tonnage must be achieved before
the production of a new ester compound can be profitable, ATBC cannot be considered
economically feasible for the applicant. This is particularly true because DEZA would have to
compete against established suppliers of the substance.

4.8.6.4 Availability

From the perspective of the applicant, the substance is not available as its manufacture is based on
technology unavailable to him. Moreover, the future availability of the substance is unlikely to
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change; the quantity of ATBC that would be sold by DEZA is too small to justify the expense of
setting up and operating a new production line based on unknown technology.

Key point 16

ATBC is an dternative substance that could theoretically be considered both as an alternative moderant and an
alternative plasticiser. However, the technical feasibility of ATBC for DEZA is poor and the economics of production
are unfavourable, although the hazard profile of the substance is apparently more benign than DBP’'s
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h) ALTERNATIVE SUBSTANCE: TRIBUTYL CITRATE
4.9 Tributyl citrate
49.1 SubstancelD and properties

4.9.1.1 Nameand other identifiersfor the substance
The following Table presents the identity of TBC.
Table4.63: Identity of TBC

Parameter Value Source
EC number 201-071-2 1
EC name Tributyl citrate 1
CAS number 77-94-1 1
IUPAC name Tributyl 2-hydroxy-1,2,3-propanetricarboxylate 2

Butyl citrate

Citric acid, tributyl ester

Dibutyl 3-(butoxycarbonyl)-3-hydroxypentane-1,5-dioate
Tri-n-butyl citrate

Citroflex 4

2! 3! 4!
Other names 1,2,3-propanetricarboxylic acid, 2-hydroxy-, 1,2,3-tributyl ester 5
Tributyl 2-hydroxypropane-1,2,3-tricarboxylate
1,2,3-tributyl 2-hydroxypropane-1,2,3-tricarboxylate
2-Hydroxy-1,3-propanetricarboxylic acid, tributyl ester
1,2,3-Propanetricarboxylic acid, 2-hydroxy-, 1,2,3-tributyl ester
Molecular formula CigH3,0;
SMILES notation O=C(OCCCC)CC(0)(C(=0)OCcccr)cc(=0)occece
Molecular weight 360.4
Bu (0] (@] Bu
ot/ on N
Molecular structure 1
=
0 0
EL.I

Sources.

1: ESISInternet site; http://esis.jrc.ec.europa.eu/

2: ChemSpider Internet site: http://mww.chemspider.com/Chemical-Structure.6261.html ?rid= 7f1dba40-d7a9-4767-
b127-eec6ae32da73

3: Chemical Book Internet site: http://www.chemicalbook.corVCASEN_77-94-1.htm

4. USEPA Internet site:

http: //ofmpub.epa.gov/sor _inter net/reqistry/substreg/sear chandr etrieve/advancedsear ch/exter nal Search.do?p type=SR
STN&p value=6791

5: PubChem Compound Internet site:  http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi ?cid= 6507
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4.9.1.2 Composition of the substance

No information is available on constituents and impurities. The substance is registered as being
available at between 100 and 1000 t/y on ECHA'’ s database of registered substances3’.

4.9.1.3 Physico-chemical properties

The following Table summarises the available information on the physico-chemical properties of
TBC. Theinformation has been collected from a number of literature sources.

Table 4.64: Physico-chemical propertiesof TBC

Property Value Remarks Source
Physical stateat 20°C and | Clear, aily liquid 2
101.3 kPa Liquid 4
Meélting/freezing point -62°C 3
325°C 1
Boiling point . Quoted from unpublished study to
=309°C OECD Guideline 103 4
1.042 2
Density Quoted from unpublished study to EU
1.0432-1.0451 4
Method A.3
1.00 mm Hg at 170°C 2
Predicted with MPBPWIN v1.42
2.48E-7 Hg at 25°C 1
Vapour pressure mm g (Modified Grain method)
o Predicted with MPBPWIN program
0.0000756 Hg at 25°C 4
mmHg v1.43.( Modified Grain method )
Surface tension 39.09 dyne/cm ACD/PhysChem Suite
27.37 mg/L at 25°C Estimate from LogK,, (WSKOW v1.41)
Estimate from Fragments Wat Sol
Water solubility 48.548 mg/L (v1.01) 1
102.7 mg/L at 20°Cand pH | Quoted from unpublished study to EU 4
6.8 Method A.6
o - 3.28 Predicted with KOWWIN v1.67 1
Partition coefficient n- _
octanol/water 35 Quoted from unpublished study to EU 4
) Method A.8
157°C Closed cup 3
Flash point 185°C Cleveland open cup 2
R Quoted from unpublished study to EU
2065°C Method A.9 4
Flammability No data
Explosive properties No data
368°C 2
Self-ignition temperature 360°C Quoted from unpublished study to EU 4
Method A.15
Oxidising properties No data
37 Date of last search: 25 June 2013.
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Property Value Remarks Source
Granulometry No data
Sources:

1: ChemSpider Internet site: http://Mmww.chemspider.comy/Chemical-Sructure.6261.html ?rid=7f1dbad0-d7a9-4767-
b127-eec6ae32da’3

2. Vertellus MSDS.  http: //www.vertellus.conVDocuments¥5CM SD S%5CCitr ofl ex%204%20Engli sh.pdf

3. Science Lab MSDS: http: //www.sciencel ab.com/msds. php?msdsl d=9925302

4. European Chemicals Agency: http://echa.europa.eu/

4.9.1.4 Classification and labelling

No information on harmonised classification and labelling for TBC is available. However, ECHA’s
C&L Inventory identifies severa aggregated notifications38. These are presented in Table 4.65. A
further 131 notifiers did not classify the substance; the Registrant on the ECHA Dissemination
Portal also did not classify the substance.

Table4.65: Notified classification and labelling of TBC accordingto CLP criteria

Classification Labelling Num_bgr of

Hazard Class and Hazard Statement Hazard Statement Pictograms Signal Notifiers

Category Code(s) Code(s) Code(s) Word Code(s)

Eye Dam. 1 H318 H318 Gg;% 93

Aquatic Acute 1 H400 H400 GHS09 43
Wng

Source:

European Chemicals Agency: http://echa.europa.eu/

4.9.1.5 REACH Registration details

The following Table summarises the available information on the status of REACH Registration for

TBC.

Table4.66. REACH Registration statusof TBC

Registration Result Date of last search
Pre-registered Yes 4 June 2012
Registered Y es—100-1,000 tly 25 June 2013
Source:

European Chemicals Agency: http://echa.europa.eu/

4.9.2 Technical feasibility

4.9.2.1 Technical feasibility from the per spective of the applicant

DEZA does not currently manufacture this substance and does not have any current plans to start
production in the future without a clear indication from its DUs that TBC would be a technically
feasible and acceptable alternative.

38 Date of last search: 5 July 2013.
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The Confidential Annex to this AoA explains that DEZA’s ability to obtain the precursorsto TBC,
which the company does not currently manufacture, and the possibilities of using the existing plant
for the manufacture of this citrate.

DEZA has experience in esterification reactions and the manufacture of TBC would involve an
esterification reaction with raw materials different to those of DBP. Upon enquiry, the applicant
has confirmed that they are not familiar with the conditions and parameters under which the
manufacture of TBC might be undertaken.

Overdl, the applicant cannot manufacture TBC at present; the manufacture of TBC at DEZA’s
esterification plant is only a theoretical possibility. Technicaly, this aternative cannot be
considered feasible for the applicant at present.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.2

4.9.2.2 Technical feasibility from the per spective of downstream users

Relevance as substitute for DBP

According to consultation, the relevance of the substance as a substitute for DBP in propellant
mixturesis as follows:

Substance family Citrate esters

Function Moderant and plasticiser

Background to the use of the substance

Functionsof TBC in propellants: information is available in the literature on its possible uses as a
substitute for DBP in composite modified double-based propellants (Wang & al, 2010) and in
propellants for automotive air bag inflators (Mangum, Emery, & Ryder, 2002). Information
specific to its potentia role in the products concerned by this AOA has not been retrieved.

Non-explosive uses of TBC: TBC is most commonly used as a solvent and plasticiser for
polymers (particularly PVC). As aplasticiser, TBC is used in food contact materials, medical and
pharmaceutical applications, toys, cigarette filters, cosmetics, lacquers and fragrances. It isaso a
component of adhesives based on acetate/acrylates, etc. (Chemicalland 21, undated-b) (Indo-
Nippon Chemica Co, undated). Apart from PVC, resins to be plasticised with TBC include
cellulose acetate (osmotic membranes), cyanoacrylates (medical applications), polylactides (films,
coated papers, and mouldings), polyvinylacetate (sand/soil stabilisation) and methacrylate
copolymers (automotive applications) (Wypych, 2004).

Comparison against key technical feasibility and selection criteria

Trials with the substance and perceived overall technical suitability: this information is
presented in the Confidential Annex.

Comparison against the key technical feasibility and selection criteria: this information is
presented in the Confidential Annex.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.9.2.2
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4.9.3

4.9.3.1 Hazard information

Reduction of overall risk dueto transition to the alter native

Information on the mammalian and environmental hazard potential of TBC is included in the
ECHA Dissemination Portal; there are very few other sources of published information available.
The available hazard data from non-ECHA sources is summarised in Table 4.67 below.

Table4.67: Hazard information on TBC

Database/Sour ce Parameter Value
Hazard class
(ére“r/?:gznljsgglaj (Note: there are three water hazard classes
Agency List of (Y%GK)H g L
Substances which are | L 10W hazard to waters
2: hazard to waters
Hazardous to Water :
3: severe hazard to waters)
Toxicity
Journal of

Pharmaceutical
Sciences. Val. 53, Pg.
774, 1964

Effect behavioural: somnolence (general
depressed activity) vascular: other changes

LDsgo = 2,900 mg/kg (mouse)

(USP, 2009)

Toxicity to animals (oral)

Rat LDsy: >30 mL/kg; 31.4 g/kg
Cat LDsg: >50 mL/kg

(ClearSynth, undated)

Toxicity to animals (oral)

Mouse LDsy = 300 mg/kg
Rabbit LDg, = 3,200 mg/kg
Rat LDg, = 980 mg/kg

(Finkelstein & Gold,
Toxicology of the
Citric Acid Esters:
Tributyl Citrate,
Acetyl Tributyl
Citrate, Triethyl
Citrate, and Acetyl
Triethyl Citrate,
1959)

Toxicity through the oral route in the rat and
cat

Non-toxic, no gastrointestinal irritation or
systemic effectsin large single doses as high
as those corresponding to more than 3L for a
man of average weight. TBC proved inactive
also when mixed with the diet and fed for 2
monthsin daily amounts as high as those
corresponding to 1.4L daily for a man of
average weight. Thisinactivity might be due
to TBC'sinsolubility, which may interfere
with absorption

US Army M_i(;i;a_\ry 1 hour Critical Air MEG 1.3x 10* mg/m®
exposure guidelines , , > 3
(MEGs) for Short- 1 hour Marginal Air MEG 3.5x10°mg/m
Term exposures to
chemicalsin ambient | 1 hour Negligible air MEG 50 mg/m?
air
. Listed
Cood St EPA Inert Ingredients 40 CER Part 180
y FDA Cumulative Estimated Daily Intake 3.5 x10° mglkg bw/d
(CEDI)/Acceptable Daily Intake Database Cumulative dietary concentration: 7.0 ppb
Sources:

German Federal Environmental Agency Internet site:
http://webrigol etto.uba.de/rigol etto/public/sear chDetail.do?kennummer=2213

USEPA ACToR Internet site: http://actor.epa.gov/actor/GenericChemical ?casrn=77-94-1

The limited data available on TBC are further supplemented by information generated by QSAR
models (OECD QSAR toolbox and FDA EKDB models) so as to provide additiona insight into
the mammalian and ecotoxicological profile of this substance. The outputs of the modelling (and
associated references) are presented in Table 4.68, overleaf. Based on all available information, the
hazard profile of this substance may be summarised as follows.
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Table4.68: Human health and environmental hazard profilefor TBC

(based on DNA reactivity assay using
Ashby fragments, from Danish EPA
Database

Hazard endpoint Finding Data source Study design Assessed robustness’Comment
Toxicokinetics 83.3% OECD QSAR QSAR prediction of human intestinal Result reported to be undefined with
absorption by Multicase expert system regard to domain applicability;
hence considered of doubtful reliability
[rritation Skin Negative OECD QSAR QSAR prediction by skin sensitisation, Reported to be within QSAR domain,
irritation/corrosion from Danish EPA Database hence considered acceptable
Not irritating or OECD QSAR QSAR prediction by (Bundesinstitut fir | Result reported to be undefined with
corrosive to skin Risikobewertung) BfR skin regard to domain applicability;
irritation/corrosion (for severe skin hence considered of doubtful reliability
irritation)
Not irritating or OECD QSAR QSAR prediction by (Bundesinstitut fir | Result reported to be undefined with
corrosive to skin Risikobewertung) BfR skin regard to domain applicability;
irritation/corrosion (undefined endpoint) | hence considered of doubtful reliability
Negative OECD QSAR QSAR prediction by Severe skin Reported to be within QSAR domain,
irritation, from Danish EPA Database hence considered acceptable
Eyeirritation Unknown OECD QSAR QSAR prediction by BfR eye Result reported to be undefined with
irritation/corrosion regard to domain applicability;
hence considered of doubtful reliability
Sensitisation Invivo - Skin Not sensitising OECD QSAR QSAR prediction by skin sensitisation, Reported to be within QSAR domain,
sensitisation from Danish EPA Database hence considered acceptable
Genetic toxicity | Invitro - Negative OECD QSAR TWO QSAR predictions for Ames test Reported to be within QSAR domain,
Mutagenicity (S. typhimurium))without information on | hence considered acceptable
metabolic status, from Danish EPA
Database
Negative OECD QSAR QSAR prediction for Amestest (S Reported to be within QSAR domain,
typhimurium) with SP mix, from Danish | hence considered acceptable
EPA Database
Negative OECD QSAR QSAR prediction for Amestest (S. Reported to be within QSAR domain,
typhimurium) without SP mix, from hence considered acceptable
Danish EPA Database
Positive OECD QSAR QSAR prediction for unscheduled DMA | Reported to be within QSAR domain,
damageinrat cells, from Danish EPA hence considered acceptable
Database
Negative OECD QSAR QSAR prediction by DNA reactivity Reported to be within QSAR domain,

hence considered acceptable
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Hazard endpoint Finding Data source Study design Assessed robustness’Comment
Negative OECD QSAR QSAR prediction by Ames test Reported to be within QSAR domain,
(Salmonella), from Danish EPA hence considered acceptable
Database
Negative OECD QSAR QSAR prediction for HGPRT assay for Reported to be within QSAR domain,
mouse bone marrow cells, from Danish hence considered acceptable
EPA Database
Invitro— Negative OECD QSAR QSAR prediction for sister chromosome | Reported to be within QSAR domain,
Chromosomal effect exchange assay in Syrian Haster Embryo | hence considered acceptable
(SHE) cells, from Danish EPA Database
Equivocal OECD QSAR QSAR prediction for chromosome Reported to be within QSAR domain,
aberration in Chinese hamster ovary hence considered acceptable
(CHO) cdlls, from Danish EPA Database
In vivo- Mutagenic Negative OECD QSAR QSAR prediction for a Drosophila sex- Reported to be within QSAR domain,
effects linked recessive lethal assay, from hence considered acceptable
Danish EPA Database
Invivo— Negative OECD QSAR QSAR prediction for mouse Reported to be within QSAR domain,
Chromosomal effect micronucleus assay, from Danish EPA hence considered acceptable
Database
Carcinogenicity Negative OECD QSAR QSAR prediction for FDA Cancer Reported to be within QSAR domain,
Female Mouse, from Danish EPA hence considered acceptable
Database
Negative OECD QSAR QSAR prediction based for FDA Cancer | Reported to be within QSAR domain,
Male Mouse, from Danish EPA Database | hence considered acceptable
TDgo = OECD QSAR QSAR prediction from mouse Reported to be within QSAR domain,
1000 mg/kg/day Carcinogenic Potency Database (CPDB), | hence considered acceptable
from Danish EPA Database
Negative OECD QSAR QSAR prediction for FDA Cancer Reported to be within QSAR domain,
Female Rat, from Danish EPA Database | hence considered acceptable
Negative OECD QSAR QSAR prediction for FDA Cancer Male | Reported to be within QSAR domain,
Rat, from Danish EPA Database hence considered acceptable
TDgo= OECD QSAR QSAR prediction from rat Carcinogenic | Reported to be within QSAR domain,
1000 mg/kg/day Potency Database (CPDB), from Danish | hence considered acceptable
EPA Database
Toxicity to Reproductive | No information
reproduction
Developmental toxicity / Teratogenicity | Negative OECD QSAR QSAR prediction based on FDA Reported to be within QSAR domain,

Teratogen Information System (TERIS),
from Danish EPA Database

hence considered acceptable
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Hazard endpoint Finding Data source Study design Assessed robustness’Comment
Other toxic endpoints | Protein No alert found OECD QSAR QSAR prediction No indication identified that model was
binding operating outside of its operational
potential limits
No aert found OASIS(in QSAR prediction No indication identified that model was
OECD QSAR) operating outside of its operational
limits
Androgen -2.73 10 -10000 FDA EKDB Model drew comparison with dibutyl Model reports that on basis of only
receptor log RBA model adipate, di(2-ethylhexyl) adipate and di- | limited similarity with compoundsin
binding i-butyl adipate database (0.57-0.59), no conclusion
activity should be drawn
Estrogen gene | -10000 log RBA FDA EKDB Model drew comparison with dibutyl Model reports that on basis of only
activation model adipate, di(2-ethylhexyl) adipate and di- | limited similarity with compoundsin
i-butyl adipate database (0.57-0.59), no conclusion
should be drawn
Estrogen Non binder, non- OECD QSAR QSAR prediction No indication identified that model was
receptor cyclic structure operating outside of its operational
binding limits
activity -10000 log RBA FDA EKDB Model drew comparison with di(2- Model reports that on basis of only
model ethylhexyl) adipate, Cineole and bis(n- limited similarity with compoundsin
octyl) phthalate database (0.36-0.58), no conclusion
should be drawn
Aquatic Toxicity Unspecified Immobilisation OECD QSAR QSAR estimation of immobilisation Reported to be within QSAR domain,
taxa ECs, = 0.00644 mg/L endpoint by uTOX (Multicase) hence considered acceptable
Unspecified Mortality OECD QSAR QSAR estimation for EC50 by uTOX Reported to be within QSAR domain,
taxa ECs, = 0.00644 mg/L (Multicase) hence considered acceptable
Bacteria ECs, = 0.00644 mg/l | OECD QSAR QSAR Prediction for Vibrio fischeri, Reported to be within QSAR domain,

(5 min)

from uTOX (Multicase)

hence considered acceptable

Sources.

OECD QSAR Data obtained using OECD QSAR Toolbox at Internet site:
http://www.oecd.or g/chemi cal safety/assessmentofchemi cal s/theoecdgsartool box.htn#Download _gsar _application toolbox

FDA EKDB data obtained using FDA EKDB Database at Internet site:
http: //mww.fda.gov/ ScienceResear ch/Bi oinfor maticsTool S EndocrineDi sruptor Knowl edgebase/defaul t.htm
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Mammalian hazard profile

Toxicokinetics: based on expert opinion, it is suggested in the ECHA Dissemination Portal that
TBC is expected to be readily absorbed oraly but, if inhaled, availability is assumed to be low
because of its low vapour pressure. TBC is also expected to be poorly absorbed dermally. Based
on its LogP, and water solubility, there is considered low risk of accumulation and it is believed to
undergo extensive metabolism by esterases and Cyppssp enzymes, and to undergo B-oxidation or
enter the citric acid cycle or, potentially, glucuronidation. In support of this view, in a study
reported on the ECHA Dissemination Portal by Davis (1991) previoudly cited by the US EPA, it is
reported that TBC undergoes rapid metabolism in both human serum and rat liver homogenates
with a half-life (ty,) of 4 hours to produce, it is suggested, acetic acid, citric acid and butanol; the
latter would be expected to undergo further oxidisation to butanoic acid and reassimilation by 3-
oxidation. Any non-metabolised parent compound will be excreted via the urine or, to a lesser
extent, the biliary route.

Acutetoxicity: in apaper by Finkelstein & Gold (1959) a LDs, values of >30 mL/kg bw and > 50
mL/kg are quoted for the Wistar rat and the cat respectively, though little information is available
on the study methodology. However, it is suggested that, were TBC to be classified under CLP
based on the rodent acute toxicity data available publicly from other sources (see LDsp values in
rodents, Table 4.67), there would be a basis for considering classification as a Category 3 acute
toxin. Information from Safety Data Sheets suggests it may be harmful if swalowed or inhaled
(Acros Organics, 2009) (USP, 2009). The range of air MEG values established by the US Army
(Table 4.67) suggests that there may be abasis for concern with regard to occupational atmospheric
exposure to the substance and that risk management measures would be necessary to control worker
exposure viathis route.

Irritancy and sensitisation: as noted in Table 4.38 of the Non-confidential document, the ECHA
C&L Inventory identifies 93 aggregated notifications in which TBC is given the H318 (causes
serious eye damage) precautionary statement. Safety Data Sheets available on the Internet suggest
that TBC isindicated as ‘may cause irritation of the eye, skin, digestive tract and respiratory tract’
(Acros Organics, 2009) (USP, 2009). The two QSAR modelling outputs (from a Danish EPA
database source) that were reported to fall within domain were ‘ negative’, thus providing no further
insight into the irritancy potentia of the substance (indeed, on the ECHA Dissemination Portal only
read-across information is included). No experimental data are available on the sensitisation
potential of the substance, though no concerns with regard to sensitisation potential activity were
identified by QSAR modelling using the OECD toolbox.

Repeat dose toxicity: the ECHA Dissemination Portal cites findings from Finkelstein & Gold
(1959) arising from a 2 month study in cats given TBC at a nomina dosage of 5 mL/kg bw; the
reported information is inconsistent with regard to whether treatment was via the diet or by oral
gavage. Effects were reported as limited to diarrhoea and weight loss of approximately 30% in
treated animals. This paper also reported a study in an unspecified rat strain in which TBC was
given via the diet at nominal levels of 5 or 10 %; it appears that the treatment groups comprised
either 4 or 8 individuals and the control group 2 individuals. Lower weight gain and diarrhoea were
apparent in the group given 10% but no effects were reported at the lower dosage. The ECHA
Dissemination Portal also reports read-across considerations from a 13-week rat dietary study on
the structurally related substance ATBC in which the highest dosage (1000 mg/kg bw/d) tested was
established as a NOAEL. No other information has been identified on the repeat dose toxicity of
TBC.

Genotoxicity and carcinogenicity: no substance-specific information is presented on the ECHA
Dissemination Portal, but the overall weight of evidence with regard to the mutagenic and
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clastogenic potential of TBC based on QSAR modelling indicates only low concern, with only one
positive and one equivocal prediction being generated. The remainder of predictions were negative.
TBC has not been assessed for carcinogenicity by IARC. Furthermore, QSAR predictions of
carcinogenic potential, together with the apparent lack of genetic toxicity suggested by QSAR
modelling, indicate that there islittle basis for concern.

Reproductive and developmental toxicity: no data on the potential reproductive toxicity of this
substance have been identified. Weight-of-evidence arguments supporting a lack of developmental
toxicity, based on read-across from ATBC, are presented on the ECHA Dissemination Portal. A
QSAR prediction originating from the TERIS database was aso negative with respect to the
potential teratogenicity of TBC.

Other toxicitiess QSAR modelling of the substance's ability to interact with proteins, with the
oestrogen receptor gene or with oestrogen or androgen receptors did not indicate concern with
regard to its endocrine disruptive potential, although the predictions from the FDA EKDB model
should not be regarded as reliable.

Environmental fate and behaviour and ecotoxicology

As noted in Table 4.67, TBC is included in the German Federa Environmental Agency List of
Substances which are Hazardous to Water, but is given only a low hazard classification of 1 (i.e.
low hazard to waters). In contrast, the notification in the ECHA C&L Inventory indicates that it has
been considered to be a Class 1 acute aquatic toxin, warranting the hazard statement H400.
According to the information presented on the ECHA Dissemination Portal, TBC does not warrant
classification with respect to the environment. It is, however, reported to show an environmental
hydrolysis half-life of between 1.918 and 19.183 years depending on method of calculation but to
have an overall OH rate constant (gas-phase reaction constant) of 16.04 E™** cm®molecul es-sec with
a haf-life of 0.67 days (8.00 hours). Although it is stated to be readily biodegradable (74%
degradation in 28 d), it was found to have a calculated bioconcentration factor (BCF) of 94.7 L/kg
wet-wt. It is also noted that, on the ECHA Dissemination Portal, the PBT assessment for this
substance is indicated as confidential. A GLP- compliant study to EU Method C.2 and OECD 2.2
in Daphnia magna established an ECsp of 90.76 mg/L for 24 h and 66.89 mg/L for 48 hr based on
mobility while another GLP-compliant study - conducted using EU Method C.3 (OECD 201) for
growth inhibition in algae - established a 72 h ECs, of 100.4 mg/L based on growth rate and 23.86
mg/L based on biomass yield.

There are no other publicly available data at this time to inform on the basis for this classification
but the concerns raised by some bodies are reflected by predictions from the OECD QSAR toolbox,
which suggest quite low ECsy values for immobilisation and mortality in an unspecified taxa
(which may relate to invertebrate species) and for acute bacterial mortality. However, it was aso
predicted that it would be rapidly metabolised which, together with its established Ko, (see Table
4.37 of the Non-confidential document), suggests that there should be little concern with regard to
its potential bioaccumulation. Overall, therefore, in the absence of an authoritative assessment of
its environmental risk, there remains some uncertainty.
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4.9.3.2 Comparison of hazards

Table 4.69 compares TBC to DBP in terms of DNEL values. The DNEL values for TBC are taken
from the ECHA Dissemination Portal.

Table4.69: Human health risk comparison between TBC and DBP

Par ameter | TBC | DBP
Workers
Dermal Dermal
Acute/ short- DN(M)EL DN(M)EL
term exposure - nhalation
systemic effects DN(M)EL Inhalation DNEL | 2.84 mg/m?
Dermal Dermal
g#fi)’(;g;’;tre DN(M)EL DN(M)EL
Inhalation Inhalation
local effects DN(M)EL DN(M)EL
Long-term Dermal DNEL 20.8 mg/kg bw/d | Dermal DNEL 0.19 mg/kg bw/day
exposure -
sygtemic effects | Inhalation DNEL | 73.5 mg/m® Inhalation DNEL | 0.13 mg/m?
Lona-term Dermal Dermal
o gsure_ local | DN(M)EL DN(M)EL
eff%cts Inhalation Inhalation
DN(M)EL DN(M)EL
General population
Dermal Dermal
gﬁfi}’(sgg'}re DN(M)EL DN(M)EL
" Inhalation Inhalation
systemic effects | e DN(M)EL
Dermal Dermal
x;t‘zisgg:tre DN(M)EL DN(M)EL
Inhalation Inhalation
local effects DN(M)EL DN(M)EL
Long-term Dermal DNEL 12.5 mg/kg bw /d | Dermal DNEL 2.2 mg/kg bw/day
exposure - Inhalation DNEL | 28.8 mg/m® Inhalation DNEL | 0.62 mg/m?
systemic effects [ oy pNEL 12.5 mg/kg bw/d | Oral DNEL 0.22 mg/kg bw/day
Lona-term Dermal Dermal
o gwre_ local | DN(M)EL DN(M)EL
- f%cts Inhalation Inhalation
DN(M)EL DN(M)EL
Sources:
CR

European Chemicals Agency: http://echa.europa.eu/

Note that for the general population, the CSR does not include toxicological thresholds, as consumer exposure is not
considered relevant to the uses of the substance. The figures noted above in the grey part of the Table are from the

registration of DBP, as shown on the ECHA Dissemination Portal

Table 4.70 compares the environmental hazard profile of TBC with that of DBP, in terms of their
proposed PNECs. The values for DBP are more stringent than those for TBC with the exception of

PNECsfor STP.
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Table4.70: Environmental risk comparison between TBC and DBP

Par ameter | TBC | DBP
Aquatic organisms
PNEC agua PNEC agua
Freshwater (freshwater) 67 ng/L (freshwater) 10 pg/L
. PNEC agua PNEC agua
Marine water (marine water) 6.7 pg/L (marine water) g/l
. PNEC agua PNEC agua
Intermittent (intermittent 0.67 mg/L (intermittent
releases
releases) releases)
STP PNEC STP 10.3 mg/L PNEC STP 0.22 mg/L
Sediment PNEC sediment . PNEC sediment .
(freshwater) (freshwater) 1.17 mg/kg sediment dw (freshwater) 1.19 mg/kg sediment dw
Sediment PNEC sediment | 0.117 mg/kg sediment PNEC sediment .
(marine water) (marine water) dw (marine water) 0.119 mg/kg sediment dw

Air

Air

| No hazard

| No hazard

Terrestrial organisms

Sail

| PNEC soil

| 0.92 mg/kg soil dw

| PNEC soil

| 0.05 mg/kg soil dw

Predators

Secondary
poisoning

PNEC ora

222.22 mg/kg food

PNEC ord

1.33 mg/kg food

Sources.
CR

European Chemicals Agency: http://echa.europa.eu/

Finally, Table 4.71 provides a comparison of concerns arising from DBP and TBC by human health
and environmental endpoints.

Table4.71: Hazard comparison of dibutyl phthalateand TBC

Hazard endpoint | TBC ‘ DBP
Human health
Acute toxicity Slight (oral, inhalation)
Uncertain

[rritancy (conflicting reports of effects on eye,

skin, digestive and respiratory tracts)
Repeat dose Toxic
STOT Liver, kidney, testes

Reproductive toxicity

1B (malefertility)

Developmental toxicity

1B (males)

Carcinogenicity

carcinogen

Data are insufficient to determine the
carcinogenic potential. No evidence of
carcinogenicity is available. The CSR

assumes that the substance is not a

Environment

Aquatic

Very toxic (acute)

Very toxic

Note: grey cellsindicate areas where no relevant information is available
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Overdl, TBC has a relatively low acute mammalian toxicity. Available experimental studies,
though considered of limited reliability, suggest little concern as regards to its repeat dose toxicity.
Thereis, however, an absence of data on its reproductive or developmental effects, though available
QSAR predictions do not identify any specific concerns with regard to its developmenta or
endocrine toxicity. There is, also uncertainty as to if it is, or is not, irritant; this reflects the
differences in the submissions of classifications for eye effects advised by different notifiers.
Hence, potentially there might be a risk of irritancy for workers if exposed. With regard to its
environmental toxicity, there is a degree of uncertainty as to the extent of hazard posed since the
most conservative assessments available suggest TBC may pose a comparable hazard to the aguatic
environment.

4.9.4  Economic feasibility

DEZA does not manufacture TBC as it is unfamiliar with the technology and process parameters
required for its production but, primarily, due to a lack of demand for the substance by the DUs.
Although TBC is an ester, it is currently not included in DEZA’ s product portfolio.

Importantly, due to the unproven technical feasibility of the substance from the perspective of DUs,
it is unclear whether any of them would actually use TBC as a substitute of DBP. Moreover, even
if TBC would prove to be technically feasible for the applicant’s customers, the volume of current
sales of DBP to propellant manufacturers that could be substituted with TBC would likely only be
very modest, due to (a) the presence of other established suppliers (see Table 4.72) and (b) the
overall small tonnage of moderant/plasticiser that is required in the uses of concern. Notably, TBC
is considered to be technically inferior to ATBC; therefore, if DEZA felt compelled to start the
manufacture of a citrate, the choice might be made to select ATBC rather than TBC.

As explained earlier for ATBC, a certain minimum tonnage of ester has to be manufactured before
the economics of production become viable; the volume of current sales of DBP to propellant
manufacturers cannot justify the investment cost associated with the setting up of a new production
line for TBC, especialy since DEZA would face strong competition from existing established
suppliers of the substance.

This alternative substance cannot be considered economically feasible for the applicant.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.3

495  Availability

4.95.1 Current and projected availability

Availability for the applicant

As discussed above, TBC is manufactured using technology that is unknown to DEZA and its
compatibility with the current esterification plant is uncertain. The applicant cannot manufacture
TBC at present.

Availability for the downstream users

From the perspective of the DUs, the market availability of TBC isgivenin Table 4.72.
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Table4.72: Market availability of TBC

Data

Alternative availability

Market availability from the per spective of the downstream users

Available on the market
TBC Limited REACH registered in May 2013; one registrant shown in ECHA Dissemination
Portal (100-1,000 t/y)

4.95.2 Actionsrequired for improving availability

Availability for the applicant

For TBC to become available to the applicant the ability of the existing esterification plant to
manufacture TBC at sufficient quantities and in the required quality needs to be investigated, if
there amarket incentive for doing so.

The Confidential Annex to this AoA explains the tasks that the applicant would have to undertake
in researching, trialling and starting the production of TBC at their plant. The time that would be
required for such production to be initiated at the industrial scale would extend beyond the Sunset
Date for the Authorisation of DBP even if DEZA started the process of researching the production
of TBC as soon as this AfA was submitted.

The conclusion is that without a breakthrough in the DUs R&D efforts, the availability of the
substance for the applicant would be unlikely to improve in the foreseeable future.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.4

Availability for the downstream users

TBC isgenerdly available on the market for use by propellant manufacturers.
4.9.6 Conclusion on suitability and availability of TBC

4.9.6.1 Technical suitability

The substance is not available to the applicant and it is manufactured with technology that is not
currently known to the applicant, therefore it may not be considered technically feasible.

From the perspective of the DUs, TBC is described as appropriate for consideration both as an
alternative surface moderant and as a plasticiser. The assessment of its suitability varies widely and
itislikely that TBC could be suitable for use under current production processes for certain calibres
only. Moreover, for TBC to be used as a substitute plasticiser, propellant formulations might need
more fundamental re-formulation. Between ATBC and TBC, the former appears to be technically
superior.

4.9.6.2 Reduction of overall risk

The (limited and sometimes conflicting) information available for TBC suggests that it probably
poses a lower hazard to human health than DBP, though acute exposure to TBC may cause eye
damage. Both substances have classification for effects to aquatic life and the nature and degree of
environmental hazard posed by TBC appears uncertain. There is aso an absence of documented

Use number: 2 Legal name of applicant: DEZA, a.s. 178




ANALY SIS OF ALTERNATIVES

data on its reproductive effects, while no concerns have been raised with regard to either
developmental or endocrine toxicity.

As the risks from exposure to DBP from its use in the formulation and subsequent use of
propellants are adequately controlled, the use of TBC would not result in discernible benefits to
DUs workers' hedlth.

4.9.6.3 Economic feasibility

Given the uncertain uptake of TBC by DUSs, the applicant’s lack of knowledge over the production
conditions and the need to ensure that a minimum sales tonnage must be achieved before the
production of a new ester compound can be profitable, TBC cannot be considered economically
feasible for the applicant. This is particularly true because DEZA would have to compete against
established suppliers of the substance.

4964 Availability

From the perspective of the applicant, the substance is not available as its manufacture is based on
technology not available to him. Moreover, the future availability of the substance is unlikely to
change; the quantity of TBC that would be sold by DEZA is too small to justify the expense of
setting up and operating a new production line based on new technology.

Key point 17

TBC could theoretically be considered both as an alternative moderant and an alternative plasticiser. In addition, it
being an ester would allow DEZA to use its existing esterification plant for its production. However, the technical
feasibility of ATBC for DEZA is limited and the economics of production are unfavourable. TBC appears to pose
lower alower human health hazard but warrants concern with regard to its toxicity to the aquatic environment
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I)JALTERNATIVE SUBSTANCE: DIOCTYL AZELATE
4.10 Dioctyl azelate
4.10.1 Substancel|D and properties

4.10.1.1 Name and other identifiersfor the substance
The following Table presents the identity of DOZ.
Table4.73: Identity of DOZ

Parameter Value Source
EC number 203-091-7 1
EC name Bis(2-ethylhexyl) azelate
CAS number 103-24-2
IUPAC name Bis(2-ethylhexyl) azelate
Dioctyl azelate
Bis(2-ethylhexyl) nonanedioate
Other names Nonanedioic acid, bis(2-ethylhexyl) ester 2
Azelaic acid, bis(2-ethylhexyl) ester
Emolein 2986
Molecular formula CysH450, 1
SMILES notation O=C(OCC(CC)CCcrcr)yceeeeece(=0)occe(ceee)cece
Molecular weight 412.65 2
rT.
A/O\N/\/\/\/\fo
Molecular structure o O/\[\ 1

Sources:
1: ESSinternet site: http://esis.jrc.ec.europa.eu/
2. Chemspider Internet site : http://www.chemspider.convChemical-Structure.7359.html

4.10.1.2 Composition of the substance

No information is available on constituents and impurities. The substance is registered as being
available at between 100 and 1000 t/y on ECHA'’ s Dissemination Portal 3.

39 Date of last search: 26 June 2013.
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4.10.1.3 Physico-chemical properties

The following Table summarises the available information on the physico-chemical properties of
DOZ. The information has been collected from a variety of literature sources and through
consultation with stakeholders.

Table4.74: Physico-chemical properties of DOZ

Property Value Remarks Sour ce

Prygea saea 20°Cand | Clear liquid 3
40.52°C MPBPWIN v1.42: Mean or Weighted MP 1

Mélting/freezing point -78°C From literature 2,4
-65°C Consultation response
416.97°C at 101.3 kPa ACD/PhysChem Suite 1

Boiling point 414.02°C MPBPWIN v1.42: Adapted Stein & Brown method 1
376°C 3
237 °C at 0.67 kPa From literature 4

, 0.919 g/lem® ACD/PhysChem Suite 1

Density
0.915 g/cm® at 25°C 2,6
OkPaat 25°C ACD/PhysChem Suite 1

Vapour pressire 5x 10" kPaat 25°C Modified Grain method 1
<3.12x 10" kPaat 80°C M easured 5
1.82 x10™ kPa at 20°C 6

Surface tension 32.395 dyne/cm ACD/PhysChem Suite 1
1.655x 10° mg/L a 25°C | WSKOW v1.41, LogK o Used: 9.59 (estimated) 1

Water solubility 351x10° mg/L Wat Sol (v1.01 est): Estimate from Fragments 1
Insoluble 2
<0.0004 mg/L at 20 °C Measured 5

Partition coefficient n- 959 KowWwin 16

octanol /water 11.9 &t 25°C Measured 5
184.61°C ACD/PhysChem Suite 1

Flash point 221°C 3
240°C SO FF102400 6

Flammability No data

Explosive properties No data

Self-ignition temperature No data

Oxidising properties No data

Granulometry Not relevant

Sources:

1: ChemSpider Internet site : http://www.chemspider.comyChemical-Sructure.7359.html
2: Lide, D.R. (ed.). CRC Handbook of Chemistry and Physics. 79th ed. Boca Raton, FL: CRC Press Inc., 1998-1999., p. 3-224
(referenced at http://toxnet.nlm.nih.gov/cgi-bin/sis/sear ch/r ?dbs+ hsdb: @ter m+ @rn+ @rel+103-24-2)

3. Parchem Internet site: http://www.par chem.com/chemical-supplier-distributor/Dioctyl-Azel ate-001612.aspx

4: USEPA Internet site:

http: //ofmpub.epa.gov/oppthpv/Public _Search.PublicTabs?section= 1& Submissionl D= 24945803& epcount=8& epname=null & epdisc

p=null&selchemid=101121& CategoryS ngle= Category

5. OECD Internet site: http://webnet.oecd.org/Hpv/Ul/handl er .axd?id=0f640506-2220-4aae-b3b3-de685d164cff

6: European Chemicals Agency: http://echa.europa.eu/
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4.10.1.4 Classification and labelling

According to ECHA’s C&L Inventory, atotal of 63 notifiers*® have not notified any classification
for the substance.

4.10.1.5 REACH Registration details

The following Table summarises the available information on the status of REACH Registration for
DOZ.

Table4.75: REACH Registration status of DOZ

Registration Result Date of last search
Pre-registered Yes 4 June 2012
Registered Yes—100-1,000 tly 26 June 2013
Source:

European Chemicals Agency: http://echa.europa.eu/

4.10.2 Technical feasibility

4.10.2.1 Technical feasibility from the per spective of the applicant

DEZA does not currently manufacture this substance and does not have any current plans to start
production in the future without a clear indication from its DUs that DOZ would be a technically
feasible and acceptable alternative.

DEZA has experience in esterification reactions and the manufacture of DOZ would involve an
esterification reaction with raw materials different to those of DBP. The Confidential Annex to this
AOA explains that DEZA’s ability to obtain the precursors to DOZ, which the company does not
currently manufacture.

Overal, the applicant cannot manufacture DOZ at present; the manufacture of azelates at DEZA’s
esterification plant is only a theoretical possibility. Technicaly, this aternative cannot be
considered feasible for the applicant at present.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.2

4.10.2.2 Technical feasibility from the per spective of downstream users

Relevance as substitute for DBP

According to consultation, the relevance of the substance as a substitute for DBP in propellant
mixturesis as follows:

Substance family Azelates (esters of nonanedioic acid)

Function Plasticiser

40 Date of search: 26 June 2013.

Use number: 2 Legal name of applicant: DEZA, a.s. 183




ANALY SIS OF ALTERNATIVES

With particular regard to the potential use of the substance as a moderant, it is unsuitable for use
due to its particularly long molecular chain, which impedes its diffusion to the surface of the
propellant grain. Therefore, DOZ would only be technicaly feasible for use in a very small
proportion of propellant powders that currently rely on DBP.

Background to the use of the substance

Functions of DOZ in propellants. no information has been found in the open literature that would
confirm the current use of DOZ in solid gun propellants for the applications of concern. The
presence of the substance has been suggested, mainly within patents, for:

. composite propellants based on hydroxyl-terminated polybutadiene (HTPB) binder rather than
nitrocellulose (Chassaing & Finck, 1998) (Libardi, Ravagnani, Morais, & Cardoso, 2010);

« composite propellants based on polyurethane binders (Aerojet-General Corporation, 1974)
(Nichols, 1974); and

. propellants used in rockets (Agrawal, 2010).

Non-explosive uses of DOZ: according to the information provided by a Japanese manufacturer
during the preparation of a SIDS (Screening Information Dataset) Document for the substance, the
main use (up to 95%) of DOZ was as a plasticiser for cellulosics, polystyrene and vinyl plasticsin
order to improve their resistance and to avoid the development of cracks under low temperature
conditions. A limited amount of the substance was also used as a lubricant at industrial sites
(OECD, 2006). Other materias that may be plasticised with DOZ include (Wypych, 2004):

. ethylenevinyl acetate (EVA) polymer (e.g. biodegradable shrink films); and
« polylactides (e.g. biodegradable shrink films).

Notably, DOZ is used in applications which require low temperature properties similar to those
obtained by DEHA but with better retention of the plasticiser because of its lower volatility.

Comparison against key technical feasibility and selection criteria

Trials with the substance and percelved overall technical suitability: this information is
presented in the Confidential Annex.

Comparison against the key technical feasibility and selection criteria: this information is
presented in the Confidential Annex.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.10.2.2

4.10.3 Reduction of overall risk dueto transition to the alter native

4.10.3.1 Hazard and risk information

In addition to the information on the ECHA Dissemination Portal, information on the hazards and
risks from DOZ is available from a 2006 SIDS Initial Assessment Report that was prepared by the
Japanese authorities and is available on the OECD Internet site, as well as from other publicly
available sources. To supplement the information available from these sources, QSAR models
(OECD QSAR toolbox and FDA EKDB models) were employed to fill data gaps and help in
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understanding the mammalian hazard and ecotoxicological profile of the substance. Relevant
outputs of the QSAR modelling (and associated references) are presented in Table 4.76, overleaf.

Based on al available information, the hazard profile of this substance may be summarised as
follows.

Mammalian hazard profile

Toxicokinetics: no information on toxicokinetics was presented on the ECHA Dissemination
Portal or in the OECD SIDS Document and no robust QSAR predictions were generated. However,
based on the physico-chemical properties of DOZ (Table 4.41 of the Non-confidential document),
dermal intake would be anticipated to be low.

Acutetoxicity: inarat acute oral toxicity study conducted according to OECD TG401 under GLP
that was described in the OECD assessment, male and femae Crj:CD (SD) IGS rats (five
animals/sex/dose) were given DOZ by gavage at up to 2,000 mg/kg bw without significant adverse
effects. The ora LDsy value was therefore established as greater than 2,000 mg/kg bw (OECD,
2006). The ECHA Dissemination Portal also reports this study as Shirota (2003). In addition, in an
acute dermal study in the abino rabbit by Smyth et al (1962) cited on the ECHA Dissemination
Portal, adermal LDz of 20 mL/kg bw (18,200 mg/kg bw) is reported.

Irritation and sensitisation: skin irritation of rabbits was assessed using a 10-grade ordinal series
(based upon the most severe reaction that developed on the clipped skin of each of five rabbits
within 24 hours of uncovered application of 0.01 mL); grade 1 indicated no irritation and grade 10
indicated necrosis from a 0.01% solution. Dermal irritation from DOZ was grade 3 (OECD, 2006).
Similarly, ocular irritancy/corrosivity was assessed using a grading system where Grade 1 indicated
at most a very small area of necrosis resulting from 0.5 mL of undiluted chemical in the eye, and
grade 10 indicated a severe burn from 0.5 mL of a 1% solution. For DOZ, irritation was Grade 1
only (OECD, 2006). This suggeststhat DOZ is only weakly irritant to skin and very weakly irritant
to theeye. No additiona primary irritancy studies are cited on the ECHA Dissemination Portal.

Although no information on sensitisation is presented in the OECD SIDS Document, the ECHA
Dissemination Portal cites an unpublished Murine Local Lymph Node Assay conducted to GLP,
which identified an apparently elevated response (particularly when using undiluted test material) in
treated compared with control animals; this finding was considered ambiguous by the Registrant
and no classification was proposed. A QSAR prediction from the Danish EPA Database was
negative (see Table 4.76).

Repeated dose toxicity: in an OECD compliant (TG 422) reproductive and developmental
screening study conducted to GLP, Crj:CD (SD) IGS rats (13 animals/sex/dose) were orally dosed
by gavage at dosages of up to 1,000 mg/kg bw/day; this study is aso reported as Shirota (2003) on
the ECHA Dissemination Portal. In this, males were dosed by oral gavage for 42 days beginning 14
days before mating, while females were dosed for 42-53 days from 14 days before mating to Day 4
of lactation. Genera clinical observations and detailed clinical pathology and neurobehaviour
testing was undertaken for both sexes. A repeat dose LOAEL of 1,000 mg/kg bw/day and a
NOAEL of 300 mg/kg bw/day were established, based on effects on body weight gain, hepatic
pathological and haematological, and biochemical changes (OECD, 2006).
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Table 4.76: Human health and environmental hazard profilefor DOZ

Hazard endpoint Finding Data source | Study design Assessed robustness’Comment
Sensitisation Invivo - Skin Negative OECD QSAR | QSAR prediction by skin sensitisation, Reported to be within QSAR
sensitisation from Danish EPA Database domain, hence considered acceptable
Genetic toxicity Invitro - Negative OECD QSAR | QSAR prediction by DNA reactivity Reported to be within QSAR
Mutagenicity (based on Ashby fragments), from Danish | domain, hence considered acceptable
EPA Database
Invivo - Negative OECD QSAR | QSAR prediction by Drosophila sex- Reported to be within QSAR
Mutagenicity linked recessive lethal test, from Danish domain, hence considered acceptable
EPA Database
Invivo— Negative OECD QSAR | QSAR prediction by mouse micronucleus | Reported to be within QSAR
Chromosomal effect assay, from Danish EPA Database domain, hence considered acceptable
Negative OECD QSAR | QSAR estimation for Rodent, Dominant Reported to be within QSAR
lethal assay (chromosome aberration) from | domain, hence considered acceptable
Danish EPA Database
Carcinogenicity Positive OECD QSAR | QSAR prediction based on FDA Cancer Reported to be within QSAR
Male Mouse, from Danish EPA Database | domain, hence considered acceptable
Negative OECD QSAR | QSAR prediction based on Mouse Reported to be within QSAR
lymphoma, from Danish EPA Database domain, hence considered acceptable
TDso = 1000 OECD QSAR | QSAR prediction by mouse Carcinogenic | Reported to be within QSAR
mg/kg/day Potency Database (CPDB), from Danish domain, hence considered acceptable
EPA Database
Negative OECD QSAR | QSAR prediction based on FDA Cancer Reported to be within QSAR
Female Rat, from Danish EPA Database domain, hence considered acceptable
Negative OECD QSAR | QSAR prediction based on FDA Cancer Reported to be within QSAR
Male Rat, from Danish EPA Database domain, hence considered acceptable
TDso = 1000 OECD QSAR | QSAR prediction by rat Carcinogenic Reported to be within QSAR
mg/kg/day Potency Database (CPDB), from Danish domain, hence considered acceptable
EPA Database
Developmental toxicity / Teratogenicity Negative OECD QSAR | QSAR prediction based on FDA Reported to be within QSAR
Teratogen Information System (TERIS), domain, hence considered acceptable
from Danish EPA Database
Other toxic endpoints | Protein binding No alert found OECD QSAR | QSAR prediction No indication identified that model
potential was operating outside of its
operational limits
No alert found OASIS(in QSAR prediction No indication identified that model
OECD was operating outside of its
QSAR) operational limits
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Hazard endpoint Finding Data source | Study design Assessed robustness’Comment
Androgen receptor -2.731t0-10000 log | FDA EKDB Model drew comparison with Di(2- Model reports that on basis of
binding activity RBA model Ethylhexyl) adipate, Dibutyl adipate and similarity results (0.94-1), DOZ may

Di-i-butyl adipate be active
Estrogen gene -10000 log RP FDA EKDB Model drew comparison with Di(2- Model reports that on basis of
activation model Ethylhexyl) adipate, Dibutyl adipate and similarity results (0.94-1), DOZ does
Di-i-butyl adipate not seem to be active
Estrogen receptor Negative OECD QSAR | QSAR prediction by relative estrogen Reported to be within QSAR
binding activity receptor binding activity, from Danish domain, hence considered acceptable
EPA Database
10% OECD QSAR | QSAR prediction by estrogen receptor Reported to be outside of QSAR
binding activity (Multicase) domain, hence considered of
doubtful reliability
Non binder, non- OECD QSAR | QSAR prediction No indication identified that model
cyclic structure was operating outside of its
operational limits
-10000 log RBA FDA EKDB Model drew comparison with di(2- Model reports that on basis of
model Ethylhexyl) adipate, cineole and suberic similarity results (0.64-1), DOZ does
acid not seem to be active

Sources.

OECD QSAR Data obtained using OECD QSAR Toolbox at Internet site:

http: //mwww.oecd.or g/chemi cal safety/assessmentofchemi cal s/theoecdgsartool box.htm#Download gsar_application_toolbox
FDA EKDB data obtained using FDA EKDB Database at Internet site:

http: //www.fda.gov/ ScienceResear ch/Bi oinfor mati csTool  EndocrineDisr uptor Knowl edgebase/default.htm
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Genotoxicity and carcinogenicity: in severa reverse gene mutation assays (on S typhimurium
TA98, TA100, TA1535, TA1537 and E. coli WP2uvrA, both with and without metabolic
activation) conducted to OECD TG 471 and the Japanese Guideline for Screening Mutagenicity
Testing of Chemicals (Chemical Substances Control Law of Japan), and in compliance with GLP,
growth inhibition was not observed at up to 5,000 pg/plate for any species or strain and, therefore,
DOZ was not considered to be mutagenic (OECD, 2006). In achromosomal aberration test (OECD
TG 473) in cultured Chinese hamster lung (CHL/IU) cells conducted to GLP, using concentrations
of 150 - 2,400 pg/mL (for a 6 hour short treatment, with and without metabolic activation) and at
38-600 pg/mL (for 24 hour continuous treatment, without metabolic activation), no effects on
polyploidy or incidence of chromosomal aberrations were observed in the absence of evidence of
cell toxicity (OECD, 2006). These experimental findings are also further supported by negative
findings from QSAR modelling of in vivo mutagenic and chromosomal effects (see Table 4.76).

Although no information on carcinogenicity was presented in the OECD SIDS Document, in most
cases, QSAR modelling of carcinogenic potential (Table 4.76) raised few concerns, indicating low
potential for carcinogenicity although a positive prediction was generated by the FDA Cancer Male
Mouse mode.

Reproductive and developmental toxicity: the robust screening study mentioned above in respect
of repeat dose toxicity, also provides insight into the reproduction and developmenta toxicity of
DOZ when given by oral gavage at up to 1,000 mg/kg bw/day for either 42 or 42-55 days, to males
or females respectively. No adverse reproductive effects were reported even at 1,000 mg/kg bw/day
(which was identified as the repeat dose toxic LOAEL). Hence, the NOAEL for reproductive
toxicity is 1,000 mg/kg bw/day. Furthermore, no significant changes in the number of
implantations or in total numbers of pups or live pups were reported. The indexes for implantation,
delivery, birth and live birth were also unaffected and there were no treatment-related changes in
body weight, externa appearance or pathology in the F1 (offspring) generation. Hence, the
NOAEL for developmental toxicity was also considered to be 1,000 mg/kg bw/day (OECD, 2006).
The absence of any developmental toxicity of DOZ is further supported by the negative prediction
from QSAR modelling, based on the FDA Teratogen Information System (TERIS).

Other toxicities: endocrine receptor interactions are not addressed in either the SIDS dossier or the
ECHA Dissemination Portal. However, QSAR modelling of the substance’s ability to interact the
androgen receptor suggested a possible cause for concern. No similar activity was predicted in the
QSAR modelling of interaction with proteins, the oestrogen receptor or oestrogen receptor gene.
Given the absence of any collaborative indications of significant reproductive or developmental
toxicity in arobust experimental study, the significance of the prediction for the androgen receptor
is considered doubtful.

Environmental fate and behaviour and ecotoxicology

The photochemical haf-life of DOZ in air has been calculated as 0.4 day (rate constant: 2.959 x 10
1 em*molecule-sec, OH radical concentration: 1.5 x 10° molecule/cm?®, and irradiation time: 12
hours/day) (OECD, 2006). If released to air, an estimated vapour pressure of 5.04 x 10’ kPa at
25°C indicates DOZ will exist in both the vapour and particulate phases. The vapour-phase DOZ
would be anticipated to degrade by photochemical reaction, with an estimated half-life of 13 hours;
on the ECHA Dissemination Portal, an estimate of 13.013 hr is aso given based on the US EPA
AOPWIN v.1.92 model. However, particulate-phase DOZ would be expected to be removed by
wet and dry deposition. If released from air into water, DOZ is expected to rapidly adsorb onto
suspended solids and sediment in water (given its estimated K. of 300,000). Volatilisation from
water surfaces is expected to be an important process based upon this compound's estimated
Henry's Law constant (HSDB, undated). Additionally, hydrolysis in water is not expected to be
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important given its very low water solubility (<0.0004 mg/L at 20°C), with a calculated haf-life in
water (pH 7) of 3.2 years (based on HY DROWIN modelling) (OECD, 2006).

Distribution modelling using Mackay Level 111 modelling indicates that sediment (67.5%) and soil
(28.6%) are the main target compartments at 25°C and that volatilisation from the water phase is
unlikely. The estimated soil sorption coefficient of log K at 5.484 indicates that the substance will
strongly absorb onto soil (OECD, 2006). Volatilisation from moist soil surfaces would be expected
to be an important process governing its fate in the environment, based upon an estimated Henry's
Law constant of 1.2 x 10* atm-m*mol. However, this process is expected to be attenuated by
adsorption (HSDB, undated).

A ready biodegradability study (OECD TG301 C) showed DOZ to be readily biodegradable (>94%
by BOD, 28 days), with both DOC (dissolved oxygen concentration) and GC analysis showing
complete biodegradation and an absence of transformed products. More than 60% of
biodegradation (BOD) occurs within 7-8 days, and the 10-day criteria were fulfilled. No
information on inherent or anaerobic biodegradability was available (OECD, 2006). Another
OECD 301B test reported by the US EPA High Production Volume Information System indicated a
biodegradation of 81% in 28 days (average of duplicates)*l. A bioconcentration factor of 3.2 can be
derived from acalculated log Py value, using BCFWIN v2.15 (OECD, 2006). This vaue indicates
that the potential for bioconcentration in aquatic organismsis low (HSDB, undated). Experimenta
data derived from Test Guideline and GLP compliant studies are also available to inform on the
substance’'s acute and chronic toxicity in various taxal groups. This information may be
summarised as follows.

Acute toxicity: from Table 4.77, it is apparent that preliminary tests show that DOZ exhibits no
adverse effects at the limit of water solubility. Limit tests in fish, daphnids and algae at nominal
concentrations of 0.1 mg/L (adispersant of HCO-40 was used at the final concentration of 1.0 mg/L
in each test) were conducted, with the resultant estimates of LCsy or ECsy vaues ranging from
>0.08 mg/L to >10,000 mg/L depending on species. Analytical monitoring of test concentrations
indicated afall in concentration during the course of each test. As hydrolysisisunlikely, adsorption
to glassware was suspected as the main reason (OECD, 2006).

41 Available at:
http://of mpub.epa.gov/oppthpv/Public_Search.PublicT abs?section=1& Submissionl D=24945803& epcount=8& epname=
null & epdiscp=null & selchemid=101121& CategorySingle=Category.
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Table4.77: Experimental studieson the acute aquatic toxicity of DOZ

Species M ethod Exposure Result
Orvzias latipes OECD TG 203 | 96 h semi- LCs>0.072 mg/L > W.S,
ya P Limittest GLP | static (measured, mean)
Daphnia maana OECD TG 202 | 48 h semi- ECs,> 0.093 mg/L>W.S.
P 9 Limittest GLP | static (measured, mean)
(Rate method)
Pseudokirchneriella | OECD TG201 | 72hstatic, | o ~0.08 “;]9’5 WS,
subcapitata Limit test GLP | open system (Biomass method)
EbCs,>0.08 mg/L> W.S.
(nominal)
Cyprinus carpio OECD 203 96 h static LDs,>10,000 mg/L

Sources.
(OECD, 2006)
USEPA HPVISInternet site:

http: //ofmpub.epa.gov/oppthpv/Public Search.PublicTabs?secti on= 1& Submissionl D= 24964039& epcount= 13& epna

me=null & epdiscp=null & selchemid=101121& CategorySngle= Category

W.S; Water Solubility (<0.0004 mg/L)

http://echa.eur opa.eu/

Further unpublished studies are further quoted on the ECHA Dissemination Portal: European Chemicals Agency:

Chronictoxicity: reliable test results available for chronic toxicity are summarised in Table 4.78.

Table4.78. Experimental studieson the chronic aquatic toxicity tests of DOZ

Species M ethod Exposure Result
(Reproduction)
Daphnia magna OECD TG 211 21d 21 d EC5,>0.064 mg/L> W.S.
Limit test GLP semi-static 21 d NOEC >0.064 mg/L> W.S.
(measured, time-weighted mean)
72h (growth rate method)
Pseudokirchneriella | OECD TG 201 : NOEC >0.08 mg/L>W.S.
. static, .
subcapitata GLP open system (biomass method)
NOEC >0.08 mg/L>.W.S.
Source: (OECD, 2006)
W.S,; Water Solubility (< 0.0004 mg/L)

The available acute and chronic aquatic toxicity data for this substance suggest that there are no
adverse effects for the aquatic compartment up to the limit of solubility and, overall, DOZ isjudged

asnot PBT or vPvB (ECHA Dissemination Portal).

4.10.3.2 Comparison of hazards

The ECHA Dissemination Portal provides no DN(M)EL or PNEC values for DOZ and only
indicates the lack of hazard for al endpoints and compartments. The following Table compares the
information available on the hazards of DOZ with those of DBP.
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Table4.79: Hazard comparison of DBP and DOZ

Hazard endpoint | DOz DBP
Human health
Acute toxicity Very low (oral)
[rritancy Wesak (skin, eye)
Repeat dose Toxic
STOT Liver, kidney, testes
Reproductive toxicity 1B (male fertility)
Developmental toxicity 1B (males)
Data are insufficient to determine the

carcinogenic potential. No evidence of

Carcinogenicity carcinogenicity is available. The CSR
assumes that the substance is not a
carcinogen

Environment
Aquatic | Very toxic
Other

Possible endocrine activity
Other issues (QSAR prediction of androgen receptor
interaction potential)

Note: grey cellsindicate areas where no relevant information is available

Experimental data, together with supplementary QSAR model predictions where considered
appropriate, have identified no significant concerns with regard to either DOZ’s human health or
environmental toxic potential and, other than the questionable significance of the QSAR prediction
of androgen receptor interaction potential and the ambiguous findings in a Murine Local Lymph
Node Assay, it is apparent that the substance has a more benign hazard profile than DBP.

4.10.4 Economic feasibility

DEZA does not manufacture DOZ as it is unfamiliar with the technology and process parameters
required for its production but, primarily, due to a lack of demand for the substance by the DUs.
Although DOZ is an ester, it is currently not included in DEZA’s product portfolio.

Importantly, due to the unproven technical feasibility of the substance from the perspective of DUs,
it is unclear whether any of them would actually use DOZ as a substitute of DBP. Moreover, even
if DOZ would prove to be technically feasible for some of the applicant’s customers, the volume of
current sales of DBP to propellant manufacturers that could be substituted with DOZ would likely
only be very modest, due to (a) the fact that DOZ could only be used as a substitute plasticiser, thus
would be potentially suitable to replace <<10% of the tonnage of DBP currently used by the
applicant’s DUs, and (b) the presence of other established suppliers (see Table 4.80).

As explained for other aternative substances, a certain minimum tonnage of ester has to be
manufactured before the economics of production become viable; the volume of current sales of
DBP to propellant manufacturers cannot justify the investment cost associated with the setting up of
a new production line for DOZ, especialy since DEZA would face strong competition from
established suppliers of the substance.
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This alternative substance cannot be considered economically feasible for the applicant. Under a
refused Authorisation, sales of DBP to propellant manufacturers would be lost and could only be
replaced by a much more modest level of DOZ sales, if any at all.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.3

4105 Availability

4.10.5.1 Current and projected availability

Availability for the applicant

As discussed above, DOZ is manufactured using technology that is unknown to DEZA and its
compatibility with the current esterification plant is uncertain as is uncertain the accessibility to the
acid precursor to DOZ. The applicant cannot manufacture DOZ at present.

Availability for the downstream users

From the perspective of the DUs, the market availability of DOZ is given in Table 4.80.
Table4.80: Market availability of DOZ

Alternative Dat_a . Market availability from the per spective of the downstream users
availability
Uncertain availability
DOz Very limited REACH registered in May 2013; one registrant shown in ECHA Dissemination
Portal

4.10.5.2 Actionsrequired for improving availability
Availability for the applicant

For DOZ to become available to the applicant the ability of the existing esterification plant to
manufacture DOZ at sufficient quantities, if there a market incentive for doing so.

The Confidential Annex to this AoA explains the tasks that the applicant would have to undertake
in researching, trialling and starting the production of DOZ at their plant. The time that would be
required for such production to be initiated at the industrial scale would extend beyond the Sunset
Date for the Authorisation of DBP even if DEZA started the process of researching the production
of DOZ as soon as this AfA was submitted.

The conclusion is that the availability of the substance for the applicant would be unlikely to
improve in the foreseeabl e future.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section4.1.4

Availability for the downstream users

DOZ is potentially available on the market for use by propellant manufacturers.

Use number: 2 Legal name of applicant: DEZA, a.s. 192




ANALY SIS OF ALTERNATIVES

4.10.6 Conclusion on suitability and availability of DOZ

4.10.6.1 Technical suitability

The substance is not available to the applicant and it is manufactured with technology that is not
currently known to him, therefore it may not be considered technically feasible.

From the perspective of DUs, DOZ might potentially be suitable as a plasticiser but not as a surface
moderant. As such, it cannot be a suitable substitute for the vast majority of the propellant mixtures
that currently contain DBP. Given the virtually non-existent experience of the propellant
manufacturers with the substance, a meaningful comparison of technical suitability to that of DBP
cannot be provided.

4.10.6.2 Reduction of overall risk

The available information indicates that DOZ generally poses alow hazard to human health and the
environment. However, as the risks from exposure to DBP from its use in the formulation and
subsequent use of propellants are adequately controlled, the use of DOZ would not result in
discernible benefitsto DUS workers' health.

4.10.6.3 Economic feasibility

Given the uncertain uptake of DOZ by DUs, the applicant’s lack of knowledge over the production
conditions and the need to ensure that a minimum sales tonnage must be achieved before the
production of a new ester compound can be profitable, DOZ cannot be considered economically
feasible for the applicant. Thisis particularly true because the amount of DBP currently used as a
plasticiser in propellants is considerably [ow.

4.10.6.4 Availability

From the perspective of the applicant, the substance is not available. Moreover, the future
availability of the substance is unlikely to change; the quantity of DOZ that could theoretically be
sold by DEZA in the future would be too small to justify the expense of setting up and operating a
new line.

Key point 18

DOZ appears to perform poorly against DBP and may only be considered as a potential substitute plasticiser. The
experience of propellant manufacturers with the substance is practically non-existent. The substance poses lower
hazards to human health and the environment but risks from DBP are already adequately controlled. Its economic
feasibility and availability are unacceptable to the applicant
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j) ALTERNATIVE SUBSTANCE: ISODECYL PELARGONATE
411  Isodecyl pelargonate
4.11.1 SubstancelD and properties

4.11.1.1 Name and other identifiersfor the substance
The following Table presents the identity of IDP.
Table4.81: Identity of IDP

Parameter Value Source
EC number 203-665-7 1
EC name 8-methylnonyl nonan-1-oate 1
CAS number 109-32-0 1
IUPAC name 8-Methylnonyl nonanoate
Isodecyl pelargonate
Other names Nonanoic acid, 8-methylnonyl ester 2
Molecular formula CigH350, 1
SMILES notation O=C(OCCCccccee(ec)cyceeeeccce 2
Molecular weight 298.5 2
Molecular structure 1
(o]
O’JJ e "
Sources:

1. ESSinternet site; http://esis,jrc.ec.europa.eu/
2: Chemspider Internet site: http://www.chemspider.com/Chemical-Sructure.60316.html

4.11.1.2 Composition of the substance

No information is available on constituents and impurities. The substance does not appear on
ECHA'’ s database of registered substances*2.

4.11.1.3 Physico-chemical properties

The following Table summarises the available information on the physico-chemica properties of
IDP. The information has been collected from a variety of literature sources and through
consultation with stakeholders.

42 Date of last search: 5 July 2013.
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Table 4.82: Physico-chemical propertiesof IDP

Property Value Remarks Source

Physical state at 20°C and -

1013 kPa Clear liquid 3

. ) , -73°C 3

Meélting/freezing point .
-80°C Consultation response
340.718°C at 101.3 kPa 1

. . o MPBPWIN v1.42: Adapted Stein &

Boiling point 341.90°C Brown method 1
150°C Consultation response

Density 0.863 g/cm®
0 mmHg at 25°C

Vapour pressure . e ;

gpour p 0.99 x 10° &t 25°C MPBPWIN v1.42: Modified Grain 1
method

Surface tension 30.05 dyne/cm 1

0.001354 mg/L at 25°C WS_KOW v1.41 (log Kow used: 8.16 1
ubili (estimated))

Water solubility 0.0019468 mg/L Wat Sol (v1.01 est), from Fragments 1
<2mg/L (Kaplan & Kaplan, 1985)

Partition coefficient n- 816 K owWin est 1

octanol/water

. 162.152°C

Flash point
172°C

Flammability No data

Explosive properties No data

Self-ignition temperature No data

Oxidising properties No data

Granulometry Not relevant

Source:

1: Chemspider Internet site: http://www.chemspider.com/Chemical-Sructure.60316.html

2: Island Pyrochemical Industries Internet site: http://www.islandgroup.conv/specs/isodecyl _pelargonate.php

3: Rocket Motor Components Internet site: http: //www.rocketmotor parts.conVpdfs/idp_msds _cognis.pdf

4.11.1.4 Classification and labelling

A search on the ECHA C&L Inventory3 using the CAS number for the substance has identified
only asingle natifier that has not classified the substance.

43 Date of last search: 5 July 2013.
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4.11.1.5 REACH Registration details

The following Table summarises the available information on the status of REACH Registration for
IDP.

Table4.83: REACH Registration statusof IDP

Registration Result Date of last search
Pre-registered Y es — Envisaged Registration deadline: 30/11/2010 4 June 2012
Registered No 5 July 2013
Source:

European Chemicals Agency: http://echa.europa.eu/

4.11.2 Technical feasibility

4.11.2.1 Technical feasibility from the per spective of the applicant

DEZA does not currently manufacture this substance and does not have any current plans to start
production in the future without a clear indication from its DUs that IDP would be a technically
feasible and acceptable alternative.

DEZA has experience in esterification reactions and the manufacture of IDP would involve an
esterification reaction with raw materials different to those of DBP. The Confidential Annex to this
AOA explains that DEZA’s ability to obtain the precursors to IDP, which the company does not
currently manufacture.

Overdl, the applicant cannot manufacture IDP at present; the manufacture of pelargonates at
DEZA’s esterification plant is only atheoretical possibility. Technically, this alternative cannot be
considered feasible for the applicant at present.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.2

4.11.2.2 Technical feasibility from the per spective of downstream users

Relevance as substitute for DBP

According to consultation, the relevance of the substance as a substitute for DBP in propellant
mixturesis as follows:

Substance family Nonanoic acid esters (pelargonates)

Function Plasticiser

With particular regard to the potential use of the substance as a surface moderant, it is unsuitable for
such arole dueto its particularly long molecular chain, which impedes its diffusion to the surface of
the propellant grain.

Background to the use of the substance

Functions of IDP in propellants. information on the use of IDP in propellants is abundant in the
open literature, primarily in the form of patents. However, the substance does not appear to be used
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in the types of nitrocellulose-based propellants that are of concern. More specifically, IDP has been
reported as suitable for usein:

. solid rocket propellants (Jones & Tzeng, 2011);

« gun propellants based on triaminoguanidine ethylenedinitramine and cyclotetramethylene
tetranitramine (Flanagan & Haury, 1976);

« triaminoguanidine nitrate LOV A (low vulnerability ammunition) propellants (Kaplan & Kaplan,
1985); and

. polybutadiene-acrylic acid-acrylonitrile (PBAN) terpolymer and hydroxyl terminated
polybutadiene (HTPB)-based composite propellants (Muthiah, Somasundaran, Verghese, &
Thomas, 1989).

Non-explosive uses of IDP: the substance is known to be used as a plasticiser. Typical
applicationsidentified in literature include use in materials such as (Wypych, 2004):

. Ethylene Vinyl Acetate (EVA) copolymers,

« polylactides (e.g. biodegradable shrink films);

« PVC (egq. interlayer of laminated glazing compounds);
. adhesives and sealants (e.g. automotive laminates); and

. indirect additives to food (e.g. plasticisers in polymeric articles, surface lubricants used in the
manufacture of metallic articles).

Several more patents have been identified in which IDP is used for cosmetic formulations.

Comparison against key technical feasibility and selection criteria

Trials with the substance and percelved overall technical suitability: this information is
presented in the Confidential Annex.

Comparison against the key technical feasibility and selection criteria: this information is
presented in the Confidential Annex.

4.11.3 Reduction of overall risk dueto transition to the alter native

4.11.3.1 Hazard information

Information on the hazards of IDP has been sought from a variety of sources, given that the
substance has not been registered in the EU and information from a CSR is not yet available. The
information collected from German and Canadian sourcesis summarised in Table 4.84.
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Table4.84: Hazard information on IDP

Database Parameter Value
German Federal Hazard class
Environmental (Note: there are three water hazard classes (WGK):
Agency List of 1: low hazard to waters 1
Substances which are | 2: hazard to waters
Hazardous to Water 3: severe hazard to waters)
Substance category Organics
Bioaccumulative No (rationae: Category)
Persistent No (rationale: QSAR)
Canada Domestic Inherently Toxic to Aquatic Organisms Uncertain
Substance List (DSL) N .
(2007) Meets CEPA Categorization Criteria No
Meets Environmental Criteria for Categorization No
Meets Human Health Criteria No
DSL Quantity range (tonnes/year) >1to 1,000
Sources:

German Federal Environmental Agency Internet site:

http: //webrigol etto.uba.de/rigol etto/public/sear chDetail.do?kennummer=4322

OECD Internet site: http://webnet.oecd.or g/ccrweb/Chemical Details.aspx?ChemicallD=1DCA1848-DD37-4CD9-
A304-F167461FCADF

USEPA ACToR Internet site: http://actor.epa.gov/actor/GenericChemical ?casrn=109-32-0

Chemical Carcinogenesis Research Information System Internet site:  http://toxnet.nlm.nih.gov/cgi-

bin/sis/search/r 2dbs+ ccris. @term+ @rn+85-98-3

Additional data, as presented in Table 4.85 on the properties of the substance, are also available
from the Canada Domestic Substance List referred to above. These can be seen to be largely based
on estimates and predictions derived from a number of (Q)SAR systems rather than being based on
experimental findings per se.

Table 4.85: Ecological data supporting decisions of Environment Canada on IDP

Parameter Value
Persistence

Media of concern leading to Categorization Sail
Experimental biodegradation haf-life (days) Not Available
Predicted ultimate degradation half-life (days) 15
Biodegradation (by MITI) 0.911
Biodegradation (by TOPKAT) 1

EPI Predicted hydrolysis haf-life (days) 3.32x10°
Ozone reaction half-life (days) (predicted by EPI) 999
Atmospheric oxidation half-life (days) (predicted by EPI) 0.4912
Bioaccumulation

LogK o (predicted by KowWin) 8.16

Log BAF T2MTL (predicted by Gobas) 6.480
Log BCF 5% T2LTL (predicted by Gobas) 3.952

Log BCF max (predicted by OASIS) 3.949
Log BCF (predicted by BCFWIN) 1.725

Source: OECD Internet site: http://webnet.oecd.org/ccrweb/Chemical Details.aspx?Chemical ID=1DCA1848-DD37-4CD9-
A304-F167461FCADF
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No other information has been identified. Kaplan & Kaplan (1985) suggest that, although no
toxicological information on the substance was available at that time, it was presumed to be non-
toxic and that biodegradation by microbial and mammalian esterases would be expected.

Given the very limited dataset on the hazardous properties of IDP publically available, QSAR
models (OECD QSAR toolbox and FDA EKDB models) were employed to derive additional
insight into the potential mammalian and ecotoxicological profile of this substance. The outputs of
the modelling (and associated references) are presented in Table 4.86, overleaf.

Based on al available information, the hazard profile of this substance may be summarised as
follows.

Mammalian hazard profile

Acute toxicity: no information is available on the acute toxicity of IDP. However, as noted in
Table 4.84, IDP is reported not to meet the Human Health Criteria under the Canada Domestic
Substance List.

Repeat dose toxicity: no information is available on the repeat dose toxicity of IDP. However, as
noted in Table 4.84, IDP is reported not to meet the Human Health Criteria under the Canada
Domestic Substance List.

Irritancy and sensitisation: no robust predictions were possible using the OECD QSAR models
with regard to either skin or eye irritancy, though the estimates generated were negative. A
prediction for dermal sensitisation considered valid was found to be negative suggesting that there
is no basis for concern with regard to this endpoint. On the other hand, publicly available Safety
Data Sheets allude to possible irritation of the respiratory tract or alergic skin reactions as a result
of exposureto IDP*,

Genotoxicity and carcinogenicity: predictions from QSAR modelling provided no basis for
concern regarding the in vitro or in vivo mutagenic potential of the substance. Although two
equivocal predictions for in vitro clastogenicity in mammalian cells (hamster and mouse) were
identified, a QSAR prediction for an in vivo mouse micronucleus assay was negative. Hence, little
concern is raised with regard to the genetic toxicity of IDP.

Similarly, a series of predictions relating to carcinogenicity from QSAR models operating within
their domains failed to raise concern with regard to the substance’ s carcinogenic potential.

Reproductive and developmental toxicity: no information is available as to the reproductive
toxicity of the substance. A QSAR prediction based on the TERIS database suggests that the
substance is not a developmental toxin.

Other toxicities: QSAR predictions of the substance's ability to interact with proteins or with the
oestrogen receptor and receptor gene, were negative. In contrast, an apparently robust FDA EKDB
prediction indicated that IDP may interact with the androgen receptor, raising some concern with
regard to its endocrine disrupter potential.

44 See Safety Data Sheet here: http://images.www.mpbio.com/docs/msds/ansi/e/MP_MSDS 201821 EN_ANSI.pdf
(accessed on 15 February 2013).
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Table4.86: Human health and environmental hazard profilefor |IDP

Hazard endpoint Finding Data source Study design Assessed robustness’Comment
Toxicokinetics 93.5% OECD QSAR | QSAR prediction of human intestinal Result reported to be undefined with regard
absorption by Multicase expert system to domain applicability, hence considered of
uncertain reliability
Irritation Skin Not irritating or OECD QSAR | QSAR prediction for severe skin irritation, Result reported to be undefined with regard
irritation/corrosion | corrosiveto skin by Bundesinstitut fiir Risikobewertung to domain applicability, hence considered of
(BfR) skinirritation/corrosion doubtful reliability
Not irritating or OECD QSAR | QSAR prediction for undefined endpoint, by | Result reported to be undefined with regard
corrosive to skin BfR skin irritation/corrosion to domain applicability, hence considered of
doubtful reliability
Eyeirritation Not irritating or OECD QSAR | QSAR prediction by BfR eye Result reported to be undefined with regard
corrosive to eye irritation/corrosion to domain applicability, hence considered of
uncertain reliability
Sensitisation Invivo - Skin Negative OECD QSAR | QSAR prediction by skin sensitisation, from | Reported to be within QSAR domain, hence
sensitisation Danish EPA Database considered acceptable
Genetic Invitro - Negative OECD QSAR | QSAR prediction for Amestest (S. Reported to be within QSAR domain, hence
toxicity Mutagenicity typhimurium ,strain and metabolic considered acceptable
activation status undefined), from Danish
EPA Database
Negative OECD QSAR | QSAR prediction for unscheduled DNA- Reported to be within QSAR domain, hence
synthesisin rat cells, from Danish EPA considered acceptable
Database
Negative OECD QSAR | QSAR prediction for DNA reactivity based | Reported to be within QSAR domain, hence
on Ashby fragments, from Danish EPA considered acceptable
Database
Negative OECD QSAR | QSAR prediction for mouse COMET Reported to be within QSAR domain, hence
Assay, from Danish EPA Database considered acceptable
Negative OECD QSAR | QSAR prediction for unscheduled DNA Reported to be within QSAR domain, hence
repair in anin vitro Syrian Hamster Embryo | considered acceptable
cell assay from Danish EPA Database
Negative OECD QSAR | QSAR prediction for unscheduled DMA Reported to be within QSAR domain, hence
repair in an invitro mouse bone marrow considered acceptable
assay from Danish EPA Database
Invitro— Equivocal OECD QSAR | QSAR prediction for chromosomal Reported to be within QSAR domain, hence
Chromosomal aberration inaninvitro COMET assay in considered acceptable
effect mouse cells, from Danish EPA Database
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Hazard endpoint Finding Data source Study design Assessed robustnessComment
Equivocal OECD QSAR | QSAR prediction for chromosome Reported to be within QSAR domain, hence
aberration in a Chinese Hamster Ovary considered acceptable
(CHO) assay, from Danish EPA Database
Invivo - Negative OECD QSAR | QSAR prediction for Drosophila sex-linked | Reported to be within QSAR domain, hence
Mutagenicity recessive lethal test, from Danish EPA considered acceptable
Database
Negative OECD QSAR | QSAR prediction for rodent dominant lethal | Reported to be within QSAR domain, hence
assay, from Danish EPA Database considered acceptable
Invivo— Negative OECD QSAR | QSAR prediction for mouse micronucleus Reported to be within QSAR domain, hence
Chromosomal assay, from Danish EPA Database considered acceptable
effect
Carcinogenicity Negative OECD QSAR | QSAR prediction based on FDA Cancer Reported to be within QSAR domain, hence
Female Mouse, from Danish EPA Database | considered acceptable
Negative OECD QSAR | QSAR prediction based on FDA Cancer Reported to be within QSAR domain, hence
Male Mouse, from Danish EPA Database considered acceptable
Negative OECD QSAR | QSAR prediction based on Mouse Reported to be within QSAR domain, hence
lymphoma, from Danish EPA Database considered acceptable
TDsgo = OECD QSAR | QSAR prediction by mouse Carcinogenic Reported to be within QSAR domain, hence
1000 mg/kg/day Potency Database (CPDB), from Danish considered acceptable
EPA Database
Negative OECD QSAR | QSAR prediction based on FDA Cancer Reported to be within QSAR domain, hence
Female Rat, from Danish EPA Database considered acceptable
Negative OECD QSAR | QSAR prediction based on FDA Cancer Reported to be within QSAR domain, hence
Male Rat, from Danish EPA Database considered acceptable
TDso = OECD QSAR | QSAR prediction by rat Carcinogenic Reported to be within QSAR domain, hence
1000 mg/kg/day Potency Database (CPDB), from Danish considered acceptable
EPA Database
Toxicity to reproduction No information
Developmental toxicity / Negative OECD QSAR | QSAR prediction based on FDA Teratogen | Reported to be within QSAR domain, hence
Teratogenicity Information System (TERIS), from Danish | considered acceptable
EPA Database
Other toxic Protein binding No alert found OECD QSAR | QSAR toolbox prediction No information on robustness of prediction
endpoints potential No alert found OECD QSAR | QSAR prediction by OASIS No information on robustness of prediction
Androgenreceptor | Log RBA = FDA EKDB QSAR prediction that IDP may show AR Reported to be within QSAR domain, hence
binding activity -10000 to -2.73 model binding potential, based on similarity (0.94- | considered acceptable
1) to di(2-ethylhexyl) adipate, dibutyl
adipate and di-i-butyl adipate
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Hazard endpoint Finding Data source Study design Assessed robustnessComment
Estrogen receptor ERBA = Negative OECD QSAR | QSAR prediction by estrogen receptor Reported to be within QSAR domain, hence
binding activity relative binding activity, from Danish EPA | considered acceptable

Database
ERB = 10% OECD QSAR | QSAR prediction by estrogen receptor Reported to be outside of QSAR domain,
binding activity (Multicase) hence considered of doubtful reliability
Non binder, non- OECD QSAR | QSAR prediction No indication identified that model was
cyclic structure operating outside of its operational limits
Log RBA =-10000 FDA EKDB QSAR prediction that IDPisinactivein ER | Reported to be within QSAR domain, hence
model binding, based on similarity to di(2- considered acceptable
ethylhexyl) adipate, cineole and suberic acid
Estrogen receptor Log RP =-10000 FDA EKDB QSAR prediction that IDP isinactive for the | Reported to be within QSAR domain,
gene activation model ER gene, based on similarity to di(2- hence considered acceptable
ethylhexyl) adipate, dibutyl adipate and di-
i-butyl adipate

Aquatic Taxa unspecified Growth OECD QSAR | QSAR estimation of growth by uTOX Reported to be within QSAR domain,

Toxicity EC5,=0.106 pg/L (Multicase) hence considered acceptable
Taxa unspecified Immobilisation OECD QSAR | QSAR estimation of immobilisation Reported to be within QSAR domain,

ECs, = 0.106 pg/L endpoint by uTOX (Multicase) hence considered acceptable
Taxa unspecified Mortality OECD QSAR | QSAR estimation for EC50 by uTOX Reported to be within QSAR domain,
ECs, = 0.106 pg/L (Multicase) hence considered acceptable
Bacteria Mortality ECyp = OECD QSAR | QSAR prediction for V. Fischeri, by uTOX | Reported to be within QSAR domain,
0.106 pg/L (5 (Multicase) hence considered acceptable
minutes)
Sources:

OECD QSAR Data obtained using OECD QSAR Toolbox at Internet site:
http: //mwwwy.oecd.or g/chemi cal safety/assessmentofchemi cal s'theoecdgsartool box.htnm#Download _gsar _application toolbox

FDA EKDB data obtained using FDA EKDB Database at Internet site:
http: //mww.fda.gov/ ScienceResear ch/Bi oi nfor mati csTool S EndocrineDi sruptor Knowl edgebase/defaul t.htm
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Environmental fate and behaviour and ecotoxicology

In the German Federal Environmental Agency List of Substances which are Hazardous to Water,
IDP is given a hazard class of 1 (i.e. low hazard to waters). Information from the Canadian
Domestic Substances also suggests the substance is neither persistent nor bioaccumulative based on
QSAR modelling, and that it does not meet the Canadian Environmental Criteriafor categorisation.
Reassurance as to its limited aqueous solubility is given by a report for the United States Army
NATICK Research and Development Center (Kaplan & Kaplan, 1985), which indicates that IDP
shows negligible water solubility (<2 mg/L). Although suggesting it is relatively stable, the authors
also note that it is susceptible to metabolism by esterases of microbia and mammalian origin,
followed by biodegradation via f—oxidation.

No other published ecotoxicity information was identified. A series of QSAR predictions of its
ecotoxic potential, drawn from a single source, apparently indicate a high acute toxic potential in
aquatic taxa, although the taxa affected in this way are not clearly identified (see Table 4.86). In
this respect, it is noted that the ‘uncertain’ finding by the Canadian authorities with regard to its
inherent toxicity to aquatic organisms appears to reflect the absence of any information on relevant
endpoints. Therefore, it appears that further research to better establish the aguatic toxic potential
of the substance may be appropriate before its suitability as a potentially less toxic alternative can
be fully assessed.

4.11.3.2 Comparison of hazards

There is a dearth of experimental data on this substance and only limited insight into some aspects
of its toxicity is available using QSAR modelling. Hence, any assessment of its overall human
health or ecotoxic potential should be regarded as tentative and subject to a considerable degree of
uncertainty. In particular, there is a lack of even basic understanding of its acute, repeat dose or
reproductive toxic potential.

Nonetheless, based on the limited available information, there appears to be little concern with
regard to its genotoxicity or carcinogenicity, and it does not appear to raise magjor concerns with
regard to its environmental fate or behaviour. There are some (isolated) suggestions that the
substance may cause lung irritation and skin effects but the validity of such warning has not been
possible to confirm. Also, there is a potential basis for some concern with regard to its predicted
potential to interact with the androgen receptor, suggesting that there would be a need to establish
its potential to cause endocrine disruption and, by inference, to affect the reproductive or
developmental functions of organisms before any conclusion could be reached with regard to the
overal risks posed to humans. Finaly, there is an indication, in the light of the limited QSAR
modelling undertaken, that further investigation of its aquatic toxic potential may be appropriate.

Table 4.87 summarises our tentative understanding of the hazard profile of IDP, in comparison of
that established for DBP. It should, however, be noted that there remains significant gaps in
understanding with regard to critical human health endpoints.
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Table 4.87: Hazard comparison of DBP with IDP

Hazard endpoint | IDP DBP
Human health
Acute toxicity
Uncertain
Irritancy (concerns regarding skin, eye and
respiratory tract)
Repeat dose Toxic
STOT Liver, kidney, testes
Reproductive toxicity 1B (malefertility)
Developmental toxicity 1B (males)
Data are insufficient to determine the

carcinogenic potential. No evidence of

Carcinogenicity carcinogenicity is available. The CSR
assumes that the substance is not a
carcinogen

Environment
Aquatic | Uncertain Very toxic
Other

Possible endocrine activity
Other issues (QSAR prediction of androgen receptor
interaction potential)

Note: grey cellsindicate areas where no relevant information is available

4.11.4 Economic feasibility

DEZA does not manufacture IDP as it is unfamiliar with the technology and process parameters
required for its production but, primarily, due to a lack of demand for the substance by the DUs.
Although IDPisan ester, it is currently not included in DEZA’ s product portfolio.

Importantly, due to the unproven technical feasibility of the substance from the perspective of DUs,
it is unclear whether any of them would actually use IDP as a substitute for DBP. Moreover, even
if IDP would prove to be technically feasible for some of the applicant’s customers, the volume of
current sales of DBP to propellant manufacturers that could be substituted with IDP would likely
only be very modest, due to the fact that IDP could only be used as a substitute plasticiser, thus
would be potentially suitable to replace <<10% of the tonnage of DBP currently used by the
applicant’s DUs.

As explained for other alternative substances, a certain minimum tonnage of ester has to be
manufactured before the economics of production become viable; the volume of current sales of
DBP to propellant manufacturers cannot justify the investment cost associated with the setting up of
a new production line for IDP, especially since DEZA would face strong competition from
established suppliers of the substance.

This alternative substance cannot be considered economically feasible for the applicant. Under a
refused Authorisation, sales of DBP to propellant manufacturers would be lost and could only be
replaced by a much more modest level of IDP sales, if any at all.
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Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 4.1.3

4115 Availability

4.11.5.1 Current and projected availability

Availability for the applicant

As discussed above, IDP is manufactured using technology that is unknown to DEZA and its
compatibility with the current esterification plant is uncertain as is uncertain the accessibility to the
acid precursor to IDP. The applicant cannot manufacture IDP at present.

Availability for the downstream users

From the perspective of the DUs, the market availability of IDPisgivenin Table 4.88.
Table4.88: Market availability of IDP

Alternative Dat_a . Market availability from the per spective of the downstream users
availability
- Uncertain availability
IbP verylimited | o REACH registered

4.11.5.2 Actionsrequired for improving availability
Availability for the applicant

For IDP to become available to the applicant the ability of the existing esterification plant to
manufacture IDP at sufficient quantities, if there a market incentive for doing so.

The Confidential Annex to this AoA explains the tasks that the applicant would have to undertake
in researching, trialling and starting the production of IDP at their plant. The time that would be
required for such production to be initiated at the industrial scale would extend beyond the Sunset
Date for the Authorisation of DBP even if DEZA started the process of researching the production
of IDP as soon as this AfA was submitted.

The conclusion is that the availability of the substance for the applicant would be unlikely to
improve in the foreseeabl e future.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section4.1.4

Availability for the downstream users

It is unclear whether and how the availability of IDP for the DUs may change in the future.
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4.11.6 Conclusion on suitability and availability of IDP

4.11.6.1 Technical suitability

The substance is not available to the applicant and it is manufactured with raw materials to which
the applicant has no access, therefore it may not be considered technically feasible.

From the perspective of DUs, IDP might potentially be usable as a plasticiser, but not as a
moderant. As such, it can be suitable only for a small percentage of the relevant products of the
identified DUs. The assessment of technical suitability made by some consultees is based on
assumptions rather than firm knowledge of the technical advantages and disadvantages of the
substance.

In summary, a meaningful comparison of technical suitability to that of DBP cannot be provided
given the virtually non-existent experience of the propellant manufacturers with the substance.

4.11.6.2 Reduction of overall risk

Based on the available information, there appears to be little concern with regard to potential
genotoxicity or carcinogenicity of IDP and it does not appear to pose major concerns with regard to
the environmental fate and behaviour. It must be highlighted, however, that the substance raises
potential concerns with regard to irritation, sensitisation and endocrine status, given that it was
noted that it may be active with the androgen receptor, and in the absence of any data on repeat dose
or reproductive toxicity, the possible significance of these findings is difficult to interpret, but is of
some concern. As the risks from exposure to DBP from its use in the formulation and subsequent
use of propellants are adequately controlled, the use of IDP would not result in discernible benefits
to DUS workers' health.

4.11.6.3 Economic feasibility

Given the uncertain uptake of IDP by DUSs, the applicant’s lack of knowledge over the production
conditions and the need to ensure that a minimum sales tonnage must be achieved before the
production of a new ester compound can be profitable, IDP cannot be considered economically
feasible for the applicant. Thisis particularly true because the amount of DBP currently used as a
plasticiser in propellants is considerably low.

4.11.6.4 Availability

From the perspective of the applicant, the substance is not available to him. Moreover, the future
availability of the substance is unlikely to change; the quantity of IDP that would be sold by DEZA
istoo small to justify the expense of setting up and operating a new production line for IDP.

Key point 19

IDP appears to perform poorly against DBP and may only be considered a potential substitute plasticiser. The
experience of propellant manufacturers with the substance is non-existent. Information on its hazard profile is scant and
guestions may be raised in relation to irritation, sensitisation and endocrine status, while risks from DBP are already
adequately controlled. Its economic feasibility and availability are unacceptable to the applicant
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5 OVERALL CONCLUSIONS ON SUITABILITY AND AVAILABILITY OF
POSSIBLE ALTERNATIVESFOR PROPELLANTS

51 Conclusions on the technical suitability of possible alternatives

In the preparation of this AOA, awide range of potential alternatives was looked into: non-energetic
alternative substances, energetic aternative substances and alternative propellant technologies. Of
these, only non-energetic chemica substances can be of relevance to the applicant and the focus of
this AoA has been on them, as explained in Section 3.1 above. The remaining theoretica
alternative solutions for DUs are discussed in Annex 7 of the SEA, where it is shown that they are
not technically and economically feasible solutions for the DUs.

Among the 10 potential alternative substances that have been shortlisted as the most relevant to the
manufacture of nitrocellulose-based propellants, the only one that is technicaly feasible for the
applicant is DEHA, as it is aready produced by the applicant in sufficient quantities. However,
DEHA is a known plasticiser and as such could only be feasibly used as a substitute for DBP in a
small minority of cases. Table 2.1 explains that <<10% of the sales/consumption of DBP in the
field of propellants relates to DBP's functionality as a plasticiser (as opposed to a moderant of the
burning rate).

No other potential alternative substance is manufactured by the applicant and their esterification
plant is incapable of manufacturing urea alternatives, i.e. centralites and Akardites. For al nine
selected potential aternative substances, issues would arise with regard to:

. theavailability of and/or access to precursors;
. thelack of knowledge of the parameters and conditions of the reactionsinvolved; and

. the very modest foreseeable demand for any of the potential alternative substances, which could
not justify the investment that would be required in securing the precursors and developing
knowledge of and implementing the required manufacturing technology.

A summary of our findings with regard to the technical suitability of the selected potential
alternative substances is given in Table 5.1. This Table focuses on the technical feasibility of the
potential alternative substances from the perspective of the applicant. An expanded version of this
Tableis provided in the Confidential Annex (Table 5.1), in which technical feasibility issues for the
DUs are aso summarised.

Table5.1: Overview of comparison of technical suitability of potential alternativesto DBP

Potentially suitableasa...

Data availability

Alternative | on potential for . Technical suitability to applicant
replacing DBP Moderant Plasticiser

- Not manufactured by applicant

- No accessto precursors

- Use of precursors would be very
problematic for technical and safety

Limited v x reasons

- Existing esterification plant cannot
manufacture urea derivatives

Methyl
centralite

Conclusion: Not technically feasible for the
applicant
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Data availability

Potentially suitableasa...

Alternative | on potential for

replacing DBP M oder ant

Plasticiser

Technical suitability to applicant

Ethyl

. imi v
centralite Limited

- Not manufactured by applicant

- No access to precursors

- Useof precursors would be very
problematic for technical and safety
reasons

- Existing esterification plant cannot
manufacture urea derivatives

Conclusion: Not technically feasible for the
applicant

Akardite | Very limited v

- Not manufactured by applicant

- No accessto precursors

- Use of precursors would be very
problematic for technical and safety
reasons

- Existing esterification plant cannot
manufacture urea derivatives

Conclusion: Not technically feasible for the
applicant

Akardite I Limited 4

- Not manufactured by applicant

- No access to precursors

- Useof precursors would be problematic

- Existing esterification plant cannot
manufacture urea derivatives

Conclusion: Not technically feasible for the
applicant

Akarditelll | Very limited v

- Not manufactured by applicant

- No accessto precursors

- Use of precursors would be problematic

- Existing esterification plant cannot
manufacture urea derivatives

Conclusion: Not technically feasible for the
applicant

DEHA Limited x

- Technology available to applicant
- Currently in production

Conclusion: Technically feasible for the
applicant, but infeasible for the vast
majority of propellants manufactured by
the DUs (especially small calibre
ammunition propellants)

ATBC Limited v

- Not manufactured by applicant

- Avalilability of precursors uncertain

- Conditions and parameters of
esterification currently uncertain

- Possible purity issues

- Plant conversion would be complex and
costly

Conclusion: Not technically feasible for the
applicant

TBC Limited v

- Not manufactured by applicant

- Avalilability of precursors uncertain

- Conditions and parameters of
esterification currently uncertain

Conclusion: Not technically feasible for the
applicant
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Potentially suitableasa...

Data availability

Alternative | on potential for Technical suitability to applicant

replacing DBP Moder ant Plasticiser

DOz Very limited x v

- Not manufactured by applicant

- Avalilability of precursors uncertain

- Conditions and parameters of
esterification currently uncertain

Conclusion: Not technically feasible for the
applicant

IDP

- Not manufactured by applicant
- Avalilability of precursors uncertain
- Conditions and parameters of

imi x v e . .
Very limited esterification currently uncertain

Conclusion: Not technically feasible for the
applicant

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 5.1

5.2

Conclusionson thereduction of risksthat possible alter natives may deliver

In relation to the comparison of hazards and risks between DBP and the selected potentia
aternative substances, a summary of findings by substance is presented in Table 5.2. Additionally,
Table 5.3 compares al potential alternative substances amongst themselves and highlights the
potential concerns that each one of the selected alternatives may raise, as detailled in the
Confidential Annex to the AoA. Thekey conclusions are as follows:

risks to the employees of the applicant’s DUs (propellant and ammunition manufacturers) are
currently adequately controlled below the effect threshold for DBP. Therefore, the substitution
of DBP by any alternative substance would not confer any discernible benefit to these workers
health. No risk to the user of propellant or ammunition or to the environment is envisaged from
the use of the ammunition that contains the DBP-based propel lant;

when the hazard profiles of alternatives are compared to that of DBP, it appears that the
alternatives generally have a more benign profile. For the endpoint for which DBP was listed
on Annex X1V of the REACH Regulation (reproductive toxicity), none of the selected potential
aternative substances appears to raise any concern, with the exception of DEHA, for which
there is some concern, in part because of its structural similarity to DEHP;

concerns may exist for the selected alternatives with regard to acute toxicity (generaly low),
irritancy (inhalation, skin and eye are affected by the mgority of the potentia alternatives),
repeat dose toxicity (ATBC), and aquatic toxicity (the majority of the potential alternatives).
Tentative concerns on the endocrine disruption potential of some (DOZ and IDP) have also been
raised in the Confidential Annex; and

the majority of the selected alternatives have not been adequately researched and many of the
preliminary conclusions reached in this AoA are based on alternative testing approaches. For
some of the potentia alternatives (Akardite| & 111 and IDP) the lack of information renders any
comparison to DBP extremely uncertain.
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Tableb.2;

Overview of hazards/risks of potential alternative substancesto DBP

Alternative

Data
availability

Comparison of hazard/risk profileto DBP

Overall
comparison

Areas of concern

Methyl
centralite

Limited

Probably safer
than DBP

I ssues with carcinogenic decomposition products in nitrocel lulose-based
propellants

Concerns about irritancy and effects on the aquatic environment
Majority of information on its key toxicologica and eco-toxicological
propertiesis based on alternative texting approaches

Less thoroughly investigated than DBP

Concerns about safety issues raised by precursors

Ethyl
centralite

Reasonable
(but still

gaps)

Possibly safer
than DBP

Issues with carcinogenic decomposition products in nitrocel lulose-based
propellants

Uncertainty regarding repeat dose toxicity

Concerns about irritancy and effects on the aquatic environment

Less thoroughly investigated than DBP

Concerns about safety issues raised by precursors

Akardite |

Very limited

Probably safer
than DBP

I ssues with carcinogenic decomposition products, but less problematic than
centralites

Concerns about acute toxicity, gap in understanding of itstoxic profilein
relation to repeat dose toxicity and reproductive toxicity

Unlikely to constitute the same level of environmental hazard as DBP

Less thoroughly investigated than DBP

Concerns about safety issues raised by precursors

Akardite Il

Very limited

Probably safer
than DBP

Issues with carcinogenic decomposition products, but less problematic than
centralites

Concerns about eye irritation

Limited degree of concern with regard to potential for genotoxicity in
mammalian species

Possible concern with regard to its acute aquatic toxicity

Less thoroughly investigated than DBP

Concerns about safety issues raised by precursors

Akardite Il

Very limited

Lack of
information;
comparison not
possible

Issues with carcinogenic decomposition products, but less problematic than
centralites

Some concerns regarding toxicity and ecotoxicity when assessed using
aternative testing approaches

Far less thoroughly investigated than DBP, significant information gaps
Concerns about safety issues raised by precursors

DEHA

Good (CSR)

Probably safer
than DBP

Higher DNEL values for workers than DBP

Concerns about reproductive toxicity

Recently placed on CoRAP in respect to its suspected CMR properties
Does not constitute an environmental hazard even at agueous concentration
above itslimit of solubility

ATBC

Good
(CSR*)

Safer than DBP

Higher DNEL values for workers than DBP have been proposed, though
robustness uncertain
Potential issues with aguatic toxicity and bioaccumulation potential

TBC

Reasonable
(CSR, but
still gaps)

Probably safer
than DBP

Classification for aquatic toxicity and uncertainty regarding environmental
behaviour

Acute effects on eye exposure

Less thoroughly investigated than DBP

DOZ

Reasonably
good (SIDS,
CSR)

Safer than DBP

No specific concern identified, no DNELs devel oped

Some concern regarding androgen receptor interaction potential when
assessed using alternative testing approaches, and with regard to ambiguous
senditisation data

IDP

Very limited

Lack of
information;
comparison not
possible

Potential concern regarding irritation and sensitisation

Uncertainty over aquatic toxicity

Some concern regarding androgen receptor interaction potential when
assessed using alternative testing approaches

Far less thoroughly investigated than DBP, significant information gaps

* No longer available on ECHA Dissemination Portal (as of 5 July 2013)
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Table5.3: Potential human health and environmental concernsfor the potential alternative substances

DBP Methyl Ethyl | akardite) | Akardite | Akardite | ey ATBC TBC DOZ IDP
centralite centralite 1 11
Human health
. . Slight/ ;
Acute toxicity Very low ﬁ','r%h)t ﬁ','r%h)t Moderate Slight No data Sllgihr:é)o rd, V((a(r))rlglc))w No data
(ord, inh)
Skin o Weak | Uneertan
Irritancy Inhalation Inhalation Skin (?) Ocular inhal ati’on Eye inhal ami,on (SKin, eye) (ocular,
Gl resp. skin, resp.)
Sensitisation No data No data No data No data No data Uncertain
E)i;i)g?ydose Toxic No data Uncertain No data No data No data Toxic Toxic No data No data
Liver, kII(Ii\r/ﬁery Kidney Liver
SToT Kidney, ovary & liver, ovary kidney
testes
uterus (?)
Reproductive 1B
toi?ci A (male No data No data No data No data No data Toxic No data No data
Y fertility)
Develop- 1B .
mental toxicity (Males) Moz Toxic
Genotoxicity Uncertain
Carcino- Yes
genicity Noeti, (mouse)
Ecotoxicity
Toxic - .
Aquatic Very toxic Toxic (long- Uncertain Uncertain Cg\zggégg Uncertain V?glfe ))(' ¢ Uncertain
lasting)
Terrestrial
STW/bacterial
Secondary
poisoning
Degrada- Degrada- Degrada- Degrada- Degrada- Androgen Androgen
Other tion tion tion tion tion receptor receptor
products products products products products interaction | interaction
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53 Conclusions on the economic feasibility of possible alter natives

Only one of the potential aternatives is currently manufactured by the applicant, DEHA. For this,
it has been shown that only a minor percentage of the current sales of DBP in the field of
propel lants would be possible to be replaced with sales of DEHA. Therefore, this substance cannot
be considered economically feasible for the applicant.

Among the remaining nine selected potential alternative substances, five are urea derivatives, which
the applicant cannot manufacture in their existing plant. Conversion to one of those would be very
long and exceedingly costly when considering the lack of certainty on the technical feasibility of
each of these substances for the DUs, as well as the very modest tonnage that DEZA would
foreseeably be able to successfully sell to their customers.

For the remaining four potential alternative substances, a costly plant conversion would probably
not be required; however, the development of expertise in their manufacture would take a
considerable time and the amount that the applicant would potentially be able to sell would be too
low to justify the associated expenditure in R&D and investment (particularly for DOZ and IDP
which might only act as substitute plasticisers). As above, the technical feasibility of these four
substances is yet to be confirmed through DUsS' R&D work, which is still on-going.

As summary of findings on the issue of economic feasibility isgivenin Table 5.4. The SEA further
discusses the costs for DUs, including users of ammunition and operators of military and civilian
aircraft, associated with the use of aternativesto DBP.

Table5.4: Overview of economic feasibility of potential alter native substancesto DBP

Lack of Plant
accessto incompatibility New_ . .
: production Conversion Foreseeable Competition
technology with S
; plant timeline salesvolume status
and alternative and X
. . required
expertise itsprecursors
Methyl v v v Very long Low Established
centralite (years)
Ethyl P v v Verylong Low Established
centralite (years)
Akardite | v v v Verylong Low Uncertain
(years)
Akardite 11 v v v Very long Low Esteblished
(years)
Akardite I11 v v v Very long Low Uncertain
(years)
Applicant has
Very low established
DEHA x x x Zero (<<10% of presence but
DBP sales) competitors
exist
Long (beyond .
v
ATBC x x Sunset Date) Low Established
Long (beyond .
v
TBC x x Sunset Date) Low Established
Very low
DOZ v x x '-S?Jr:]gsétbgya‘zg)d (<<10%of | Established
DBP sales)
Very low
IDP v x x Lszziébgy;t’gf (<<10% of Uncertain
DBP sales)
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54 Conclusions on the market availability of possible alter natives

A summary of our findings on the market availability of the selected potential alternative substances
is presented in Table 5.5, overleaf. Of al aternatives, only one, DEHA, is available to the
applicant. Phenyl ureas cannot become available without a new production facility and alternative
esters (other than DEHA) would require lengthy testing and development of the required knowledge
and technology before production at the industrial scale becomes feasible. The current demand for
DBP in the explosives sector is too low to make such a proposition financially viable and attractive.
With regard to the applicant’s access to the precursors to the alternatives, the Confidential Annex
(Section 4.1.2.2) explains in detail the issues that DEZA would face. The summary given in Table
5.5 would suggest that only for alternative esters availability of precursors might be acceptable.

From the perspective of DUs, the mgjority of potential alternatives are probably accompanied by
good market availability (in any case, the tonnage of alternatives that would be required is rather
modest), although uncertainties do exist for some of them, namely Akardite I, Akardite 111 and IDP.
Half of the selected potential aternative substances are yet to be registered under REACH.

55 Overall conclusion

From the perspective of the applicant, none of the selected potential alternative substances can be
considered suitable to replace DBP. The only alternative which the applicant can place on the
market (DEHA) would only be a potentially feasible plasticiser for <<10% of the total current usage
of DBP in propellants. Economically, this cannot be considered feasible, as DEZA would likely
lose its entire propellant-related turnover. It is recognised that in terms of hazard potential, the
available information would indicate that the considered potential alternative substances do not
raise concerns regarding their reproductive toxicity potential. Yet, many of the potential
aternatives are far less researched than DBP and could still be accompanied by concerns of their
own, both in relation to human health and the environment. It isimportant to note that, as shown in
the CSR, exposure to DBP is kept below the effect threshold during the formulation and use of
propellants and, as such, no discernible benefit to workers' health would arise from the use of any
of the selected potential alternative substances.

5.6 Planned future Resear ch and Development for the substitution of DBP

5.6.1 Research and Development for ammunition propellants

The applicant is not in a position to undertake extensive R&D for the development of a suitable
substitute for DBP in propellants. The quantity of DBP currently sold to propellant manufacturers
istoo small to justify major investment in the investigation and introduction of new technology that
would alow the manufacture of aternative substances other than DEHA, which is aready
produced.

On the other hand, propellant manufacturers have provided information on the R&D they have
undertaken so far and their plans for future R&D aimed at investigating and developing technically
and economically feasible alternatives for DBP in ammunition propellants. The general steps taken
in the investigation and implementation of an aternative moderant or plasticiser include the
following, as shown in Table 3.2:

Use number: 2 Legal name of applicant: DEZA, a.s. 215



ANALY SIS OF ALTERNATIVES

Table5.5: Overview of comparison of the market availability of potential alternativesto DBP

Market availability from the per spective of the applicant

Market availability from the per spective of the downstream

Potential D user

alternative at".ilab'l' ability of) Availability of/access to

substance availability fe\éﬁlnilcl) Ity of/accessto precursors Market status REACH registration status

9y Acid/carbony! | Alcohol/amine

Methyl Limited x ? Generally available Not REACH registered

centralite

e | Limited Not available asits manufacture x ? Generally available Registered under REACH
is b_‘"l‘?ﬁ on ter?hnol (lJ_gy not Potentially available. Some

: i avallable to the applicant; consul tees have experienced :

Akardite | Very limited |mp055| bleto manufacture ? v dlfflculty in Sourci Eg the Not REACH reglstered
with existing plant. substance

Akardite |l Very limited Zﬁé?;g%)gﬂzt![gq (I)jvnf(:;[r ? ? Generally available Not REACH registered
demand Uncerltai n ar\]/ailability._ Sognde

. . consultees have experienc :
? ?
Akardite 11 Very limited ’ . difficulty in sourcing the Not REACH registered
substance

Available — currently

DEHA Good manufactured at sufficient v v Available on the market Registered under REACH
tonnage
Not available as its manufacture : Registered under REACH

v
ATBC Good iss based on technology not ) Available on the market (assumed)
TBC Limited f'éva' |ab|_eb'F? the ?‘Prf’“c?‘”ff- v Available on the market Not REACH registered
— ompatibility with existing , ,

DOz Very limited plant is uncertain; testing and ? v Available on the market Registered under REACH
trialling are required.

IDP Very limited F““_“e production is not ? x Uncertain availability Not REACH registered
envisaged due to low foreseen
demand
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« literature review and internal discussion;

« assessment of the compatibility of candidate substitutes;
. laboratory scale testing;

« pilot plant scale testing; and

« industria scaletesting.

Propellant manufacturers have confirmed that they have started the investigation of potential
alternatives and the progress that has been made so far varies by company, as discussed in Section
3.2.1.2. Thecost of R&D that has been undertaken so far and the details of the planned future R&D
activities amed at replacing DBP are summarised in the Confidential Annex that accompanies this
AOA. The Annex shows that the expected duration of planned R&D will be several yearslong and
will entail asignificant financial cost.

It is very important to note that R&D will not be the only task involved in the substitution of DBP
in ammunition propellants. The reformulated propellants and the ammunition products that contain
these new propellants would need to be re-qudlified, as described in Section 2.3.2. The
Confidential Annex provides an extensive analysis of what the duration and cost of such re-
qualification be, following successful completion of the R& D phase by propellant manufacturers.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 5.6.1

5.6.2 Research and Development for aircraft pyrocartridge propellants

No R&D for the development of aternatives specifically suitable for aircraft pyrocartridges has
been undertaken. The Confidential Annex discusses the challenges, duration and likely cost of any
theoretical R&D for the development of a suitable functional alternative to DBP.

Additional confidential information is presented in: AoA Confidential Annex DBP Propellants
DEZA .pdf, Section 5.6.2
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