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CSTB French Scientific and Technical Centre forldng
DUHP Directorate of Housing, Urban Planning anddscape
ECHA: European Chemicals Agency

ECIA European Association of Cellulose Insulation

ECIMA  European Cellulose Insulation Manufactur&ssociation
EEA: European Economic Area

EFRA: European Flame Retardants Association

EINECS: European Inventory of Existing ChemicabSances

ETAs: European Technical Approvals

EU: European Union

HRV Health risk values

IUPAC: International Union of Pure and Appli€demistry
OoDT Odour detection threshold

OECD Organisation for Economic Co-operation and Develepim

REACH: Registration, Evaluation, Authorisation dRestriction of Chemicals

RCR Risk characterizations ratio

R&D: Research & Development

RMO: Risk management options

SDS: Safety Data Sheets

SMEs: Small and medium-sized enterprises

SVHC: Substance of Very High Concern
VOC.: Volatile Organic Compounds
WTP: Willingness to pay
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A. Proposal
A.1 Proposed restriction

Background:
In France, the Directorate of Housing, Urban Plagrand Landscape (DUHP) was informed by the

European Cellulose Insulation Manufacturers Assmnia ECIMA) and the French Scientific and
Technical Centre for Building (CSTB) that a growingmber of householders were complaining
about an ammonia smell following the installatiohcellulose insulation for sound or thermal
insulation in their homes. In 2012, ECIMA had retsmt 115 reports and had conducted in situ
measurements indicating ammonia concentrations of ap to 5 ppm.

The products in question were cellulose insulati@terials blown or sprayed (flocking) into attics
or walls. Until 2011, boron salts were added teséhmsulation materials as a flame retardant and
antifungal treatment. Boric acid has been substitubecause of its reproductive toxicant
classification (Category 1B according to RegulaifB&) No 1272/2008 on classification, labelling
and packaging - CLP). Manufacturers have repladesbet boron salts by flame retardants
containing ammonium salts, which account for 62&olof the total mass of the products.

According to ECIMA, by the end of 2012, around Z@Momes in France had been fitted with this
cellulose insulation containing ammonium saltspainufacturers combined.

On 14" of August 2013, the French Republic informed them@ission, the European Chemicals
Agency (ECHA) and the other Member States, in ataoce with Article 129(1) of Regulation
(EC) No 1907/2006 (safeguard clause), that it hegdifjable grounds for believing that urgent
action is essential to protect the public from es¢pe to ammonia released from ammonium salts in
cellulose insulation materials used in buildingse French Republic adopted a provisional measure
on 2% of June 2013 and published it in the Official Jwirof the French Republic off®f July
2013.

The Order of 2% of June 2013 on the prohibition of placing on tharket, import, sale and
distribution and manufacture of cellulose insulatimaterials with ammonium salts additives
prohibits the placing on the market, import, posseswith a view to sale or distribution, sale or
distribution and production of cellulose insulationaterials containing ammonium salts as
additives. These products must also be withdrawm fthe market in France and recalled at the
expense of the person responsible for first platiegn on the market.

A translation in English of the French Order isitalde in Annex 1.

Following the Commission Implementing Decision of"1of October 2013 authorising the
provisional measure taken by the French Repubhd, @ccording to Article 129.3 of REACH
Regulation, an annex XV restriction report has heepared within three months of the date of the
Commission decision.

The French Agency for Food, Environmental and Oatiopal Health & Safety (ANSES) has been
mandated by FR-MSCA to prepare this annex XV retsbn report.
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A.1.1 The identity of the substances

Inorganic ammonium salts are added to cellulos@lation for their flame retardant properties.
These substances used as additives in celluloséiim may lead to emission of ammonia gas
under certain conditions.

Such ammonium salts identified are the following:

- ammonium sulphate [CAS No 7783-20-2]
- ammonium dihydrogenorthophosphate [CAS No 7722]76
- diammonium hydrogenorthophosphate [CAS No 778828

Other ammonium salts may be u§eslich as ammonium chloride [CAS No 12125-02-9fasuate
[CAS No 7773-06-0], polyphosphate [CAS No 683339]%r bromide [CAS No 12124-97-9].
This is not an exhaustive list.

The substance of concern is ammonia, anhydrous [(%88-41-7].

Different cofactors promote ammonia emissions. Jtability of ammonium salts in such materials
may be affected by:

» Humidity rate, considered as a major factor;

» Other cofactors that may influence the stabilityadélitives in the final product:

pH (e.g. in case of plaster board contact);

Ventilation;

Temperature;

Content of carbon / calcium carbonate in the paped as raw material;
Formulations, composition of other additives (reaigt with other chemicals such as
biocides added to the mixture);

Production process (dmswet);

Type of installation (wet spray, “crusting” on ttog of cellulose insulation, vapour
barrier applied, distance to the roof in attic, etc

AN NN

AN

Assessment of RAC

RAC agrees that co-factors do influence the raterafmonia release and the concentration of
ammonia in the living area. In particular, the dymachamber tests have demonstrated that relative
humidity is the major co factors contributing t@ tlelease of ammonia.

! Flame Retardants: A General Introduction. WHO IPES/ironmental Health Criteria 192. 1997.
13
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A.1.2 Scope and conditions of restriction

Substances in the scope of that restriction prdpnsaammonium salts that are used in cellulose

insulation for their flame retardant propertiese$é@ salts can lead to ammonia emissions - whi
an irritant gas for mucous membranes and respyratact.

The conditions of the restriction are the followidgnmonium salts may be used only if emiss

chis

ion

of ammonia is below a threshold based on the DN&Ltihhe general population (sub acute,

inhalation route) and with respect to specificitggparameters.
The proposed restriction by the Dossier Submigtesi follows:

Table 1: Proposed restriction

Column 1. Designation of substanq Column 2. Conditions of restriction

Inorganic ammonium salts Shall not be placed onntlagket in cellulose insulation
from [12] months after of entry into force of thi

Regulation, unless:
- Emission of ammonia gas of such materials

Specification CEN/TS 16516 and:
- Specific test parameters are applied in terms

emission rate (0.5 frm2.h™). Cellulose insulation

use.

below 3 ppm according to the horizontal
measurement/test methods of Technjcal

duration (14 days), relative humidity (90 +/- b),
“Attic insulation” area specific emission rate (8.2
m®.m2h?), and “Wall insulation” area specific

of

thickness and density are adapted to the foreseen

Assessment of RAC and SEAC

During the opinion making process RAC and SEAC Camtees have considered the scope
conditions of the restriction proposal in theiressnents.

SEAC has accepted as such the initial proposdie@bDiossier Submitter, which is also reflected
the draft SEAC opinion subject to a Public Congidta(in the period March-May 2015). Howevg

after considering the comments received from stalkielns, SEAC concluded a longer transit

(than the initial 12 months) of 24 months woulddmpropriate to provide the manufacturers v

more sufficient time to develop more stable ammionhased blends. More info is provided un
the paragraph 4 of this section.

and

1 in
2,

on
Vith
der

RAC, however, and after considering some infornmateceived during the public consultation &

certain recommendations expressed by Forum foe mlarifications, has suggested some chat

ind
nges
er.

to the legal text compared to the initial restoistproposed in the Annex XV restriction doss
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Their main

changes concern the following:

a) The restriction should make cleareat th covers both articles and mixtures

of

cellulose insulation material treated with ammonisalts that is placed on the market.

(paragraphs 1 and 2);

b) A provision on the requiregthnical specifications imposing that documentatio

and any packaging of the corresponding celluloseilation material should clearly

indicate the final conditions of use for mixtureslarticles (paragraph 2);

c) A derogation for mixturesadllulose containing ammonium salts that will navé
to comply to the emission limit, if used to prodysanels that have been tested
found to comply to the conditions of the proposesiriction. According to RAC, thi

and

exemption would allow for techniques and technoltm¥ye used to ensure compliarnce

of the final product placed on the market with #memonia emission limit. Therefor
the obligation will be on those placing on the nedrkellulose mixtures treated wi

inorganic ammonium salts or insulation articles emdtcom cellulose treated with
inorganic ammonium salts, to develop a stable méxtor article that achieves this

requirement.

ih

Therefore, the modified legal text, as reflected in the adopted RAC opinion, reads as follows:

Substance

Conditions of restriction

Entry [#].

Inorganic ammonium salts

1. Articles containing cellulose mixtures treated

market or used, afterdd/mm/yyy$f, where the
period during the duration of the tdstvould

ppmV (2.12 mg/ms3).

2. Cellulose mixtures treated with inorganic

or used, after'dd/mm/yyy§, where the release
of ammonia in a 24hour period would result in

(2.12 mg/m3).

2 RAC recommended the transition period to be fixed following discussions at SEAC

3 Test/test me

thod to be confirmed by CEN. The Commission confirmed their intension to develop, by the entry into

force of this regulation, technical specifications for the testing of mixtures or articles containing cellulose treated with
inorganic ammonia salts under standard room parameters (size, ventilation) at 90% relative humidity for a period of
at least 14 days were followed.

4 RAC recommended the transition period to be fixed following discussions at SEAC
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with inorganic ammonium salts, intended for the
purpose of insulation shall not be placed on the

release of ammonia from the article in a 24hour

result in an emission of ammonia greater than 3

ammonium salts intended for the purpose of in
situ insulation, shall not be placed on the market

an ammonia concentration greater than 3 ppmV

The technical specification documentation and
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any associated packaging, as relevant, should
clearly indicate the conditions of use including
the maximum loading rate permitted of the
cellulose mixture, given in density and thickness,
to comply with the maximum 3 ppmV (2.12
mg/m3)emission limit for ammonia in a 24 hr
period.

3. By way of derogation to point 2 above, mixtures
of cellulose insulation treated with inorganic
ammonium salts which are only used for the
manufacture of cellulose insulation articles do
not have to comply with the 3 ppmV (2.12
mg/m3)emission limit of ammonia where it can
be shown that the article placed on the market or
used has been tested and complies with
paragraph 1.

Scope:
1-lnorganic ammonium salts

As far as the problem of gas-phase ammonia emisbiorcellulose insulation is currently
understood, it is hypothesized that the releasanohonium ion in wet conditions is a necessary
step. This hypothesis seems to be coherent witlaittethat relative humidity (% RH) during the
CSTB tests (see section B.9.3) plays a crucial wotk a clear increase of ammonia emission for
values > 80% RH close to the breakpoint in humidot of several inorganic ammonium s4its
Moreover, this hypothesis seems to be coherenttivittknown chemistry of ammofiia

In inorganic salts of ammonium the strength of ¢hemical bonds between ammonium and the
counter-anion is weak (ionic bonds based on van/Nials forces). As a consequence when these
inorganic salts are hydrated (most of them beirghs&meously hygroscopic with few exceptions)
chemical bonds can be broken by water. This diasiodi is induced by dipolar moment of water
molecules and the free ammonium ion can then undstgpplementary chemical/biochemical
reactions or equilibriums to transform into gaseannsnonia.

NH4" + H,O <> NH; + H30Jr

For instance ammonium sulphate is highly solubleater and must be stored in a dry place. In the
presence of moisture or in solution, it decompas&sa strong acid (sulphuric acid) and ammonia
gas. In contact with an alkaline functional groipeacts to release ammonia gas. Lime, plaster and
cement are all alkaline and can theoretically r@attt ammonium sulphate. In one of the dossiers
(CCTV 2013a) the release of ammonia occurred dfterlaying of a concrete screed that might

*http://www.atmos-chem-phys.net/6/755/2006/acp-6-2666.pdf
®https://uwspace.uwaterloo.ca/bitstream/handle/LBBEB/Rocsana%20Pancescu%20Thesis_5_.pdf?sequence=1
"https://pubweb.bnl.gov/~xujun/research/98JPCpagér.p
®http://nepis.epa.gov/Adobe/PDF/3000017U.PDF
*http://www.geo.uu.nl/Research/Geochemistry/kb/Kremigebook/NH4 _dissociation.pdf
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have promoted such a reaction, while in anothersidosit occurred when in contact with
Placoplatre® plasterboard partitions.

For these reasons it appears coherent to extenfietdeof the proposed restriction to the entire
family of “inorganic ammonium salts”. No specifiatd from scientific literature or experimental
results (CSTB tests, Maupetit F, 2013a,b) has bdentified that could help to modulate this
option: during the tests performed by the FrencRE# 2013, at least 3 different inorganic salts
demonstrated the capability of gas-phase ammoniergéng when incorporated in cellulose
insulation (see section A.1.1 for the identity ledde substances).

Furthermore, it can be mentioned:

» Concerning the generation of ammonia upon hydratiomvater, equilibrium is established
between ammonium ions and dissolved ammonia gathdfmore, not all of the dissolved
ammonia would react with water to form ammoniumsioA substantial fraction remains in
the molecular form in solution (given that ammoisia weak base). It must be noticed that,
as far as we look into the release of the dissodmadhonia gas, the quantitative indication
of this release is given by the strength of itsebamization constant of ammonia. This
constant is affected only by temperature and presdtherefore, for ammonium salts the
degree of generation of free-ammonia is correlab@ihly to the solubility of this salt in
water. It is relevant to note that this chemidaygical property is influenced by
temperature and pH (therefore it is also relatetiéocchemical nature of the salt).

» Concerning the stability of the ammonium saltsndéiest, for the whole group of inorganic
ammonium salts, extreme cases cannot be excludedewong their behaviour upon
hydration. For example, ammonium carbonate and amunobicarbonate present multiple
significant release pathways and free ammoniagsifesantly generated from the aqueous
equilibrium but also by the readily decompositian darbon dioxide and ammonia via
different routes. On the other hand other inorgamtmonium compounds, as for example,
ammonium hexachloroplatinate, are poorly solublég(<L) and relatively stable that
ammonia’s release patters are negligible.

It should be noted, though, that the ammonium s#ltisiterest for the cellulose applications are
simple inorganic ammonium salts, therefore commaetystalline salts highly soluble in water 10 -
500 g/L. Overall, their behaviour upon hydratiorddhe mechanisms to release ammonia can be
normally considered the same: ammonia-water désarpnd decomposition of the salt (melting
and boiling are not really significant).

Overall, for the majority of inorganic ammonium tsal(incl. ammonium sulphates and
polyphosphates which are the more interesting @sdahcellulose applications...), the behaviour
upon hydration and the mechanisms to release ananoam be normally considered quite similar.
Therefore a grouping entry based on the salts Igyaliehaviour upon hydration could be
considered justifiable.

2-Cellulose insulation

This restriction proposal is based on French teigdance data. All cases were related to a recent

installation of cellulose insulation. Dynamic chamnbests performed by the French Institute CSTB

have verified the stability of additives for suclterials treated with ammonium salts, in conditions

of high humidity (at 90% RH) that may be encourderddditives are in the form of powder (solid

form) and are mixed with cellulose fibers. The &&téd cellulose insulation materials all presented
17

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finlandl| ¥358 9 686180 | Fax +358 9 68618210 | echa.aleop



BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
INORGANIC AMMONIUM SALTS

in varying degrees ammonia emission profiles (fiemw ppm to more than 200 ppm), reflecting
instability of ammonium salts in these products.

CSTB has tested 2 bio-based insulation materiagdsted with ammonium salts by liquid

impregnation, to compare with cellulose insulati@sults. For the same test conditions, only
residual concentrations of ammonia have been deteess than 1 ppm). Liquid impregnation
leads to a better stabilization of ammonium sadt®gare to a mix of a powder (solid form of the
salts).

According to these data, this proposal focusesetinlose insulation materials only.

3. Proposed test

The test proposed is based on the Technical Spatiih CEN/TS 16516: "Construction products -

Assessment of release of dangerous substancesmidadtion of emissions in indoor air".

This standard is used to simulate, in a reducel $eat chamber, volatile pollutant emissions of a
construction product used in a defined referenoenr(see section B.9.3).

Emissions are generated in the test chamber umhelitons which are kept constant during the

test. These conditions are selected so that thedsslts can be expressed in terms of chemical
concentrations in the air of the reference roomthed compared to a specific threshold.

The specific emission rates determined using treshmical Specification are associated with

application of the product in a defined EuropearfeRce Room under specified climate

(temperature and humidity) and ventilation condisio

According to the standard, the temperature durireg@mission test shall be 23 + 2 °C and the
relative humidity (RH) as input to the emissiontteeamber of 50 + 5 %. However, as wet

conditions (rain, fog, etc.) were considered asomepnditions favoring ammonia emissions and

the appearance of odors, a “worst-case” relativaititly of 90% is proposed to test the stability of

ammonium salts.

In France, the Observatory on Indoor Air Qualityd®) undertook in 2003 a national campaign in
dwellings in order to draw up a state of the indaor quality. Completed in 2005, it allowed
collecting much information about 570 houses regmtive of the 24 million houses in continental
metropolitan France. More than 30 parameters, dicturelative humidity, have been measured in
several rooms. In half of the dwellings, relativarhdity is below 49%. In 5% of the dwellings, it
exceeds 63.1% in the bedrooms and 64.7% in the mibens (OQAI 2007).

The statistical distribution is given in Table The maximum value measured was 81%.

Caution must be exercised when comparing theseurerasnts with the RH levels used for the
tests, for several reasons:

» The relative humidity in the attic is closer to ttetative humidity of the outside air than to
that inside the building.

» The OQAI measurements correspond to an integraterthge over one week. During this
time interval, variations in the RH level may habeen observed, with RH levels
occasionally higher for shorter periods.

» The RH levels in the humid rooms (kitchen and ladhr in particular) may be higher than
those measured in the bedroom and living room.

To make an actual comparison between experimeatahpeters and the environmental parameters
(relative humidity in particular) measured in vaisoFrench regions, a quick review of the annual
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data from the French weather bureau (Météo Frarulcted in Nancy, Nice, Brest and La Pesse

shows that:
» The relative humidity of the outside air is gredtean that of the inside air,

> In the outside air, relative humidity of approximigt90% for several days can be observed
quite frequently (e.g. in Nancy, Brest and La Pesse

The value of 90% has been chosen as “worst-cagestdhe stability of ammonium salts.

Apart from the relative humidity which is a devatifrom the CEN/TS 16516 standard, specific
parameters are proposed regarding cellulose theskaed density.

Insulation thickness varies among Member State®rdipg on national weather conditions and

building regulations/requirements. Insulation timeks applicable in roofs in Europe could

therefore be up to 10 times much important in tleedid countries than in the South of Europe, as
illustrated in the following Figure (Papadopoulo802). The range 10-30 cm seems the most
realistic practice in European countries.

Insulation thickness applicable in roofs
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Figure 1: Evolution of insulation thickness applida in roofs in Europe (Papadopoulos 2005)

The value of cellulose insulation density of 40rkg.corresponds to French practices for attic
insulation. The amount of cellulose insulation iempkented, was established from data
communicated by ECIMA to CSTB (dated 12/11/2012). The very large majodf use of

cellulose insulation was attic insulation by spiegdhe cellulose insulation on an open horizontal

surface.

The use by injection into the walls seems exceptid@n construction sites where complaints were
observed (in France), the average quantity of lmsuinsulation implemented was 12 kd.mvith
an average thickness of 30 cm, giving a densit0dfg.n?>.

19 European Cellulose Insulation Manufacturers Asstmi.
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It should be noted that density may be higher fall msulation (through insufflation or injection)
as explained in section B.2. Attic scenario is @nefd as it corresponds to most of health issues
identified by toxic-vigilance in France.

According to what was reported by CSTB institutetba analysis of ammonia emissions from
cellulose insulation tested in 2013, all Frenchutese isolation containing ammonium salts, which
emitted ammonia under humidity rate of 90%, emitteding the first 14 days (see CSTB
confidential annexes). Therefore, the durationhef whole test procedure for measuring ammonia
emissions per each sample of cellulose insulateom lze reduced to 2 weeks. CEN/TS 16516
standard refer to the measurement of short-terns®om at 3 days and the measurement of long-
term emission at 28 days after material instaltaiiothe test chamber.

Specific “cellulose insulation” test parametersgmeed are summarized in the following Table:

Parameters Reference room (according tg Units
ISO 16000 standards)

Duration 14 d

Temperature 23 +/- 2 °C

Relative humidity 90 +/-5 % HR

«_Attlc insulation » area specific 1.5 - 1

air flow rate

«_WaII insulation » area specific 05 < J

air flow rate

Cellulose thickness / density 30 cm / 40 kg.ni cm / kg.m®

Table 2: Specific “cellulose insulation” test paraters proposed

For the general population in this exposure situmtihe proposed (ANSES) subacute-inhalation
DNEL for irritation is 1.3 mg.iff (1.7 ppm). Considering ammonia concentration imévwrooms
are expected to be approximately two times Idfveompared to emissions measured in the
dynamic “worst-case” test proposed here, the tlulesbf 3 ppm is proposed.

This value is similar to the mean odour detectlfmeshold (ODT) of 2.6 ppm calculated by Smeets
et al. (2006).

To conclude, the dynamic test at 90% RH can be tesedrify the stability of the additives for such
construction products treated with ammonium satiden conditions of high humidity that can be
found in reality. CSTB tests have shown the techirfeasibility of this test:

» Some biobased construction products treated withm@mum salts pass these tests
successfully. As such, they have no ammonia emmgsiofile (more or less rapid increase
followed by a slow decrease) but a residual ammaaacentration below 1.7 ppm
(generally below 1 ppm).

" parameters used in CSTB tests (based on data auicated by ECIMA - European Cellulose Insulation
Manufacturers Association).
12f the air flow conditions are the same in differéest chambers used between these two typestef see section
B.9.1.
13 See confidential annex (not published): develogroéa standardized method of characterizatiomahania
emissions from building products treated with amimonsalts. CSTB. Final report (19 September 20R8port SC-
2013-106.
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» The 11 cellulose insulation products tested in #tigdy and in a previous study all had
varying ammonia emission profiles, thus reflectthg unstable nature of the ammonium
salts additives in these products (from few ppmtoe than 200 ppm).

» For these 11 products, the ammonia emissions weseys released before day 14 of the
test (out of a total test duration of 28 days orejhowhich should enable the duration of the
dynamic test at 90% RH to be decreased to 14 days.

Regarding economic feasibility, this test is estadao cost around 1000 euros per material placed
on the market. This cost has been included indk@®sconomic analysis (section F).

Assessment of RAC

RAC noted that the public consultation did not sdvarther information on the standards for the
thickness of cellulose insulation except the infation that the average insulation thickness|for
cellulose insulation in Slovenia is 30 cm in ro@sd attic and 22 cm in walls wood frame
constructions. These values are within the rang@0s80 cm that was identified by the dossier
submitter and used by RAC to assess the loadiegarat exposure.

4. Justification to propose a transitional period

On one hand, in principle, the transition periodidd give enough time to all relevant stakeholders
(manufacturers, importers, wholesalers and reddli¢is) to enable them to adjust their production
and sales processes under technical, economidjgataand regulatory point of views once the
proposed restriction has come into force, namekyntpinto consideration the fact that many
manufacturers and installers of cellulose insutatice small and medium sized companies.

On the other hand, for the implementation of tipiscific restriction proposal there is a need to be
in coherence with the use of the article 129 wtsapports a short transitional period after entry
into force of the restriction.

The main reason why the cellulose insulation ingusill need a transitional period is represented
by the time needed to carry out the R&D in ordedéwelop a safe and environmental alternative
formulation (e.g. boron and ammonium-free) with teme capacity of fire retardation if the
dedicated emission test show that the celluloselatisn releases ammonia over the threshold of
the proposed restriction. It is very difficult tstenate the time needed for developing a new
formulation but the research process by the ingustems to be already on going and the first
results of the French research project should béadle already by the end of 2014.

From the stakeholders’ consultations it seems thatlfernative fire retardants would have to be
added again as powder formulation, no major investnm new machinery nor major adaptations
of the equipment seem to be required by the caulosulation industry. However, in some cases
according to the chemical properties of the sulzgtsnn the alternative blends, the production
process might need to be slightly changed whicHdcouply minor investment costs in order to
ensure the technical feasibility.

Considering the fact that cellulose insulation maduct that takes a lot of space, stocks’ leaets
relatively low. In average, during the stakeholde@nsultation, the volumes of final products
stored by the European cellulose insulation ingustere found limited to less than a week of
production. Therefore, the depletion of stocks loamone quite quickly and it is not considered as a
relevant element for establishing the transitiongaeof the proposed restriction.
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The time required for the adoption of the testingttmod does not seem in contradiction with the 12
months proposed by this restriction. According lie testriction proposed, no development of a
harmonised EU standard on the measurement of amamemissions is needed but only an
adaptation of the testing parameters.

Some time could be needed for practical and reguylateasons by responsible ERublic
Authorities to inform markets and all concernedoest(EU and non-EU authorities) about the
change in EU legislation and to get prepared toreefthe restriction.

The fewimporters of cellulose insulation could also neeths time to inform non-EU suppliers
(especially from Switzerland) and customers abbet ¢thange in EU regulation and to take the
necessary measures in order to comply with thisicgen.

On the other hand, as the cellulose insulationhzes@ a long service period of around 60 years it is
important to avoid having a too long transitionalipd as this will increase the exposure potential
for the general public to ammonia and the costs dlcaupants will have to afford to re-insulate
their housings.

In coherence with the article 129 of REACH Reguolatand for the reasons mentioned in Section
D.3, a transitional period of 12 months is consdereasonable for cellulose insulation market
operators and for public authorities to adapt ® réquirements of the proposed restriction and to
minimize the transaction costs related to dissetiminaof information and to perform voluntary
compliance control measures. For the proposedictstr therefore a shorter transitional period
could involve implementation problems on the EU ke&ra longer one would create a risk for
human health and would not be in coherence witm#eel of urgent action for this restriction.

Assessment of RAC

RAC does not suggest a certain period as this idecshould be taken by SEAC taking into
account when an appropriate testing method will dwailable. Uncertainties regarding the
appropriateness of the testing method are the messon why RAC believe that a transitional
period is justified. CEN experts confirmed that testing method proposed by the dossier submitter
(CEN /TS 16516 that was developed for volatile aigaompounds) could in principle be used for
inorganic ammonia salts. However the Commissiomasaltation of the CEN experts in Dec
2014/Jan 2015 also revealed that the conditiortieofest chamber may need some adaptations to
be used for testing of inorganic compounds. Ongaiegelopment at CEN/Commission level jon
the testing method are discussed under sectiorl2. 2

Assessment of SEAC

During the public consultation on the draft SEAGnign, information was requested on what
would be a reasonable transition period. One comnederred to the time needed for an alternative
to boric acid and stated: “...As an alternative i dmly suitable way, neither 12, 18 nor 24 months
are reasonable”. Another comment stated: “... The @seg transition, also with 24 months, is fa
too short. Developing an ammonium-free and boree-blend or in case of needing to develop
new stabilised ammonium blend would need more tilde.specific technical information was
provided to explain what an “alternative reasonatsbnsition period (e.g. 18 or 24 months) coul
be. SEAC acknowledges that significant time maypdéeded to develop new blends of stabilise
ammonium salts. On the other hand, it is anticgbttat some fire retardant suppliers may already
have developed stabilized stable ammonium blenalgivie manufacturers sufficient time to find
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fire retardant suppliers with appropriate blendsocdevelop more stabilized blends, SEAC
proposes a transition period of two years [24 mgjnth

- Any derogations, conditions and/or monitoring obatigns

Cellulose insulation can be installed indoor ordowtr. It could be argued that cellulose insulation
to be installed outdoor should be exempted becauseuld eventually emit outside the living
environment. Such products could be labeled, spagithat the article is only intended for outdoor
use. Outdoor applications are better describedisral (wall) applications. However, in practice
it seems very difficult to ensure that this typeceflulose insulation, that is exactly the saméhas
meant to be installed indoor (use of material iterimal wall), would not be installed inside the
living environment, namely if such products woulecbme less expensive than the others. Forum
will assess the enforcement problems related te timtion of labeling for outdoor cellulose
insulation and RAC and SEAC will assess if an extamnpshould be foreseen. However, for the
dossier submitter of the proposed restriction nengptions should be foreseen as potentially all
cellulose insulation may be installed indoor anghdty contribute to direct human exposure.

The test proposed is based on the Technical Spatdn CEN/TS 16516: "Construction products -
Assessment of release of dangerous substancesrnidedtion of emissions in indoor air". The
specific emission rates determined using this TeahnSpecification are associated with
application of the product in a defined EuropearfeRce Room under specified climate
(temperature and humidity) and ventilation condisioThis European Reference Room corresponds
to a little living room and is not directly appllde in this proposal for industrial premises,
warehouses, commercial areas or places of pubdienasly (different dimensions and ventilation
conditions).

Concerning the monitoring obligation, the detectiomits of the analytical methods must be
sufficient to respect the proposed ammonia threshol

A.2 Summary of the justification
A.2.1 Identified hazard and risk

The insolation with cellulose insulation represeamtsinority part of the market for insulation, but
its growth is exponential. Until end of 2011 mostlee cellulose insulation was treated with boric
acid / borates in France for biocidal and flamangdnt properties. Ammonium salts were used as
alternatives because of reprotoxicity classifiaaiiBepr. 1B) of boric acid / borates.

However, in Francé it was decided to ban adjuvanted cellulose wittmamium salts because
these salts might lead, under certain conditiospgeially of humidity), to ammonia emissions.
Due to the high volatility of ammonia, it spreadefprentially in the attic rather than residential
premises but may enter the living rooms.

Hazard

14 French decree of the 21st of June 2013 on thelptiom of import, sale, distribution and manufaetwf cellulose
wadding insulation materials with ammonium saltitidels.
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Acute and chronic toxicity of ammonia via the irdtadn route is mainly due to the irritating effects
of the substance, in the airway or ocular mucosa.
The dose-effect relationship for ammonia is sumnpearin the table below (inhalation exposure):

Concentration of NElin ppm in the air Probable effects from acute exposure

<1-17 Limits to olfactory detection (habituation)

5-20 Discomfort in noraccustomed individue

25-50 Slight irritation in nose and throat

50-80 Mild irritation in eyes and throat

100-140 Irritation in eyes, nose, throat, watergsey

2500 - 4500 (accident) ggorr:]ci::ospasm, pulmonary oedema, fatal in approxwelst

Rapid death by suffocation and pulmonary oedema, sk
damage due to corrosivity
Table 3: Summary of dose-effect relationship fomamia (inhalation exposure)

10,000 (accident)

The different selected human health risk values \(HRund in the literature and the DNEL
derived by the lead registrant for the general patpn are therefore all based on these effects.
The (ANSES) subacute inhalation DNEL of 1.3 md.fi.7 ppm) used in this proposal is also
based on this critical effect, taking into accowsceptible population sub-groups such as
asthmatics.

Exposure and risk

Few data regarding ammonia exposure of general lgib@u is available in relationship with
cellulose insulation. Dynamic tests performed bg #rench Institute CSTB have verified the
stability of additives for such materials treateithvammonium salts, in conditions of high humidity
(at 90% RH) that may be encountered in reality. All tested cellulose insulation materials
presented in varying degrees ammonia emissionl@sofirom few ppm to more than 200 ppm),
reflecting instability of ammonium salts in theseghcts.

Ammonia concentrations have been calculated usiegWell-Mixed Room (WMR) model and
results of CSTB tests. In particular the statistaigtribution of the levels of relative humidity
(weekly average) measured inside French housinguamdonia emission rate for the less stabilized
cellulose insulation tested have been used (wast-approach). Risk characterizations ratio (RCR)
calculated with these exposure estimates and \mighproposed subacute inhalation DNEL for
irritation are above 1.

The number of exposed persons is subject to greaertainty given the uncertain future
development of this young market and in view of ¢lrentual changes of the specific concentration
limit value of boron compounds in mixtures. The drebased formulations (blends including,
among other substances, boric acid and/or boramiirgde the market (around 95%) and are the
most used compounds in the different formulatioddea to cellulose insulation manufactured
within (and outside) the European Union. About PB0, tonnes of cellulose insulation are yearly
placed on the EU market. The volume of cellulosiliation containing ammonium salts currently
marketed inside the EU is estimated at 15,000 ®(a®und 5%, both produced and imported).

French toxic vigilance data identified in 2012 andthe first semester of 2013 about 40 people
showing irritation of the upper airways, cough, /@ndronchospasm symptoms. In few cases the
symptoms were more severe such as asthma decortipengaver the same period, 20,000

housings were insulated in France. Near the odmashold, persons exposed to ammonia can
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experience annoyance and believe the odour to Ielisance. A Manufacturers Association
(ECIMA) identified more than 100 complaints in Feanand on Internet forums many complaints
were made, indicating that toxic vigilance datalddae underestimated.

Other possible sources of ammonia

Ammonia is used in household cleaners, floor waaes window cleaning products. Household
ammonia cleaners typically contain lower levelswimonia (between 5 and 10% in water).
However, for each French toxic vigilance dossiegpple lived in a house insulated recently with
cellulose insulation. It could be a new buildingaor old renovated housing. For each situation one
or more exposed person smelled a characteristiarosfoammonia gas ("urine”, "cat urine"). As
part of the corrective measures, cellulose insaatvas removed in most of the dossiers, which was
followed by a rapid recovering of the symptoms -ewhthey were present - and a rapid
disappearance of the unpleasant odour.

Despite the lack of robust measurements data, rémeck committee of toxic vigilance coordination
CCTV has considered — in the majority of the cadéely the causality of cellulose insulation with

regard to the origin of symptoms (see annexes 3tand

A.2.2 Justification that action is required on a Umon-wide basis

The proposed restriction covers cellulose insufatontaining ammonium salts and placed on the
European market.

The justification to act on a Union-wide basis orggfrom the need to avoid different legislations
among the Member States with the risk of creatimgqual market conditions:

» The proposed restriction would remove the potdgtdiktorting effect that current (French) and
potential future national restrictions may havelonfree circulation of goods;

* Regulating ammonia emisions from cellulose insatathrough union-wide action ensures that
all producers in different Member States are tbaiean equitable manner;

» Acting at Union level would ensure a ‘level playifigld’ among all producers and importers of
the cellulose insolation.

Although no health cases due to emitted ammoni& feemd in other Member States than France
up to date, there is no reason to believe that ammosalts used in cellulose insulation in other

EU Member States could not develop similar heatbds in the future. Several cases of ammonia
exposure have been reported from treated celluhssgation in the US.

A.2.3 Justification that the proposed restriction § the most appropriate Union-wide
measure

In summary, the main conclusion of the analysisheneffectiveness/risk reduction capacity of the
proposed restriction, as indicated in section E; ar
* Risk reduction capacity: the proposal is targeted to allow a complete redncdf the
identified risks (i.e. eye and respiratory irricat) for consumers in all Member States. The
restriction proposal is expected to regulate thgosure to indoor ammonia emissions from
cellulose insulation containing ammonium salts.
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The proposed threshold for ammonia emission isr8 ppsed on the subacute inhalation
DNEL for general population should not represenbmplete ban, as confirmed by several
stakeholders (cellulose insulation manufacturedsfarmulators).

Implementability: in the best case (no emission from the Europednlas¢ insulation
containing ammonium-based formulations) the impletagon by the industry will only
consist in proving through emission tests the lackmmonia emissions. If this would not
be the casehe stabilization of ammonium-based blends remaifesasible option (this fact
is confirmed by formulators). Moreover, even if doris not considered by the Dossier
Submitter as a desirable option, currently it sélains for the industry the best technically,
economically and legally feasible option. Therefare all cases, there are no concerns
regarding implementability of this restriction givéhe possibility to stabilize and given the
availability of boron-based formulations althougiistoption is not desirable under a health
view point. Industry actors concerned will be atdecomply with this restriction at least in
the short run by using boron, while consumers calddide to choose another cellulose
insulation material.

Coherence with art. 129:given the existence of an economically and tedcllyideasible
(although not desirable) alternative blend andpibesibility to further stabilise ammonium-
based formulations, the restriction shall be ajaplie 12 months after amendment of Annex
XVII of the REACH Regulation enters into force.

Proportionality: if the current cellulose insulation on the EU nwridoes not emit
ammonia, as claimed by the industry, the main etstents of the proposed restriction
would be reduced only to the cost of testing ammamissions (around 1000 euros per
year per manufacturer). In case the cellulose atigul is proven to emit ammonia, the main
costs would be the R&D to find such new formulaticand the additional price of the
formulations, in front of a risk reduction capacity100%. Moreover, as in the future it can
be expected that the specific concentration lirhtia@on compounds could be lowered from
5.5% to 0.3% this restriction would leave a dooempo the main currently existing
alternative blend based on ammonium salts withamdemning the cellulose insulation
industry”®. Therefore in terms of proportionality versus riskuction capacity, this option is
considered to be the most proportional measurer(asd total cost values at EU level).
Enforceability: the compliance to this restriction on ammonia eiorss from cellulose
insulation by all relevant actors (producers, int, and distributors) can be checked by
the responsible authorities. The required contfgroducers, importers, and distributors is
in line with regular monitoring procedures and dbaii entail any specific challenge.

Monitorability: results of the implementation of this restriction ammonia emissions
from cellulose insulation may be primarily monitdrthrough enforcement by measuring
the ammonia emissions from cellulose insulationemals which are placed on the EU
market. Tailored indicators such as “Number of dele insulation which emit ammonia
above the established limit” or “Number of RAPEXtifioations related to cellulose
insulation emitting above the established limit"“dlumber of dossiers opened by Poison
Centres related to health cases from cellulosdatien” can be suggested in order to assess
the effects of this restriction proposal.

As reported in section C, among all the existirgnieques or process changes to be combined with
the use of the available ammonium-based formulatiororder to avoid/reduce ammonia emissions
(such as degassing/or a standard storage periodtpruse, vapour barriers, liquid impregnation,

15 Communication of ECHA on Boric acid, Disodiumoatadte tetrahydrate, Disodiumoctaborate anhydradtéj&rch
2014: http://lecha.europa.eu/fr/view-article/-/joalrrcontent/titie/rac-delivers-sixteen-clh-opinions
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etc.) are not sufficient to address the probleny tmé¢ stabilization of the blends seem effective in
terms of risk management and economic proportignali

Based on the arguments described in section E,comcluded that a restriction based on ammonia
emission under REACH Regulation is the most raelisffective and proportionate option to
manage the health risks related to ammonia emigsiamcellulose insulation.

The proposed option establishes a ban on the plaminthe market of all cellulose insulation (no
matter if intended for indoor or outdoor use) emgtmore than3 ppm of ammonia within 24
months after adoption (i.e. phase-out by beginoing017).

Analytical methods exist for determining the enmassi of ammonia from cellulose insulation based
on technical specification CEN/TS 16516. The hanzeation at European level of the proposed test
method, including sampling and sample preparatechriiques, is recommended in order to
guarantee the reliability and reproducibility obéytical results across Member States.

This option seems a fair option for the industryitdeaves a door open for the use of ammonium
salts in stabilized blends if the manufacturer elfutose insulation demonstrates that it does not
emit more than the established limit. This mearat tthose manufacturers who would have
succeeded to stabilize their ammonium based fotiongwould be allowed to keep placing on the
market their cellulose insulation.
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B. Information on hazard and risk
B.1 Identity of the substances and physical and checal properties

B.1.1 Name and other identifiers of the substances

Inorganic ammonium salts are added to cellulos@lation for their flame retardant properties.
Such ammonium salts identified are the following:

- ammonium sulphate [CAS No 7783-20-2]
- ammonium dihydrogenorthophosphate [CAS No 7722]76
- diammonium hydrogenorthophosphate [CAS No 778828

Other salts may be us€dsuch as ammonium chloride, sulfamate, polyphaspbabromide. For
most manufacturers, the exact composition of tibti@ds is unknown: it is therefore not possible
to establish an exhaustive list of ammonium sdits fare used as flame retardant in cellulose
insulation.

The substance of concern is ammonia, anhydrous [G#88-41-7]. This section focuses therefore
on that substance:

Substance name: ammonia, anhydrous
IUPAC name: ammonia

EC number: 231-635-3

CAS number: 7664-41-7

Molecular formula: HN

B.1.2 Composition of the substance

Not relevant for this proposal.

B.1.3 Physicochemical properties

Data mainly obtained from the public registrationtbe ECHA website
(http://lecha.europa.eu/web/guest/information-omthbals/registered-substances; date of access
November 28 2013).

Property Value Remarks

Molecular weight 17.03 g/mol

Physical state at 20°C and | gaseous Colourless, ammonia-like odour

101.3 kPa

Melting/freezing point -77.7 °C

Boiling point -33 °C

Vapour pressure 8611 hPa at 20°C

Surface tension No data are available fdrhis endpoint is waived in accordance with

anhydrous ammonia Column 2 of Annex VIl of the REACH

Regulation as the substance is a gas at room
temperature.

18 Flame Retardants: A General Introduction. WHO IPE&/ironmental Health Criteria 192. 1997.
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Property Value Remarks

Water solubility 482 g/L at 25 °C Very soluble imter

Partition coefficient n- 0.23 at 20 °C

octanol/water (log value)

Flash point No data are available fomhis endpoint is waived in accordance with

anhydrous ammonia Column 2 of Annex VIl of the REACH as the
substance is an inorganic gas

Flammability / Explosive Flammable gas Anhydrous ammonia was found to be
properties flammable, with a lower explosion limit of 16%
and an upper explosion limit of 25%
Self-ignition temperature 651 °C
Oxidising properties Not predicted to be | This endpoint is waived in accordance with
an oxidising agent Column 2 of Annex VIl of the REACH

Regulation as the substance is incapable of
reacting exothermically with combustible
materials on the basis of its chemical structure

Granulometry Not relevant This endpoint is waivedccordance with
Column 2 of Annex VIl of the REACH
Regulation, as the substance is a gas

Stability in organic solvents| No data A waiver is proposed for this endpoint in

and identity of relevant accordance with column 2 of Annex IX of the
degradation products REACH Regulation as the substance is inorganic
Dissociation constant 9.25 at 25°C

Viscosity Not relevant as the

substance is a gas

Conversion factor: 1 mg/fre 1.414 ppm (v/v)

Table 4: Physicochemical properties of anhydrousnamia

B.1.4 Justification for grouping

This restriction proposal addresses inorganic anumorsalts. For most manufacturers, the exact
composition of the additives is not publicly avhlk it is therefore not possible to establish an
exhaustive list of ammonium salts that are usedlaase retardant by the cellulose insulation
industry. The grouping of ammonium salts is justifsince their use in cellulose insulation forithei
flame retardant properties might lead, under cer@onditions — especially of humidity, to
ammonia emissions which is the substance of corafeims proposal.

Assessment of RAC

During the public consultation information was reee with respect to the various forms |of
inorganic ammonium salts on the market. Two distoategories of salts were identified

(1) Short-chain (low cost €1, 000 per tonne) ammonitnosphate compounds covering Mono,
Di and Tri-ammonium phosphates which are primatiged as fertilisers because they
release ammonia readily.

(2) Ammonium poly-phosphates (€3,000-€5,000 per tonfbg public consultation comment
indicated that ammonium poly-phosphate, have bemreldped specially for the flam
retardant industry.

D
]
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Information in the dossier on the exact type of amimm salt used is quite limited to determine if
there is any differentiation between short chairlofg chain phosphates. While some types of
ammonium salts may be more prone to emit ammonigmthne right conditions than other types.
Overall, for the majority of inorganic ammonium tsal(incl. ammonium sulphates anpd
polyphosphates) behaviour upon hydration and thehar@sms to release ammonia can| be
considered as quite similar. Therefore, in the abtsef such evidence (e.g. on low emitters) and
insufficient data RAC agrees to a general emis$iioit and a grouping approach for inorganic
ammonium salts.

B.2 Manufacture and uses

Cellulose insulation is composed of around 85-90ve$ from recycled paper (mostly newspapers,
phone books, shipping boxes, etc.). The remainR@3 is composed of a blend of fire retardants
and anti-fungal agents. Loose-fill cellulose insiola is therefore considered as a mixture. Celkilos
insulation compressed in rigid or semi-rigid panate considered as articles according to the
definition given in the article 3.3 of REACH Regiiden.

The level of details of data provided in Materiaf@y Data Sheets consulted varies strongly
among manufacturers. The following examples shouaildéel and less detailed information
provided in the MSDS of some cellulose insulation:
> 88 % cellulose insulation + 12 % ammonium dihydragéhophosphate [CAS No 7722-76-
1].
> 91 % cellulose insulation + 9 % “mineral nitrogeait’s
» Cellulose insulation + “flame retardant” or “progtiary blend of inorganic flame retardant”.

In these reported cases the mixture in not claskdéiccording to CLP Regulation 2008/58/EC (as
inorganic ammonium salts are not classified).

For confidentiality reasons, only scarce informatigere obtained on the exact ammonium-based
formulations used (including exact type and amowiteammonium salts and biocides used) in
cellulose insulation production inside and outdlte EU. The type and relative percentages of each
substance used by manufacturers of cellulose itisalare likely to differ considerably depending
on the national requirements for obtaining the hexdd Approval in terms of biocide and flame
retardation, on the strategic choices done by tlmufacturer in terms of Euroclass, on the
functions covered by the substances used and ativeeprices.

Confidential compositions of formulations tested G$TB in 2013 are available in a separate
annex.

About 250,000 tonnes of cellulose insulation ararlyeplaced on the EU market. The volume of
cellulose insulation containing ammonium salts ently marketed inside the EU is estimated at
15,000 tonnes (around 5%, both produced and inghorte

The boron-based formulations (blends including, @gnother substances, boric acid and/or borax)
dominate the market (around 95%) and are the ns®st compounds in the different formulations
added to cellulose insulation manufactured witlimd( outside) the European Union.

According to several formulators, a typical boraséd formulation is 4% boric acid + 8%
aluminium hydroxide / trihydrate or magnesium safighas the most used fire retardants for
cellulose insulation. Boron compounds are usechélimit of their specific concentration limit
(according to CLP Regulation).
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B.2.1 Manufacture, import and export of a substance
Manufacture

The production process of cellulose insulation Widesed all around Europe starts with recycled
newsprint/paper, which is initially ground downangmall bits, around 5 cm long. Afterward the
paper is sorted out and waste - such as plastigpirg, metals (staples...) - is removed.

Next, additives are added to aid in fire-retardatamd to prevent mould growth. The blends t of
additives are in the form of powder (solid form)daare mixed with fibres. This process may be
followed by a high speed fiberization process kyriader that diminishes the size of the fibres to
about 4 mm. Lastly, the insulation obtained is \weiw and compressed (to maximize the amount
transported and reduce transportation costs) békirgy bagged.

Throughout the process, a filtration system mayvalihe collection of paper dust.

Major steps of the process are synthesized inalh@ring Figure:
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Figure 2: Cellulose insulation manufacturing (Nr@awebsite, 2013)

From one plant to another the manufacturing proces®t exactly the same, although all main
phases are very similar. For example, some plasgsefiners that reduce additives into very fine
powder while others use the blends of additivestyas delivered by the formulators. If the blend
powder would be too fine it could block the machieg (distribution, aspiration or filtration
systems).

According to the European Cellulose Insulation Asstion (ECIA), the overall estimated
European production of the cellulose insulationfiaround 250,000 tonnes per year. The European
actors involved in the production and sale of de#la insulation are between 40 and 50.

The estimated market value for such volumes ofitmde insulation is around 100 million of Euros
per year.

The following Table presents the number of ideetifproducers of cellulose insulation inside the
EU, estimation of the number of employees in pradacof cellulose insulation in the EU and the
share of EU production in the internal market.

Inside the EU | Outside the EU but
exporting to the EU
Number of identified producers of cellulose insalat 40 10
Number of identified producers of cellulose inswaatwith 6 ?
ammonium salts
Number of employees in production of cellulose lagan 400-500 ?
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Number of employees in production of cellulose lagan 25 ?
with ammonium salts

Table 5: Main data on the production of cellulossulation inside the EU

Employment

Based on indications from a stakeholder, ANSESmassuhat between 400 and 500 staff is directly
employed in producing cellulose insulation produotghe EU. This estimate is based on simple
equation suggested by the industry. To produce0D0@nnes per year around 12 people are needed
in the production department, two people are neadetthe office and 5 people in the selling
department. This gives 17 people per 10,000 tomeesannum. If the EU market of cellulose
insulation is around 250,000 tonnes then a goodnatt would be around 500 employees.
However, highly automated production processes nughsiderably reduce the personnel needed
for the production.

Direct employment in the European production ofutese insulation containing ammonium salts
(estimated at around 15,000 t/year) should be ar@snpersons. Indirect employment (distributors
and installers) should be much larger but it islhafeasible to estimate.

Import and export

The fact that cellulose insulation is a cumbersomagerial with a low added value highly increases
the costs of transport and consequently the prdesellulose insulation when it is transported.
Therefore, the cellulose insulation being imporiaetb the EU or exported outside the EU
represents a very little share of the market. Impod export flows seem to concern mainly
neighboring countries such as Switzerland.

According to ECIA’, import and export of cellulose insulation areo2 of the total EU market
of cellulose insulation. The percentage for impand export of cellulose insulation containing
ammonium salts is estimated to be negligible ifstdered that less than 5% of the EU market use
ammonium. Therefore, an estimate of less than @00es of EU imported and exported cellulose
insulation still containing ammonium salts might densidered as a correct estimation. The main
non-EU producer, Isofloc from Switzerland, claintd osing ammonium salts in its production that
is exported to Austria, Italy and France, but othaller non-EU producers exporting to the EU
might still use such formulations and export tleeilulose insulation to the EU market.

Second hand market
Although cellulose insulation is a recyclable apdsable product, there should be no or very little
second hand market in consideration of the fad tiva installation and removal costs are quite

high. It is assumed that people moving to a diffetmiilding will not remove their insulation from
the old place to the new one.

B.2.2 Uses

Cellulose insulation is used in wall and roof ciegt(attic) to separate thermally and acoustically
the inside and outside of the building.

" European Cellulose Insulation Association.
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The common standard by which insulation is measuRedalue, is the level of resistance to heat
flow. R-value measures conductive resistance -alfilgy of a material to impede the flow of heat
along the continuous chain of matter that makesagwlid material. Most of a home’s heat is
typically lost through conduction. Cellulose is notusual in this regard. Like many insulation
materials, it provides an R-value of approximateh3.5 per inch of thickness. The higher the R-
value, the greater the insulating effectiveness.

The most common types of materials used for lodsm$ulation include cellulose, fiberglass, and
mineral (rock or slag) wool. All of these materiase produced using recycled waste materials.
Cellulose is primarily made from recycled newspriMost fiberglass contains 20% to 30%
recycled glass. Mineral wool is usually producemhfr75% post-industrial recycled content. These
three materials can be compared as Stuch

» Cellulose: R-value/inch = 3.2-3.8

» Fiberglass: R-value/inch = 2.2-2.7

» Rock Wool: R-value/inch = 3.0-3.3

Depending on insulation needs and the buildingethee several methods of application:

1- Spreading in the open air or blowing cellulose lason

Spreading the air was performed by blowing dry fibers on an open horizontal surface. At a
density of between 30 and 40 kd/mellulose insulate floors and uninhabitable attic

The use of this method requires special attentiaiié design of the partition to prevent dampness
and condensation by penetration.

2- Insufflation or injection of cellulose insulation

Dry cellulose insulation can be insufflated / ingt with a density between 45 and 70 kiimder
pressure to a closed horizontal or vertical sutface

This method has a good ability to complete andHi# empty space with a seamless insulating layer
and without compaction. Cellulose insulation mayapplied for floors, walls and partitions.

18 Source: US Department of Energy. http://energyguergysaver/articles/types-insulation
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Figure 4: lllustration of injection of cellulosesnlation (NrGaia website, 2013)

3- Flocking or wet screening of tissue

The flocking of tissue involves projecting the veettmaterial (with or without natural binder) at a
density between 40 and 50 kg/on open vertical and horizontal walls (limitedchriess).
The flocking of cellulose insulation provides a quaut surface and without any subsidence.

Figure 5: lllustration of cellulose insulation fleing (NrGaia website, 2013)

Cellulose insulation may also be used as artidem(i-rigid panels), as illustrated in the following
figure.

Figure 6: lllustration of cellulose insulation palse
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Cellulose insulation is flammable, and prone to gltering. In order to prevent flaming or
smouldering combustion, cellulose insulation istied with flame retardant additives.

Ammonium salts are used as additives of such naddgefor their flame retardant properties. This
use corresponds to the scope of this restrictiopgmsal.

The mechanism for imparting durable flame retaohatio cellulose is that of increasing the
guantity of carbon, or charcoal, formed insteadahtile products of combustion, and flammable
tars. Salts that dissociate to form acids or bapes heating are usually effective flame retardants
Salts of strong acids and weak bases are the rffestiee compounds. Ammonium and amine salts
are generally effective, as are Lewis acids anddasither by themselves or when formed in
combustion (WHO 1997).

To illustrate that property, ammonium salts suchmasoammonium phosphate or ammonium
sulphate are used in some fire extinguishing posder

Ammonium salts have many other uses especialllyamtanufacture of fertilizers.

B.2.3 Uses advised against by the registrants

Not relevant in this proposal.

B.2.4 Description of targeting

Ammonium salts are used as additives in the ca®lansulation for their flame retardant
properties. This use corresponds to the scopeisfréistriction proposal. The use of ammonium
salts as flame retardants in any other type oflatgun, any other mixture or article is not covered
by this restriction proposal. Moreover, other useammonium salts, are also not covered by the
restriction proposal.

B.3 Classification and labelling

B.3.1 Classification and labelling in Annex VI ofRegulation (EC) No 1272/2008
(CLP Regulation)

Ammonia, anhydrous [CAS No 7664-41-7]

CLP Classification (Table 3.1):

Press.Gas

Flam. Gas 2 — H221 (Flammable gas)

Skin Corr. 1B — H314 (Causes severe skin burnsegadiamage)
Acute Tox. 3 — H331 (Toxic if inhaled)

Aquatic Acute 1 — H400 (Very toxic to aquatic life)
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B.3.2 Classification and labelling inventory: indwstry’s self-classification(s) and
labelling

Other Hazard Classes and Hazard Statement Codégedaccording to CLP criteria and
mentioned in some of the 38 Aggregated Notificat(@LP inventory consulted in November
2013):

Eye Dam. 1 - H318 (Causes serious eye damage)

STOT SE 3 - H335 (May cause respiratory irritation)

B.4 Environmental fate properties
B.4.1 Degradation
If released to the atmosphere, the half-life fon@mia in the atmosphere was estimated to be a few

days; the reaction with acid air pollutants resutte formation of ammonium aerosols that can be
removed by wet or dry deposition (HSEB

B.4.2 Environmental distribution

Not relevant in that proposal.

B 4.3 Bioaccumulation

Not relevant in that proposal.

B.4.4 Secondary poisoning

Not relevant in that proposal.

B.5 Human health hazard assessment

Ammonia (CAS No 7664-41-7) has both natural antirapogenic sources. It is a key compound in
the global nitrogen cycle. It is formed in the bodyring decomposition of organic materials.
Information on the distribution of endogenouslyguwoed ammonia suggests that any 4;NH
absorbed through inhalation would be distributedltdody compartments via the blood, where it
would be used in protein synthesis or as a budiied, that excess levels would be reduced to normal
by urinary excretion, or converted by the livegtatamine and urea.

This section does not present a full hazard asssgsai ammonia, as this substance has already
been subject to numerous reviews and risk assessmeorts (e.g. ATSDR 2004, WHO IPCS
1986). In the following, endpoints are presented lnefly discussed only if they are relevant for
this restriction proposal. Moreover, this secti@mtuses on inhalation route which is the most
appropriate route for a gas in this restrictionpmsal. Local airways effects are also especially of

19 Hazardous Substances Data Bank. Website consaitdtbvember 201http://toxnet.nim.nih.gov/cgi-
bin/sis/htmlgen?HSDB
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concern as this restriction proposal comes fronicteigilance data: mainly symptoms of mucosal
irritation (nose, eyes, throat) and airways (ctisecB.10 risk characterization).

Most of the information presented in this sectiobased from the following sources:
v' Toxicological profile for ammonia, ATSDR, SeptemR€04
v' The INDEX Project - Critical Appraisal of the Setgiand Implementation of Indoor
Exposure Limits in the EU, Joint Research Cenaaudry 2005
Chemical Safety Report, Lead Registrant of amm¢amaydrous), August 2010
Risks related to gaseous emissions of green abgdee thealth of surrounding populations,
walkers and workers. ANSES. June 2011 (French)
v" The Nordic Expert Group for Criteria DocumentatafrHealth Risks from Chemicals: 137.
Ammonia. NR 2005:13

v
v

B.5.1 Toxicokinetics (absorption, metabolism, distbution and elimination)

Absorption (inhalation exposure)

Inhaled ammonia is mostly retained in the uppepira®ry tract and is subsequently eliminated in
expired air. Absorption data from human inhalatexposure support that only small amounts of
ammonia are absorbed into the systemic circuld&dlmerman et al. 1949; WHO 1986).

At low concentrations, inhaled ammonia dissolvesthe mucous fluid lining of the upper
respiratory tract and little reaches the lower ays¢ At ammonia levels associated with ambient air
(i.e., 1 - 20Qug.m>), very little, if any, is absorbed through thedsn

Experiments with volunteers show that ammonia, néigas of its tested concentration in air (range
= 40-350 mg/r), is almost completely retained in the nasal mad@8—92%) during short-term
exposure, i.e., up to 120 seconds (Landahl andntéemn 1950). However, longer-term exposure
(10—27 minutes) to a concentration of 350 nitfesulted in lower retention (4—30%), with 244-279
mg.m? eliminated in expired air by the end of the expesperiod (Silverman et al. 1949),
suggesting an adaptive capability or saturatiorthef absorptive process. Nasal and pharyngeal
irritation, but not tracheal irritation, suggedtattammonia is retained in the upper respirat@gtir
Unchanged levels of blood-urea-nitrogen (BUN), pootein nitrogen, urinary-urea, and urinary-
ammonia are evidence of low absorption into thetlo

Absorption (through the eye)

Ammonia is readily absorbed into the eye; it wasnfibto diffuse within seconds into cornea, lens,
drainage system, and retina (Beare et al. 198&d0and Golden 1973). However, amounts
absorbed were not quantified, and absorption ip$tesnic circulation was not investigated.

Distribution (inhalation exposure)

Ammonia that reaches the circulation is widely rilistted to all body compartments although
substantial first pass metabolism occurs in therliwhere it is transformed into urea and glutamine.
Information on the distribution of endogenouslygwoed ammonia suggests that any 4NH
absorbed through inhalation would be distributedltdody compartments via the blood, where it
would be used in protein synthesis or as a budiied, that excess levels would be reduced to normal
by urinary excretion, or converted by the liverglatamine and urea. If present in quantities that
overtax these organs, WHis distributed to other tissues and is known talé®xified in the brain
(Takagaki et al. 1961; Warren and Schenker 1964).
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Metabolism and elimination

Ammonia and ammonium ion are metabolized to urebglimamine mainly in the liver (Furst et al.
1969; Pitts 1971). However, it can be rapidly cotee to glutamine in the brain and other tissues
as well (Takagaki et al. 1961; Warren and Schedlé&4). Studies using low levels of ammonia
show that inhaled ammonia is temporarily dissolwvethe mucus of the upper respiratory tract, and
then a high percentage of it is released backth@expired air.

Absorbed ammonia into the systemic circulation Xxsreted by the kidneys as urea and urinary
ammonium compounds (Gay et al. 1969; Pitts 197@¢h&ds et al. 1975; Summerskill and Wolpert
1970), as urea in feces (Richards et al. 1975),aandomponents of sweat (Guyton 1981; Wands
1981), but quantitative data are lacking.

B 5.2 Acute toxicity

There are many cases of human deaths resulting inb@ation of ammonia reported in the
literature (as reviewed in ATSDR 2004). Most ofgleeports relate acute accidental exposure to
ammonia gas. A review of the old literature on ammadoxicity cites acute exposure to 5,000-
10,000 ppm as being rapidly fatal in humans (Hesmleland Haggard 1927; Mulder and Van der
Zalm 1967) and exposure to 2,500—-4,500 ppm as Hatagin about 30 minutes (Helmers et al.
1971; Millea et al. 1989). Immediate deaths resglfrom acute exposure to ammonia appear to be
caused by airway obstruction while infections atfteo secondary complications are lethal factors
among those who survive for several days or weeks.

Several studies on human acute toxicity are aladable.

In an inhalation exposure study (Silverman 1949)n&le human volunteers were exposed to
ammonia at a concentration of 500 ppm for 30 mmutgng an oral-nasal mask. All 7 experienced
upper respiratory irritation, which lasted up to Bdurs in 2 of the volunteers. Two subjects
experienced marked lachrymation, in spite of theosure being by oro-nasal mask. No coughing
was noted.

In an inhalation exposure study, six humans wepmsad to 30 and 50 ppm for 10 minutes (Mac
Ewen et al. 1970). Four out of six human subjeetcdbed moderate irritation of the nose and eyes
when exposed to 50 ppm (but not 30 ppm). All ofgbbjects rated the odor as “highly penetrating”
at 50 ppm and 3 subjects gave the same rating ppB0

In another study, ten human subjects were expasehbl finutes to concentrations of 32, 50, 72 or
134 ppm in a dynamic chamber. 3 subjects exposetRtppm of ammonia gas for 5 minutes
experienced eye, nasal, and throat irritation (stdal Bio-Test Laboratories 1973).

More recently, a study investigated the acute raspiy effects of low ammonia exposure on
healthy persons (Sundblad B-M 2004). Twelve hegtdngsons underwent sham or ammonia (5 and
25 ppm) exposure randomly in an exposure chambéirere occasions. The exposure duration was
3 hours, 1.5 hours resting (seated) and 1.5 hoxescising (50 W on a bicycle ergometer).
Symptoms were registered repeatedly before, duang, after the exposure on visual analogue
scales. Bronchial responsiveness to methacholurgy function, and exhaled nitric oxide (NO)
were measured before and 7 hours after the expdsuagdition, nasal lavage was performed, and
peripheral blood samples were drawn before andurshafter the exposure.

This study showed that the inhalation of ammoniaaf®l 25 ppm) causes symptoms but no
inflammatory reaction in the upper airways, no ralen in the levels of exhaled NO, and no
alteration in bronchial responsiveness to methaohoh healthy persons. The ratings of irritation
and CNS effects were all significantly higher dgriexposure to 25 ppm of ammonia than during
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the control exposure. With 5 ppm of ammonia somthefratings (discomfort of the eyes, solvent
smell, headache, dizziness, and feeling of intdikiog were significantly increased. Furthermore,
for all the ratings except “fatigue” and “feeling iatoxication”, there was a clear and significant
dose-response relationship.

Studies in animals indicate that the acutely lethadosure concentration depends on the exposure
duration. Exposure frequency also appears to beémgortant factor in determining lethality.
Continuous exposure to 653 ppm for 25 days resutiedearly 64% lethality in rats, whereas
intermittent exposure (5 days/week, 8 hours/daylearly twice this concentration was tolerated for
42 days (Coon et al. 1970). It appears that masear more sensitive than female rats to thelletha
effects of ammonia (Appelman et al. 1982; Stupfedle1971). Animals exposed to acutely lethal
concentrations show severe lesions in the respyratact that are similar to those observed in
humans.

The available human and animal data provide strewigence that acute-duration exposure to
ammonia can result in site-of-contact lesions pritp®f the eyes and the respiratory tract. Even
fairly “low” airborne concentrations (35 mgi.e. 50 ppm) of ammonia produce rapid onset of
eye, nose, and throat irritation, coughing, andaveing of the bronchi. More severe clinical signs
include immediate narrowing of the throat and swg|l causing upper airway obstruction and
accumulation of fluid in the lungs. This may resnltow blood oxygen levels and an altered mental
status. Mucosal burns to the tracheobronchialdegealso occur. Children may be more vulnerable
to corrosive agents than adults because of thdemagmeter of their airways (JRC, 2005).

Ammonia is classified Acute Tox. 3 — H331: Toxigrhaled.

B 5.3 Irritation

The irritant properties of ammonia have been extehsstudied in human studies.

Ammonia is an irritant and the primary and most iedmate effect of ammonia exposure is burns to
the skin, eyes, and respiratory tract. The toplemhage caused by ammonia is probably due mainly
to its alkaline properties. Its high water solulilallows it to dissolve in moisture on the mucous
membranes, skin, and eyes, forming ammonium hydeyxhich causes liquefaction necrosis of
the tissues (Jarudi and Golden 1973).

The eye is especially sensitive to alkali burns.ronia combines with moisture in the eyes and
mucous membranes to form ammonium hydroxide. Amomanhydroxide causes saponification
and liquefaction of the exposed, moist epitheliafaces of the eye and can easily penetrate the
cornea and damage the iris and the lens (CCOHS; W88y et al., 1992). Damage to the iris may
eventually lead to cataracts (CCOHS, 1988).

Irritant properties have been described in sevenabrted cases of accidental exposure (ATSDR,
2004). Exposures to levels exceeding 50 ppm rasuthmediate irritation to the nose and throat;

however, tolerance appears to develop with repeatpdsure. Exposure to an air concentration of
250 ppm is bearable for most persons for 30—60 t@muAcute exposure to higher levels (500

ppm) has been shown to increase respiratory mivaltene. Accidental exposures to concentrated
aerosols of ammonium salts or high concentratidrarononia gas have resulted in nasopharyngeal
and tracheal burns, airway obstruction and regpiatistress, and bronchiolar and alveolar edema.
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Ammonia vapor readily dissolves in the moisturesprg on the skin, eyes, oropharynx and lungs
forming ammonium hydroxide which dissociates tdd/ieydroxyl ions (ATSDR 2004).

The epidemiological study of (Holness et al. 1989pluated sense of smell, prevalence of
respiratory symptoms (cough, bronchitis, wheezspdgea, and others), eye and throat irritation,
and lung function parameters (FVC, FEV1, FEV1/FWEF50, and FEF73)in humans exposed
for an average of 12.2 years in a soda ash pléetcdhort consisted of 52 workers and 35 controls.
The subjects were assessed on two workdays: ofirshevorkday of their workweek and on the
last workday of their workweek (they completed asjionnaire on their work history and their
symptoms and underwent spirometry at start andoémideir position). Spirometry was performed
at the beginning and end of each work shift, s¢ ¢élagh worker had four tests done. To determine
the exposure levels, exposed and control workere wampled over one work shift; the average
sample collection period was 8.4 hours.

The mean TWA (time-weighted average) exposure guraion was 9.2 ppm (6.4 mginand is
chosen as a NOAEC by ATSDR, OEHHA and US-EPA taveex chronic human health risk value
(see construction methods below).

In (Verberk 1977) study, sixteen volunteers - 8exig(20-53 yr) and 8 non-experts (students, 18-
30 yr) - were exposed for 2 h to ammonia. Eighthaeim (experts) knew the effects of ammonia
from the literature, but had had no personal cantabereas the remaining eight subjects (non-
experts) were students from a non-science facutly were not familiar with ammonia or
experiments in laboratory situations. All membera group were exposed on the same day to one
of the concentrations tested (50, 80, 110, or JtA)p

Vital capacity (VC), forced expiratory responselim (FEV1) and forced inspiratory response 1s
(FIV1) were determined. Before leaving the testnecbar, every subject described at least one
symptom as “unbearable”; three times this wasation of throat, two times urge to cough, and one
time each for smell, irritation of eyes, nose adst, headache, and general discomfort. All subject
perceived a hypo-aesthesia of the exposed skitvemdoted excessive lacrimation. There were no
effects on VC, FEV1 or FIV1. Subjective responsasd]l, irritation of eyes and throat, discomfort
etc.) were recorded every 15 minutes and appeaced pronounced in the non-expert group; 140
ppm was not tolerated by the latter for 2 hourse Tésults of the study indicate that a level of 140
ppm ammonia is not tolerable by those not acclich&deexposure, due to irritant effects. It is noted
that at the lowest concentration, no significantederation of lung function appears. Only eye
irritations are present. The threshold of 50 ppm lsa considered a LOAEC that protects the most
important effects in the airways, despite the ohaf tests used to characterize the pulmonary
effects.

Since ammonia is a respiratory tract irritant, passwho are hyper reactive to other respiratory
irritants, or who are asthmatic, would be expedtethe more susceptible to ammonia inhalation
effects. The results of an epidemiological studyao§roup of workers chronically exposed to
airborne ammonia indicate that ammonia inhalatian exacerbate existing symptoms including
cough, wheeze, nasal complaints, eye irritatiorgatdiscomfort, and skin irritation (Ballal et al.
1998).

2 FVC: forced vital capacity. FEV1: forced expirataolume in 1 sec. FEF: forced expiratory flow (BBE fraction
remains of the forced vital capacity).
40

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finlandl| ¥358 9 686180 | Fax +358 9 68618210 | echa.aleop



BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
INORGANIC AMMONIUM SALTS

B 5.4 Corrosivity

Ammonia has corrosive properties and is classi8koh Corr. 1B H314: Causes severe skin burns
and eye damage.

Dermal Corrosion is the production of irreversibl@mage of the skin; namely, visible necrosis
through the epidermis and into the epidermis, foihg the application of a test substance for up to
4 hours.

Due to these properties, massive exposure to anancani cause eye damage, skin burns, severe
inflammation of the respiratory tract (laryngitisacheobronchitis, and pulmonary oedema), and
death.

B 5.5 Sensitisation

There is no data on skin sensitisation providedhieylead registrant of ammonia: imovivo testing
is indeed required if the substance is classified €orrosivity (REACH Regulation No
1907/2006/EC, annex VII, 8.3). No data has beentified in the literature.

Ammonia is not known to be a respiratory sensitiSaveral case reports describe occupational
asthma that developed due to exposure to aerdsilsantained ammonium compounds (Ballal et
al. 1998; Lee et al. 1993; Weir et al. 1989).

Exposure to ammonia may also result in an exaderbat pre-existing asthma. Shim and Williams

(1986) surveyed 60 patients with a history of asthmorsened by certain odors. Nearly 80% of
these patients claimed to have an exacerbatiostbfrea following exposure to household cleaners
containing ammonia.

B 5.6 Repeated dosed toxicity

Studies with read-across compounds provide infdonain the systemic toxicity of ammonia and

its salts (via oral route).

A 4-week screening study in the rat with diammonipinosphate (confidential study report, 2002)
revealed only minor effects on weight gain andicihchemistry parameters. A NOAEL of 250

mg/kg bw/d can be determined for this study, edaimato 68 mg/kg bw/ammonia. A 90-day study
in the rat with ammonium sulphate showed only mieibects at high dose levels (diarrhoea, renal
pathology); a NOAEL of 886 mg/kg bw/d was deterndinequivalent to 225 mg/kg bw/d ammonia
(Tagaki et al, 1999).

Renal effects have been observed in animals faligwepeated oral doses of ammonium chloride.
These effects may be secondary to chronic acigosiduced from the interaction of ammonium
chloride with water (which results in an increaseeconcentration) rather than from a direct effect
of ammonium ion on the kidney. Renal enlargememtreased blood ammonia content, and
increased urinary ammonia have been reported snesgiosed to 180-433 mg/kg/day for 3—7 days
(Benyajati and Goldstein 1975; Janicki 1970; Lotsipel965), but are unlikely to be indicative of
renal pathology.

For the inhalation route, a number of non-standstlies of various duration and in different
species are available in the literature. The dathcate that the primary effect of exposure to
inhaled anhydrous ammonia is local irritation of tespiratory tract.
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In (Broderson 1976) Sherman and Fischer rats wepesed to environmental ammonia, derived
from natural sources for 75 days, or to purifiedvamnia for 35 days. Rats were either inoculated
intranasally with M. pulmonis prior to exposure, or left untreated. The averagemonia
concentrations were 105 mg*n{148 ppm) for 75 days and 175 mg 47 ppm) for 35 days
exposure. Ammonia exposure (from either sourcehisogntly increased the severity of the
rhinitis, otitis media, tracheitis and pneumoniacluding bronchiectasis) characteristic of murine
respiratory mycoplasmosis (rats infected withpdlmonig. The prevalence of pneumonia showed
a strong tendency to increase directly with envimental ammonia concentration. Rats not infected
with M. pulmonis developed anatomic lesions limited to the nasaispged following ammonia
exposure.

Histological changes in the olfactory and respimatpithelia of the nasal cavity were similar fdir a
exposed rats. The LOEC was an average exposutieofel@5 mg.n? for 75 days.

In a 50-day study (Stolpe & Sedlag, 1976), malet#Yisats were exposed to two concentrations of
ammonia gas (35 or 63 mgdn continuously for 50 days. Concurrent controlmaied untreated.
There was no mortality at either concentration, @adtreatment-related clinical effects were
observed. No information on any local effects. Bogsight gain and food intake, as compared to
control values, were not significantly affected &ymonia exposure. At 63 mgimats showed
increased haemoglobin and haematocrit levels ccedp@r controls. The NOAEC was 35 mgm

(50 ppm).

B 5.7 Mutagenicity

In vitro

The mutagenicity of anhydrous ammonia was invejan a Ames test in. $yphimuriumTA98,
TA100, TA1535, TA1537 and TA1538) and in &li WP2uvrA (Shimizu 1985). The test method
(OECD Guideline 471) was modified appropriatelyirteestigate a volatile test substance. Studies
were performed in duplicate in the presence anerates of an exogenous metabolic activation
system (Aroclor 1254 -induced male Sprague-Dawlaly liver S9 fraction). No evidence of
mutagenicity was seen under the conditions ofdbgay: ammonia was negative for genotoxicity in
S.typhimuriumand E.coli with and without metabolic activation.

Visek et al. (1972) noted reduced cell divisionmiouse fibroblasts cultured in media to which
ammonia and ammonium chloride were added. Thetekfas noted in cultures irrespective of pH.

In vivo

The potential for the genotoxicity of ammonium aide was investigated in a bone marrow
micronucleus assay in mice (OECD Guideline 474)ygddai 1988). Male ddY mice were
administered ammonium chloride by single intrajp@eial injection at dose levels of 0, 62.5, 125,
250 or 500 mg/kg bw or as four injections within [2gdurs at dose levels of 31.3, 62.5, 125 or 250
mg/kg bw. The maximum dose of ammonium chloride determined by pilot experiments using
the multisampling at multi-dose levels method. Dtseels of up to the maximum tolerated dose
were used. Mice were killed 24 h after administnatiand femoral bone marrow cells were
harvested, fixed and stained. 1000 PCEs per aniragd scored using a light microscope and the
number of micronucleated erythrocytes (MNnPCEs) nd@d. No evidence of genotoxicity was seen
under the conditions of this assay.
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Human data

A single study examined the genotoxic effect of ania in humans (Yadav and Kaushik 1997).
Analysis of blood samples from 22 workers expose@émmonia in a fertilizer factory and 42
control workers not exposed to ammonia showed as&e frequency of chromosomal aberrations
(CAs) and sister chromatid exchanges (SCEs), iserkamitotic index (Ml). Moreover, the
frequency of CAs and SCEs increased with exposuration.

No detail was given as to how well the exposed @ndrol group were matched for age, smoking
habits etc. Furthermore, it appears that gaps weteded in the cytogenetic analysis. Given these
limitations and the small size of this study, tloevllevels of ambient ammonia and the likely
exposure to other chemicals no conclusions canrd&rdregarding the mutagenicity of ammonia
(HPA 2011).

Conclusion
No clear conclusions could be provided on the olgestic and mutagenic properties of ammonia.

B 5.8 Carcinogenicity

One of 10 adult male mice exposed to a vapor of B2¥nonia solution for 15 minutes/day 6
days/week for 8 weeks had mitotic figures with atact basement membrane and a carcinoma in
situ in one nostril and one mouse had an invasiemacarcinoma of the nasal mucosa (Gaafar et al.
1992). However, there is no conclusive evidencedhamonia played a role in the induction of the
carcinoma.

No evidence of carcinogenicity was seen in a ratady study with ammonium sulphate (Ota et al,
2006). The NOAEL for this study was 0.6% (dietagydl) equivalent to 256 and 284 mg/kg bw/d
in males and females respectively [67 and 74 mi¥kfg ammonia equivalents].

A study report (confidential, 1992) investigatee hromoting activity of ammonia on stomach

cancer in rats. No guideline was followed. The taaterial was administered as a 0.01% solution
in water (i.e. agueous ammonia) by oral route. rAfte rats were treated with 0.01% ammonia
solution for 24 weeks there was a significantlyheig incidence of gastric cancer (percent of
animals with tumours and number of tumours per. Bagut of 37 rats in the treated group, and O
out of 3 rats in the control group had metastasishe liver. The number of rats with gastric

tumours was 12/39 in the control group and 26/3tatreatment group. The number of gastric
cancers per tumour was significantly higher in amiadreated rats than controls, 2.1 and 1.3
respectively. All animals showed signs of gastritis

Ammonia was found to be a local irritant and maysamuently act as a promoter of gastric
carcinogenesis.

Carcinogenic effects would not be expected fromosypes insufficient to cause irritant effects.
There is no conclusive evidence that ammonia isimagenic, though it can produce inflammatory
lesions of the colon and cellular proliferation, igéh could increase susceptibility to malignant
change (JRC, 2005).

Ammonia has not been evaluated and thus not dldsiior carcinogenic effects by the
International Agency for Research on Cancer (IARC).
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B 5.9 Toxicity for reproduction

A guideline-comparable two-generation study (edent to OECD 416) with ammonium
perchlorate did not identify any effects on reprcidee parameters (York et al, 2001). This study
examines the effects of ammonium perchlorate omtale and female reproductive systems in rats,
and on the growth and development of offspring. IA@prague-Dawley rats (30/sex/group) were
given continuous access to ammonium perchloratkdim drinking water at doses of 0, 0.3, 3, and
30 mg/kg/day. A read-across is proposed by the lemgistrant of ammonia as ammonium
perchlorate will dissociate in aqueous solutiongit®@ ammonium and perchlorate ions.

The study did identify effects on the parental tgrassociated with perchlorate exposure; however
findings are not attributable to ammonium. The itssof the study therefore suggest that exposure
to ammonium is not associated with reproductiveciox

In a non-guideline farm animal reproduction study, statistically significant differences were
noted in ovarian or uterine weights of pigs expogedbout 7 or 35 ppm ammonia for 6 weeks
(Diekman et al. 1993). No unexposed controls wectided in that study.

No information was identified regarding reproduetieffects of ammonia in humans following
inhalation exposure.

No clear conclusions could be provided on the répctve effects of ammonia and ammonium ion.

B 5.10 Other effects

Immunological effects

Secondary infections often complicate the clinmaicome of burns and respiratory lesions related
to exposure to highly concentrated aerosols derivech anhydrous ammonia (Sobonya 1977,
Taplin et al. 1976). However, there is no evidetitat the decreased immunological resistance
represents a primary impairment of the immune systehumans following exposure to ammonia.

Nevertheless, studies in animals have shown thateaand long-term exposure to ammonia can
decrease the resistance to bacterial infection @dextease immune response to infection. A
significant increase in mortality was observed iicarexposed to ammonia for 168 hours followed
by exposure to the LD50 dPasteurella multocidaRichard et al. 1978). Exposure of rats to
ammonia at25 ppm for 4—6 weeks following inoculation wiliycoplasma pulmonistranasally
significantly increased the severity of respirat@igns characteristic of murine respiratory
mycoplasmosis (Broderson et al. 1976). Guinea pisosed to 90 ppm ammonia for 3 weeks
developed a significant decrease in the cell-mediammune response to challenge with a
derivative of tuberculin (Targowski et al. 1984).

Furthermore, the response of blood and bronchraphocytes to mitogens (phytohemagglutinin,
concanavalin A, purified protein derivative of tobdin) was markedly reduced. The
hemodynamic response (increased total pulmonamydbilow resistance) to E. coli endotoxins in
the lungs of pigs was eliminated by exposure tdaif00 ppm ammonia for 6 days, which may
affect the ability of the lungs to resist bacterrdection (Gustin et al. 1994). Also, a reduction
gamma globulin concentration was reported in pisosed to 100 ppm ammonia for 31-45 days
(Neumann et al. 1987).
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Odour perception

Odour is characterized as sharp, pungent and eliemstating.

Reported odour threshold values range from 0.@&¥t6 mg/ni (0.041 to 53 ppm) with a geometric
mean of 11.8 mg/f(17 ppm) (AIHA, 1989)

Other estimates of odor thresholds for ammonia hyidary from 0.03-72 mg/m3 (Ferguson et al.,
1977; Henderson and Haggard, 1943; Ruth, 1986)r Neaodor threshold, persons exposed to
ammonia can experience annoyance and believe tirambe a nuisance.

Odor and lateralization (irritation) thresholds @)Tor ammonia vapor were measured using static
and dynamic olfactometry by (Smeets et al. 2006% purpose of the study was to explore the test—
retest reliability and comparability of dynamic adtometry methodology, generally used to
determine odor thresholds following European Conesitfor Standardization guidelines in the
context of odor regulations to outside emissionf) static olfactometry. Within a 2-week period,
odor and LTs for ammonia were obtained twice fazhemethod for 24 females. No significant
differences between methods were found: mean cetection thresholds (ODTs) were 2.6 ppm for
either method (P = 0.96). Mean LTs were 31.7 an@ §@m for the static and dynamic method,
respectively (P = 0.07).

People that are unusually susceptible

Persons who suffer from severe liver or kidney akgemay be susceptible to ammonia intoxication,
as NH;" is biotransformed and excreted primarily by thesgans (Cérdoba et al. 1998; Gilbert

1988; Jeffers et al. 1988). Individuals with hetadi urea cycle disorders are also at risk
(Schubiger et al. 1991). Levels that are likelyb® encountered in the environment, with the
exception of those resulting from high-level acaoidé exposures, are insignificant, due to the low
absorption rate, in comparison with levels produeédin the body (WHO 1986).

Furthermore persons who are hyper reactive to atguiratory irritants, or who are asthmatic,
would be expected to be more susceptible to ammohé&ation effects.

Dose-effect relationships in man after exposuranmnonia via inhalation

The Nordic Senior Executive Committee for OccupadidEnvironmental Matters initiated a project
in order to produce criteria documents to be usgdhe regulatory authorities in the Nordic
countries as a scientific basis for the settingaifonal occupational exposure limits.

The document aims at establishing dose-responseAftect relationships and defining a critical
effect based only on the scientific literature. Bonmonia, the final version was accepted by the
Nordic Expert Group in September 2005 with irrdatias critical effect.

The table below summarizes dose-effects relatigsshi

Concentration | Duration | No. of Effect
(ppm) exposed
5 180 min 12 No upper-airway inflammation or in@ea bronchial

responsiveness. Increased symptom ratings for mifecoin
the eyes, solvent smell, headache, dizziness,emlithd) of
intoxication. Ratings correspond to “Hardly at all”

9.2 (time- Chronic 58 No effects on respiratory or cutaneous sympt@uisponary
weighted exposure function, or odour sensitivity

average)

0.03-9.8 Chronic 77 No effects on respiratory syon
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r

')

Concentration | Duration | No. of Effect
(ppm) exposed
exposure

10-20 240 min 43 Increased symptom ratings in 38habituated volunteers fo
sum of symptom scores, and olfactory symptoms

12 2 min 1 Asthma, rhonchi in both lungs

16-25 30 min 6+8 Neither healthy subjects nor astios showed significant
change in pulmonary function or bronchial hypertedyg

25 180 min 12 No upper-airway inflammation or iraged bronchial
responsiveness. Increased rating for all symptalissomfort
in the eyes, nose, throat and airways, breathiffigulty,
solvent smell, headache, fatigue, nausea, dizzena$s$eeling
of intoxication. Irritation ratings correspond t8dmewhat”

<=25 Chronic 138 Increased relative risk (95% CI) for wheezirgp1.32-3.88)

(geometric exposure

mean)

>25 (geometric | Chronic 17 Increased relative risk (95% CI) for cough J484-6.57),

mean, maximal | exposure wheezing 5.01 (2.38-10.57), phlegm 3.75 (1.97-7.dySpnea

exposure level 4.57 (2.37-8.81), bronchial asthma 4.32 (2.08-8.98)

185 ppm)

20 and 40 240 min 43 Increased symptom ratings in 33 non-habituatdainteers for

and 2x30 sum of symptom scores, olfactory symptoms, irntati
min symptoms

30 10 min 5 No irritation in 3/5 and “just percdyg” irritation of eyes and
nose in 2/5

50 10 min 6 “Moderate” irritation of eyes and nasé/6

50 240 min 43 Increased symptom ratings for susyofptom scores,
olfactory symptoms, irritative symptoms. Conjunativ
hyperemia in 3 of 33 (9%) non-habituated

50-80 120 min 16 VC, FEV, and FIV did not decreamge than 10%. Mild
irritation in eyes and throat

100 5-30 s 23 Increased nasal airway resistandegdire exposure periods
Nasal irritation in 11/23

110 120 min 16 VC, FEV, and FIV did not decreaseariban 10%. Irritation
in eyes and throat, cough

140 <=120 16 VC, FEV, and FIV did not decrease more than 10%.

min Intolerable for 8/16

>150 6 All subjects experienced lachrymation aquanned by drynes
of the nose and throat during occasional excursatse 150
ppm in semi-controlled exposures to ammonia in an
ammonium bicarbonate plant

1700 Accident Coughing and laryngospasm along with edefithe glottis

(retrospective region

estimates)

2500-4500 Accident Fatal in approximately 30 min

(retrospective

estimates)

10,000 Accident Rapid respiratory arrest. Anhydrous amiadm

(retrospective concentrations of 10 000 ppm sufficient to evoke slamage

estimates)

Abbreviations: Cl: confidence interval, VC: vitahgacity, FEV: forced expiratory volume, FIV: forcatbpiratory

volume.
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Table 6: Dose-effect relationships in man aftercesxyye to ammonia via inhalation (The Nordic
Expert Group, 2005)

Assessment of RAC

Information on hazard(s) (as assessed by RAC onb#dms of the dossier and addition
information):

Complaints and reports of smells in homes resultedhe French Authorities undertakir
investigations which detected ammonia in homes thate recently insulated with cellulo
insulation which had been treated with inorganiareomium salts. Following these investigatia
the French Authorities concluded that the sourcthefcomplaints was ammonia coming from
recently installed cellulose insulation materiektted with inorganic ammonium salts.

Exposed people from the sites insulated with cedlelinsulation treated with inorganic ammoni
salts were examined in two studies (CGT\2013a,b, Annex 3, 4). The French poison cor
centres (CCTV) found respectively 15 (of 19 exgdgeeople and 22 (of 43 exposed) people
complaints (mainly mild or moderate symptoms atation of mucous membranes). The residg
complained about irritation of the eyes, cough,ahasitation, irritation of the pharynx, othe
respiratory signs (difficulty in breathing, bronchiis) and bronchospasm (listed in almost the s
order of frequency in both studies).

CCTV has considered in the majority of cases thesality of ammonia as likely to be caused
the cellulose insulation material that was treatgith inorganic ammonium salts. In some ca
symptoms were reported to start 2-3 days aftealiasion and persisted for up to 16 days a
cessation of exposure. Symptoms disappeared faltpwemoval of the insulation material.

The dossier also reported that the ECHlfecorded 115 reports of complaints in France w
many complaints were made on Internet forums. Asitiiormation given on the nature of t
symptoms (either smell or/and irritation) and tikellhood of a link was not assessed, these rec

do not add to the overall evidence of resident$esunfy from irritation symptoms. The dossier

submitter proposed that this information may suptfer number of cases being underestimated

The toxicity of gaseous ammonia related to the esk clinical signs was characterised
irritation to the respiratory tract and eyes follogr acute and sub-acute inhalation exposure
days or some weeks). Summaries of other hazard#ingsfrom systemically available ammon
and from dermal and oral exposure are reporteddrdbssier. They were not considered for the
assessment of this proposal as other hazards doonespond to the local irritation effects on

mucous membranes. In this opinion the descriptibrihe hazards is targeted to the endp
‘irritation to the respiratory tract (and eyes)’.

There is no evidence from the observed occupaticages and from those residents malk
complaints, and living in houses that were recemtisulated with cellulose insulation, th
ammonia emissions were related to other healtictsfimcluding de-novo generation of asthr
Asthma-like symptoms were observed in two out @€ fivorkers of a plumping company w
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2! French committee of toxic vigilance.
22 Eyropean Cellulose Insulation Manufacturers Association.
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construction sites (Annex 4 of the Background Doeath The follow-up visit to a physician did
not confirm that the asthma was related to the waddaterial (negative challenge test) in one
case, and in the other case the symptoms disapp@ara few weeks (which contradicts the
diagnosis of asthma). Other studies mentioned e dbssier that referred to case reports of
occupational asthma were of limited validity as iwdlals were not exclusively exposed |to
ammonia, provocation testing (confirming that amrmowas the monocause) by a physician is
lacking (Lee et al., 1993, Weir et al. 1989), andhe study of Ballal et al. 1998, a higher risk of
asthma was reported for smokers only.

The odour of ammonia gas is pungent. Exposed pevpalefeel affected by the unpleasant odpur
(smell was recorded in CCTV 2013a,b), but the oddone does not cause any harm. RAC shares
the view of the dossier submitter that the unpleasdour of ammonia or the general discomfort
from the pungent odour it causes, is not consid&rethe hazard assessment.

For the irritation effects on the respiratory tractd eyes, the dossier proposes a LOAEC of 50
ppmV (35 mg/l) using the Verbek et al. study (19@3)a key study. In that study, self-reporting of
symptom ratings for the sum of symptom scores wareeased and mild eye and throat irritatjon
occurred at 50 ppmV following 30, 60 or 120 miregposure.

In addition, RAC finds the study of Smeets et aDQ6) informative. It estimated the intranasal
lateralization threshold (LT) of ammonia vapour @his an objective measure of sensory irritation.
Within a 2-week period the odour threshold and ltfiewas obtained twice in 24 healthy, ngn-
smoking volunteers using a static and a dynamicneshod (airflow 20 I/min). In this study mean
LTs for ammonia were found at 31.7 (static) and®gfpmV (dynamic). In the same range Wiseg et
al. 2005 reported LTs of 37-67 ppmV ammonia.
Smeets and co-authors noted that in individualmesdluctuations in LT (as well as in odour
threshold) is reported to occur due to differenicesasal patency, time of day, health conditigns.
The mean on the results of static and dynamic naisti6.44 ppmV) is similar to the 50 ppmV |of
the Verbek study.

The summarised data on the dose-response effeetiseaf ammonia vapour (Table 6 of the
Background Document, on studies evaluated by thelibldExpert Group (2005) indicated that
symptoms of irritation could occur even at lowencentration than 50 ppmV ammonia.
Increased ratings for symptom scores and olfacgngptoms at 10-20 ppmV were reported in| 33
volunteers. The original publication (No. 80 in tderdic Expert Group document, which is only|an
abstract (Hoffmann et al., 2004)) concluded thatrditings were relatively low (without details|at
10 and 20 ppmV ammonia). The corresponding fulllipabon of lhrig et al., published in 200
stated that the mean intensity of respiratory arithiive symptoms lies between ‘not at all’ and
‘hardly at all' even at 50 ppmV. Unfortunately tage irritation reported in 9% of volunteers at|50
ppmV in the abstract was not documented as a depeffact by lhrig et al. (2006). RAC takes this
study as supportive for the LOAEC of 50 ppmV.

Increased average ratings of eye discomfort (bgrrimitated or running eyes) were recorded (for
12 healthy volunteers exposed to 5 and 25 ppmVndu8 hours of exposure (Sundblad et jal.,
2004). Three participants experienced secretiom ftiee nose, and two reported increased cqugh
after exposure to 25 ppmV. Sundblad et al. fourad #ignificantly higher discomfort of the eyes
was already self-reported at 5 ppmV ammonia. Theee estimated as an average pre/post
exposure increase of 3.6 mm in a 0-100 mm visualogie scale (VAS). Although the effect
concentration-related (14.8 mm reported at 25 pprti\é levels of severity gained were minor.
mm in the self-rating corresponded to ‘hardly &t\&hile ‘somewhat’ corresponded to 26 mm |on
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the 100 mm VAS scale. Other irritation effects aled at 25 ppmV ammonia were also in t'!;is
scale. Nose burning, irritation or runny nose reach5.3 mm and throat or airway discomfort
reached 14.2 mm on the VAS scale.

RAC is aware of some degree of variability in thetation threshold. Based on the available
information RAC chose 50 ppmV as a robust LOAECisNalue is mainly based on the Verbek
study and the recent studies of Smeets et alud®the objective lateralization threshold metlood t
estimate the irritation threshold.

Overall, RAC concluded that the description of llagards should be targeted only to the endppint
‘irritation to the respiratory tract (and eyes). RAhighlighted that from the provided data and
studies there is no evidence that ammonia emissiuens related to other health effects including
de-novo degeneration of asthma as initially supgdih the Annex XV report.

B 5.11 Derivation of (ANSES) subacute DNEL for irrtation

Acute and chronic toxicity of ammonia via the irdtadn route is mainly due to the irritating effects
of the substance, in the airway or ocular mucose different selected human health risk values
(HRV) found in the literature and the DNELs derivbg the lead registrant for the general
population are all based on these effects.

Acute exposure

Two acute human health risk values (HRV) were idiedtin a collective expertise report (ANSES
2011), based on human data:
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Office of Environmental Health Hazard Assessment (BHHA) - 1999

HRV Acute reference exposure level:
REL = 3.2 mg.m° (4.5 ppm)
Key studies Industrial Biotest Laboratories, 1973

MacEwenet al, 1970
Silvermanet al, 1949
Verberk, 1977

Exposure route

Inhalation

Tested

No information

concentrations

Exposure 1 hour
duration

Study population| Human

Critical effect

Moderate ocular and respiratorytation

Critical Exposure concentrations of 4 studies were adjusteche hour, from

concentration equation ¢°x t = k. The coefficient 4.6 was calculated fronog-normal
probit analysis of all data from the four studidee(value of 4.6 was finally
adopted after X2 analysis).
A BMCsLgs?® of 9.5 mg.nt (13.6 ppm) was calculated from the log-normal
probit model.

Assessment AF = 3 (interindividual)

factor

3 BMCL: A statistical lower confidence limit (her&®) on the concentration at the BMC. A BMC is aantration
that produces a predetermined change in respotesefran adverse effect (here the benchmark respsrs%).
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Agency for Toxic Substances and Disease RegistryTADR) - 2004

HRV Acute minimal risk level:
MRL A = 1.19 mg.n? (1.69 ppm)

Key studies Verbekt al. (1977)

Exposure route Inhalation : 1 exposure at Day Inew exposure at Day 8, at one of the
tested concentrations

Tested 50, 80, 110 or 140 ppm (35 ; 57 ; 78 or 99 my.m

concentrations

Exposure 2 hours

duration

Study population| 16 volunteers:

8 "experts" knowing, by the scientific literatutke toxic effects of ammonia
but had never been in contact

8 "non-experts" with no scientific knowledge onstsubject neither on
controlled studies

Critical effect Mild irritation of eyes, nose arfgrdat in 8 subjects 'non-experts’
(concentration-dependent increase in the numbeomplaints of nuisance
odor, irritation of eyes and throat, coughing aedeayal discomfort)

Critical LOAEC = 35 mg.nit = 50 ppm
concentration
Assessment AF =30
factors 10 to protect sensitive sub-groups
3 for the use of a LOAEC
Comments Several limitations have been identifrethe key study:

- There is no "control" group, individuals exposetdy to air;

- Subjective response rate is higher in patiemts-gxperts’;

- No statistical analysis of results was performed.

However, this study highlights events of discom#fortong healthy individual
at concentrations of 50 ppm (35 m&)nan effect thought to be harmful and
to be avoided.

UJ

MRLa proposed by ATSDR is based only on the study Mesteal. (1977), unlike the OEHHA
which compiles the results of four different stigligncluding also that of Verbek. As indicated by
the ATSDR, this study includes a number of impdrtlmitations on the characterization of
adverse effects and their statistical interpretatio

The OEHHA has compiled the results of several mbffié studies (including Verbek et al., 1977) by
means of a benchmark dose modeling, whose mairesits to have a confidence interval for each
of the values describing the dose-response reltipnThe OEHHA has finally chosen the lower
limit of the confidence interval of 95% associateth a 5% increase in the incidence of respiratory
and eye irritation compared to control concentra(iBMCsLgs. However, this approach raises the
guestion of the relevance of the meta-analysis @mpilation of different experimental data

(different experimental protocols, access to peakdata etc.).

In the REACH registration dossférthe same LOAEC (50 ppm or 36 mdjrwas used by the lead
registrant but with an assessment factor of 5 tercmtraspecies (general public). No assessment

24 Chemical Safety Report, Lead Registrant of amm¢anifaydrous), August 2010.
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factor for LOAEC/NOAEC extrapolation is proposedelresulted short-term inhalation DNEL is
7.2 mg/n.

Chronic exposure
The three chronic HRV found in the literature (stigc reports) for ammonia are all based on the
same key study (epidemiological study in the waakpl Holness et al. 1989).

US-EPA - 1991
HRV Reference Concentration:
RfC = 0.1 mg.m® (0.14 ppm)
Key studies Holnesst al. (1989) strengthened by Brodersetral. (1976)
Exposure route Inhalation
Tested A time-weighted averag@ WA) was defined from the exposure
concentrations | concentrations in exposed subjects and controlpggrom an average of 8.4
hours
Exposure 12.2 years on average
duration

Study population| 52 men working in a factory mawctiiaing sodium carbonate
Control group: 35 subjects

Critical effect Lack of evidence of impaired lungnttion or subjective symptoms

Critical NOAEC = 6.4 mg.rit (TWA)

concentration Time adjustment: NOAE&,; = NOAEC x 5/7 x 10/20 = 2.3 mgnThe time
adjustment is based here on the number of daysadqr&r week (5 days out
of 7) and on the capacity of ventilation betweeysdaorked or not (10 vs. 2(

m>/day).
Assessment AF=30
factors 10 to protect sensitive individuals;

3 to account for the lack of data on chroniddity and reproductive
toxicity as well as the small difference between ¢hlculated NOAEC in
humans and the LOAEC identified in animals.

Comments The proposed RfC is supported by thetsestid study conducted in animals
(Brodersoret al, 1976). This study shows an increase in the sgvefri
rhinitis and pneumonia with observation of resginainhalation injury in rats,
For this study, a LOAEC is determined at 17.4 migj.Alometric adjustment
is applied to the LOAEC taking into account a RGipRegional gas dose
ratio, extrathoracic) of 0.1068. This factor tak#s account the rate of
ventilation in rats and humans and saturation da@®ECec is calculated as
follows:

LOAEChec = LOAEC x RGDRr = 1.9 mg.n.

This value is considered little different from tN®OAELap; determined from
human data. However, the approach of calculatisgHRV from Holness et 4
(1989) study has two advantages:

- using human data overcomes uncertainties on-gecies;

- the critical concentration corresponds to a reetfthreshold, unlike th
adverse effects observed with threshold defineah fitee animal study.

\*2J

D

OEHHA - 1999

HRV | Chronic reference exposure level:
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REL¢ = 0.2 mg.nm?® (0.28 ppm)

Key studies

Holnesst al. (1989) strengthened by Brodersetral. (1976)

Exposure route

Inhalation

Tested

A time-weighted averag@ WA) was defined from the exposure

concentrations | concentrations in exposed subjects and controlpgrom an average of 8.4
hours

Exposure 12.2 years on average

duration

Study population

52 men working in a factory mawetiiang sodium carbonate
Control group: 31 subjects

Critical effect

Respiratory symptoms, eye and nashtion

Critical NOAEL = 6.4 mg.iit (TWA)

concentration Time adjustment: NOAE&; = NOAEC x 5/7 x 10/20 = 2.3 mg-fnThe time
adjustment is based here on the number of daysadqr&r week (5 days out
of 7) and on the capacity of ventilation betweeysdaorked or not (10 vs. 2(
m>/day).

Assessment AF =10

factors 10 for interindividual variability

Comments The key study is the only study evaluathmgnic toxicity of ammonia,
driving in humans and published in a scientificrpeiewed journal.

ATSDR - 2004

HRV Chronic minimal risk level:
MRL ¢ = 0.07 mg.n?’

Key studies Holnesst al. (1989)

Exposure route

Inhalation (occupational exposure)

Tested

A time-weighted averag@ WA) was defined from the exposure

concentrations | concentrations in exposed subjects and controlpgrom an average of 8.4
hours

Exposure 12.2 years on average

duration

Study population

52 men working in a factory mawtiiang sodium carbonate
Control group: 35 subjects

Critical effect

Olfactory perception, worseningrespiratory symptoms (cough, bronchitis
wheezing, dyspnea, etc.), irritation of the eyes #inoat and changing
parameters of pulmonary function.

Critical NOAEC = 6.4 mg.rit (TWA)

concentration Time adjustment: NOAES,; = NOAEC x 8/24 x 5/7 = 1.5 mg T The time
adjustment is based here on the number of daysedq&r week (5 days out
of 7).

Assessment AF =30

factors 10 to protect sensitive individuals

3 for the lack of studies of reproductive toixi
Comments The subjects of the study population baes analyzed in the first and last

days of the work week.

No association was observed between increasedauaitexposure to
ammonia and the severity or frequency of respiyaggmptoms. However,
confidence levels and duration of exposure is low.
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The determination of the critical concentrationbased on the same approach by the three
organizations. The differences are based on:
= The time adjustment: ATSDR considers a daily andrliycadjustment, while the US-EPA
and OEHHA consider a daily and respiratory adjustnmo®nsidering a higher respiratory
volume during the professional activity.
= The application of an assessment factor for thie ¢hclata: in addition to the interindividual
assessment factor of 10, ATSDR adds a factor ad &ccount for the lack of data on
reproductive toxicity. The US-EPA also applies tfastor, which includes the uncertainty
associated with the lack of data on reproductivéctty and chronic toxicity, as well as the
small difference between the NOAEC derived from hondata and the LOAEC derived
from animal data.
= The analysis of animal data confirming the choiéethe key study: the US-EPA and
OEHHA propose to confirm the results obtained byadaom a study conducted in rats
(Brodersonet al, 1976.). This study provides a detailed desmiptiegarding its non-
standardized operating mode, report the US-EPACGHIEHHA.

In the REACH registration dossfr the starting point used to derive the long-tenhalation
DNEL (NOAEC of 20 ppm, 14 mg.f) is derived from the weight of evidence from thertan
studies, based on the results of the human volustadies (not cited in the discussion part of the
CSR for the DNEL derivation). An assessment factob is used to cover intraspecies (general
public): the resulted long-term inhalation DNEL2$8 mg.n?. To support that choice, a threshold
of 18 mg.n® (25 ppm) for respiratory irritation is given, bdsen the results of the human
volunteer studies.

GESTIS - International limit values for chemicakatg®

This database contains a collection of occupatibmal values for hazardous substances gathered
from various EU member states, Australia, Canadatg® and Québec), Japan, New Zealand,
Singapore, South Korea, Switzerland, and the Untades as of August 2013. Limit values of
more than 1,700 substances are listed.

Limit value - Eight hours Limit value - Short term
ppm mg/m3 ppm mg/m?3
Australia 25 17 35 24
Austria 20 14 50 36
Belgium 20 14 50 36
Canada - Ontario 25 / 35 /
Canada - Québec 25 17 35 24
Denmark 20 14 40 28
European Union 20 14 50 36
France 10 7 20 14
Germany (AGS) 20 14 40 28

% Chemical Safety Report, Lead Registrant of amm¢anifaydrous), August 2010.
2 hitp://www.dguv.de/ifa/Gefahrstoffdatenbanken/GESThternationale-Grenzwerte-f%C3%BCr-chemische-
Substanzen-limit-values-for-chemical-agents/indgxg?2 Website consulted in March 2014.
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Limit value - Eight hours Limit value - Short term
ppm mg/m3 ppm mg/m?3
Germany (DFG) 20 14 40 28
Hungary 14 36
Ireland 20 14 50 36
Italy 20 14 50 36
Latvia 20 14 50 36
New Zealand 25 17 35 24
Poland / 14 / 28
Singapore 25 17 35 24
South Korea 25 18 35 27
Spain 20 14 50 36
Sweden 20 14 50 36
Switzerland 20 14 40 28
The Netherlands / 14 / 36
USA - NIOSH 25 18 35 27
USA - OSHA 50 35 / /
United Kingdom 25 18 35 25

Table 7: Occupational limit values according GES@sabase (March 2014)

Remark:

European Union : Indicative Occupational ExposuraiL.Values and Limit Values for Occupational Expoes
France: Restrictive statutory limit values

Germany (AGS): 15 Minutes average value

Germany (DFG): STV 15 minutes average value

Ireland: 15 minutes reference period

Latvia: 15 minutes average value

Sweden: Ceiling limit value, refers to a 5 minupesiod.

USA — NIOSH: 15 minutes average value

Choice of the (ANSES) subacute DNEL for irritatiged in this proposal

Emission tests performed with EN ISO 16000 starglastiow an increase of ammonia
concentrations in the first 2 weeks of testing d&4s), passing through a maximum value and then
slower decrease emissions. Considering that tles$e were performed in a worst-case situation -
relative humidity of 90% which maximizes the emissof ammonia during the first two weeks, the
exposure is considered as subacute (defined hdretwsen 1 and 14 days of exposure).

Similarly to ATSDR and the lead registrant of ammag®NSES proposed the LOAEC of 50 ppm
from the epidemiological study of Verbekal.(1977) as a starting point. This value correspdads
the identification of moderate irritative symptoras stated in the dose-effect relationship for
ammonia (see Table 6). Perception, odour or gedesedmfort are not covered.

An assessment factor of 3 is used due to the uad. GIAEC.
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Considering people that are unusually susceptéddpecially asthmatics, an additional assessment
factor of 10 to cover intraspecies (general pubtia)sed.

For the general population, the resulting (ANSES)acute inhalation DNEL for irritation is

1.3 mg.m?* (1.7 ppm)

This value is similar to the acute minimal riskde¢yMRLA) defined by ASTDR. It is lower than
the mean odor detection threshold (ODT) of 2.6 pgaiculated by Smeets et al. (2006) for
ammonia.

Assessment of RAC
Calculation of the DNEL

Based on the LOAEC of 50 ppmV, a short-term DNEIswalculated by the dossier submitter. |An
assessment factor of 3 was proposed to adjust@REIC to a NOAEC and an intraspecies factor
of 10 was used to cover differences in suscegylaimong individuals in the general public.

RAC considers an assessment factor of 3 as apptepad adjust for the lack of a NOAEC.

JRC (2005, The INDEX project) referred to a studySbim and Williams (1986) who observed
that 80% of 60 asthmatics claimed about an exatierbaf asthma following exposure to
household cleaners containing ammonia.
Among the cases reports (Annex 4 of the Backgrdbadument) there was one case of asthma
decompensation of a known asthmatic, a 6-year @litt.c Although other causes were not

addressed, the data may provide some indicatidrttibee is a potential of a more severe course of
the asthmatic symptoms. This case could be relatede observation that known asthmatics |are
expected to be particularly vulnerable to respmatoitants. In contrast, the study of Sigurdarsbn
al. (2004) (cited in Nordic Expert Group, 2005) kcbnot find changes for pulmonary function |or

bronchial hyper reactivity after metacholine chadjle when 6 healthy volunteers and 8 subjects
with mild asthma were exposed to 16-25 ppmV ammmi&0 minutes.

Sensitivity in terms of a response to a lower mimmeffect concentration cannot be excluded| for
asthmatics, as no data is available (to the knoydexf RAC) that establishes a lower LOAEC for
ammonia in this group.

Although an exacerbation of symptoms in people &ithasthma history cannot be excluded, RAC
proposes to apply an assessment factor of 10 (tlefue for consumers) to sufficiently protect all
parts of the population including children, eldeatyd asthmatics.

Overall, RAC have considered the degree of variability mithtation threshold, and based on the
available information RAC have chosen 50 ppmV ashast LOAEC. RAC concurs with the
calculation of a short-term DNEL and considers #ssessment factor of 3 as appropriate to adjust
the LOAEC to a NOAEC.
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B.6 Human health hazard assessment of physico-chearal properties

Not relevant for this proposal.

B.7 Environmental hazard assessment

Not relevant for this proposal.

B.8 PBT and vPvB assessment

Not relevant for this proposal.

B.9 Exposure assessment

B.9.1 General discussion on releases and exposure

Summary of the existing legal requirements

In the building construction sector, certain legajuirements are relating to products and processes
(e.g. CE marking for construction products), othapply to structures built (e.g. regulations
accessibility, acoustics, fire, earthquake, thermalt is difficult to avoid the confusion betwee
mandatory texts and voluntary texts. The confussoall the greater when the regulator uses the
standard as a reference.

The CE marking is the only regulatory requirementamnstruction products, provided that the
product is described by a harmonized European atdnd

Loose-fill cellulose insulation (LFCI) products acencerned by the following recent European
standards:

EN 15101-1:2013

This European Standard specifies requirementsolmsé-fill cellulose insulation (LFCI) products
for the thermal and/or sound insulation of buildinghen installed into walls, floors, galleries, fisoo
and ceilings. This is a specification for the lodilecellulose insulation (LFCI) products before
installation. This European Standard describegptbduct characteristics and includes procedures
for testing, marking and labelling and the rulesdwaluation of conformity.

(Date of publication: 2014-03-31)

EN 15101-2:2013

This European Standard specifies requirements rfegiti formed loose-fill cellulose insulation
(LFCI) products when installed as thermal insulatioto walls, floors, galleries, roofs, lofts and
ceilings. This Part 2 is a specification for thestallation checks for the installed products. It
specifies the checks and tests to be used forebkm@tions made by the installer of the product.
This European Standard does not specify the redjléneel of all properties to be achieved by a
product to demonstrate fitness for purpose in &quéar application.

(Date of publication: 2014-03-31)

These standards focused on thermal/corrosion/mdbuidji resistance, reaction to fire, and
durability of the construction product.
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Concerning hazardous substances, the standard ENL-1152013 refers to national regulations. A
database hold by DG Enterprise and Industry (Coattm Unit) is cited: the CP-DS databdse
designed to help all interested parties to ideraifyrelevant regulations in the field of dangerous
substances in construction products (in partictdarthe emission of dangerous substances from
construction products into indoor air, soil and ugrd water). Under the Construction Products
Regulation n° 305/2011 common assessment metheddeaeloped by the European Committee
for Standardization (CEN), and are used in Eurogeamonised standards and European Approval
Documents. The information in the database reggrdime European and notified national
regulations and national contact points has beaviged by the regulators of the countries
involved. Unfortunately no information is availalfiem numerous Member States.

In particular there is no information regarding tlegulation of ammonia emission, which depends
of several cofactors as explained below.

Factors influencing ammonia exposure and effecésenof the implemented risk management
measures

Several cofactors were identified as potentiallyeivening in the ammonia emissions from
cellulose insulation.

Under humid atmospheric conditions, ammonium saltght react with water molecules to off gas
ammonia, under normal ambient conditions (tempesadnd pressure). This factor is considered as
major and has been demonstrated by CSTB test9%at F0% and 90% RH).

Other potential cofactors have been cited by stwalkielns (French manufacturers of cellulose
insulation and formulators):

v" The origin and quality (alkaline pH) of the papsed to produce cellulose seems to play an
important role in ammonia emissions.

v" The lack of sufficient ventilation seems to be &actor of a high concentration of ammonia
in indoor air. The installation of a ventilationssgm in the houses might be the cause of the
diffusion of ammonia into the living space insteddimiting the emissions into the attics.

v' In most cases, the way cellulose insulation isalted seems to be a cofactor that might
increase or limit/prevent indoor ammonia emissi¢gag. on an airtightness floor, with
waterproof structural elements / roof, and avoidemal wetting by water penetration or
condensation).

v' Physical means such as vapour baftienay also influence ammonia emission. In some
countries such as Germany these barriers are soegetised by the installers to avoid
blown cellulose insulation installed inside builginavities from migrating into the living
space. Vapour barriers should also prevent cebulosulation from humidity. According to
the CSTB, vapour barriers are meant to have twa raefiects: they limit the transfer of
water vapor for the cellulose insulation (limititlge contribution of the "bD" reagent for
the reaction of the ammonium ion), and where tieegradation (e.g. a water inlet cover
or a water damage) they limit the portion of thenamia released into the living space of
buildings. So this type of installation would lintihe health problems to the occupants.
However, vapour barrier are expensive to be iredaéind are mainly used in new houses
insulated with cellulose.

v Ammonium salts might be absorbed and then relebgedther surfaces such as plaster
boards with alkaline pH. This factor seems to @ayle in ammonia emissions and in their
duration. Technical advices concerning the propstailation manner are provided by the

2" http://ec.europa.eu/enterprise/construction/cgd-ds
2 A vapour barrierefers to any high-density materidr damp proofindtypically a plastic or foil sheet but sometimes
a paint-like coating) used to prevent water vagoam moving from one area to another.
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manufacturers to the installers but this does re#ns to have completely avoided
installation problems.

v" A peculiar installation process used mainly in [E&m order to make sure that the cellulose
insulation is well separated from the living spasethe practice of crusting that means
adding water on the top of the cellulose insulatida indicated by several manufacturers,
such way of installation might cause a limited iodammonia emissions but only once
immediately after the crusting. However, no diregdation was found between the French
cases and this installation practice.

v" Emission of ammonia and ammonia smell might refsath the instability of fire retardant
and biocide blends as the various chemical additiwight react among them.

v" Emission of ammonia and ammonia smell might alsoltdrom the type and the quantity
of ammonium salts used. As discovered during treke$tolders’ consultation, many
manufacturers (namely members of ECIMA) seem tdepre®o use more additives than
strictly necessary and pay more in order to be thaetheir products would have a better
Euroclasé’. This is used as a commercial tool and it mightehianplications in terms of
stability of the formulations. As reported by CSTBncerning the results of the tests on
emissions carried out after the French cases,einsédikely that the composition of the
ammonium based formulations added in cellulose latisim has a strong influence on
ammonia emission levels. Nevertheless, it is nasjimbe, based on available data, to make
any relationship between the emission profile ie #tandard conditions with the type of
salts used, nor the concentration of ammoniumerbtand.

Measures to reduce the ammonia emission rates &a@ltalose insulation without substituting
ammonium salts as flame retardants were consid&redexisting alternative techniques in order to
reduce the ammonia emissions have been exploredlésails in section C.1.2):

- Degassing prior to use
A longer period of storage and/or the degassinth@fcellulose insulation materials following the
production and prior to its installation would macessarily result in ammonia emission unless the
storage takes place under high humidity conditidndeed, tests chamber emission profiles (see
section B. 9.3) demonstrate that most cellulosel@®n do not emit ammonia in low humidity rate
but strongly emits ammonia under high humidity doods.

- Improved ventilation
If the installation is not properly done it couldea contribute to the diffusion of the emitted
ammonia into the living space instead of reducirgamissions.

- Vapour barriers

According to the CSTB, apour barriers are meant to have two main effeisone hand, they
should prevent cellulose insulation from enteringpicontact with water and taking humidity by
limiting the amount of water vapour passing througalls, ceilings and floor assemblies of
buildings and, on the other hand, where there imania emission, they might limit the proportion
of the ammonia released into the living space aldimgs. So this type of installation could limit
problems with ammonia emissions but also wmioisture, mould, rot, odours, bugand the
associated health issues to the occupants. Tedlgniaecording to their degree of permeability,
some of these materials are only vapour retarders.

% In France, there is a strong competition in teofrisnage on the level of reaction to fire (Euroslasf products.
Some manufacturers have strengthened the contéint oftardants in their products for reachingyvgood levels of
Euroclass
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- Liquid or spray impregnation method

According to some formulators, a liquid impregnatiaethod for adding the blends to the cellulose
insulation compared to the one currently used bf@lopean manufacturers (powder blend) could
eventually lead to a better and more stable mixairthe cellulose insulation and the blend and
therefore to lower ammonia emission patterns. Nbeéss, according to the cellulose insulation
manufacturers and formulators taking part to thenEh substitution group, adding such a liquid
blend seems to create excessive moisture to theloss insulation and to lower the thermal
performances of the product. Moreover, such prodnctchange would imply that the
manufacturers change the whole process and regilaceachineries.

- Improvement of the packaging
This option refers to the possibility of improvirige packaging (water proof) of the cellulose
insulation in order to avoid it to become humiddrefbeing placed into the market in order to avoid
ammonia emissions once installed. However, celulosulation can take humidity also during and
after its installation, retailers selling cellulassulation containing ammonium salts cannot knbw i
once installed the cellulose insulation that theyselling would emit or not ammonia.

- Stabilization of the currently used powder formulaions
Concerning the stabilization of the powder formiolat according to the formulators, this option
seems feasible.

To conclude, in terms of suitability only a bettstabilisation of ammonium-based cellulose
insulation seems to be a good technique, in theerf the conditions described in this restrittio
proposal.

B.9.2 Manufacturing

Not relevant for this proposal.

B.9.3 Emission tests performed on cellulose insulah

Based on reported cases, several experiments wedeicted to evaluate, in controlled conditions,
the emission of different cellulose insulation (Ndatit 2013a, b). The samples all came from
insulations materials present in the French market.

These experiments were based on EN ISO 16000 stmdlar the characterization of volatile
pollutants from construction products: EN ISO 16@00ndoor air - Part 9: Determination of the
emission of volatile organic compounds from buitdiproducts and furnishing - method of the
emission test room (AFNOR, 2006). This standard I@esn included in horizontal EU testing
method CEN/TC 16516 (see annex 2).

This standard is used to simulate, in a reducel $eat chamber, volatile pollutant emissions of a
construction product used in a reference room ddfioonventionally (volume, ceiling area, air
exchange rate, see details in the annex 2). Thpeeture during the emission test shall be 23 + 2
°C and the relative humidity (RH) as input to timeigsion test chamber of 50 £ 5 %.

Tests have been carried out in these conditionsvé&sconditions (rain, fog, etc.) were considered
as conditions favoring the appearance of odorts tesre also carried out at 70 % RH and 90% RH

60

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finlandl| ¥358 9 686180 | Fax +358 9 68618210 | echa.aleop



BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
INORGANIC AMMONIUM SALTS

(Maupetit 2013a,b). The initial content of moistared the pH of the tested materials have not been
measured.

The amount of cellulose insulation implemented, eatablished from data communicated by
ECIMA®* (dated 12/11/2012). The ECIMA set up a watch griatgnded to collect information in a
database on work sites that had received complaimdsvhere the cellulose insulation treated with
ammonium salts may have been replaced. This da&alas sent to the French Scientific and
Technical Centre for Building (CSTB) for analysiie aim of CSTB study was to characterise the
ammonia emissions from cellulose insulation presemtthe French market and attempt to
understand the emission mechanisms.

The very large majority of use of cellulose insidatwas attic insulation by spreading the cellulose
insulation on an open horizontal surface. The ysmjection into the walls seems exceptional. On
construction sites where complaints were obseruedri@ance), the average quantity of cellulose
insula31tion implemented was 12 kg’mwvith an average thickness of 30 cm, giving a dgnsi 40
kg.m”.

The test samples have been prepared in accordaticthese parameters.

A translation in English of the 2 CSTB reports available in confidential annexes.

“Worst-case” scenario (Maupetit 2013a,b)

The tests were performed by placing a sample dyractthe emission test chamber, which is to
make the assumption that the attic was insulated ®2 kg.n? of cellulose insulation and is in
direct contact with the indoor air. This hypothagipresents an upper bound approach to reality: the
air in the attic isa priori more ventilated than the reference room (the 8.Bxthange rate is more
representative of living rooms) and a partitionléatst, plasterboard) separates cellulose insalatio
of the living rooms, which is expected to limit AlEmissions.

Surface=12 m?

Cellulose insulation (12 kg.m2)

Relative humidit
=50-90 %

Air exchange
rate=0.5h?

Ammonia concentration (ppm)

Volume = 30 m3

Figure 7: “Worst-case” emission scenario test fa@llalose insulation (Maupetit, 2013a)

The reference room and test chamber parameteshaven in Table 8. A reference room is needed
since it is not possible to evaluate emissionsesying in all possible use scenarios. This refexrenc

30 European Cellulose Insulation Manufacturers Asstam
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room is no test chamber; it only serves as refereatue for evaluation of test results in terms of
their impact on the indoor air concentration. Thettchamber simulates the parameters of the
reference room in a smaller scale. The key poirg fethe respect of the area specific air flove rat
and the loading rate which must be the same to acenmeasured ammonia concentrations to the
proposed threshold.

« Worst case » scenario REBENED [ U GEil 52 Units
(CEN/TS 16516) (CSTB 2013)

Qa (Airflow) 15 0.06 mh’
Volume 30 0.051 m
n=Q/V (Air exchange rate) 0.5 1.176 Th
S 12 0.048 m
L=SIV 0.4 0.941 mm’
Area specific air flow rate 1.25 (ceiling) 1.25 r(m*.h)
Loading rate 12 12 kg/m
Cellulose mass 144 0.576 Kg

Table 8: “Worst-case” emission scenario test paréeng

The scenario used for these tests (12 Kgoficellulose insulation) has been translated in&ss of
cellulose insulation introduced into the test cheamfBhe mass of cellulose insulation required for
each test (576 g) was placed in a stainless steghioer and then placed in an emission test
chamber, as illustrated below. Cellulose insulatiaa been spread in the container as performed by
professional installers in order to simulate aselp as possible the implementation of the product
blown into the attic, the test specimens were pexpaising a “powered blower”, as used by
professionals.

Figure 8: Cellulose Tnsulation test specimen iresttchamber (CSTB 203)

Ammonia concentrations were measured with a photgsi monitor INNOVA 1412 LumaSense,
which has a detection limit of 0.2 ppm.
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The tests were conducted in parallel in severaksiom test chambers: measurements of ammonia
concentration in each of the test chambers weremeed for 30 to 60 minutes at least every day.
The analyzer performed a measurement every 90 decmd ammonia concentrations measured
over the 30-60 minutes period were averaged eagch da

First study (Maupetit, 2013a, see confidential afne

In a first series of experiments, eleven samplesnafonium-based cellulose insulations materials
were studied. These products were either sent dsting to the CSTB by their respective
manufacturers or were taken from the available lsuppproducts at CSTB for thermal resistance
tests:

Series of tests at 50% and 90% RH were conductedese products. In parallel with the ammonia
emission tests, the cellulose insulation test spewss were regularly weighed in order to assess
possible water uptake of the material over time.

An insulating wool and hemp wood treated with amimonsalts by liquid impregnation has also
been tested.

The tests at 50% RH for more than 28 days of 4uloae insulation materials treated with
ammonium salts rose relatively low ammonia emissi@oncentrations < 2 ppm).
The tests were then performed at 90% RH on elexatupts (including the four previous ones).

During the tests at 90% RH, the whole 11 cellulosgilation products tested showed the similar
emission profile of ammonia concentration: an iasee- in the first 2 weeks of testing, passing
through a maximum value and then a slower decrafesissions.

The products tested were divided into three growipls different ammonia emission to 90% RH
profiles (see Figure 9 below):

» For one product, emissions remained low (aboutrf pax), compared to other products.

» For 3 products of 11, ammonia emissions rapidlyaased from the first test week, then
reached a maximum concentration in the range @6 @®0 ppm after about 2 weeks of test,
which was followed by slow decline in these concarans.

» For the 7 remaining products the same type of lgrofias observed (rapid increase in
concentrations of ammonia and slower decreasefhlbuthaximum concentrations achieved
were much higher (150 to 350 ppm).

On the contrary, the insulating wool and hemp waahted with ammonium salts by liquid
impregnation (IBSA in Figure 9) did not show theneaammonia emission profile during the 28
days of testing at 90% RH. A residual concentratimmmonia (around 1 ppm), however, was
measured.

The water content in the material appears to plagificant role in ammonia emissions from the
cellulose insulation treated with ammonium salts:
- Release of emissions when the water content innthterial (estimated through the
increase of material mass) reaches 4 to 5% by mass;
- Slow reduction in emissions if the water conterdrdases.

It should be noted that for one product (samplesEjissions started from the first day of testing (4

ppm), suggesting that initial water content in pineduct facilitates the release of ammonia. Indeed,
this product has a water initial content greatantthe 10 others.
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Figure 9: Average ammonia concentrations in théstekamber (ppm) for the 11 tested materials
(A to K) + IBSA (insulating wool and hemp wood teshwith ammonium salts by liquid
impregnation) - Tests at 90% RH

The tests at 90% RH for at least 28 days have stibatmin these conditions, all French cellulose
insulation materials tested showed ammonia emispi@iile of a greater or lesser intensity,
contrary to another type of insulation material3#3, treated with ammonium salts. After passing
through a maximum value, ammonia levels then deer@aore slowly than they have increased.
This can be explained by the water saturation efpitoduct. Ammonia emission peaks have always
occurred before 14 days.
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It should be noted that this protocol, especialithwhe extreme conditions of relative humidityr(ai
renewal to 90% RH continuously for 28 days), alkmwthoroughly test the stability of the adjuvant
(ammonium salts) used in the insulation (ammorisase or not).

Second study (Maupetit, 2013b, see confidentiaéann
In a second series of experiments, additional studit 50% and 70% relative humidity were
performed. 4 previously tested products that halderadifferent ammonia emission profiles were
selected for this new study. The 70% level of RHresponds to the maximum mean values
measured inside French housing (value above thef@stentile}".
In addition, 2 biobased insulation materials trdatéth ammonium salts (IBSA) were also tested
for comparison with the cellulose insulation produc

- IBSA 1: wood fibre and hemp product treated throligiid impregnation (panel);

- IBSA 2: cotton fibre product treated through liqinapregnation (in bulk).

On this test series at 70% RH (until 28 days) ftlewing was observed:
» An increase in ammonia emissions from the produ¢d@®to 60 ppm) and product B (4 to
10 ppm).
» Ammonia emissions from the product C and produet 0% RH remained at about 1 ppm
or less.
» No ammonia emission profile for the IBSA 1 and IB3Aroducts during the 28 days, but a
residual ammonia concentration of less than 1 ppm.

The detailed results of the 4 cellulose insulatested are the following:

Tests at 50% then 90% RH
Tests at 50% and 90% RH were conducted on thredupte A, B and D. This test series
comprised two phases:

v’ 28 days at 50% RH

v' 7 days at 90% RH

Days RH (%) Product A | Product B |Product D
1 50 15.2 0.9 0.7
2 50 9.7
4 50 6.2 0.8 0.4
5 50 5.4 0.5 0.3
6 50 5 0.9 0.4
7 50 5.8 0.9 0.5
8 50 4.9 0.9 0.5

10 50 1.2

11 50 5.3 0.6
12 50 4 1 0.5
13 50 4.1 1.2 0.6
14 50 3.7 0.9 0.4
15 50 3.8 0.9 0.5
19 50 3.6 0.8 0.4

%L The statistical distribution of the levels of ile humidity (weekly average) measured inside Enemousing by the
Indoor Air Quality Observatory (OQAI).
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20 50 3.6 0.9 0.4

21 50 3.8 0.7 0.3

22 50 3.8 1 0.4

25 50 3.8 0.7 0.3

26 50 4 0.7 0.3

27 50 4.4

28 50 3.8 0.7 0.3

29 90 26.6 0.5

32 90 101.1 7.5 0.8

33 90 138.7 13.6 0.8

34 90 135.6 25.7 1.1

35 90 166.6 28.3 0.6
Days RH (%) Product C

1 50 0.3

4 50 0.2

5 50 0.2

6 50 0.3

7 50 0.2

8 50 0.2

11 50 0.3

12 50 0.3

13 50 0.3

14 50 0.4

15 50 0.4

27 50 0.3

28 50 0.3

29 50 0.3

32 50 0.4

33 50 0.3

34 50 0.3

35 50 0.2

36 90 0.3

39 90 0.5

40 90 0.5

41 90 0.6

42 90 0.6

Tests at 70% then 90% RH
The tests at 70% and 90% RH were conducted ongmducts: A, B, C and D. This test series
comprised two phases:

v/ 28 days at 70% RH

v' 7 days at 90% RH
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Days RH (%) Product A |Product B |Product C |Product D
1 70 16.7 0.9 0.6 0.6
2 70 37.6 1.4 0.5 0.6
4 70 44.1 2.5 0.6 0.7
5 70 40.8 2.7 0.7 0.7
6 70 42.1 2.7 0.5 0.7
7 70 52.8 3.6 0.6 0.8
8 70 46 3.9 0.6 0.8
9 70 45.8

10 70 45.2

11 70 41.8 5.2 0.6

12 70 39.6 5.8 0.6 0.7
13 70 40.8 6.6 0.6 0.7
14 70 42.7 6.6 1.3 0.9
15 70 42.4 7 0.7 0.9
16 70 7.3

17 70 8.4

18 70 9.7

19 70 48.2 8.3 0.6 0.4
20 70 44.8 7.7 0.8 0.4
21 70 44.8 8.5 0.8 0.6
22 70 45 8.8 0.8 0.4
25 70 70.2 9.9 0.9 0.7
26 70 66.9 10.9 1 0.8
27 70 63 10.8 0.9 0.6
28 90 86.6 19.9 1 0.6
29 90 174.8 25.5 3.5 0.6
30 90 211.3

31 90 236.7

32 90 257.1 61.4 53.2 1.1
33 90 266.7 64.8 62.2 0.8
34 90 268 70 70 1.3
35 90 261.2 64.9 0.7

These tests confirm the several products emit amareen in less humid conditions. However, the
tests at 70% RH are therefore not stringent endogtesting the stability of the additives in such
products treated with ammonium salts, compareceststperformed at 90% HR with the same
products.

“Attic insulation” scenario (Maupetit 2013b, seenfidential annex)

The second study explored a new scenario. Thisasicensed for the previous tests mimicking a
“worst case” emission scenario (insulation in direentact with the indoor air) is an upper bound
approach which strongly favors ammonia emissiommss] the ammonia concentrations measured
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in the emission test chambers are not represeatativthe concentration in the living rooms.
Emission measurements couldn’t be directly compangith human health reference values
(DNEL).

In order to get a protocol more representativeeal emission, another test scenario was proposed
(“Attic insulation” scenario).
Two test chambers were used and were separateglagtarboard. The sample is placed in a first
test chamber (which simulated the attic) and tlves& one is empty and simulates the living room
located near the attic. The main differences betviiee two test chambers representing the attic and
the closest living area are the following:

» Relative humidity:  attic = 90% RH, living area =9%6(RH

» Mass of cellulose insulation present: attic = 0.&@2living area = 0 kg

The volume of the attic is equivalent to that af tiving area below (30 h

HR =90 %

Airexchange
rate>1 ht

Surface =12 m2

Cellulose insulation (12 kg.m-2)

plasterboard

. HR =50 %
Airexchange e—1X_s
rate=0.5 h!

Ammonia concentration (ppm)

Volume=30m3

Figure 10: “Attic insulation” emission scenario tefor cellulose insulation (Maupetit, 2013b)
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Figure 11: “Attic scenario’xperimental test chae(CSTB 2013)

For this test, a product that was recovered atethe of its first series of tests was used. This
specimen had therefore spent 4 weeks at 70% RH lamwdeek at 90% RH. Its ammonia
concentration had reached its maximum value ancbgdn to decrease.

Estimated ammonia emission rate (mY.ht the end of dynamic test at 70% RH and 90 %aRéH
at the beginning of the “attic insulation” scengjpooduct A) are:

Dynamic test Attic insulation scenario test Units
Living room Attic
NH3 250 50 75 Ppm
NH3 175 35 52.5 mg/f
Airflow (Qa) 0.06 0.12 0.08 fh
NH3 emission rate 10.5 4.2 4.1 mg/h
8.3

If a comparison is made of the mass flow of ammaiitoe end of the dynamic test in the emission
test chamber and at the start of the “attic insutétscenario test, a loss of about 20% of the
ammonia flow is observed. There are two possibpdagrations for this:
» Poor seal of the “attic insulation” experimentalvide (particularly of the plasterboard
separating the two test chambers?)
» Adsorption or reaction of the ammonia on the pléstard

Despite this approximately 20% loss, the mass flswammonia may be considered largely
unchanged, and this “attic insulation” scenaria ieshought to be a somewhat better reflection of
the reality of what occurs in situ with insulatingaterial in a ventilated compartment (the attia) an
at least one living area that is similarly venglatand in indirect contact with the attic (throwgh
plasterboard panel). In this case, the resulthisf‘attic insulation” test show:

v' Concentrations of ammonia in the attic lower tHawse measured in the dynamic test,

v' A transfer of the ammonia to the living area thiotige plasterboard,
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v/ Concentrations in the living area approximately 86fbaverage of those measured in the
attic.

The results of this "attic insulation" scenario wied that the flow of ammonia remain similar,
leading to lower ammonia concentrations by 2-fatthifly because of the higher volume of the
chamber) compared to the worst-case scenario. ¥ a0 demonstrated that ammonia
concentrations in the living room were around 80%aweerage of those measured in the attic.

Considering the same ammonia flow and ammonia rbaksice,one should obtain a resulting
ammonia concentration approximately two times loweeach compartment of the test scenario
“attic insulation”compared to single compartment of the dynamic “wosase” test if the air flow
conditions were the same in different test chambsesl between these two types of tests.

This type of test is complex to implement and reggithe use of two identical test chambers. Given
the technical difficulties to put in place the fatinsulation” scenario, it was concluded that the
worst-case protocole should be preferentialy useal @ractical “routine” reference test.

Conclusion on the chosen test in this proposal

Dynamic tests at 90% RH verify the stability of d@des for such materials treated with ammonium
salts, in conditions of high humidity, but that mag/encountered in reality.

For the 11 French materials tested, ammonia emissiave always triggered before 14 days
(considering a total test duration of 28 days orajyowhich allows to consider reducing to 14 days
the duration of the proposed test.

“Attic insulation” test is complex and requires thge of two identical test rooms which makes it
difficult to propose it as a reference test fromemmonomic point of view. The preliminary tests
demonstrated that emissions profiles are simildoith configurations.

The “Worst-case” emission scenario is sufficientetst the stability of ammonium salts in cellulose
insulation and is retained in this proposal, gitteammonia concentration in a single test chamber
will be two times higher than in a more realistesin (“attic insulation” scenario).

B.9.4 Consumer exposure: measured indoor air ammoaiconcentrations

A few data are available regarding ammonia indaamcentrations in relationship to cellulose
insulation with ammonium salts. They are reportecehfter.

A measurement campaign has been conducted in Dec&@ib2/January 2013 and in April 2013 in
17 French construction sites where cellulose itgulavith ammonium salts was installed (CETE
2013). The choice of the testing sites was based woluntary basis by industry: 14 sites were
considered litigious with complaints due to suspd@mmonia emissions.

Two kinds of measurements have been done with ioodtric tubes: a measurement with a
diffusion tube (detection limit of 2.5 ppm, 8 houasd a spot measurement (detection limit of 0.25

ppm).
Results are synthesized below:
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Date Concentration in ppm (attic) Concentration in ppm (life-place)
Spot/Through diffusion Spot/Through diffusion
December NA/NA* 3/2,7
2012 1/NA 0.75/NA
NA/NA NA/NA
1.25/3,1 2/NA
0,3/NA 2/NA
1/ND 0.25/ND
2.5/2,9 2/NA
NA/NA 0.4/ND
April 2013 0.25/NA 0.25/NA
0.25/NA 0.25/NA
0.25/NA 0.25/NA
0.25/NA 0.25/NA
NA/NA NA/NA
0.8/NA NA/NA

Table 9: French measurements campaign results (CHIB)

The French committee of toxic vigilance coordinatigCCTV 2013a,b) reported a few
measurements data given in relationship with cadesxposure to emissions from cellulose
insulation have been brought to the attention ehEh Poisonings Centres in 2012:

= Dossier 1: 5to 9 ppm (Measured by: Municipal He&ervice);
= Dossier 2: 2.1 to 2.8 ppm (Measured by: Local HeAljency);
= Dossier 3: 0.5to 1.7 ppm (Measured by: Cellulosailation Manufacturer).

And in the first semester of 2013:

= Housing 1: 0.7 ppm (0.5 mg:(Measured by: Private laboratory);

= Housing 2: < 0.25 ppm (0.178 mgn(Measured by: Local Health Agency);

= Housing 3: 0.06 to 0.22 ppm (0.042 to 0.157 md).fMeasured by: Private laboratory);
= Housing 4: no ammonia detection (Measured by: Lbtedlth Agency).

Despite the very low number of field data availalthey demonstrate the presence of ammonia in
housing where cellulose insulation with ammoniunttsshas been installed. The concentration
remains moderate.

B.9.5 Consumer exposure: estimated indoor air ammaa concentrations

Based on available data from the CSTB tests, ansexp scenario based on a "well-mixed room"
model was established in order to roughly estintla¢éepossible concentration in a room in which
ammonium based-cellulose insulation has been ladtahd to which consumers may be exposed.
The parameters of the standard room are givereif &tle below:

32 NA means that it has not been found a changelar o the tube, or the concentration of ammonitéslow to
achieve the lowest value of the range of detedtibes.
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Scenario parameters Modelled room
Cellulose insulation mass 144 kg
Cellulose insulation density 12 kg’m
Reference room flooring surface 12 m
Reference room volume 30°'m

Air exchange rate 0.5h

Air flow 15 m’/h

Table 10: Exposure estimation for consumers — rpamameters

Within the framework of the "well-mixed room" modé&ee following box), the steady state
concentration C is given by:
co G(RH)

Q
where
- the emission rate G(RH) (mg/h) is a function o&tiee humidity RH;
- Qs the airflow of the room (¥th).

In order to evaluate the variability of the exp@swoncentration C, the distribution of the two
variables Q and G(RH) were estimated.

Box 2: Well-Mixed Room (WMR) model
The WMR models the concentration C of an airbomliufant released, with a generation rate G
into a box of volume V with highly turbulent intexnairflow and out airflow rate Q. The WMR

model is used with the following assumptions: &gty mixed room, an equal airflow into and
out of the room, no pollutant in the incoming véatton air, and the absence of significant sinks of
pollutant in the room. The general time-dependesdsibalance can be written as:

VdC—G C
dt Q

with the initial condition: C(t=0)=¢
Assuming G is independent of time (constant emigsibie solution of this equation is given by:

G

C(6)=Co X exp {— %} + 9% [1 —exp {—%}]

where the steady-state concentration, G/Q, is ezhfidr time larger than V/Q.

* Modeling Q distribution

The airflow in the standard room of 3¢ mas calculated as a normal distribution with aerage
of 15 nt/h and a variation coefficient of 10%. The minimuras set at 3.25 .

* Modeling Gy distribution
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The Table below shows the statistical distributiminthe levels of relative humidity (weekly
average) measured inside French housing by theoin#lio Quality Observatory (OQATY. These
measurements were taken in a bedroom and in arlotimgy area (generally the living room):

— 15 1 1 1 1 1 ’ 15 1 T |
&£
> 10
[ o
% 5
o
30 40 50 80 70 40 80 80
RH-room (%) RH-other P (%)
Bedroom Other
Minimum 255 21.1
P25 42.8 41.9
P50 (median) 48.7 49.5
P75 54.3 56.1
P95 63.1 64.7
Maximum 72.8 80.8

Table 11: Statistical distribution of the levelsrefative humidity in % (OQAI 2007)

1- Ammonia concentrations modeled for the less staddilicellulose insulation material tested
by CSTB (M1, maximum relative humidity of 80%)
As demonstrated in CSTB's tests, the concentratioeasured in the tests chambers during the
CSTB tests for the less stabilized cellulose insutamaterial tested were (Maupetit 2013b):

RH (%) NHs (ppm) | G (mg/h)
50 4 0.168

70 50 2.1

90 250 10.5

Table 12: Ammonia emission concentrations and ratesrding stationary values of the CSTB
dynamic tests for material M1

Using data from the CSTB tests, the emission rateaistandard room, (g can be well
approximated by the expression:

Gso=CFx0.168mg/lh  ; 20% < RH < 50%

Grmoy(RH) = {G5o x exp{0.1034(RH—50)} ; 50% < RH < 80%

Where:

- The emission rate is assumed constant and eq@} for RH between 20% and 50%.

- Gy is calculated using a charge factor CF for maasirag between the tests chamber and
the standard room, given that the emission raten@h) is proportional to the amount of
cellulose installed in the standard room. Indeedilie test experiments cellulose insulation

33 OQAI (2007). Observatory for indoor air qualitjNational housing campaign: State of the air quafitfrench
housing, Final report, Report DDD/SB-2006-57 (updatlay 2007).
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mass was 0.576 kg while, for the reference roomgc#ilulose insulation mass corresponded
to 144 kg. CF = 144 /0.576 = 250.

- The emission rat@creases exponentially between 50 and 80% RHsltpe of the curve is
obtained by fitting the experimental data.

Combining the modeling of G as a function of RH dhd statistical distribution of RH allow
estimating the statistical distribution of G:

—
o
(=]

| | 100 | |

50 -

frequency (%)
()]
o

- L L 0 - L L

200 400 0 500 1000
G-room (mg/h) G-other Parts (mg/h)

(=]
o

2- Ammonia concentrations modeled for a relative hutyidetween 50 and 70%: differences
between the less (M1) and the most (M2) stabilizeltllose insulation materials tested by
CSTB
As demonstrated in CSTB's tests, the concentratioeasured in the tests chambers during the
CSTB tests for the most stabilized cellulose insotamaterial tested (M2) were (Maupetit 2013b):

RH (%) NHs (ppm) | G (mg/h)
50 0.4 0.02
70 0.7 0.03
90 0.9 0.04

Table 13: Ammonia emission concentrations and ratesrding stationary values of the CSTB
dynamic tests for material M2

Using data from the CSTB tests, the emission rateaistandard room, (g can be well
approximated by the expression:

Gso; 20% < HR <50% for M1 and M2
Gmoy(RH) = CF X { Gso X exp{0.1034(HR — 50)}; 50% < HR < 72% for M1
Gso+ 0.0005 x (HR—50);  50% < HR < 72% for M2

Combining the modeling of G as a function of RH #mel statistical distribution of RH between 50
and 70% allow estimating the statistical distribatof G for both materials:
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Results: estimated exposure levels to ammonia:

Based on Q and G distributions and using the M@ade approach, the distribution of exposure
concentration could be established (worst-caseemahtM1 and maximum relative humidity of
80%):

Room Other Parts

density

0 5 10 15 20 25 30 a5 30 40
NH3 (ppm) NH3 (ppm)

Distributions of exposure concentration (ppm) 3\

Bedroom (ppm) | Living room (ppm)
Minimum 3.736 3.736
P25 4.740 4,786
P50 (median) 5.291 5.455
P75 7.410 9.158
P95 16.510 24.80
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| Maximum | 54.76 | 120.9 |
Table 14: Estimated exposure levels to ammoniagiacase, statistics summary)

It should be noted that these estimates represemp@er bound approach to reality:
- Values of the CSTB dynamic tests for the less ktal cellulose insulation tested have
been used. However, the CSTB tests demonstrateddhst material emitted ammonia in
the same order of magnitude than other materials.

- It has been assumed that emissions occur diratttila room (no attic, no partition with
plasterboard at least). The installation of ceBelnsulation inside walls and not necessarily
in the attic cannot be excluded. However, the tpstformed at the CSTB showed that the
plasterboard does not constitute any barrier to ani@emission.

Based on Q and G distributions and using the M@ade approach, the distribution of exposure
concentration could be established with a relatwmidity (RH) between 50 and 70 % (worst and
best materials tested M1 and M2):

Room M1 Room M2

density

() 5 10 15 20 25 30 35 05 06 o7 08 09 1 f
NH3 (ppm) NH3 (ppm)

Distribution of exposure levels (ppm) to NH3
Left: material M1; right: material M2

Material M1 (ppm) | Material M2 (ppm)
Minimum 3.911 0.455
P25 6.102 0.598
P50 (median) 7.948 0.651
P75 11.47 0.717
P95 21.38 0.831
Maximum 45.15 1.119

Table 15: Estimated exposure levels to ammoniagBf0%, statistics summary)

Assessment of RAC on the provided informationisfdbssier on emissions of ammonia from the
inorganic ammonium salts and exposures

RAC noted that seventeen homes insulated with logkuinsulation were tested by the French
Authorities, 14 of which had made complaints (CE2H13). At three of the 14 sites the level of
ammonia concentrations from measurements usingsiliifi tubes (8 h, detection limit (DL) 2.5

ppmV) grossly matched the concentrations from spedisurements (DL 0.25 ppmV). At two of the
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sites no ammonia was found and this may or mayaatxplained by the point in time when
measurements were undertaken.

The ammonia concentrations at eight other sitee we& ppmV in the spot measurements (af
attic or the living-area or both) and were negativéhe diffusion tube method (which is consis
as it is below the detection limit of the diffusitube. The highest value measured was 3.1 pj
This data (CETE, 2013) is not published.

In addition another set of (spot) measurements ftben French committee of toxic vigilan
coordination reported from three properties (in204nd four properties (in 2013). Ammonia v
found at six of the properties.

The maximum concentration measured was 9 ppmV ifat mroperty), up to 3 ppmV (at ty
properties) and below 1 ppmV (at three proper@&syV, 2013 1,b).

As all measurements were retrospective, it is @mchhat time lag existed between the installa
of the insulation and the beginning of the symptoRAC considers that as complaints ak
odours followed rather rapid after installation toe material, that the values measured by
French Authorities may have underestimated theemnations in the early phase after installat
This conclusion is also supported by dynamic tgsth the cellulose insulation material, un
controlled conditions using the test chamber methodording to EN ISO 16000-9 that v
undertaken by CSTB. Eleven samples, of treatedilosk insulation, were tested in accorda
with the test chamber method EN ISO 16000-9. Ténealed that under conditions of high rela]
humidity (>70%) ammonia is emitted from the matehat that emissions levels decreased

time. This evidence supports the RAC’s conclushat imeasured values may have underestin
the ammonia concentrations in the early phase afstallation. RAC agrees that the evide
reported in the dossier, linking the complaintsaaimonia odours with the cellulose insulat
material containing inorganic ammonium salts idfisigint to conclude that the use of inorga
ammonium salts in cellulose insulation was the rcatise of the irritative effects on eyes
respiratory tract reported in the complaints.

According to RAC, the key factors that contributethe release of the ammonium salts f
cellulose insulation are:

Relative humidity (>70%)
Loading rate (density/thickness) of cellulose iatoh used

The “typel/area” of insulation is also important,ttwicellulose insulation material in the a
emitting more ammonia than cellulose insulatiomfravalls. As a consequence any measurs
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ensure compliance of attic insulation with the emis limit value should also ensure compliance

with wall type insulation.

The alkaline pH and moisture content of the ceflalmsulation and of any material that may c

into contact with the insulatioim situ also plays a role in promoting emissions. Howgtlegre is

insufficient scientific information in the dossier determine what levels of moisture in the mats
are critical to this release.

In addition, the Dossier Submitter tested differgpies of attic insulation and found there was

Dme
p

bria

also
to

a variation of ammonia emissions within differenipgliers. However, they were not able

77

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finlandl| ¥358 9 686180 | Fax +358 9 68618210 | echa.aleop



BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
INORGANIC AMMONIUM SALTS

establish the reasons for this and whether itedl&d the type and concentration of ammonium
used, moisture content or pH etc.

Another factor that impacts on the level of ammania specific area is the lack of ventilationeTh

installation of a ventilation system in homes mayse the diffusion of ammonia into the liv

salt

ng

space (as obvious in one complaint in CCTV, 2018stead of limiting the ammonia emissions in

the attic space.

The insulation technique also impacts on the amangoncentration (e.g. the airtightness of

the

floor, waterproof structural elements that prevém insulation material from becoming wet
following water penetration or condensation). Tmespnce of such techniques as vapour bafriers

prevents exposure to humidity, while high pH maieriwill increase the amount of ammog
released into the living space. The Dossier Subniitbwever indicated that the cellulose insula

material might become humid after installation &émeh emit ammonia. It is not currently clear

RAC whether a suitable technique using water ppmaxfkaging (of rolls or panels of insulat
material) is feasible and available.

As the actual measured data in homes is of veryddruse for a number of reasons e.g. the g
number of samples taken, the sampling techniqueocg&enmportantly the timing of the sampli
following installation, an assessment of exposunelen worst case exposures conditions
provided by the dossier submitter based on test flatn the dynamic chamber tests. These

nia
tion
to
on

mall
ng
was
tests

have demonstrated that emissions, under worstaageonmental conditions, will peak and then
decrease with time. Eleven samples of cellulosallati®n material treated with inorganic

ammonium salts in powder form and two samples of ibsulation material treated with liqu
inorganic ammonium salts were tested to establlsiciwsamples emitted the most ammonia.

The emission results from the bio based insulagloowed that this material did not emit ammg
levels of concern. Note: Bio insulation is treateith liquid rather than powder ammonium salts
is not technically possible to treat cellulose laion with liquid ammonium salt.

Four of the cellulose insulation samples that esditthe highest amount of ammonia w
subsequently tested further in a test chambemnthatscaled to represent a standard reference
in accordance with the CEN standard. While thdlaw rate from the CEN standard is lower tk
the value indicated in the REACH guidaricthe RAC considered the use of the CEN refer
room parameters acceptable

The emission profile of categories of insulationtenials tested in the static test and dynamic
chamber is indicated in the table below:

Insulation Material | Max conc. of NH; ppmV | ||Max conc. NH; ppmV
emitted

(Dynamic chamber test®)

(24hr static®®)

34 REACH Guidance R15 ECOTOCTRA & ConsEXPO 0.6 air exchanges per hour (Bremmer et al, 2007).
CEN Standard 16000-9 0.5 air exchanges per hour.
Chartered Institute Building Services Engineers CIBSE Guidance B (ventilation 2004) 3 air exchanges per hour.
35 Static test is a test undertaken over 24 hours where no air exchange occurs.
3 Dynamic testing was undertaken over a period of 28 days under ISO Standard conditions 16000-9.
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BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
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| Category 1 | | 573 | |316 |
| Category 2 ||{116 |57 |
| Category 3 ||[205 |85 |
| Category 4 |15 |16 |
| Bio based insulation | |4-5 | | 1.2 |

The test chamber loading rate of 12 kg per m? egutd the cellulose insulation loading rate
France. This was based on a cellulose insulatimkribss of 30 cm. RAC notes that insulatio
measured in terms of its ‘R’ value or ‘U’ value (W K). While both values are a measurs

2 in
nis
2 of

insulation effectiveness, either value can be umadl extrapolated to the other. The R value is

generally referenced in the USA, while U Values geaerally referenced in the EU. The lower
U value, the better the insulation material.

The R value for Cellulose Insulatitfris in the order of 3.2-3.8 per inch thicknesshwii inche
providing approximately an R Value of 38.4-45.6isTequates to a European U value of bety
0.145 and 0.12.

Data from the EURIMA® indicate U values in the EU range between 0.7&anmer regions t
0.13 in colder regions. Therefore, RAC considessltading rate of 30 cm/12 inches to repre
the worst case loading conditions in the EU.

Test Chamber results establish that the main emviemtal factor affecting the release of amm
is relative humidity, particularly when the RH ipases above 70%. The test chamber re
demonstrated that up to 50% RH, the emission réatanamonia from cellulose insulation
constant, however above 50% RH the emission rateases exponentially.

Table 12 of the Background Document outlines theragye conc. of ammonia emitted from
least stable category of material (Category 1letksthich was determined from the following
50, 70 and 90%. These data demonstrate a sigrifi@amtion in ammonia emissions betweer
and 90% RH.

RAC concluded, based on the scientific data avig/ahe equivalent worst case RH for the liv
area would be less than 70% RH. Values above 70%rRtHe living area would result in t
formation of moulds within the home. Findings o& tBQAI repor’ which recorded RH levels
French homes between October to April and May tpt&Seber during the period 2004/2(
reported a 95%ile RH value of 64.7%, further sufgptre RAC’s conclusion. While RAC agre
that the RH values in the living area would be ldsan 70%, RAC also agrees that a
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concentration of 90% could be reached under wase conditions (depending on the weather

conditions) at certain times of the day for a nundfedays during the year, in the attic area.

Using the well mixed room model the distributionamimonia in the living area was calculated.

37 Source: US Department of Energy. http://energy.gov/energysaver/articles/types-insulation
38 www eurima.org/u-val ues-in-europe/

3 OQAI (2007). Observatory for indoor air quality — National housing campaign: State of the air quality in French
housing, Final report, Report DDD/SB-2006-57 (updated May 2007).
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Between 20 and 50% RH, the dossier submitter asganeonstant emission rate equal to|the
emission at 50% RH. For ammonia emissions above BBothe dossier submitter took into
account experimental data up to 80% RH. As showthé results, there is a significant variation
in ammonia emissions between 70 and 90% RH (50 p®60 ppmV). This distribution gave a
concentration of up of 3.736 ppmV NH8the living room when the RH distribution waseén
20 and 50%.

When ammonia exposures were calculated for thediareas based on RH values between 50 and
70% RH, the resulting median was estimated to ®487ppmV and 95%ile of 21.38 ppmV.

These estimated exposures also correlate with #sesuned data, thus confirming that the least
stable cellulose treated material found on the ¢fremarket, exceeded the derived DNEL under
expected conditions of relative humidity in the leomhen it was loaded at a rate to achieve the R
value requirements under French building standards.

Which activities result in exposures causing the sk?

In the presence of water inorganic ammonium sa#tsotl’e and an equilibrium is formed between
the ionised and the unionised forms. Depending ldrapd temperature, relatively moreammonia
(NHsz) will be formed (e.g., at pH7, 0.4%; at pH 8, 1086pH 9, 50%), which can be liberated as a
gas.

NH4" + H,O <> NH; + H3O+

Emissions of ammonia have occurred after the adiinsulation was installed. Solid ammonium
salts that are used to treat cellulose insulatian melease the ammonium ion in wet/humid
conditions crucially when the RH is >80% which Isse to the breakpoint in humidograms| of
several inorganic ammonium saft&"*? Such conditions could be reached at certain prtae
day in the attic space when the external climatdss humid.

In addition, pH is an important factor influenciiNH3 release. The potential for release of fthe
dissolved ammonia gas is largely governed by tkaliaity (pH) of the solution. pH towards higher
values (pH 10-12) will result in a significant logENHs. Lime, plaster and cement are all alkaljne

and can theoretically react when in contact wi ammonium salts in the cellulose insulation] In
one residents complaint, the release of ammoniarget after the laying of a concrete screed, $o it
is possible that this may have promoted the reactidile in another residents complaint release is
reported to have occurred when the insulation wagantact with Placoplatre® plasterboard

partitions.

As the risk of exposure to ammonia from cellulagatied with inorganic ammonium salts occurs
when ammonia is released into the indoor environm#re rapporteurs agree that insulatjon
articles, such as outdoor cladding and construgtemmels, when structurally designed for outdoor
exterior use only will not pose a risk to househmtdupants.

4Ohttp://www.atmos-chem-phys.net/6/755/2006/acp-6-755-2006.pdf
“Ihttps://uwspace.uwaterloo.ca/bitstream/handle/10012/3683/Rocsana%20Pancescu%20Thesis_5_.pdf?sequence=1
“2https://pubweb.bnl.gov/~xujun/research/98IPCpaper.pdf
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RAC do however agree that loose fill cellulose lagan treated with inorganic ammonium salts

and used to insulate the internal cavity area ¢oéreal walls or insulation articles such as panels
designed to be used to insulate the external Walllmme from the inside of the home could ppse
an exposure risk and should therefore fall withi@ $cope of the restriction.

Overall, RAC notes that the evidence reported in the dossiufficient to conclude that the use| of

inorganic ammonium salts in cellulose insulationsviiae root cause of the irritative effects on eyes
and respiratory tract reported in the complaintr@erning the key factors that contribute to the
release of the ammonium salts from cellulose ingraRAC considers that (i) the loading rate|of

30 cm/12 inches to represent the worst case loadamglitions in the EU (ii) While RH values |in
the living area would be less than 70%, RAC alseag that a RH concentration of 90% could|be
reached under worst case conditions (dependinghenmeather conditions) at certain times of the
day for a number of days during the year, in thearea. In additions, while the air flow rate fro
the CEN standard is lower than the value indicatethe REACH guidané&the RAC considered
the use of the CEN reference room parameters aabkpt

B.10 Risk characterisation
B.10.1 Risk calculation ratios calculated with ammpia estimated concentrations
Ammonia concentrations have been calculated ugiegWell-Mixed Room (WMR) model and

results of CSTB tests. The statistical distributadrihe levels of relative humidity measured inside
French housing has been used.

Considering ammonia emission rate for the lesslstad) cellulose insulation tested (M1) and a
relative humidity up to 80%, risk calculation rai(RCR) are the following:

Bedroom Living room

Subacute inhalatior] Concentration Concentration
DNEL for irritation (ppm) R (ppm) MER
Minimum 3.7 2.2 3.7 2.2
P25 4.7 2.8 4.8 2.8
P50 (median) 1.7 ppm 5.3 3.1 5.4 3.2
P75 7.4 4.4 9.1 5.4
P95 16.5 9.7 24.8 14.6
Maximum 54.8 32.2 120.9 71.1

Table 16: Risk characterization ratios (RCR) caktatl with ammonia estimated concentrations
(worst-case: material M1 and maximum relative hutgidf 80%)

The calculated RCR are above 1 with the proposkdcsaie inhalation DNEL for irritation.

43 REACH Guidance R15 ECOTOCTRA & ConsEXPO 0.6 air exchanges per hour (Bremmer et al, 2007).
CEN Standard 16000-9 0.5 air exchanges per hour.
Chartered Institute Building Services Engineers CIBSE Guidance B (ventilation 2004) 3 air exchanges per hour.
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Considering ammonia emission rate for the lesslgtad cellulose insulation tested (M1), the most
stabilized cellulose insulation tested (M2) andetative humidity between 50 and 70%, risk
calculation ratios (RCR) are the following:

M1 M2

Subacute i.nh.ala.tion Concentration RCR Concentration RCR
DNEL for irritation (ppm) (ppm)

Minimum 3.9 2.3 0.5 0.3
P25 6.1 3.6 0.6 0.4
P50 (median) 1.7 ppm 7.9 4.7 0.7 0.4
P75 11.5 6.7 0.7 0.4
P95 21.4 12.6 0.8 0.5
Maximum 45.2 26.6 1.1 0.7

Table 17: Risk characterization ratios (RCR) caitatl with ammonia estimated concentrations for
materials M1 and M2, with a relative humidity beeneés0 and 70%

With the proposed subacute inhalation DNEL fortation, the calculated RCR are above 1 for
material M1 but less than one for material M2.

B.10.2 Risk based on toxic-vigilance data

Few data regarding exposure of general populatiavailable and the representativeness of these
few data to a chronic exposure of the general @djouil is questionable. Nevertheless, toxic
vigilance data clearly demonstrated that the risds@nted by ammonia emitted from cellulose
insulation exists.

The French committee of toxic-vigilance (CCTV) maslished in February 2013 the conclusions
on a_retrospective study performed between 1 Noeer®dd11l — 31 December 2012 on exposure to
volatile compounds emitted by cellulose insulatroaterial (CCTV 2013a, see detailed report in
annex 3).

Ten records with 19 exposed people were collectédaden February and November 2012, 8 out of
10 cases were collected in the last months of 20bh2re were 14 adults aged 32 to 70 years-old
and 5 children.

In 9 cases out of 10 complainants felt a smell #ilatted them. Fifteen cases presented with
symptoms of irritation of mucous membranes (nogesethroat) and airway irritation. The final
severity was rated mild or moderate according ¢oRthisoning Severity Scdfgrading.

Ammonia was detected in the indoor air of three desuwith values of 0.5 to 9 ppm. Some
measurements were above the subacute DNEL andtbeeodour detection threshold. As these
were instantaneous spot measurements, the occeroémxposure to higher concentrations cannot
be excluded (e.g. in case of rainy weather).

For each French toxic vigilance dossier, peopledin a house insulated recently with cellulose
insulation. It could be a new building or an olchaeated housing. As part of the corrective
measures, cellulose insulation was removed in wiote dossiers, which was followed by a rapid

“ Persson HE, Sjéberg GK, Haines JA, Pronczuk déiGax). Poisoning severity score. Grading of apaigoning.
Clinical Toxicology 1998: 36 (3): 205-13.
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recovering of the symptoms - when they were presant a rapid disappearance of the unpleasant
odour. Despite the lack of robust measurements, diatga French committee of toxic vigilance
coordination CCTV has considered — in the majooityhe cases - likely the causality of cellulose
insulation with regard to the origin of symptomegsannexes 3 and 4).

Over the same period, 20,000 housings were insliatErance. The European Cellulose Insulation
Manufacturers Association (ECIMA) identified mokah 100 complaints over the same period and
on Internet forums many complaints were posted.

A second report from the French CCTV has colleatdormation on exposure situations between
1% January and'5July 2013 (CCTV 2013b, see detailed report in ardje Fourteen records (14)
totalling 43 patients were collected during thisige. Only four measures in indoor air were carried
out in suspected housing: 3 showed low concentraittd ammonia (0.06 to 0.7 ppm) and one did
not confirm the presence of this gas. Neverthelessl] records, one or several patients smelled an
odour sometimes characteristic of ammonia gasrn@tmr "cat urine" smell).

19 children and 24 adults were exposed, and tinécalisigns observed are irritation of the upper
airways, cough, and/or a bronchospasm. Severigjimgavas estimated zero or low for 41 patients
and moderate for 2 patients.

Among the 43 exposed persons, 21 remained asymptombe remaining 22 presented with one
or more symptoms corresponding to mucous membunanation of the upper airways or of the
bronchus.

In particular, a child — with a history of asthnmherwise stabilized by treatment — has developed
an asthma decompensation condition during the 3msaafter moving into a new home. The child
was hospitalized for one month in a specializedaseit seems that the symptoms disappear when
the child leaved the house for several days.

Synthesis of new cases sincB July 2013 (with cellulose insulation installed def French
restriction) and new data on cases already ideditifiy the French CCTV:

» 7 new cases most of which are still being folloveed for which it is difficult to decide on
causality either because the name of the cellulbmdation is missing, either because no
mention of smell is specified in the dossier. Thare still no serious cases. In one case,
measurements were made on several occasions imothe in the presence of odour. The
results are below the standards (see TRVs in thEMQ€port - retrospective study in annex
3).

» Regarding known cases either from the retrospestivay either from the prospective study
(second report) in which an evolution has occurdgddossiers, for which a follow-up was
known, show that - in the vast majority of case®-measurement of ammonia has been
performed. There are only 3 dossiers for which messents have been done (one for
which the results are not known). These 2 dosgessiding measurements (apart from
those already known in the report of the prospecs8tudy — in annex 4) had negative
results, but the measurements were made outsideréisence of the odour. They are non-
contributory.

> In terms of symptoms, no serious cases have bagmf® children (2 different dossiers),
including one with a history of asthma, showedrammgase in respiratory symptoms without
that we can exclude the responsibility of the ep@so ammonia from cellulose insulation.

> As part of the corrective measures, cellulose atgut was removed in 7 of 12 dossiers,
which was followed by a rapid recovering of the gyoms - when they were present - and a
rapid disappearance of the unpleasant odour.
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Regarding_occupational exposure, the RNV3P (FreNakional Network for Monitoring and
Prevention of Occupational Diseases) identifie@ idases where signs of irritatiarminimawere
observed, including one casedd novoasthma: five patients from the same company (ping)b
were referred by their company’s occupational dotdothe Prevention of Occupational Diseases
Centre of Nancy (France). Exposure conditions ileedollowing:

= Intervention on a construction site of a buildiragy the installation of sanitary facilities

when it had been flooded,

= Cellulose insulation had been placed, but not cay@r some flats;

= Other complaints from construction workers repo(thae to the smell of ammonia).
One patient was exposed very slightly and did hotxsany symptoms. Two patients had symptoms
of irritation of the respiratory tract with at leéadiscomfort lasting during exposure (short-term
period).
The two other patients had asthma-like symptomsieNwad a history of asthma, neither childhood
asthma, nor atopic. One had a sinonasal polyposichwwas diagnosed in 2005. Positive
methacholine test confirmed bronchial hyperrespamsass in this patient (but was negative in the
second case).

A quick enquiry was posted to the EAPCETorum in order to gather information collected by
other EU Poison Information Centres (PICs); thiguery was also sent personally to several PICs
in Europe. No other cases have been reported t@B#hgian PIC, nor in Germany (Goéttingen,
Munchen, Erfurt).

Based on the cases reported in France, ANSES clear$ of the opinion that there is a risk for
human health related to ammonia emitted in certairsituations from cellulose insulation

B.11 Summary on hazard and risk

Hazard

Acute and chronic toxicity of ammonia via the irdtadn route is mainly due to the irritating effects
of the substance, in the airway or ocular mucosa.

The dose-effect relationship for ammonia is sumnpearin the table below (inhalation exposure):

Concentration of NElin ppm in the air Probable effects from acute exposure

<1-17 Limits to olfactory detection (habituation)

5-20 Discomfort in noraccustomed individue

25-50 Slight irritation in nose and throat

50-80 Mild irritation in eyes and throat

100-140 Irritation in eyes, nose, throat, watergsey

2500 - 4500 (accident) ggorr:]ci::ospasm, pulmonary oedema, fatal in approxwelst

Rapid death by suffocation and pulmonary oedema, sk

10,000 (accident) damage due to corrosivity

The different selected human health risk values (HRund in the literature and the DNEL
derived by the lead registrant of ammonia for taeagal population are therefore all based on these
effects.

“> European Association of Poison Centres and Cliffioaicologists.
84

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finlandl| ¥358 9 686180 | Fax +358 9 68618210 | echa.aleop



BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
INORGANIC AMMONIUM SALTS

The (ANSES) subacute inhalation DNEL of 1.3 md.fi.7 ppm) used in this proposal is also
based on this critical effect, taking into accowsceptible population sub-groups such as
asthmatics.

Exposure and risk

Few data regarding ammonia exposure of general lgib@u is available in relationship with
cellulose insulation. Dynamic tests performed bg #rench Institute CSTB have verified the
stability of additives for such materials treateithvammonium salts, in conditions of high humidity
(at 90% RH) that may be encountered in reality. All tested cellulose insulation materials
presented in varying degrees ammonia emissionl@gsoffrom 6-7 ppm to more than 200 ppm),
reflecting instability of ammonium salts in theseghcts.

Ammonia concentrations have been calculated usiegWell-Mixed Room (WMR) model and
results of CSTB tests. In particular the statistatigtribution of the levels of relative humidity
(weekly average) measured inside French housinguarmdonia emission rate for the less stabilized
cellulose insulation tested have been used (wast-approach). Risk characterizations ratio (RCR)
calculated with these exposure estimates and \kighproposed subacute inhalation DNEL for
irritation are above 1.

The number of exposed persons is subject to greaertainty given the uncertain future
development of this young market and in view of élrentual changes of the specific concentration
limit value of boron compounds in mixtures. The drebased formulations (blends including,
among other substances, boric acid and/or boramiirgde the market (around 95%) and are the
most used compounds in the different formulatioddeal to cellulose insulation manufactured
within (and outside) the European Union. About PB0, tonnes of cellulose insulation are yearly
placed on the EU market. The volume of cellulosiliation containing ammonium salts currently
marketed inside the EU is estimated at 15,000 ®(a®und 5%).

For the purpose of socio-economic analysis, thebmuimof avoided exposed persons per year has
been estimated at 300 in year 2017 at the Eurolpeah(see section F.1.1.3).

French toxic vigilance data identified in 2012 andthe first semester of 2013 about 40 people
showing irritation of the upper airways, cough, /andronchospasm symptoms. This people lived
in a house insulated recently with cellulose insaka In few cases the symptoms were more severe
such as asthma decompensation. For each situatienoo more exposed person smelled a
characteristic odor of gas ammonia ("urine", "canel’) having diffused into the living rooms due
to its high volatility.

Over the same period, 20,000 housings were ingllatErance. Near the odour threshold, persons
exposed to ammonia can experience annoyance amevéddahe odour to be a nuisance. A
Manufacturers Association (ECIMA) identified moleah 100 complaints in France and on Internet
forums many complaints are made, indicating theitteigilance data should be underestimated.

Based on these observations, ANSES clearly belithagghere is a risk for human health related to
ammonia emitted in certain situations from cellelassulation.
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Assessment of RAC-Characterisation of risk(s)

Ammonia concentrations have been estimated usamyuibll-Mixed Room model based on the data
from the chamber tests for the least stable cedkiiosulation material tested at levels of relative
humidity in the home living area between 70-90% r&tx@ase approach).

RAC considers that estimated exposures based owdRies above 70% may overestimate| the
expected ammonia concentrations in the living atdawever, RAC notes that (i) estimated

emissions based on the least stable material foanthe French market under conditions of 50%
RH in the living area, were 3.736 ppm and (ii)e tinedian value and 95%ile value under worst
case RH conditions (50-70%) yielded estimated exmgssof 7.948 and 21.38 ppm respectively.
Since these values are above the derived DNELItirgguin all RCR’s >1 it is properly
demonstrated for RAC that the risk is not suffitjenontrolled when the least stable material is
used. In addition, RAC concluded that the curregulatory risk management instruments are| not
sufficient to control the risks.

Concerning which human populations or environmeot@hpartments are at risk, RAC noted that
the main populations at risk are the occupantsropgrties (primarily occupants of homes) that
have been insulated with cellulose insulation ggawith ammonium salts which emits ammania
after installation. The population at risk includaé groups of the human population including
children and elderly people.

C. Available information on alternatives

C.1 Identification of potential alternative substarces and techniques
C.1.1. Alternative thermal insulations materials

Aside cellulose isolationhere are plenty of other thermal insulation matertairrently available
on the EU market, each with its own set of charattes such as R-value (see section B.2.2), price,
health and environmental impacts, flammability, &nekls of sound insulation.

Due to the fact that this dossier focuses on adhkilinsulation only, an exhaustive and full
assessment of each of these thermal insulatiorrialateras not carried out.

Mineral Wool

Mineral wool actually refers to glass wool, rockakor slag wool. Mineral wool can be purchased
in batts or as a loose material. Most mineral wam#s not have additives to make it fire resistant,
making it poor for use in situation wheegtreme heais present. However, it is not combustible.

When used in conjunction with other, more fire s&mit forms of insulation, mineral wool can

definitely be an effective way of insulating largeeas. Mineral wool has an R-value ranging from
R-2.8 to R-3.5.

Fiberglass
Fiberglass is quite cheap and the most commonatenl currently used. It is made of fibers of

glass able to minimize heat transfer. The handtihdiberglass is dangerous since fiberglass is
made out of finely woven silicon, glass powder &ng shards of glass. These can cause damage to
the eyes, lungs, and even skin if the proper saqtypment isn’t worn. Nevertheless, when the
proper safety precautions (eye protection, masis géoves) are adopted, fiberglass installation can
be performed without incident. Fiberglass is anedigat non-flammable insulation material, with
R-values ranging from R-2.9 to R-3.8 per inch
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Polyurethane Foam

Polyurethaneexpandingfoams are an insulation material basedaotwo-component mixture of
isocyanate and polyol resin sprayed onto roof tibescrete slabs, or into wall cavitieBiey are
relatively light, weighing and they have an R-vahfeapproximately R-6 per inch of thickness.
There are also low density foams that can be sgdraye areas that have no insulation. Another
advantage of this type of insulation is that ifine resistant.

Polystyrene
Polystyrene is a waterproof thermoplastic foam Wwhis an excellent sound and temperature

insulation material. It comes in two types, expah@ePS) and extruded (XEPS) also known as
Styrofoam. The two types differ in performancemngs and cost. The more costly XEPS has a R-
value of R-5.5 while EPS is R-4. Typically the foasncreated or cut into blocks, ideal for wall
insulation. The foam is flammable and Hexabromamyotecane (HBCD) is used as fire retardant.
Polyisocyanurate, similar to polyurethane, is asetb cell thermoset plastic with a high R-value
making it a popular choice as an insulator as veg¢drdants.

Other natural insulation materials are fibers saihemp, sheep’s wool, cotton, and straw.

C.1.2. Alternative techniques still using ammoniunsalts in cellulose insulation

Measures to reduce the ammonia emission rates &éa@ltalose insulation without substituting
ammonium salts as flame retardants were considenéel. explored the existing alternative
techniques in order to reduce the ammonia emisdietmv the proposed restriction threshold (in
line to what briefly indicated in section A.2.3).

Degassing prior to use

A longer period of storage and/or the degassinth@fcellulose insulation materials following the
production and prior to its installation would macessarily result in ammonia emission unless the
storage takes place under high humidity conditidndeed, tests chamber emission profiles (see
section B. 9.3) demonstrate that most cellulosel@i®n do not emit ammonia in low humidity rate
but strongly emits ammonia under high humidity dbads. The peak of emission after 14 days
guoted in this dossier refers to the materialeteander high humidity conditions, but no testever
performed to assess the whose duration of emisgigtherefore not possible to know when the
cellulose insulation will stop emitting ammonia. Mover, there is no indication on whether the
cellulose is still fire resistant after all “reledde” ammonia has been emitted. Anyway, this option
would be very costly for the industry which will ew to stock a larger amount of cellulose
insulation (that is very cumbersome so probably sewk houses would have to be built or rented
as the current turnover of stocks is much quickentl5 days). Therefore, this option is not
considered technically, nor economically feasible.

Improved ventilation

As explained in the paragraph on cofactors to am@anemissions, improved ventilation in the
house seems to be able to lower the concentrati@meonia in indoor air in case of ammonia
emissionsMechanical ventilation systems can reduce the losatwhile at the same time highly
improving indoor air quality.

However, the installation of anechanical ventilation system is expensive (low economic
feasibility). Moreover, if the installation is ngiroperly done it could even contribute to the
diffusion of the emitted ammonia into the livingase instead of reducing the emissions.
Therefore, this option is considered as technically not economically feasible
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Vapour barriers

A vapour barrierefers to any high-density materitdr damp proofing(typically a plastic or foil
sheet but sometimes a paint-like coating) useddwemt water vapour from moving from one area
to another. According to the CSTBapour barriers are meant to have two main effexrtsone
hand, they should prevent cellulose insulation fremtering into contact with water and taking
humidity by limiting the amount of water vapour passing throughlls, ceilings and floor
assemblies of buildings and, on the other handyavtieere is ammonia emission, they might limit
the proportion of the ammonia released into th@dj\sspace of buildings. So this type of installatio
could limit problems with ammonia emissions but also wambisture,mould, rot, odours, bugand
the associated health issues to the occupantsnitadlly, according to their degree of permeability,
some of these materials are only vapour retarders.

As explained in the paragraph on cofactors to amanemissions, in some European countries
physical means such as vapour barriers are sonsetused by the installers to avoid blown
cellulose insulation installed inside building déas from migrating into the living space. However,
the installation of vapour barriers is expensivanding from €1000 to €3000 per living unit
insulated). Associated to the cellulose insulat{oconsidering an average price of €2000 for
insulating a house, see detail in section F) it lbkamake this type of thermal insulation not
competitive anymore on the market in terms of wigew economic feasibility).

Liquid or spray impregnation method

According to some formulators, a liquid impregnatimethod for adding the blends to the cellulose
insulation compared to the one currently used biz@alopean manufacturers (powder blend) could
eventually lead to a better and more stable mixtirthe cellulose insulation and the blend and
therefore to lower ammonia emission patterns. Nbe&ss, according to the cellulose insulation
manufacturers and formulators taking part to thenEh substitution group, adding such a liquid
blend seems to create excessive moisture to thelas# insulation and to lower the thermal

performances of the product. The possibility oftipgtthe cellulose insulation into an oven in order
to reduce the HR of paper/newspapers was explarddrapidly set aside for environmental and

economic reasons. Moreover, such production chamggd imply that the manufacturers change
the whole process and replace the machineries g@mgrmportant sunk costs that would seriously
affect the rentability of the cellulose insulatisactor. So both technically (because of the mould)
and economically (due to high sunk costs) thisampis widely recognised as unfeasible by the
stakeholders of the cellulose insulation sector.

As for the liquid impregnation, according to théluwlese insulation manufacturers and formulators
taking part to the French research project (seezbglow), spraying the cellulose insulation with

the blend of additives does not seem technicallg enonomically feasible with due to the

acceptable limit of humidity for the paper andhe turrent manufacturing processes.

Stabilization of the currently used powder formigias

Concerning the stabilization of the powder formolat according to the formulators, this option

seems feasible both technically and economically.

The stabilization of the powder formulation is afehe options left open to the manufacturers of

cellulose insulation (in collaboration with theariulators).

As underlined by the formulators consulted, thidicmp seems technically feasible, given the

proposed limit value of 3 ppm for this restrictiproposal. However, it is not possible to determine

ex antehow long it will take to find a stable blend, neow much the research concerning the

stabilization will cost. These uncertainties did peevent the dossier submitter from attempting a

monetary quantification (included in section F lostrestriction dossier) of the additional costs to

be afforded for the stabilization of the formulatsoby the industry if their cellulose insulation
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would be proven emitting ammonia above the limilugaset by this restriction proposal. The
resulting costs of the stabilization scenario seeonomically affordable compared to the expected
benefits.

Improvement of the packaging

This option refers to the possibility of improvirige packaging (water proof) of the cellulose
insulation in order to avoid it to become humiddrefbeing placed into the market in order to avoid
ammonia emissions once installed. However, celtulosulation can take humidity also during and
after its installation, retailers selling cellulassulation containing ammonium salts cannot knbw i
once installed the cellulose insulation that they selling would emit or not ammonia. This option
seems not very useful first and foremost as mosh@fpackaging currently used is already water
proof.

Therefore, although both technically and econorhic&asible, avoiding humidity before the
installation of the cellulose insulation througlckaging appears as an option having a very limited
risk reduction capacity.

The “crusting technique”

As reported by CSTB, therustingrefers to peculiar technique mainly used in Fraddeer the
application of the cellulose insulation, its sudacan be sprayed with a little quantity of water
without pressure. As it dries, the cellulose inBafaforms a small "crust”, which should avoid the
cotton wool from moving around in the air. Anywaych technique doesn’t seem compatible with
the cellulose insulation containing ammonium sglt&n its capacity to emit ammonia in case of
humidity.

The table below summarizes the findings for eatdr@édtive technique option in terms of technical
and economic feasibility and risk reduction capaat each alternative technique considered
Overall in terms of suitability only a better stedation of ammonium-based cellulose insulation
seems to be a good technique.

Techniques Technical | Economic Risk reduction Overall suitability
feasibility | feasibility capacity
Degassing prior to use Low Low Low (It might not plot suitable
fire resistant)
Improved ventilation Medium Low Low Not suitable
Water proof packaging High High Low

(cellulose insulation
might emit ammonia
for having taken
humidity during and
after installation)

Vapour barrier High Low Medium Not suitable faromomic
reasons

Liquid and spray Low Low Medium Not suitable (it lower the

impregnation thermal performances and
increase the mould)

Crusting High High Low (it causes Not suitable to avoid

ammonia emissions) ammonia emissions
Stabilization of High High High Suitable

ammonium based blend

1"£}

Table 18: Assessment of alternative techniqudaustihg ammonium salts in cellulose insulation
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C.1.3 Alternative compounds as flame retardants icellulose insulation

On the market of cellulose insulations, only twoimgpes of blends are currently used: the boron-
based formulations and the ammonium-based one.r @themical substances are used as fire
retardants or as biocides in a variety of differammonium-based and the boron-based blends in
cellulose insulation, according to the stakeholdessnsultations. However, currently, no
ammonium-free and boron-free formulations are usgdhe cellulose insulation industry, nor
already available on the market. Research is oggoin find other types of blends without
ammonium and boron.

Boron-based formulations

The boron-based formulations (blends including, @gnother substances, boric acid and/or borax)
dominate the market (around 95%) and are the ns®st compounds in the different formulations
added to cellulose insulation manufactured witlimd( outside) the European Union.

Other substances in the formulations
From the consultations with cellulose insulationnefacturers, formulators and Member States,
other chemical substances are currently being refsed as flame retardants or already used in the
blends in addition to ammonium salts or boron conmois:

- other aluminium salts (aluminium sulphate [CAS N®043-01-3], aluminium

hydroxide [CAS No 21645-51-2]), aluminium trihydedCAS No 8064-00-4];

- magnesium sulphate [CAS No 7487-88-9];

- zinc chloride [CAS No 7646-85-7];

- sodium salts;

- amines blended with “alkaline earth metal” salts;

- calcium salts;

- lime, gypse, and bauxite;

- barium salts;

- whey/soda;

- “bio-material”;

- antipyrin.

From the information received from the industryporon-based formulations, magnesium sulphate
[CAS No 7487-88-9] and aluminium trihydrate [CAS B064-00-4] seem to be the most used fire
retardants for cellulose insulation. Other altexest reported by some Member States in their
guestionnaire are not sufficiently described ineorith assess them.

Magnesium sulphate and aluminium trinydrate areerily used in boron-based formulations in

order to lower the boron compounds concentratiothéncellulose down to 4%. However, when

asked concerning the possibility to make a formaitabnly with these two flame retardants - and
without boron compounds - a manufacturer of celalmsulation explained that without boron the
product did not pass one of the two tests to chigek retardation. Another manufacturer of

cellulose insulation who is currently testing admofree magnesium-based formulation explained
that the final product containing this blend pasakdire retardation tests but the additives cause

technical problems to the machinery while blendimgm with the cellulose insulation.
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Concerning alternative blends, aside the magnebased formulation, according to a formulator,
blends containing phosphorus compounds are begstgddy the industry at present, but no further
details were provided. In addition, many phospheteed compounds seem to have some or all the

characteristics to be used in cellulose insulatiaterials as substitutes for boric acid, borax
polyborates (Source: US Patent 2013/0014672 ADahniary 2013).

and

Box2: Information on a French collaborative researb project

Currently, in France a collaborative research ptofended by the French Ministry of Housing is cedlr
out with the official objective to replace boricidkldand ammonium salts) as additives in the cedl
insulation. This project brings together severdiljoustakeholders (CSTB, DHUP) and the private are@
producers of cellulose insulation,i.e. 10 factopesducing or selling in France, 4 formulators bémical
additives and technical French authorities). lhitsults of the research will be made availabléhgyend
of 2014 to all producers having a production umifFrance. The study should be completed by Juns, 2
which is the deadline of validity of the Frenchheical advice with boron salts.

The research of a new flame retardants for thelosk insulation focuses on replacement of boiiit laat,
after the cases of ammonia emissions in Francepstlall formulations proposed were also ammoni
free.

The specifications set by the project on the denwinithe cellulose insulation manufacturénslude the
following technical and economic elements: the faation must reach a Euroclass C in order to a
potential fire, it must be chemically stable duritige whole life cycle of the cellulose insulationdg
compatible with other biocidal additives in therfmdation. Finally, the formulation should be econcetly
viable, to avoid an increase of the market priceéhef finished product (target of 100 Euros per &oh
finished product).

The initial focus of the research project has heeverify the reaction to fire of the various saegbf the
cellulose fibres mixed with the proposed fire rdtarts. Each sample of powder additives without thanad
without ammonium salts has then been tested tauatalthe reaction to fire according to the stang
EN11925-2 "Ignitability to the small flame test'rdlugh the application of a flame. The samples sh
reach at least the minimum thresholds requireddiyguthe standard EN11925-2, and, by the initigseh
they should meet at least the European fire cla&efzeral samples of the first two series of teatsed out
at factory level did not pass such test. It shddchoted that the small flame test is less resteichan the
SBI test (single burning item) which is required fbe cellulose insulation. The exact contents hef
formulations tested are not known.

One of the products tested by some plants was ivétgting and it released a strong odour. In ortie
avoid the same issues as in the case of ammonilisn thés product is being further tested to exasrtime
nature and degree of its emissions though the derednt of an emission test that could be useder
future also to identify and characterize the vagiemissions of other alternative products. At dtége, it ig
very difficult to anticipate what could be the frguemissions, but it is certain that they should @
limited to ammonia emissions.

The report of the first two meetings of the projeohcludes that, at this stage the formulationsectly
tested in this framework represent interesting mitaealternatives to be further explored, but pheject is
still far from having found a final solution mediall stated requirements.

The possibility of a liquid blend was excluded bg group due to excessive moisture after additmgtie
cellulose insulation. The addition of the liquidilagint seems to lower the performances of the potoidu
papers and newspapers have a RH > 6% which isafe roost of the times. The possibility of an owe
reduce the RH of paper/newspapers was exploredagily set aside for environmental reasons.
Exploration of spraying additives seems hardly catilghe with current manufacturing processes dubédo
acceptable limit of humidity for the paper in ordemaintain the thermal performances and to aftgidal
development.

Given the fact that from one plant to another tlamuafiacturing process is not exactly the same, #é\van
blend would be a too fine powder, the formulationld block the machineries (distribution, aspiratay
filtration systems) of the plants of some manufeats

According to a formulator, the target price eswti#d by this research project (maxim#h00/t of
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produced cellulose insulation with a rate of 10%chtactually means purchasing a prodettkg or€1000
/t) in order to find alternatives to boron and amimen for cellulose insulation does not seem actok/ay
the formulators and producers of additives withasing in the formulation boron or ammoniuym
compounds in view of the current prices of theraliive chemical substances. According to the same
formulator, it seems too early to set an acceptpbte limit, given that the R&D on this subjectssll on
going. According to this formulator, it is howevegrtain that most European and French producefs wil
have to accept additional costs compared to theulation of boric acid if they do not wish that
formulators will be blocked and limited in their R&by the economic equation. According to the same
formulator, it is clear that the current approatimanufacturers of cellulose insulation of targgtanfinal
price competitive with mineral wool will have toantge if boric acid will be shut down from this use.

In conclusion, economic aspects seem to have playitical role in terms of difficulties met up tate to
find alternative solutions for boric acid subsibut To date, the results on the reaction to fire aot
conclusive due to the low performances to firehef products tested. Formulators of additives keeykiwg
on the improvement of the tested products in ctamdlaboration with the cellulose manufacturers. dger,
the project is also looking for new formulators wiog on the fireproofing of the paper for the chike
insulation sector.

The searching for an antifungal solution will comea second phase after the tests concerning tutioa
to fire will be concluded and the flame retardaminponent of the blend will be validated. Howewss |t
formulators taking part to the project seem ratbenfident on this point of finding the right bioeid
additive.

The last meeting of the French project "lookingdarew blend" was held on th& @ctober 2014 and to
that date, none of the blends was judged satisfadiew formulations provided by 3 suppliers ofris,
which seem promising according to them, shouldeeed in factories starting from late October,\earl
November 2014.

The project attempted unsuccessfully to involveepguppliers but either they do not produce flame
retardants for cellulose insulation or they prodonky liquid blends.

Any interesting future finding coming from this peot made available to tHeossier Submittewould be
incorporated and assessed in the updated verdiohis oeport.

C.2 Assessment of alternatives
C.2.1 Boron compounds
C.2.1.1 Availability of boric acid / borates

Borates are naturally-occurring minerals containmgon. The element boron does not exist in
nature by itself: boron combines with oxygen anldeotelements to form boric acid, or inorganic
salts which are generically referred to as “borates

Boric acid and sodium tetraborates are used asflatardants in a range of applications including
cellulose insulation. Borates suppress a fire bjtingeand covering the flammable substrate in a
layer of char, excluding oxygen from the flame.

Borates may also be used as biocides: There aezateypes of borate wood preservatives used to
treat solid wood, engineered wood composites aheérointerior building products like studs,
plywood, joists and rafters.

Use of borates as flame retardant is minor accgrthnthe European Borates Association (EBA):
3% of the total tonnage, corresponding to abouy @or Cellulose Insulation (Austria transitional
annex XV dossier for Boric acid (crude naturalpdcember 2008).
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m Cleaners and cosmetics

o Detergency

O Flame Retardancy

O Glass and ceramics

B industrial fluids

B Metallurgy
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presengtion]

B Various chemical effects

Figure 12: Division of boric acid and sodium tetahtes (sodium tetraborate anhydrous, sodium
tetraborate pentahydrate, sodium tetraborate dedsdig) by end use application (year 2007 data)
(EBA, 2008)

C.2.1.2 Human health risks related to boric acid borates

Classification&Labelling

Pursuant to the first ATP to Regulation (EC) No 2/2D08 (Commission Regulation (EC) No
790/2009) as of 1 December 2010, boric acid isdish Table 3.1 (list of harmonised classification
and labelling of hazardous substances) of Annexp¥it 3, of Regulation (EC) No 1272/20083 as
follows:

Repr. 1B
H360FD (May damage fertility. May damage the unbariid.)
Specific Concentration limits: Repr. 1B; H360FD>G.5 %

According to the first ATP to Regulation (EC) No7P22008, the corresponding classification in
Annex VI, part 3, Table 3.2 of this Regulation (B@) 1272/2008 (list of harmonised classification
and labelling of hazardous substances from AnnexDirective 67/548/EEC) will be as follows:

Repr. Cat. 2; R60-61 (May impair fertility. May c@iharm to the unborn child)
Specific Concentration limits: Repr. Cat. 2; R60-62 5.5 %

Specific concentration limits of other borates adgusted according to the molecular weight of the
substances where the basis was the concentratanoli 5.5% for boric acid. Expressed as boron
content the specific concentration limit would 8é B for all substances.

In the future it can be expected that the specificcentration limit of boron compounds could be
lowered from 5.5% to 0.3%

Indeed, the Concentration Limits for the boratesw(nand current ones) are currently under
discussion at RAC at CLP level. Concerning the tesraf interest in our case (tetraborates) a
recent development is that PL withdrew their daskie changing their classification to repro 2

6 Communication of ECHA on Boric acid, Disodiumoatsadte tetrahydrate, Disodiumoctaborate anhydrdtdl&rch
2014: http://lecha.europa.eu/fr/view-article/-/joalrrcontent/title/rac-delivers-sixteen-clh-opinions.
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(development), therefore, these are still clas$ifie Repr. 1B (for both fertility and Development)

with SCL of 3 to 5% for use in mixtures intended éonsumer use....(please note that SCL is 1%
boron w/w but then due to different molecular wesgbf the ammonium salts an indicative range
has been established).

In March 2014, RAC concluded on the proposals fiddimto adopt a CL equivalent to the Generic
Concentration Limit for the new borates (octabap(ee. 0.3%). The proposed classification was
adopted by RAC and will be included in the dratt &TP of CLP, to be sent to COM (for final
decision) by January 2015.

In RAC opinion it is also recommended that in thufe a proposal for lowering, accordingly, the
SCL of the four current borates in CLP could beppred (which if will be done, will lead to the
elimination of borates in mixtures for the gengrablic at >0.3 % w/w).

Hazard characterization summary
Boric acid is considered as a SVHC; annex XV daodsiethe identification as SVHC of boric acid
(Germany / Slovenia, 2010) is available on the EGi&bsité’.

The following summary on toxicity of Boric acid msed on the Proposal for identification of a
substance as substance of very high concern (Banid, CAS No 10043-35-3 / 11113-50-1).
Germany / Slovenia Proposal. February 2010.

Toxicokinetics (absorption, metabolism, distribatend elimination)

The toxicokinetics of boric acid has been invesédaby different uptake routes (oral, dermal,
inhalation) in various animal species as well asumans.

Absorption of boric acid via the oral route is ngat00%. For the inhalation route also 100%
absorption is assumed (based on animal studiesrped with boron oxide).

Dermal absorption though intact skin is very lowor Fisk assessment of borates a dermal
absorption of 0.5% is used as a realistic worse eggproach. Boric acid is not further metabolised.
Boric acid is distributed rapidly and evenly thrbuthe body, with concentrations in bone 2 - 3
higher than in other tissues. Boron is excreteddhgpwith mean elimination half-lives of 1h in the
mouse, 3 h in the rat and 13.4 h in humans (range 27.8 h), and has low potential for
accumulation. Differences in renal clearance aeentajor determinant for the observed species
differences. Boric acid is mainly excreted in thime.

From a poisoning case with boric acid in a pregmeothan it could be deduced, that boric acid (or
borates in general) is able to cross the placenta.

Repeated dose toxicity

The haematological system and the testes haveitieetified as the major targets after oral repeat
dose exposure to Boric acid. Studies after repedéeahal or inhalation exposure to boric acid are
not available. A NOAEL for effects on testes anel bhood system of 17.5 mg boron/kg bw/day can
be derived (with a LOAEL of 58.5 mg boron/kg bw/jidsom two 2-year studies in rats on boric

acid.

Results obtained with boric acid can be supportedirdings obtained from other borates thus
indicating that the boron ion is the toxicologigalelevant species.

Summary and discussion of reproductive toxicity

" http://echa.europa.eu/documents/10162/9289e7 a-48eS8-8e3a-20179670803d.
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Results from animal experiments demonstrate thatc bacid adversely effects fertility and
development. Feeding studies in different animacss (rats, mice and dogs) have consistently
demonstrated that the male reproductive systerhdsptinciple target in experimental animals,
although effects on the female reproductive syshave also been reported. Testicular damage
ranging from mildly inhibited spermiation to comg@eatrophy has been demonstrated following
oral administration of boric acid. Effects on fetyiwere observed at lower dose levels compared to
dose levels, where signs of general toxicity apgeat 7.5 mg boron /kg bw/day was derived as a
NOAEL for male and female fertility.

Developmental toxicity of boric was investigated thre rat, the rabbit and the mouse. In two
independent rat studies, the reduction in fetalybwedight at 0.1% or 0.2% boric acid in feed from
GD 0 to 20 was comparable, maternal toxicity inenamd rats was not striking, since effects on
food and water consumption were minimal. Observedyjkt gain changes seemed to be secondary
to developmental toxicity, because body weight gairected for gravid uterine weight was not
significantly reduced. Studies in rats failed t@pde evidence for any treatment related renal
pathology. Thus, in the rat, developmental toxi¢tecreased foetal weight: at 13.7 mg boron/kg
bw/day) occurred in the absence of marked matetoakity. For developmental toxicity, a
NOAEL of 9.6 mg boron kg bw/day has been derived.

The adverse effects of boric acid on developmedtfartility observed across species were very
similar, both in nature and effective doses. Furttiee adverse effects obtained with boric acid are
comparable to those obtained from other borates ttanfirming that the Boron ion is the
toxicologically active species. The available data toxicokinetics do not indicate major
differences between laboratory animals and humlans.not known whether there are significant
differences in the toxicodynamics between humand laboratory animal models and in the
absence of such knowledge it must be assumed hbagftects seen in animals could occur in
humans. On the basis of toxicokinetic and toxicaagit considerations it is assumed that the
animal data are relevant to humans. This is furilnederlined by the fact that (1) there are
indications that boric acid is able to cross humpktenta and that (2) up to now, epidemiological
studies in humans are insufficient to demonstrate gbsence of an adverse effect of inorganic
borates on fertility.

Exposure potential

Consumer Exposure to boric acid has been addressedtly by the Transitional Dossier for boric

acid (CAS 10043-35-3), which also focuses on diswdtetraborate anhydrous (CAS 1330-43-4),
disodium tj%traborate pentahydrate (CAS 12179-04ad8)disodium tetraborate decahydrate (CAS
1303-96-4)".

The risk-characterisation assessment for boronsexpovia consumer products was not derived due
to the lack of information on all possible applioas.
Conclusion (i) is therefore reached:
» There is a need for better information to adegjyatharacterize the risks for consumers
from boron exposure via boric acid and sodium befrates.

A report on borates in consumer products has besried out on behalf of the European
Commission (RPA, 2008). It covers boric acid anmduemnber of other boron compounds, principally
boric oxide, sodium borate and sodium perboratechvhlso have been classified as Reprotoxic

“8 Boric acid (boric acid crude natural). TransitibAanex XV dossier. Austria. 1 December 2008.
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Category 1B. The study approach involved a reviéwhe relevant literature and consultation with
the relevant industry stakeholders in the EU ireotd identify the range of uses for borates.
Quantitative exposure estimates were provided éotilisers, detergents, mattresses and starch
adhesives. However other uses such as in celluhssgation were discussed only on the basis of
plausibility argumentations: according to the RRAart, these products (identified as data gaps on
consumer exposure to boron) will lead to negligibasumer exposure, because of their low
volatility and considering they will be handled bgnsumers only on an occasional (less than
weekly) basis. Without more robust data on consugmposure, this conclusion might be not valid
and more details are necessary to support them.

Germany / Slovenia have discussed consumer expestineates from single uses of boric acid in
their annex XV SVHC dossi€t

Few data are available on borates consumer exposlaied to their incorporation in Cellulose
Insulation. As the vapour pressure of boric acidagligible, inhalation exposure is only expected
from uses giving particles or aerosols.

Boric acid is used as a flame retardant (with dlsagicide properties) in cellulose insulation
material. In this application, shredded post-consuracycled paper is mixed with boric acid, other
borates or with a mixture of boric acid and otherdbes. The resulting product is blown into attics
and in cavity walls. In a study on dust monitorimgconstruction work, manual installation of
cellulose insulation was documented with respirgda@dicle concentrations of 2.75 mg/m3 (BTU
2000). With a boric acid concentration of 5% wittother 5% disodium decaborate (Seppele 2009),
0.3 days exposure time, 60 kg body weight and hal@tion rate of 33 m3/day (default for a 60 kg
person at light exercise) an inhalation exposure.@®4 mg boron/kg bw/day from 0.023 mg boric
acid/kg bw/day can be calculated. Another 0.0025 bupn/kg bw/day derives from disodium
decaborate. This kind of consumer exposure willrbged to occasional projects.

Assessment of RAC

RAC noted the dossier submitter's view who congidethe hazardous and classified boron
compounds not as a desirable alternative. Whilermétion received from other Member States
across the EU indicates the primary flame retarg@otiuct used in cellulose insulation is Baric
Acid/boron compounds and not inorganic ammoniurtssaiorganic ammonium salts are currently
used in 5% of the cellulose insulation productmEU (Source ECIA).

All (4) borate substances [boric acid, disodiunratdborates, tetra boron disodium heptaoxide
hydrate, diboron trioxide] with harmonised classifion as toxic to reproduction for both fertility
effects and developmental toxicity (Repr. 1B; H3B)Rre currently listed in the Candidate List| of

SVHC, which is the first step of the authorisatiegsk management process. Currently they |are
included in the ECHA’s draft 6th Annex XIV recomnaation (for inclusion to the Authorisatign
List).

Specific concentration limits between 3% and 5.58plyw for the 4 borate substances based on
Annex VI of the CLP Regulation.

9 Boric acid (CAS No 10043-35-3 / 11113-50-1). Pregddor identification of a substance as substafis®ry high
concern. February 2010.
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Two additional borate substances [disodium octdberatetrahydrate and anhydrate]] w

submitted to ECHA by the NL for harmonised classifion as Repr.1B. (H360FD). The

classification proposal was adopted by RAC but ajeaeric concentration limit of 0.3% f
mixtures These borate substances have been idcindine 9th Draft ATP to CLP, sent to t
Commission in January 2015 (for final decision).

ere

ne

The dossier submitter indicated (according to tifermation on ECHA’s website) that there are

hundreds of substances containing boron. RAC hadeen provided with any information that

would indicate which non-harmonised (non-classifesdCMR) borate substances can be used as

alternatives. If the 4 boron compounds are listednnex XIV of REACH, this will likely result tq

further research on the stabilisation of inorgaamamonium salts (or on other non-hazardous boron

compounds) as suitable alternatives.

RAC underlines the intention of this restrictioniefhis not a general ban of inorganic ammoni
salts in cellulose insulation material or articlés. stated in the public comments from a Gern
company (specialist on flame retardants for ceflelmaterials) inorganic flame retardants not u
inorganic ammonium salts and replacing boron saksnow available for the building/insulati
industry. They are not yet on the market. Howettgs, information supports RAC’s view that th

um
nan
5ing
DN
is

restriction proposal will promote further reseaorhand development of harmless flame retardants.

The efforts on the development of cellulose mallaricles containing more stable ammonil
salts undertaken by research project in France edsewhere was welcomed by the dos
submitter. One comment from the public consultatidformed that polyphosphates could be u
an alternative, poorly emitting flame retardant.h@t (confidential) comments indicated tk
polyphosphates are already used as flame retarslaoétiulose insulation material/articles in thr
member states. However, evidence on the amountnohamia release from polyphospha
containing cellulose insulation material/articlesinknown to RAC.

m
sier
sed
nat
ee
ate

C.2.1.3 Environment risks related to boric acid/boates

This section presents conclusions from the traorsadi annex XV dossier of boric acid (boric acid

crude natural) prepared by Austria (version of Témber 2008).

Conclusion (i) is reached for Sewer treatment gld®&TP), surface water, sediment, marine
terrestrial compartments:
» There is a need for better information to adegjyatharacterize the risks from the relea
of boric acid and sodium tetraborates.

The information requirements are:
» Good quality data to improve PNECSs;

and

Ses

* Information on local exposure and emissions to 8id’s for producing/importing and

processing sites;

* Information on local exposure and emissions to thguatic compartment for

producing/importing and processing sites;
* Information on insects to improve the PNEC,

* Information on local exposure and emissions to thexddiment compartment for

producing/importing and processing sites;
* Information on local exposure and emissions to tharine compartment (includin
sediment) for producing/importing and processintgssi

97

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finlandl| ¥358 9 686180 | Fax +358 9 68618210 | echa.aleop

g



BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
INORGANIC AMMONIUM SALTS

processing sites.

Due to the low volatility of the inorganic boratesnissions to air will be very low.
The potential for secondary poisoning is not sigaiit (Boron should be considered as fulfilling
the criteria for Toxicity, but not for Bioaccumuilat according to the definition of Annex XIlII of

REACH Regulation. Therefore bo

ron does not meettheria as either PBT or vPVB.).

C.2.2 Classification&Labelling of other alternatives
The Table below summarizes harmonized and notdiaskification and labelling according to CLP
criteria® for inorganic salts that constitute the main ptigémlternatives to ammonium salts as fire

retardants.

Substance identification

Harmonized/Notified classification and labellingggse note thg
classification may vary between notifiers)

Aluminium hydroxide [CAS No
21645-51-2, EC Number: 244-492-7

Notified classification (for some notifiers):

Skin Irrit. 2, H315 — Causes skin irritation

Eye Irrit. 2, H319 — Causes serious eye irritation
STOT SE 3, H335 — May cause respiratory irritation

Aluminium sulphate [CAS No 10043
01-3, EC Number: 233-135-0]

-Notified classification (for some notifiers):

Eye Dam. 1, H318 — Causes serious eye damage

Met. Corr. 1, H290 — May be corrosive to metals

Acute Tox. 4, H302 — Harmful if swallowed

Skin Irrit. 2, H315 — Causes skin irritation

STOT SE 3, H335 — May cause respiratory irritation

Aquatic Acute 1, H400 — Very toxic to aquatic life

Aquatic Chronic 1, H410 — Very toxic to aquaticelifvith long
lasting effects

Aquatic chronic 2, H411 - Toxic to aquatic life tvitong lasting
effects

Aquatic Chronic 3, H412 — Harmful to aquatic lifethvlong
lasting effects

Aluminium trihydrate [CAS No 8064
00-4]

- No information

Magnesium sulphate [CAS No 748
88-9, EC Number: 231-298-2]

7Notified classification (for some notifiers):

Acute Tox. 4, H302 — Harmful if swallowed

Skin Sens. 1, H317 — May cause an allergic skioti@a
Skin Irrit. 2, H315 — Causes skin irritation

Eye Irrit. 2, H319 — Causes serious eye irritation
STOT SE 3, H335 — May cause respiratory irritation

Information on local exposure and emissions toatineosphere for producing/importing and

—*

Zinc chloride [CAS No 7646-85-7, E
Number: 231-592-0]

CHarmonized classification (annex VI of CLP Regola}i
Acute Tox. 4, H302 — Harmful if swallowed
Skin Corr. 1B, H314 — Causes severe skin burnegadiamage
Aquatic Acute 1, H400 — Very toxic to aquatic life
Aquatic Chronic 1, H410 — Very toxic to aquaticelifvith long
lasting effects

Supplementary notification (for some notifiers):
STOT SE 3, H335 — May cause respiratory irritation

Table 19: Harmonized and notified classificatiomsldabelling of alternatives according to CLP

criteria

0 c&L inventory database consulted the 3 Decemb&B20
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C.2.3 Economic feasibility of alternative blends

Prices of the formulations widely vary from formwdato formulator, from location to location,
according to the traded volumes, the relative peeagges of chemical substances used in a given
blend and according to the relative percentagdarfdoused in the cellulose insulation.

According to a formulator, a typical boron-basednfalation (4% boric acid + 8% aluminium
hydroxide) to be added to cellulose insulation edta of 12% would cost around €75 per tonne of
produced cellulose insulation. If the volumes pasgd are important, the price of a basic boron-
based formulation could decrease down to €60 tdt®6%sellulose insulation treated.

The table below, based on data provided by a fatouland counter verified with cellulose
insulation manufacturers, provides the ranges iokegdevel of certain chemical substances used in
the cellulose insulation.

Substance CAS Number Price €/t Percentage
needed
Boric acid 10043-35-3 670-700 4%
Ammonium sulphate 7783-20 - 2 300-450 3%
Monoammonium phosphate 7722-76-1 800- 1500 3%
dihydrogenorthophosphate
Diammonium hydrogenorthophosphate 7783-28-0 130800 3%
Magnesium sulfate heptahydrate 10034-99-8 400-500 % 8
Magnesium sulphate 7487-88-9 N.A. N.A.
Zinc chloride 7646-85-7 N.A. N.A.
Aluminium sulphate 10043-01-3 N.A. N.A.
Aluminium trihydrate 8064-00-4 N.A. 8%
Aluminium hydroxide 21645-51-2 320-350 8%

Table 20: Ranges of price level of certain chemstddstances used in the cellulose insulation

(information provided by a formulator)

All substances indicated in the table are easigjlalble on the market at European level.

Moving from the standard chemistry of ammonium bkalp or sulfamate to more complex and
stable ammonium compounds, prices might increade dgimes per tonne.

The fact that the amount of boric acid are lessoirtgmt than that of magnesium sulphate in table
below does not mean that the formulations basdabon acid are not the market leading blends but
it refers only to the fact that a typical boron-eégormulation would contain 4% of boric acid and
8% of magnesium sulphate.

Tonnes per annum for Flame Retardants
Alternatives (estimate from stakeholders consultation)
Boric Acid 7000
Ammonium Salt Blend 4000
Magnesium Sulphate 12000
Aluminium Trihydrate 2000
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Table 21: Tonnes per annum of relevant flame retatslin cellulose insulation (data provided by
stakeholders)

At European level, the total quantities of altewetsubstances entering into the formulations used
by the European cellulose insulation industry delpen the relative percentages of different

substances used in a given blend by each manutaend on the percentages of total formulations
used in the cellulose insulation by the manufacture

The main issue to take into consideration whilestgring ammonium (and boron) substitution is
the economic feasibility of the replacement of ammm salts by other alternatives which are more
expensive than ammonium salts (and boron compoudd€prding to ECIA, ammonium salts
(especially ammonium sulphate and mono- and diamumomphosphate) are the least expensive
options after boron compounds. Indeed, accordingG®A and to most of the cellulose insulation
industry actors (see Section G), the use of otbemdlations may increase production costs
compared to blends based on ammonium or boron cklisfactor of 2 up to 6. According to a
formulator alternative formulations that could ksed for cellulose insulation would cost up to 1.5
euro per kg which would confirm a factor 2. Fadi@eems to be an overestimation.

For the manufacture of cellulose insulation, theslof profit could be then significant especially
because they are not likely to pass such costeetseupply chain at least on the short term.

For manufacturers of cellulose insulation, undeeesnomic and technical point of view, compared
to the use of ammonium salts in the blends, thefuessible scenario would be that the alternatives
could have the a higher effectiveness both in tesfrilame retardation and biocidal function for a
lower price.

Effectiveness/price | higher effectiveness same effectiveness lower effectiveness
higher price worst scenario
same price intermediate scenario
lower price Best scenario:

boron compound

Table 22: General Principles of possible scenafmssubstitution

The assessment of alternatives to ammonium salfiseasetardants in cellulose insulation shows
that blends based on boron compounds are the ikebt alternatives for the cellulose insulation
industry exactly because they represent for theketahe best possible case ever, having at the
same time the best performances in terms of figrdation and anti mould for the lower price. This
explains why around 95% of the market has alreapggntaneously adopted boron-based
formulations. Even if the Dossier Submitter conssdieoron based blends as not desirable for its
health risks, for the industry this is still thesesst and cheapest alternative, still legally a#dw

The worst case scenario would be a blend haviogvarl effectiveness for a higher price.

The intermediate scenario would be somewhere iwdrn the two above mentioned extreme
cases, i.e. a blend with the same effectiveness foigher price or a lower effectiveness for the
same price. For instance, if the alternative blesnlégss efficient in terms of fire retardation than
formulation based on ammonium salts then manufadwshould put a higher dosage in order to
obtain the same performances against fires anddnoul

Considering that the price of boron compounds igelothan that of ammonium salts and that they
are already used by most of European manufactuitesseems obvious that the Industry will

spontaneously adopt this solution for the replacegnaé ammonium salts as it will decrease the
production costs. It worth’s reminding once agdiattunder the limit of 5.5% the boron-based
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blends are a technically, economically and legédigsible option, although this limit might be
lowered in a next future.

In France following the Order of 21of June 2013 the cellulose insulation industry tm&witch
back from ammonium-based formulations to boron-thasiends. However, the substitution of
ammonium salts with boron salts is not a long-teotution considering the reprotoxic effects of
boron and the possible future changes in the cdratem limit. Boron has been identified as
SVHC, and is consequently on the candidate listaiathorisation route. Consumer exposure to
boric acid has been addressed recently by the ificared Dossier for boric acid, which also focuses
on disodium tetraborate anhydrous, disodium tetatbopentahydrate and disodium tetraborate
decahydrate (Austria, 2008). Few data are availablborates consumer exposure related to their
incorporation in cellulose insulation. The risk-cheterisation assessment for boron exposure via
consumer products was not derived due to the laoK@mation (conclusion (i) reached).

Therefore, in the framework of this restriction posal, boron compounds cannot be indicated as a
desirable alternative, although it is still legadijowed within the limit of 5.5% (according to ent

30 of annexe XVII of REACH Regulation).

Assessment of SEAC

Paragraph A.1.2 of the Background Document, stdfaguid impregnation leads to a better
stabilisation of ammonium salts compared to a niipawder (solid form of the salts).” Looking
further for technical evidence regarding stabilaat the paragraph dealing with “Stabilization|of
the currently used powder formulations” (C.1.2,nisoducing this technique as “this option seems
feasible both technically and economically”. Aldeetrest of the text in that paragraph does|not
prove the technical feasibility of stabilizatiom the paragraph dealing with implementability
(E2.1.2.1) the dossier again states that “...thésgon limit value of 3 ppm proposed by the
restriction seems to be technically and econonyiciasible...” Manufacturers claim that their
formulations are already stable and do not emit ama However, the confidential test results
point at the technical infeasibility for at leasb@ of 4 manufacturers as the reported emissions a
far above the proposed limit value.
Parallel to the public consultation, and followingnsultation with the rapporteurs, ECHA has
performed a targeted consultation with industryasdo obtain more technical evidence (October-
November 2014). The first question mainly concertiesl technical and economic feasibility |of
stabilization techniques (to ensure that emissminammonia are kept to a minimum level) and
related additional costs for manufacturers anddomtilators. Six comments from industry were
received in the frame of this consultation, someheim stating: “we don’t know anything abqut
these techniques” or “we have not tried yet to @elthe ammonium salts to block into the
produce.....but nothing has been done until yethaway.” In one of the confidential comments a
manufacturer stated: “However, since our producsnitaundertaken the proposed test, we ccan
make no further indication on this question.” Onannrfacturer wrote in his confidential reaction:
“... we cannot accept a general ban on all ammorsaits.” No test report was provided, the
manufacturer claimed a reasonable transition petdievelop flame retardants consisting| of
ammonium compounds which are uncritical, such akemonium polyphosphates. According|to
this manufacturer these polyphosphates were deselepecially for the flame retardant industry.
Market prices for these types of ammonium basedsiates are currently €3,000 — €5,000 |per
tonne, while mono, di and tri phosphates are ablilaelow €1,000 per tonne. Late in the public
consultation ECHA received a reply in which the mfacturer informed ECHA that they had
developed a new ammonium based insulation prodittt twve addition of another substance| to
prevent the release of ammonia. The manufactuggrearthat “..all the tests in their laboratories
showed that the amounts of ammonia released werengxly small and well below any kind pf
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safety threshold.” This product was also testedC®fB, using the test recommended by Anses,
resulting in levels of ammonia below 3 ppm aftex #8-day test. Results of that testing have| not
been presented to ECHA, even not in a confidenizg/.

During the public consultation on the draft SEAGno@, information was requested on what
would be a reasonable transition period. One commnederred to the time needed for an alternative
to boric acid and stated: “As an alternative is the only suitable way, neitt2r 18 nor 24 month
are reasonable”. Another comment statedThe proposed transition, also with 24 monthesaiis f
too short. Developping an ammonium-free and borer-blend or in case of needing to develgp a
new stabilisated ammonium blend would need more.tilNo specific technical information was
provided to explain what an “alternative reasonatkmnsition period (e.g. 18 or 24 months) could
be. SEAC acknowledges that significant time mayhbeded to develop new blends of stabilised
ammonium salts. On the other hand, it is anticgh@tat some fire retardant suppliers may already
have developed stable ammonium blends. To give faetwers sufficient time to find fir
retardant suppliers with appropriate blends oregwetbp more stabilized blends, SEAC proposes a
transition period of two years [24 months].

D. Justification for action on an EU-wide basis undr article 129 of REACH
regulation

D.1 Considerations related to human health risks

Following the French national restriction, withil 8ays of receipt of the information from France
the Commission took the decision to authorise thenéh provisional measure. Taking into
consideration the fact that the provisional measaken by France consists in a national restriction
on the production, placing on the market and useamafmonium salts contained in cellulose
insulation, France is initiating a Community restion procedure by submitting by the "L5f
January 2014 to ECHA an Annex XV dossier withirethmonths of the date of the Commission
decision (14 of October 2013).

According to the safeguard clause foreseen bylarfi29.1 of REACH regulation, France has
justifiable grounds for believing that urgent aaotice an essential and appropriate provisional
measure to protect human health at EU level todatleat ammonia could be released by cellulose
insulation.

Although no cases were confirmed in other MembexteSt than France, there is no reason to
believe that in the future ammonium salts usedeliulose insulation in other EU Member States

could not develop similar health problems. Morepwsveral cases of ammonia exposure have
been reported from treated cellulose insulatiohéUS™.

Cellulose insulation containing ammonium saltsrzdpiced and used throughout the EU (with the
exception of France having recently establishedteonal restriction). Six different manufacturers
have been identified in Germany, Sweden, LatvidgiBen and Denmark. It has been established
that cellulose insulation is a local market, mosidoicers selling their production within 500 km
around the production site. The presence of cakilasulation containing ammonium salts is very
likely in several countries in the EU. Moreover, shof the European manufacturers of cellulose
insulation containing ammonium salts buy their dief additives from the same formulators who
sold the same or very similar formulations to then€h manufacturers which experienced emission

*L http://www.sciengineering.com/newsletter/AmmoniaGern.pdf
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cases. Consequently, the ammonia emissions otiggn&om the cellulose insulation containing
ammonium salts could concern all Member Statesn ¢élveugh consumers complains concerning
ammonia emission have not been confirmed by othembkr States up to date. Moreover, the
climatic conditions in France (namely the humidigte) which are among the main cofactors
possibly causing the French cases of ammonia emsssgire very similar to those of other Member
States at least in Central Europe.

Furthermore, under a business as usual scenamotalthe foreseen evolution of the cellulose
insulation market in the future (estimated growtl2. @% per year) and due to the fact that most of
the current manufacturers of cellulose insulatismg ammonium-based formulations have spare
production capacities, there could be an incre&dleeccurrent volumes and percentage of cellulose
insulation containing ammonium salts which couldteammonia.

Some European manufacturers still produce cellulusdation containing ammonium salts around
Europe using the same production process as ircé&ramnd the number of cofactors that can cause
release of ammonia make very complex to manageethted risks for human health. Therefore, it
is not possible to completely exclude the possibthat the same ammonia emissions and related
health issues could happen at present or in thegutomewhere else in Europe. It should be
emphasized that the ban of boron-based formulatiroRsance has led to the placing on the market
of ammonium-based formulations. With a possible b&afmoron base formulation in the future
(because of a possible more sever classificatiohegsause of negative reaction of the market
towards boron), the ammonium—based cellulose itisalanay increase all around Europe.

Assessment of RAC

This is a REACH Annex XVII restriction proposal Wyrance targeted at the use of inorganic
ammonium salts (which is used in powder form) dtame retardant in cellulose insulation. Up
until 2011 in France, boric acid was added to ¢edkel insulation as a flame retardant. Howeyer,
following the classification of boric acid as toxio reproduction Category 1B under the CLP
legislation, the French Authority (CCFAT/DHUP Ditem of habitat, urban planning and
landscapes) no longer issued technical approvalth®ouse of boric salts in insulation materials.
This resulted in the cellulose insulation sectaangding to inorganic ammonium salts (in powder
form) as the alternative flame retardant.

Following complaints from occupants and concernsosmding the release of ammonia from
cellulose insulation, the French Authorities intodd urgent national measures prohibiting the
placing on the market, import, sale and distributiand manufacture of cellulose insulation
containing inorganic ammonium salts as additivedlowing consultation with the Commission| it
was confirmed the issue was not currently regulateder current EU Legislation (CPR).
Therefore, action was necessary to address the risk

N—r

As there is no significant import of insulation m@al, insulation materials are mainly produced in
the EU Member States. The dossier identified sodpcers outside France producing cellulpse
insulation with ammonium salts. Although no casesrenreported from other countries, RAC

considers it likely that complaints could ariseother Member States as significant concentratjons
of ammonia are expected under comparable applicatenditions using insulation material
containing inorganic ammonia salts.
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D.2 Considerations related to internal market

The proposed restriction covers cellulose insutagmitting ammonia that is marketed among all
Member States, most of which have not yet estaddishational restrictions. The cellulose
insulation containing ammonium salts which couldeptially emit ammonia is both produced in
and imported into the EU. The justification for aelsking the risk on a Community-wide basis
originates from the need to prevent the fact thaniified risks could be managed differently or not
managed at all by each Member State. If membeesstaill not take any legal action the health
risks will persist. If different national restriotis would be adopted by Member States, the
legislative requirements would differ in terms dlbaved concentrations or emission rates, targeted
products, and duration of the legislation. Suchfedéinces and the non-homogeneity of the
legislation across the Community will probably résao the creation of unequal and imbalanced
conditions within the internal market and in expiorport difficulties that would not allow these
products to circulate freely within the EU.

The proposed restriction would remove the potdgtidistorting effects that the current (French)
and eventually other future national restrictionayntause on the free circulation of cellulose
insulation containing ammonium salts both producedand imported into the EU. In facts,

regulating ammonia emissions in cellulose insutatiorough a Community-wide action ensures
that all European producers of the cellulose irigain different Member States, as well as
importers of cellulose insulation, are treatednneguitable manner ensuring a ‘level playing field’
among all producers and importers of these products

Assessment of SEAC

SEAC notes the Annex XV dossier to restrict the aénorganic ammonium salts in cellulose
insulation material was submitted by France basedrticle 129(3) of REACH. In accordance with
this safeguard clause, the Commission authorisegribvisional national measures taken by France
to restrict the use of ammonium salts in cellulossulation. France then initiated an EU wide
restrictions procedure by submitting an Annex X\ésler to ECHA as required.

In section A.2.2 and D.2 of the background documé#re dossier submitter justifies EU wigde
action by ‘the need to avoid different legislati@mong the Member States with the risk of cre
unequal market conditions’. SEAC concurs with ti@asoning because it is in fact an explan

the likelihood of the same formulations being pregee. available on the market) in more than pne
EU country. Hence, the supply and use of cellulosalation clearly has a cross-boundary
component. This provides additional justificatidritee need for EU wide measures.

SEAC notes that based on the information curreatigilable in the dossier the health concerns
raised by French toxic vigilance data are not edhimecomparable information from other Member
States. Although reported cases of health impace Hargely been confined to France, SEAC
concurs with the RAC’s and the dossier submitteiesiv that such health risks are likely to arise in
other Member States. Hence, despite the lack ofrete cases across the other Member States,
SEAC concludes that the dossier submitter has geovsufficient justification that there is a need
for action at EU wide basis.
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D.3 Justification to propose a transitional periodof 12 months

On one hand, in principle, the transition periodidd give enough time to all relevant stakeholders
(manufacturers, importers, wholesalers and reddli¢is) to enable them to adjust their production
and sales processes under technical, economidjgataand regulatory point of views once the
proposed restriction has come into force, namekyntpinto consideration the fact that many
manufacturers and installers of cellulose insutatice small and medium sized companies.

On the other hand, for the implementation of tipiscific restriction proposal there is a need to be
in coherence with the use of the article 129 wtsapports a short transitional period after entry
into force of the restriction.

The main reason why the cellulose insulation ingusill need a transitional period is represented
by the time needed to carry out tR&D in order to develop a safe and environmental radiiere
formulation (e.g. boron and ammonium-free) with eme capacity of fire retardation if the
dedicated emission test show that the celluloselatisn releases ammonia over the threshold of
the proposed restriction. It is very difficult tstenate the time needed for developing a new
formulation but the research process by the ingustems to be already on going and the first
results of the French research project will be labé already by the end of 2014.

From the stakeholders’ consultations it seems thatlternative fire retardants would be added
again as powder formulation, no major investmerntamw machinery nor major adaptations of the
equipment seem to be required by the celluloselatisn industry. However, in some cases
according to the chemical properties of the sulogtsnthe production process might need to be
slightly changed which could imply minor investmerists in order to ensure the technical
feasibility.

Considering the fact that cellulose insulation maduct that takes a lot of space, stocks’ leaets
relatively low. In average, during the stakeholdemnsultation, the volumes of final products
stored by the European cellulose insulation ingustere found limited to less than a week of
production. Therefore, the depletion of stocks loamone quite quickly and it is not considered as a
relevant element for establishing the transitiongaeof the proposed restriction.

Some time could be needed for practical and regriyateasons by responsible ERublic
Authorities to inform markets and all concernedoext(EU and non-EU authorities) about the
change in EU legislation and to get prepared toresfthe restriction.

The fewimporters of cellulose insulation could also neeths time to inform non-EU suppliers
(especially from Switzerland) and customers abbet ¢thange in EU regulation and to take the
necessary measures in order to comply with thisicgen.

On the other hand, as the cellulose insulationheate a long service period of around 60 years it is
important to avoid having a too long transitionalipd as this will increase the exposure potential
for the general public to ammonia and the costs dlcaupants will have to afford to re-insulate
their housings.

For the above mentioned reasons and in coherertbethve article 129 of REACH Regulation, a

transitional period of 12 months is considered oeable for market operators throughout the
cellulose insulation supply chain and for publidhauities to adapt to the requirements of the
proposed restriction and to minimize the transactosts related to dissemination of information
and to perform voluntary compliance control measufeor the proposed restriction therefore a
shorter transitional period could involve implenagign problems on the EU market, a longer one
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would create a risk for human health and wouldlbeotn coherence with the need of urgent action
for this restriction.

Assessment of RAC/SEAC

The considerations of RAC and SEAC concerning taesition period have been discussed under
the section A.1.2, paragraph 4.

D.4 Summary

The proposed restriction covers cellulose insutafaced on the European market and emitting
ammonia in a conventional test.

Although no health symptoms due to emitted ammaeveee found in other Member States than
France to date, there is no reason to believeahahonium salts used in cellulose insulation in
other EU Member States could not develop similaatihessues in the future. Several cases of
ammonia exposure have been reported from treatkediose insulation in the USA.

Moreover, the justification to act on a Union-withasis also origins from the need to avoid
different legislations among the Member States withrisk of creating unequal market conditions:

» The proposed restriction would remove the potdgtdiktorting effect that current (French) and
future national restrictions may have on the frieeutation of goods;

* Regulating ammonia emisions from cellulose insatathrough Community-wide action ensures
that all producers in different Member States egated in an equitable manner;

» Acting at Union level would ensure a ‘level playifigld’ among all producers and importers of
the cellulose insulation.

E. Justification why the proposed restriction is tle most appropriate Union-wide
measure

E.1 Identification and description of potential risk management options
E.1.1 Risk to be addressed — the baseline

In ammonium-based blends, different types of inoilgammonium salts are used in cellulose
insulation for their flame retardant properties.e3é salts can lead, under certain conditions
(namely of humidity), to ammonia emissions. Ammoisian irritant gas for mucous membranes
and respiratory tract.

Ammonia is volatile and even if it spreads preféigdly in the attic rather than residential prensise

it may enter the living rooms.

Few data regarding ammonia exposure of general lpopu is available in relationship with
cellulose insulation. However French toxic vigilandata identified in 2012 and in the first
semester of 2013 about 40 people showing irritattdnthe upper airways, cough, and/or
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bronchospasm symptoms. In few cases the symptonte were severe such as asthma
decompensation.

Over the same period, 20,000 housings were ingllatErance. Near the odour threshold, persons
exposed to ammonia can experience annoyance angt ndisance. A Manufacturers Association
(ECIMA) identified in 2012 more than 100 complainis France and on Internet forums many
complaints were made, indicating that toxic vigdarmdata should be considered as underestimated.

It is very difficult to foresee if and how the Epeman industry as a whole or individual companies
would react if their product would emit ammonia.eTdecisions on whether to stop the production
and to organize the replacement of the celluloselation and the reimbursement of customers for
the problems generated by ammonia emissions waepertd on a set of different factors such as
the extent of the reported cases and to which extenimage of the product/company has been
worsened, the country specific regulation, the camypspecific context (namely the commercial
strategies) behind the choice of the blend used, et

It is therefore not correct to extrapolate at Eedp level the reaction of manufacturers in France
due to the specific circumstances that had brotigltFrench manufacturers to use ammonium-
based formulations instead of boron-based blendts. following box explains the reactions of
different French cellulose insulation manufactusegtsr the cases and before the French restriction.

Box 3: reaction of the French manufacturers after he cases of ammonia emission in France

In France, until 2011, cellulose insulation wasteel with boron-based formulations as a flame detatr
and antifungal treatment. Boric acid is classifeexdtoxic for reproduction Category 1B. In 2011, ngpi
voluntarily beyond the European legislation (REAGtates that the concentration of boron salts in| the
finished product — as mixture - should not exceédd), French authorities (CCFAT/DHUP Direction |of
habitat, urban planning and landscapes) decidesto providing technical approvals to French boron-
based cellulose insulation, completely prohibitimgron salts in the cellulose insulation. The tecahi
approvals for the construction materials issuedhgy CCFAT is a voluntary assessment carried ouf on
request of a manufacturer on the technical suitpbif the products in terms of quality, safety and
sustainability in the work. The Technical approvatevide a recognized technical security to theketr
and to insurers but are not mandatory for pladegproducts on the market.

Following the denial of technical approvals, thbes been a sudden switch of the French producfion o
cellulose insulation from the boron based formolati towards ammonium-based formulations. A number
of cases of irritation symptoms due to ammonia siois from cellulose insulation have been repotted
the French poison centers. After a few weeks, falig the installation of the ammonium-based ce#alp
insulation, strong smells and cases of exposurecofipants and professionals to ammonia starte& {o b
reported to different French poison control and nooimg centers and by the European associaticthef
manufacturers of cellulose insulation (ECIMA). Amgaaign of measurement was organised in the hguses
concerned by the emissions. ECIMA has identifie® &lerts and directed measures on site reporis of
concentrations of ammonia in the air up to 5 pprcdkding to the ECIMA, in late 2012, all manufaeis
combined, in France approximately 20,000 buildingtay were insulated with cellulose insulatipn
containing ammonium salts.

The products in question are mainly loose cellulmsailation, blown or projected into attics, busal
cellulose insulation panels installed inside thdlsvalhe CCFAT asked the French manufacturers of
cellulose insulation to work in collaboration witBSTB to establish the causes of these ammponia
emissions. The reported complains discredited tiigeecellulose insulation industry which had aacle
common interest to solve the problem. Howeversitvery likely that the number of cases reported

represents an underestimation of the real numbgrecdons having had such symptoms as probably a
majority of them have been consulting only theictdo or haven't been consulting at all. Moreover, i
many cases, the symptoms might have not been easlgd to the recent installation of cellulose
insulation.
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According to ECIMA, after the cases many Frenchutede insulation manufacturers (namely members of
ECIMA) decided to stop the production of cellulassulation with ammonium salts since the end of|the
month of October 2012 while another part of theusidy kept producing ammonium-based cellulpse
insulation. ECIMA members were alerted by the comsts’ complains and it was crucial for them|to

substitute ammonium salts. Before the nationalictisin, some members of ECIMA, having experienced
health cases, had already stopped the productmemalled their stocks of cellulose insulationteamng
ammonium salts to their warehouses to be destrdpedrder to protect the consumers’ health, in some
cases, producers members of ECIMA also decideayoatlpe necessary works to take away the cellulose
insulation emitting ammonia and to reinstall a @mmonium-free insulation.
However, at least one French producer did not ahatsgstrategy not even after the cases experieoged
the company and kept producing large quantitiesetifilose insulation containing ammonium salts lunti
the French restriction and had to pay a lot toltedigoroducts containing ammonium salts to itg@leuse
immediately after the restriction.

—F

After a certain number of complains of health catles French authorities decided to take urgenomc
By Decree, in June 2013, the French Ministry ofl&gp, the Ministers of Social Affairs and healthdahe
Minister of labour jointly signed a national restion on cellulose insulation containing ammoniugits
The French restriction entered into force in JuBL2 prohibiting the placing on the market, import,
distribution, sale and manufacture of cellulosecdassulation which would use as an adjuvant amuomar
salts. These compounds, used in substitution tdohnie salts for their properties of flame retardagent,
were accused of releasing ammonia after instatlatiothermal insulation in the form of panels oode
cellulose insulation. In November 2012, CSTB haguésl an alert note which stated: "the strang,
unpleasant smell could be caused by instabilityesfain additives (ammonium salts), used in cetiges
of cellulose insulation”.

In France cellulose insulation products contairangmonium salts have been removed from points ef|sal
and recalled at the expense of the person resperfsibthe first placing on the market, accordiogttie
text of the French Decree. Since the first comglamFrance, and mainly after the French restmctia
ammonium salts, the production of insulation conitgj those salts has significantly decreased irojair
(namely because it is forbidden in France).

Although cellulose insulation has a relative smadirket share, in France the use of cellulose itisnlavas
quite popular as "environmentally friendly and sirsible» building material.

According to ECIMA, after the French restrictiomeRch manufacturers had to go back to the previous
formulations with boron salts as flame retardastathe end of 2011. In this phase of researcuitdble
alternatives, French manufacturers and supplieve banefited of an exceptional temporary extension
two years for the validity of technical approvads the cellulose insulation with boron salts in@rtb get
enough time to develop new formulations at leagtoagerful as that containing ammonium salts.

According to the French enforcement authorities (BRF), no new cases of ammonia emission from
cellulose insulation were reported after the emity force of the French restriction on cellulossulation
containing ammonium salts due to newly installesuiation. Due to the recent implementation of fthe
French restriction, to date it is however uncleawhat extent cellulose insulation containing amiuaonm
salts has completely disappeared from the Frenckenha

It worth’s remembering that the costs of re-insolatcannot be considered as already internalized
by the manufacturers of the cellulose insulationreaen in case of ammonia emissions, the costs of
re-insulation will be covered by the insurance cames and not directly by the manufacturers.

The number of avoided exposed persons per yedrdwmsestimated at 300 in 2017 in the European
Union (see section F 1.1.3 Exposed population esiim for the calculation details). These
estimations are subject to great uncertainty givenuncertain future development of this young
market after the French cases.
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In France, boric acid has been substituted in losiéu insulation because the French authorities
decided to stop providing technical approvals toohobased cellulose insulation placed on the
French market, completely prohibiting boron safttsthe product. Manufacturers have replaced
these boron salts by flame retardants containiaggemic ammonium salts.

At the European level, a similar switch from botonammonium salts may happen if the boron-
based blends happen to be prohibited, due to ckamighe specific concentration limit of boron
compounds in mixtures or due to an inclusion ofobaio the Annexe XIV (authorisation). In this
case, the number of avoided exposed persons weujddater.

E.1.2 Risk management options

Six potential risk management options have beeent&hkto consideration in order to formulate our
Community-wide restriction proposal.
These options are the following:

- Under REACH Regulation: restriction on ammonia eiss, composition-
based restriction, authorisation.

- Other Community-wide risk management options: Quoesibn Products
Regulation, providing information to retailers as@hsumers through labeling.
voluntary agreement by the industry,

Each of these options is discussed in detailscticgeE.2.

Assessment of RAC

RAC have noted the comments of MS’s, the ForumthedCommission on the CPR Regulations.
RAC agrees that a restriction under REACH woula ashieve the desired effect and notes that
currently in Annex XVII cement (a key material usacconstruction products) is already regulated
under REACH.

E.2 Assessment of risk management options (RMO)
E.2.1 RMO 1: Restriction on ammonia emission
E.2.1.1 Effectiveness
E.2.1.1.1 Risk reduction capacity

On the basis of the available information, thersuficient evidence to support robust conclusions
on the fact that the proposed restriction on emsswill be effective in avoiding any human health
risks and related negative health impacts by eltmig the exposures associated with the ammonia
emitted by cellulose insulation. This RMO is exgecto result in a complete risk reduction of
ammonia emissions from cellulose insulation bothdocupants and professiondlsis expected
that any health impacts arising after implementatd the proposed restriction would be due to
historical legacy of previously installed cellulassulation.
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The environmental risk related to ammonium saltseliulose insulation is considered insignificant
as the quantity of ammonia that may be releasedtlve atmosphere from the cellulose insulation is
very small compared to other sources of ammonih as@griculture or livestock keeping.

A too rapid switch might compromise the effectivemeof the restriction bringing to a bad
substitution as it has already happened in Framcthé change from boric to “instable” ammonium
salts when the Committee in charge of the Frenahiiieal Approvals stopped providing approvals
for cellulose insulation containing boric acid eher classified borates.

Moreover, the effectiveness of the restriction ntey compromised if the European industry
switches to boron-based or to alternatives whosdtth@nd environmental effects are not well
known yet. Before switching their production towshe of the existing alternative blends (such as
those listed in Section C), actors will have toeassproperly the associated risks in order to make
sure that the use of alternative formulations of fietardants and biocides with a same level of
efficiency does not pose any health or environnersia

E.2.1.1.2 Proportionality

The assessment of proportionality of the proposdriction is based on a quantitative socio-

economic analysis of the costs and benefits, basedstablished procedures underpinned by a
robust methodological approach for calculation e tosts for the industry compared to welfare
and consumers surplus changes for reducing humalthhisks. This socio-economic analysis is

fully detailed in section F of this dossier.

The following table provides estimates over timeactumulated benefits (avoided costs for re-
insulation and re-housing) and of accumulated c@R&D, TAs and testing) of the proposed
restriction in millions of euros, under the assuonm done in Section F.

2017 2020 2025 2030
Total accumulated
benefits (in M€) 0.33 1.39 3.31 5.45
Total accumulated
costs (in M€) 0.41 0.77 1.41 2.12

Table 23: Estimates of accumulated benefits andmatated costs in millions of euros, under the
considered assumptions

It can be noted that neither the costs nor thefiierd this proposed restriction are very high and
that the benefits overcome the costs after less tre year after the entry into force of the
restriction. The monetised net benefit of the pegubrestriction is significantly growing over time
as compared to the baseline scenario under whieltehulose insulation containing ammonium
salts keep being installed in the EU and thus #mosed population would increase. Therefore,
under the assumptions done in the SEA, costs adsdciwith the proposed restriction can be
considered not to be disproportionate to cost gmvand benefits.

It can be concluded that the proposed restrictiorammonia emissions from cellulose insulation
under article 129 of REACH Regulation seems todmgadly and economically proportionate.
However, it worth’s remembering that a criticalusswhile assessing the benefits of substituting
blends containing ammonium salts with alternatisemulations is the fact that the substances
contained in the alternatives (like those contajnoron compounds) might also pose health or
environmental problems.
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Assessment of SEAC on the proportionality to thlesri

The dossier submitter has made a socio-economigsasaf the proposed restriction using a break-

even analysis to identify after how many years libaefits will exceed the costs. A break-e

analysis was chosen as a large part of the costshéo industry will only occur once either

immediately before or just after the entry intocrof the restriction. The benefits as well as

remaining part of the costs of the restriction witkcur after the restriction and will accumulateiov

time. The costs and benefits of the proposed otisini are assessed compared to a business as
scenario (i.e. the situation that would continu¢hauiit any restriction being adopted) including

en

the

usual
an

anticipated yearly growth of the cellulose insuatsector (with or without the use of ammonium

salts) of 2.2%The dossier submitter used a discount rate of 48utihout their analysis.

SEAC considers a break-even analysis is suitabéssess the proportionality of this restriction
the cost or benefit estimations are uncertainisiréstriction proposal.

Policy scenario definition

as

The dossier submitter has identified four optioas & manufacturer of cellulose insulation with

ammonium salts to comply with the proposed restrict
1) Doing nothing as their product already complieswiite proposed restriction;

2) Switch from their currently used ammonium-based migdation to boron-based

formulations;
3) Stabilisation of their currently used ammonium-lthdermulation to comply with thg
proposed restriction;
4) Substitute their currently used ammonium-based @dation with a boron free an
ammonium free based formulation.

The dossier submitter emphasises that it was regtiple to determinex antewhich option will be
adopted by a manufacturer. Several factors, suahthsir current products already comply w

1%

th

the proposed restriction and the acceptability ofoh as alternative by the end-consumers,
influence each manufacturer’s response. Instead, dbssier submitter has calculated the
proportionality for four different scenarios assagdifferent proportions, based on the volume of

the total current production, of industry adoptihg different options.

The dossier submitter has assessed the cost apfitberi the proposed restriction for the relevant
actors based on some assumptions about how indwsinyd react to the proposed restriction,
combining the options for responses as defined @bAg the most likely scenario, the dossier

submitter anticipated that 90% of the volume of ¢herent ammonium-based cellulose insulat
would either be switched to boron-based formulaion manufacturers would do nothing as tf
product already complies with the proposed restrictThe remaining 10% would switch to
hypothetical ammonium- and boron free formulation twice the price of the boron-bas
formulation. In addition to this most likely scermarthe dossier submitter has drafted the follow
three alternative scenarios
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Scenarios

Doing nothing
(volume share)

Switch to boron
(volume share)

Stabilisation
(volume share)

Substitution
(volume share)

A)

Most likely scenarict

90%

0%

10%

B)

Reasonable worst case

50%

0%

50%

0%

©)

Optimistic for the industry

75%

0%

25%

0%

D)

Unrealistic worst case

0%

0%

25%

75%

SEAC agrees with the dossier submitter that sevia@brs will influence the manufacturers’

response and considers that industry will seleetntlost financially attractive option. The proposed
scenario by the dossier submitter is based on ttatism with the different stakeholders. SEAC

also notes the following:

SEAC considers that there is not sufficient infotioraavailable in the Annex XV restriction repd
or from the public consultation to make an accumgsumption on the share of the remain
options (doing nothing, switch to boron or stakiisasdopted by industry due to the propo

The ban on ammonium salts in France is the reasgyncampanies switched back to bor
The market analysis in the dossier reports thageneral ammonium-based cellulg
insulation is specifically produced for a “niche nket” of clients with an interest i
ecological timber frame construction, and who wouldt accept cellulose insulatig
containing boron. According to the dossier submitteose manufacturers have based t

DN.
se
n
N

heir

market communication on the fact that their produwse boron-free. Therefore, there could

be several marketing arguments for current manufaxt of ammonium-based cellulo
insulation not to switch to boron as drop-in altive. The dossier submitter's assumpt
in the most likely policy scenario, that 90% of t@ume of the current ammonium-bag
cellulose insulation would either be switched todmbased formulations or manufactur
would do nothing, might be too high. In all othelipy scenarios the option to switch
boron is excluded by the dossier submitter. Theaeiag behind this exclusion could not
found.

se
ion
ed
ors
to
be

A proportion of current volume that will be subgtéd by a hypothetical ammonium-

nd

boron free formulation is not deemed appropriatectmsider in scenario A. If the
manufacturer cannot switch to boron, it is mordisga to assume the next option would be
stabilisation, presented as a cheaper option bgaksier submitter, than substitution with a

hypothetical formulation. Furthermore, this hypdited blend does not exist yet and
time period for research and development is nowknoAs stabilisation is considered

he
a

cheaper alternative, the proposed restriction doegjive much incentive to invest in such a

hypothetical ammonium- and boron free formulation.

The unrealistic “worst” case scenario is considdngEAC as not realistic due to the high

percentage of manufacturers that would substitutéh v@ hypothetical formulation.

Therefore this scenario should be excluded fronptbeortionality assessment.

DIt

ing

sed

restriction. Therefore, the overall approach by tossier submitter to make several alternative

policy scenarios is endorsed by SEAC. SEAC slightlgpts scenario A, into a scenario in wh
10% of the current volume would switch to a stakiti ammonium-blend and the remaining 909

52

For clarification, SEAC has changed the name of the dossier submitter"s policy scenario A from baseline
scenario to most likely scenario in this opinion as the dossier submitter already uses the term baseline scenario
for the situation without the proposed restriction.
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the current volume would either switch to borondashformulations or do nothing as their product
already complies with the proposed restriction. SEAcluded the option to switch to boron|in
scenario B and C as no specific argumentation cbalfbund in the Annex XV restriction report
why this option should be excluded in differentipplscenarios as shown in the table below:

Scenarios Doing nothing or switch to boron Stabilisation
(volume share) (volume share)
A) 90% 10%
B) 50% 50%
C) 75% 25%

E.2.1.1.2.1 Minimal costs for the industry aftestreetion - keeping business
as usual: costs of the testing

If the cellulose insulation containing ammoniumtsalurrently on the EU market is proven not
emitting ammonia, as most European manufacturamngcthe producers of cellulose insulation will
certainly decide to keep their business as usyatl@ing nothing). In such case, after the entrg int
force of the proposed restriction, the only costde afforded by the manufacturers would be the
costs of emissions’ testing to prove that theitube$e insulation is not concerned by the ammonia
emissions.

Obviously, for the industry, in terms of costssthiloing nothing” scenario corresponds to the best
possible scenario.

Concerning the testing costs of the proposed ogistn, a certain number of assumptions had to be
made:

» The cost of testing taken into account into thewakions refers only to the manufacturers
producing cellulose insulation containing ammonigalts. The testing costs that will
probably have to be afforded by the whole indusimgluding by the manufacturers using
boron) as a tool to build confidence concerning ¢kulose insulation sold on the EU
market has not been considered as it is not stmetndatory according to the scope of the
restriction;

» The cost of testing for ammonia emissions will balsout €1000 per test and the test will
be done in average every three years as it is deresl taking place while requiring the
Technical Approvals (TAS).

E 2.1.1.2.2 Costs of substitution and costs ofilstabion

Aside the costs for emissions testing, for theutedle insulation industry, the main costs for
substituting ammonium salts as fire retardantsoorstabilizing ammonium-based formulations
seem to be those related R&D to find a suitable and economically feasibleealative or
increased costs of the alternative formulationsprary production’s downtime and employment
losses, new technical approvalETAs and national), new trainings to staff andtatlers,
withdrawal and loss of value of the stocks of raatenials (ammonium-based formulations) and of
the cellulose insulation, and minor investmente@dapt the machinery.
Some of the costs mentioned (e.g. ETA and natitewdnical approvals, testing, R&D included in
the additional cost of the blend, adaptation caetis) can be considered as sunk costs on already
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made investments in case of a premature end opribstuction of cellulose insulation containing
ammonium salts. Some of the related costs impactde minimized or completely avoided if the
companies would make the right choices before iy énto force of the proposed restriction.

In terms of timing almost all these costs will ocammediately before or just after the entry into
force of the proposed restriction.

Concerning the stabilisation costs, targeted inBdroonsultation of the industry was initiated by
ECHA based on the questionnaire that was preparabdebRapporteurs of this restriction dossier.
The only two comments received so far, both fromenEh manufacturers indicated no
stabilisation but a switch back to boron due toRhench restriction of ammonium salts. Therefore,
they did not provide any quantitative information the costs of stabilization . Some very useful
information were received by the Dossier Submiltem a French manufacturer who estimate the
cost of blend based on stabilised ammonium astarfac34 (1000 Euros per tonne) if compared to
non stabilised ammonium blends. Being this estimasdistic and the only one available, it was
used by the Dossier Submitter to make the calanatincluded in the costs estimates. As the
portion of the six producers (and the volumes d@rtltellulose insulation) which are currently
producing cellulose insulation with unstable ammamiblends and that is willing to stabilize
instead of switching to boron or to a boron-freeralative are not known three different scenarios
were introduced with a combination of the differeptions and compared to the baseline scenario.
An analysis of the proportionality of each scen#sioarried out in section F 2.1.3.1.

Concerning research and development on substifutbmty large companies manufacturing
cellulose insulation will likely have the necesséinancial means and technical know-how to carry
out on their own effective programs of R&D to fintlernatives which will be safe both for human
health and the environment, and at the same tirseefficient and technically feasible. Small and
medium sized companies, but also some large comgpawill most probably buy formulations at
increased prices which will incorporate a shareréonunerating the investment in R&D carried out
by the producer of the new or stabilised chemicainlation. Due to lack of information
concerning the real price of ammonium-free and dree formulations which are not yet on the
market, a factor 2 price compared to the presemh@mum-based formulations has been assumed
(the suggestion came from a formulator and was icoatl by a manufacturer of cellulose
insulation). The same French manufacturer who plexvihe Dossier Submitter with the estimate of
factor 1.4 for the costs of stabilization, seemesadosider factor 2.2 the maximum cost increas@for
substitution. This price of 1500 euros per tonngesponds to the lower bound indicated by the
cellulose insulation industry (ECIA quoted a fac2aio factor 6). This assumption is also supported
by that fact that the French research project om s&fe formulations settled a goal of a limited
increase of price of 100 Euros for additives per ad cellulose insulation. If we consider 10% of
additives on the cellulose insulation, and an ayenarice of 750 Euros per tonne of formulation,
the €100 increase correspond to a factor 2.3. Facteems therefore a realistic assumption.

In the baseline scenario, it was assumed that 10y of the market would use an ammonium and
boron-free formulation and that the majority (908b)manufacturers would either do nothing or use
boron-based formulations without costs’ increasége tested this assumption of 10% of

formulations other than boron in the three différgrenarios proposed in section F.2.1.3.1

It is assumed that the costs of substitution aaMilstation will not be completely passed on along
the supply chain down to EU consumers (i.e. thal fimice of the cellulose insulation would remain
the same).
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Based on information oprice difference (between ammonium salts and its substitutes) arithe
guantity/percentage of alternatives that is exgktdebe used in order to replace ammonium salts,
changes in the per-unit operating costs may odtwe.final price of the formulation will depend on
the relative percentage of the different substarackted to the formulation (for instance 4% of
boric acid +8% magnesium sulphate or of aluminiuhytirate in atypical boron-based
formulation) and on the final percentage of the formulatiodeatito the final products (generally
between 10 and 14% depending on the blends).

The prices of the alternative formulations withaotmonium salts and without boron, considered in
the socio-economic analysis could either increasgecorease in a next future according to several
different factors such as availability, competitigratents, purchase volumes, types of contracts,
business relationships with suppliers, etc.

In the absence of sufficient elements to definehduture trends, the prices were assumed to be
stable.

Concerning daypical ammonium-based formulation during the stakeholders’ consultation it was
not possible to gather precise information on tifeergnt substances (for instance ammonium
sulphate, ammonium mono or poly-phosphate, othditiaes such as biocides, etc) added to the
formulation and their relative percentages. Howgwaecording to information from consultation
with formulators of fire retardants and cellulosesulation industries, the final price of the
formulation for ammonium-based formulations woudthge between €750 and €900 per tonne of
formulation euros and it would have to be added percentage of 10% of the total weight of the
final product.

Formulations Cost (Euro) / Tonne Average percentage added to the
final product
Boron-based €715 12%
Ammonium-based €750-900 10%
Stabilised ammonium-based €1000 10%
Ammonium and boron-free €1500 (assumption) 10% (assumption)

Table 24: Average costs of the main formulatiordeaidto the cellulose insulation (ANSES
estimation from stakeholders’ consultation)

This Table provides the estimation of the averagegep of the main formulations used to treat the
cellulose insulation.

If we consider a scenario etibstitution of ammonium-based blends with boron-bsed blends

the prices of the formulations would remain almibst same (or would even slightly decrease) as
the prices of ammonium based formulations.

Considering the scenario of a substitution withdoefree formulations, it seems reasonable to
assume that the prices of the most cost-effectieenatives throughout the scenario period will be
higher than the prices of ammonium and boron bésedulations that are currently the cheapest
formulations already largely adopted by the EU rea(laccording to stakeholders). However, from

the available information it is not possible toaddish an average price difference for alternative
formulations compared to ammonium based ones. ptosably, in a longer run after the entry into

force of the restriction, after carrying out thecessary R&D other alternatives than boron-based
formulations will enter into the European markeaaeasonable price.

Immediately after the entry into force of the reston, manufacturers of cellulose insulation

containing ammonium salts may face, at least tearpgy production downtimes and market

shares’ lossesnamely if the restriction was to be implemented ivery short-term. However, this
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would happen only if substitution or stabilizatisinategies would have not been anticipated by the
industry. This category of cost is therefore coesed as avoidable by the industry.

The main unavoidable costs for the cellulose ingnandustry are expected to be the costs related
to testing ammonia emissions and those of obtaining rieshnical approvals at European
(ETAs) and national level.

Relevant information concerning ETAS’ costs areorggrl by the following website of EOTA:
http://www.ubatc.be/media/docs/pdf/Algemene_Goedkes-_en_Certificatiekosten_2011-07-
01_EN-FR-NL.pdf

Cost of a technical | Duration of
approval (in Euros) | validity

(in years)
First application €15,000 3
Revision €10,000 3
Extra charge for a variation (i.e., walls in addlitito the roofs) €,000 3

Average program for a first application, non-céeéfion €30,000

Table 25: Costs of national technical approval$-nance (CSTB estimation)

These prices include only the technical assessprecedure. The average duration of validity can
be considered of 3 years, even if it can go upyedss in certain cases.

The total costs of ETA and TA used in the calcolatis €50,000 for an average duration of
validity of 3 years (for a total of €300,000 fdret six companies still currently producing with
ammonium) The cost of TAs at national and European levebiss@ered as a one-off cost which
will be afforded before or during the first yearléaving the restriction. The costs related to
technical approvals during subsequent years arateduas operational costs that the companies
would have sustained even under the baseline sognaenew the TAs and ETASs.

National technical approvals are voluntary apprevait in practice they become the main entry
barriers of the cellulose insulation sector as thegome necessary for insurability reasons and
therefore to sell in each different European couritfational technical approvals foresee different
requirements (in particular for fire retardant pedpes) and their costs vary among Member States.
Taking into consideration the fact that the restiit proposal will probably not enter into force
before 2017, some manufacturers of cellulose itismlanight potentially have to renew the ETAs
or national technical approvals they already gotesanonths before their natural end of validity in
the absence of this proposed restriction.

In monetary terms, the costs of European and raltibechnical approvals are estimated at around
€50,000 to be paid just once by each of the sxtiled companies currently producing cellulose
insulation with ammonium salts (€300,000 in totat &ll companies). This estimate has to be
considered as an overestimation because only neimamges are introduced (for instance for the
stabilization of the ammonium blend) the cost oé thAs would be those related to minor
adaptations. Moreover, by programming/anticipatimg substitution or the stabilization these costs
could be completely avoided if, for instance, thgtch is done when the previous TAs arrive to
their expiry date.

However as we don’t know what adaptation will beded, in the cost estimate the worst case of
costs for approvals of ETAs (i.e. 6*50.000 = €300.&uros) was used.

These costs represent the main additional costshefproposed restriction. This estimation

represents an overestimation of the costs asdtgéb the worst case of substitution for a company

producing 100% of its production with ammonium.tlile company has already a part of the
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production containing boron-based formulations #@ndecides to switch its ammonium-based
production into boron, ETAs and TAs for such typeellulose insulation would already exist (and
be paid). Moreover, in case of stabilization of asnmm-based formulations, since the cellulose
insulation will be treated with a slightly differemore stable formulation, the manufacturers would
probably have to require only minor modificatioriglee European and national technical approvals
with lower impacts in terms of costs.

After the first change of European and nationalhhecal approvals due to the proposed restriction,
the costs of TAs renewals are not taken into adcwuthe costs calculations as the manufacturers
would have to pay for the renewal even under an@ssi as usual scenario in case of continued use
of the ammonium-based formulations. Hence, thel twbat for technical approvals due to the
restriction is estimated to be €300,000 maximum.

According to the CSTB expert consulted, in caseaaufacturer of cellulose insulation would apply
for a technical approval (ETAs or TAs) leading t€@& marking, the samples requested to carry out
the tests would be provided by the company itsélictv would therefore afford some additional,
but minimal, costs of sampling.

Thetraining costs will have to be considered only if the new forntidas imply changes in terms
of production and/or installation. However, thesening costs have to be considered as operating
costs as such training are organised regularlyhieymanufacturers of cellulose insulation even
under a business as usual scenario.

As far as depletion of stocks is concerned, thellef/the stocks of final products is very low doe
the fact that cellulose insulation is cumbersomeccokding to the cellulose insulation
manufacturers consulted, it corresponds to lessahaeek of production.

According to the cellulose insulation manufacturéne level of stocks of the formulations is higher
than that of final products but according to threksholders consultation it correspond to two ta fou
weeks of production.

The fact that the restriction proposal foreseegr@ogd of adaptation of 12 months should allow to
deplete the stocks of cellulose insulation contggrammonium and to avoid ordering a new stock
of formulations the very weeks immediately befdre éntry into force of the restriction.

According to stakeholder consultation (industryoestand ECIA), manufacturers of cellulose
insulation containing ammonium salts generally doadi to be able to use the same plants for
producing cellulose insulation using less hazardoesretardants or stabilized formulations with
minor changes in the production process and pramueguipment, namely if ammonium salts will
be substituted by another powder formulation (aotlhy a liquid formulation). However, it still
depends on the substance that will be chosen &onéw formulation, on its density and on the
percentage which will have to be added to the fimalduct. For instance, in case of major
differences in terms of density from the previoustged ammonium-based formulation and the new
one, there would be small adaptation costs (nacmigerning the change of the filters and relative
guantities of the new formulation to be added)the calculations it was assumed that a powder
formulation would be used and that no costs of tdem will have to be afforded by the industry.
This assumption could slightly underestimate swsisc

There are clear indications that in case the amumaiifee alternative would have to be introduced
as liquid formulation, major modifications of pradion processes and equipments used and thus
substantial changes in per-unit investment costsildhbe expected. These changes would imply a
higher level of sunk costs. Therefore, up to ndwese types of formulations are not considered as
economically-viable alternatives.
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As mentioned above, most of these potential negatiyacts could be avoided if appropriate
substitution or stabilization strategies would helace before the entry into force of the resoitt
Depending on the strategies adopted for instaheepitoduction downtime, as well as the reduction
of the market value and of the stocks’ value cam\En completely avoided by the industry quite
easily. Therefore, being avoidable, such costsnateincluded in the costs calculations for the
proposed restriction.

In order to reflect the cost increase, the manufacs will have to decide to reduce their profit
margins or to increase the final prices of theltubese insulation. According to the manufacturers
consulted, the additional costs would not be egsilgsed on to the final consumer because the
consumers could decide to buy a different thermallation due also to the losses in terms of
image of the cellulose insulation. Therefore, itsvessumed that the industry will have to accept
reduced profits at least temporarily.

SEAC assessment of cost estimates
Cost for industry

The following relevant cost elements for industayé been identified and quantified by the dossier
submitter:

- Cost of testing for ammonia emissions,
- Costs of stabilisation,
- Costs of substitution, and
- Costs related to obtaining new technical approaslEuropean level (ETAs) and national
level (TA) for an altered product.
Other elements considered by the dossier submittémot believed to induce additional costs, |are
training costs, depletion of stocks and changepraduction process and production equipment.
The dossier submitter summarised the costs corthezach option as shown below:

Option Testing Changes of ETAs and TAs| Price differential of the blend
1. Doing nothing Yes
2. Substitution with boron-base| Yes Yes
blends
3. Stabilisation Yes Yes (but minimal) Yes (Factor 1.34)
4. Substitution with ammoniun Yes Yes Yes (Factor 2)
and boron free blends

The dossier submitter has identified six manufagiof ammonium based cellulose insulation
material in Europe outside of France. The cosesfing for ammonia emission is estimated by|the
dossier submitter to be around €1000 per year @@ufactureibased on estimations of ammonia
emission costs by the French Scientific and Te@ir@entre for Building (CSTB). According to
the CSTB expert consulted, in case a manufacturezelulose insulation would apply for |a
technical approval, the samples requested to carryhe tests would be provided by the company
itself which would therefore carry some additiormlt minimal, costs of sampling.

Stabilisation costs are estimated by the dossiemgter based on manufacturer information. The
cost of a stabilised ammonium blend (€1000/tons&stimated to be factor 1.34 more compared to
non-stabilised ammonium blends (€750/tonne).

The cost of using another formulation depends @ntyipe of alternative formulation. If borop-
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based formulation is used, no cost increase isate@eThe dossier submitter has assumed that the
switch to a hypothetical ammonium- and boron freniulation would result in twice the price of
the boron-based formulation.

The Construction Product Regulation requires mastufars to obtain new technical approvals
when different formulations or procedures are udéuak costs related for new technical approvals
were estimated by the dossier submitter to be ©80p@r manufacturer for an average duration of
validity of 3 years. The dossier submitter consedethe cost of TAs at national and European level
as a one-off cost which will be incurred beforedaring the first year following the restriction. &h
dossier submitter used the maximum of €300,000 ,(8806 companies) of the total cost for
technical approvals due to the restriction but meEsuthis is a possible overestimation of the cpsts
for industry as it refers to the worst case of anpany producing 100% of its production wijth
ammonium salts and therefore needs to completwy thleir production process.

SEAC considers the cost elements for industry ifiedtby the dossier submitter as sufficient. The

guantification and underpinning of the cost eleraeare considered adequate. SEAC agrees |with
the dossier submitter thai anteit is unknown how many companies would have teraiheir
production process and apply for new technical @ygds. The total cost estimate for the renewal of
technical approvals by the dossier submitter i®@adprobably an overestimation, but considered
reasonable for use in the various policy scenanidise break-even analysis.

E.2.1.1.2.3 Benefits

Benefits of this restriction include avoided castse-insulation, avoided costs of re-housing dgirin
re-insulation and avoided costs of illness. Asngilation costs are substantial, the main bentefits
society from reducing emissions are representatidopvoided costs of re-insulation.
Re-insulation implies temporary re-housing for takiaway the old cellulose insulation and
reinstalling the new thermal insulation.

According to stakeholders’ consultation, the tineeaed for such re-insulation is estimated at two
and half days which implies the cost of two ovehntsgfor a standard family of four.

A detailed analysis of the benefits and on theargification is provided in section F.

SEAC assessment of benefit estimates

SEAC agrees with the identified elements as pakriienefits of the proposed restriction.
However, according to SEAC the costs of re-insoiatare internalized by the manufacturing
companies and therefore re-insulation costs catmeotconsidered as benefits. More detalled
information is provided in chapter F.1.1.

E.2.1.1.3 Other costs and economic effects

The stakeholders’ consultation (detailed informaten consultation can be found in Section G)
indicates that only around 5% of the cellulose lason sold on the EU market contains ammonium
salts and ammonium-free alternative already exidtmainly consist of boron-based formulations
(around 95%).
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During the consultation process, manufacturers efulose insulation using ammonium-based

formulations which are the most directly concerseakeholders of this restriction proposal were

asked what type of impacts a restriction would haweheir activities. From the received answers,
the impacts of this restriction proposal seem toneor and they are represented by the potential
additional costs which are discussed in section F.

Consequently, the proposed restriction providesadpalance between costs and benefits.

E.2.1.2 Practicality

E.2.1.2.1 Implementability

As explained in the previous sections, the supmess reduction of ammonia emissions can be
done either by stabilizing the ammonium-based fdatans used or by replacing ammonium salts
by alternative blends currently available on thekaacontaining boron compounds or, probably in
the future, without boron if the research and dewelent will come out with a different blend.

Concerning the stabilization of ammonium-based tdations under the emission limit of 3 ppm,
according to the consultations carried out, it se&chnically and economically feasible even if its
cost depends on the number of attempts that woeldnécessary through the research and
development process to find an efficient and cdéfgceve formulation. As confirmed by some
formulators and cellulose insulation manufacturarstabilization of the blend able to respect the
emission limit of 3 ppm proposed by this restrintiseems to be technically and economically
feasible without obliging the ammonium salts’ sitbsion. Therefore the proposal is not expected
to result in a total ban of cellulose insulatiomt@ining ammonium salts. During the stakeholders’
consultation, many manufacturers of cellulose i@soh claimed that the formulations used are
already stable and they do not emit ammonia. le easranufacturer of cellulose insulation would
be able to prove that its products are not emitdngnonia, the implementability of the proposed
restriction would be quite straight forward and gmeducer would have to do and to afford nothing
else than testing. Therefore, if the claims of @bkt product would be confirmed by a test no
additional cost of stabilization would be expected the industry. However, if the product
containing ammonium-based blends would be proventmdoe stable, in order to keep using
ammonium blends, the industry would have to affmtditional cost of stabilization.

Moreover, the tests carried out by the CSTB onediffit French cellulose insulation materials
demonstrate that the emission limit does not rgmtea ban as the test of 2 biomaterials have
shown emissions of just a residual concentraticanainonia (around 1 ppm).

Other thermal insulation materials which could eamtammonium salts and potentially emit

ammonia are not covered by the scope of the propoessriction due to the fact that no alerts

concerning their ammonia emissions were reportgd/ere in Europe.

Substituting ammonium salts in cellulose insulatignother alternative flame retardants seems to
be technically feasible although some economidatilies might arise if a substitute other than

boron-based would be implemented.

Consequently, the EU and non-EU manufacturers ghbal able to comply with the restriction
proposal at least by one of the alternative way®ibyer switching to boron (still legally possible
even if not desirable), either by stabilizing tleenfiulations in order to avoid ammonia emissions,
either by substituting the currently used formwlias with ammonium and boron free formulations.
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Emission tests for ammonia is already technicadlgstble, even though a standard need to be
developed further and adapted to cellulose insaalatMoreover, to date industry actors concerned
by the proposed restriction are only a few but th@ght increase in case of a revision of the
specific concentration limit for boron salts. Theed of a long enough adaptation period, namely to
carry out R&D, was mentioned for complying with ghposed restriction. A delay of 12 months
seems to allow adapting the production technigodké alternative formulations and to implement
an adequate control of the supply chain. Micro amall firms may encounter more difficulties for
the implementation of the proposed restrictionegrted in the Section F.

In France, no major problems for the implementatibthe national restriction have been observed
according to the DGCCRE Due to the recent implementation of the Frenstrigtion, to date it is
however unclear to what extent cellulose insulattontaining ammonium salts has completely
disappeared from the French market.

Finally, concerning the possibility of exemptioiiscould be argued that cellulose insulation may
be installed outdoor and should be exempted beatwssuld eventually emit outside the living
environment. Such products could be labeled, sgagithat the article is only intended for outdoor
use. However, in practice it seems very difficaliensure that this type of cellulose insulatioaf th

is exactly the same as that meant to be instafiddar, would not be installed inside the living
environment, namely if such products would becoess lexpensive than the indoors ones. Forum
will assess the enforcement problems related te timtion of labeling for outdoor cellulose
insulation and RAC and SEAC will assess if an extamnpshould be foreseen. However, for the
dossier submitter of the proposed restriction nengptions should be foreseen as potentially all
cellulose insulation may be installed indoor anahdty contribute to direct human exposure.

E.2.1.2.2 Enforceability and manageability

According to stakeholders’ consultations (industagtors, MSCAs, consumer groups and

laboratories), and given the availability and tlkperted future development of analytical methods
to measure ammonia emissions in cellulose insulathds restriction proposal is also expected to
be easily manageable by the authorities.

The proposed restriction is easily understandaplaftected parties and relevant information is

easily accessible. Thus, the restriction is comsmldo be easily manageable by all stakeholders
within the supply chain.

Box 4: Analytical methods for ammonia (according t)ATSDR 2004)

The detection limit of analytical methods for detéring ammonia in air depends on the amount of air
collected in a liquid or solid adsorbent. Samplisgperformed with passive samplers or by drawing a
volume of air through the adsorbent using a puraptidulate contaminants such as ammonium saltsheay
removed by a prefilter. For determination of amraanithe ambient atmosphere, larger volumes ahast

be sampled than those appropriate for determirmtddrammonia in occupational settings (e.g., inthls
agricultural) where ammonia levels are higher. lompments in methodologies have led to developmient o
techniques that permit continuous monitoring of @gpheric ammonia down to Oyiy.m* (Pranitis an
Meyerhoff 1987). Several passive monitoring systeeport detection limits of 0.05-1;@.m* and hav
collection rates ranging from 2.7 to 2,000 mL/ma(Kirchner et al. 1999).

One method used for ambient atmospheric samplingas® a specially designed flow-through, ammonia-
selective electrode with a sniffer tube, whereasniethods used for occupational settings ofterpassive
collectors with media (usually acids impregnatedoofilters) housed within protective cases. Ammohia

%3 French Directorate General for Competition, Congtiom and Fraud.
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concentrations on these passive collectors are determined by a wide range of methods, including
colorimetric assays (e.g., indophenol determindtidhe Berthelot reaction, or ion chromatography

(Kirchner et al. 1999).

Ammonia may be present in air in both the vaporsphas ammonia gas and in the particulate phas
ammonium salts. While some analytical methods migjinduish between these phases, most stan
methods do not. Methods have been developed thiatniee gaseous ammonia alone or gaseous
particulate forms of ammoniac nitrogen separafehese methods use filter packs or sampling tubatedc
with a selective adsorbent (denuder tube) to seépéine phases (Dimmock and Marshall 1986; Knapd. €
1986; Rapsomanikis et al. 1988). In these methgdseous ammonia is trapped by acids that ac
adsorbents (e.g., citric acid, oxalic acid, phosjghacid) on a coated filter or denuder tube (Kirehet al.

5e as
dard
and
D
ot
t as

1999). In filter methods, errors may arise due tom@nia interactions occurring on the filter and

volatilization of retained ammonium salt (DimmoakdaMarshall 1986; Rapsomanikis et al. 1988). Thef
evidence that ammonium nitrate in particulate mmakein equilibrium with ammonia. The presence
ammonium nitrate may lead to overestimation ofabwial concentration of ammonia, but underestima
of the concentration of ammonium (Doyle et al. 1979

e
of
tio

The CCOHS (Canadian Centre for Occupational Health Safety) gives the following analytical

methods for ammonia

» OSHA Analytical Methods:
OSHA METHOD ID-188 - OSHA Analytical Methods Manudtully validated method

Collection on carbon beads (treated with sulfuragddp sorbent tube. Desorption with
deionized water. Analysis by ion-exchange chronmratolgy (IC). Estimated detection limit:

0.60 ppm.

» NIOSH Analytical Methods:

NIOSH METHOD 6015 - NIOSH Manual of Analytical metls. Partially evaluated

method. Collection on sulfuric acid treated siligal sorbent tube. Analysis by visib
absorption spectrophotometry.
NIOSH METHOD 6016 - NIOSH Manual of Analytical Mettis. Fully evaluated.

le

Collection on: sulfuric acid treated silica gel Isemnt tube. Analysis by: ion-exchange

chromatography (IC) conductivity detection.

» Direct Reading Instrumentation:

Methods of detection in commercially available @egi which may be suitable: electrical
conductivity analyzer, potentiometric analyzer, atishetric analyzer, aerosol formation

detection system, infrared photoacoustic analyzer.

» Colorimetric Detector Tubes:
Commercially available

» Passive Sampling Devices:
Commercially available.

** Canadian Centre for Occupational Health and Safetynonia gas. CHEMINFO Record Number: 48 (2/10/401
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Assessment of RAC on practicality (incl. enforclestpi

RAC considers that overall, the proposed restmct®a measured response to the situation |that
arose in France, as it prohibits the use of ammmrsalts in cellulose (if the emission rate|in

standardised testing exceeds 3 ppmV) until suck &% industry has undertaken research on the
stabilisation of inorganic ammonium salts to achi¢ive proposed standard of 3 ppmV. This is an
important aspect of the proposal from the viewptiatt certain inorganic ammonium salts appear
to be viable alternatives for treating cellulossulation to the boron compounds which are included
on Annex VI of the CLP regulation with a classifica of toxic to reproduction 1B. Whil
flexibility is afforded to industry to pursue resela on inorganic ammonium salts, the proposal is
clear that inorganic ammonium salts cannot be tséeat cellulose insulation unless they are able
to achieve the limit of 3 ppmV in any one day whested under worst case conditions over a
period of 14 days. This emission level is the lib@tow which occupants will be protected.

Standard testing of the insulation material shalddhonstrate that the concentration of ammonia
does not exceed 3 ppmV in any 24 hour period ovéd alay test duration when tested under
conditions of 90% relative humidity. The standandm parameters should be as specified in| the
test methods of Technical Specification CEN/TS B9he CEN method needs some adaptatipns.
CEN/TS 16516 defines a testing method for volatriganic compound emissions and it is based on
ISO 16000 standard series. It has been clarifietheyCommission in their consultations with CEN
experts that CEN/TS 16516 could, in theory, be usedesting inorganic compounds. However,
the conditions of the test chamber would need toebaefined for ammonia. The measurement of
released ammonia can be undertaken by ion chromagtiog following entrapment in an acid
solution. As the release factor of ammonia is lchke the relative humidity and the loading in the
test chamber, some harmonised conditions (refigctire different standards for insulation |in
different regions/MS) would be needed on the logdactor for the panels/material.

RAC agrees with the Forum’s view that those plaaefulose insulation on the EU market
responsible for demonstrating compliance with theva standard.

Manufacturers are responsible for testing the medwand articles placed on the market. However,
builders and installers will need to follow instdibn instructions to prevent the release of ammoni

in service life. Conditions of use should be preddy the manufacturer or importer placing the
mixtures and articles on the market.

RAC notes that in order to explore whether an amemd to the standard is required or whether a
Technical Report/Technical Specification would beffisient to determine compliance, the
establishment of an activity, e.g. a. working griwypCEN could be beneficial.

In the absence of an amended CEN method, RAC agiidethe Forum that it may not be possible
at this point in time to list an appropriate refere as a testing method in the proposed entry to
Annex XVII.

It should be noted that ongoing developments onetsiing method take place at CEN level and in
close collaboration with the Commission servicesvokkshop was held in Brussels on 4 May 2015
and a follow up has been scheduled for Septemb¥s.20 an amendment of the existing method
(CEN/TS 16516) will be concluded as appropriateestimate ammonia emission in cellulose a
period of 2 years maybe required for the approgigest data to be made available and sufficiently
assessed for validation.

RAC recommends that the Commission considers whétieeAnnex XVII entry can stipulate the
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requirement for the manufacturer to include docusaién and labelling as relevant to the technjcal
specification for the final conditions of use, inder to ensure compliance with this maximum
allowable emission limit of 3 ppmV. Failure by liers and installers of insulation to comply
the conditions of use would then be consideredamobmply with this restriction entry.

Assessment of SEAC on practicality (incl. enfordiab

The ammonia emission limit value of 3 ppm undercfetest conditions as specified in CEN/TS
16516 is a key element in assessing the implemiityadf the restriction. The level of 3 ppm is|a
health based limit value, which has a scientifisibasupported by the RAC opinion. For the
restriction to be implementable however, this liratue should in addition prove to be a level that
can be complied with by companies placing on theketathe cellulose insulation materials. |In
other words, the limit value should be a level tbah be practically achieved. If such is not the
case, the restriction de facto means a total bah®mse of ammonium salts in cellulose insulation
material. According to the dossier, complying wilie limit value can possibly be achieved |by
using liquid formulations instead of dry solid fautations, by using technical means to stabilize|the
ammonium salts added in dry formulation to theutetie material or by substitution to ammonium
free formulations. From the dossier, it becomesrctbat the liquid impregnation method is not
applied due to the excessive moisture remaininghen cellulose materials, causing a reduced
thermal insulation capacity. The Annex XV dossieesl not provide clear evidence of technical
possibilities to stabilize ammonium salts if addedellulose insulation via solid formulations. 8l
the consultations did not clearly demonstrate tbetinical feasibility of stabilization of ammonium
salts (added via solid formulations to cellulossulation material) was proven. Only one cellulpse
manufacturer claimed that in testing their prodihet emission limit value of 3 ppm showed to|be
technically feasible. SEAC considers demonstratautnical feasibility a pre-marketing obligatipn
for industry. Although the evidence is meagre, SEO®@curs with the view of the dossier submitter
that the restriction as proposed in RMO 1 is im@atable.

In section E.2.1.2.2 of the Annex XV dossier infatman is provided supporting the conclusion that
analytical measurement of a level of 3 ppm andl¢eseme order of magnitude below (depending
on air sampling size etc.) is technically possiblence, SEAC considers analytical determination
of ammonia levels in air is not a factor havingimpact on implementability and enforceability |of

the restriction.

Section E.2.1.2.1 of the Annex XV dossier discustes possibility of exempting cellulose

insulation material used for outdoor installatioonf the restriction. Such could be achieved| by
applying labelling specifying the article is intettifor outdoor use only. The SEAC concurs
the view of the dossier submitter that such exemnpshould not be granted given the market
disturbance this could give and due to the largeaich this would have on market surveillance and
enforcement. The material for outdoor use would betdifferent from the material applied |as
indoor insulation and enforcement would have tosjgl® substantial effort in checking compliange.

SEAC takes note of and agrees with the Forum adwicéhe restriction proposal. SEAC agrees
with the Forum advice that a reference to the CE8t tnethod should be inserted in the text
proposal for a restriction. The restriction scopewd be clear and stakeholders will have to be abl
to ascertain compliance without having to refegiacdance or other documentation in order to find
out how to prove compliance. The fact that testho@$ are not static documents and may change
in time should however be taken into account. Starih be done by changing the reference tg the
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CEN method including ‘any future updates or amenumthereof’.

SEAC notes that the Forum cannot estimate the extepost-marketing checks and additional

costs. Comparable costs for testing of formaldehgdeooden panels at a level of € 1,700 per test
has been an hindrance for more enforcement. SEAd@rlines the relevance of resources |for
inspectorates to fulfil their tasks, as stipulatedrticle 121 of REACH.

E.2.1.3 Monitorability
E.2.1.3.1 Direct and indirect impacts

Monitoring activities for the implementation of tipeoposed restriction will be carried out by the
existing authorities responsible for enforcementhef REACH restrictions in the different Member
States and by the laboratories which will be inrgeaof performing the ammonia emission tests.

It may be highlighted that in the monitoring of tingplementation of the proposed restriction micro
and SMEs might be favored compared to larger comepain facts, on the market SMEs still using
ammonium salts for their production of cellulosesulation could be identified with more
difficulties and thus relatively less controlleddaimpacted than larger companies which are more
easily identified.

E.2.1.3.2 Costs of the monitoring

The efficacy of the enforcement and the compliamitk the proposed restriction at EU level can be
monitored by using the following three indicators:

1. Monitoring of ammonia emissions from cellulossulation placed on the EU market at Member
State level: this monitoring implies extra costs$ampling and for testing emissions that may vary
between Member States and between laboratoriesoréiog to the laboratory of CSTB, testing
cellulose insulation with method developed by th®T8 indicatively costs about 1000 Euros.
These costs are not expected to have a signifiogpéct on the cellulose insulation industry, if
compared to the cost of the European and natiecahical approvals. Moreover, even if a method
for testing ammonia emissions from cellulose insoitais available and already used some costs to
harmonize and standardize it might occur.

Costs for measuring emissions may increase dubetdlifficult identification and localisation of
some market actors. Consequently, authorities rhagse to carry out only partial controls on the
emissions from cellulose insulation produced by wfiacturers using ammonium salts without
making further controls on cellulose insulation t@aning other fire retardants; in this case, costs
would be reduced but monitoring would be limited.

2.Monitoring of the dossiers opened by the Pois@nt&s health cases related to ammonia
emissions by cellulose insulation at EU-level attee entry into force of the restriction. Health
alerts form the Poison centers might imply a teraponeed for additional costs for sampling and
for testing ammonia emissions from the cellulosiiation.

3.Monitoring of notifications of any violation oéstriction to the EU Rapid Alert System for Non-
Food Products (RAPEX)Indicators such as “% of cellulose insulation whichve ammonia
emissions above 3 ppm” or “Number of RAPEX notifiocas related to cellulose insulation
emitting ammonia over the limit value of 3 ppm” cée used to assess the results of the
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implementation of this restriction by monitoringetammonia emission of cellulose insulation
which is placed on the market.

The effects of the proposed restriction can be toogil over a proposed period of X years to assess
whether further measures would be needed for ediimn of the risk of exposure to ammonia
emissions from cellulose insulation.

Assessment of RAC on monitorability

The Forum expressed their concerns with respettteta@osts to enforcement authorities having to
undertake such complex chamber testing. In ordexdtiress these concerns the draft legal |text
may need to be adapted to make provision for (@3dtactors placing the cellulose insulation on| the
EU market would be responsible for undertaking tésting to demonstrate compliance and |for
providing such test results to the relevant auties;i and (2) that the technical specificatjon
documentation and any packaging of the correspgncifiulose insulation material should clearly
indicate the final conditions of use for mixturesdaarticles. This would mean that enforcing
authorities could take action, as relevant, agaomdh the manufacturer if the product is non-
compliant and against the installer if it is nadtadled as per manufacturer's recommendations.

Assessment of SEAC on monitorability

The dossier contains limited information on moratmlity. Information is primarily found in
section E.2.1.3. The text however is not entirédacfor instance on how monitoring is defined and
could be organised. From the text it is not cleaw the dossier submitter defines monitoring. Three
indicators are presented, all based on monitoringnemonia emissions, two of them requiring
enforcement activities at member state level. Falybiese two options may be merged because in
practice they are probably the same. Monitoringrésdriction via poison centres is a good third
option and an important one as shown by the Frémdbovigilance data.

The dossier states that monitoring activities wi# carried out by the existing authorities
responsible for the enforcement of REACH restritdian the different Member States and by [the
laboratories that will be in charge of performirge tammonia emission tests. In principle this is
correct however, the dossier should also refleonupe role and responsibility of the manufacturer,
importer and distributor. It should be clarified e@ther these actors in the supply chain have a|pre-
marketing obligation to comply with the restriction should only be responsive at request of an
enforcement authority. This will have a substargféct on the monitorability.

E.2.1.4 Overall assessment of RMO 1 based on ammmemission

This restriction has been chosen as the best rskagement option. The risk to be addressed
concerns ammonia emitted by cellulose insulatidns Dption applies to whatever ammonium salt
would be used in the composition of marketed cedlelinsulation. Such restriction would enter into

force within 12 months after the restriction’s atlop (i.e. no ammonium salts by beginning of

2017).

Inorganic ammonium salts shall not be used asigddiin cellulose insulation unless emission of
ammonia of such materials is below 3 ppm accordmmdEN ISO 16000-9:2006 standard. The
threshold of 3 ppm is based on the sub chroniclatloa DNEL for the general population.

126

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finlandl| ¥358 9 686180 | Fax +358 9 68618210 | echa.aleop



BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
INORGANIC AMMONIUM SALTS

Specific test parameters are proposed in termaudtion, temperature, relative humidity, “Attic
insulation” area specific emission rate, “Wall ifion” area specific emission rate and Cellulose
thickness / density.

Considering the ammonia threshold of 3 ppm the resfbility does not appear to create any
difficulty given the fact that the detection limfior the photoacoustic analyzer INNOVA 1412

LumaSense used by CSTB in the tests is of 0.2 mmmpfesented in section B.9.3). Analytical

methods for determining ammonia in air have besoudised by ATSDR (see previous box 4). The
proposed threshold of 3 ppm is adapted to anal\dtese-of-the-arfor ammonia measurement.

E.2.2 RMO 2: Composition-based restriction

This restriction option would restrict the placirgn the market of any cellulose insulation
containing inorganic ammonium salts. It is impoksito rely the ammonium content to ammonia
emission, the concentration limit should be sehatminimum level, such as a quantification limit.
In practice it means that production and placingtlos market of cellulose insulation containing
inorganic ammonium salts would be banned. Suchricgsh would enter into force within 12
months after the restriction’s adoption (i.e. norganic ammonium salts by beginning of 2017).

The main advantage of this restriction option woloédthe fact that, if an exhaustive list could be
drafted, it could theoretically provide a 100% retilon in the number of new cases of professional
installers as well as EU consumers exposed to anamemitted from newly installed cellulose
insulation containing ammonium salts. However,sitvery difficult (and almost impossible) to
identify and to draft an exhaustive list of all pie inorganic ammonium salts that could be used
as additives in cellulose insulation. Moreover, would penalize materials with inorganic
ammonium salts that do not emit ammonia at albawva the threshold without health effects.

Such a restriction on inorganic ammonium salts elutose insulation materials would be quite
easily enforceable.

Key points of this restriction option are:

» Risk reduction capacity: This RMO could allow an adequate management of the
identified risks (i.e. eye and respiratory irritat) for consumers in all Member States
only if an exhaustive list of inorganic ammoniunitsaan be drafted. This restriction
option is therefore expected to only partially lowke exposure to indoor ammonia
emissions from cellulose insulation containing gamic ammonium salts as it is
considered fairly impossible to identify and drah exhaustive list of inorganic
ammonium salts that could be used as additiveseliulose insulation. The risk
reduction capacity values would depend on the estheaaness of the list of inorganic
ammonium salts and it can be realistically estigha@tea range from 75% to 95%.

= Implementability: Even if the use of boron compounds is not constibyethe Dossier
Submitter as a desirable option, still currentlyremains for the industry the best
technically, economically and legally feasible opti Therefore, there are no concerns
regarding implementability of this restriction givehe availability of boron-based
formulations although this option is not desirableder a health view point. Industry
actors concerned will be able to comply with thastriction at least in the short run by
using boron, while consumers could choose anothlérlase insulation materialf the
drafted list of inorganic ammonium salts would & exhaustive the manufacturers
could still switch to different inorganic ammoniwsalts not included in the list.
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Coherence with art. 129: Given the economical and the technical feasibibiy
alternatives, the restriction shall be applicab® months after amendment of Annex
XVII of the REACH Regulation enters into force.

Proportionality: The implementation of this restriction option ometcontent of
inorganic ammonium salts in cellulose insulationynb@ very costly for the industry
currently using ammonium-based blends if the mariufas would switch to a boron-
free blend and it would stay more or less at thmeskevel of price (excluding the costs
for new TAs) if the industry will switch to a bordrased blend at least in the short term.
The data available seems to indicate that forrésgiction on the placing on the market
of cellulose insulation containing one or more gasric ammonium salts included in a
list the main cost elements would be the R&D talfsuch new formulations and the
additional price of the formulations, while costrelents like a change of manufacturing
process and changes in production equipment sedmm o less likely. Moreover, as in
the future it can be expected that the specificceatration limit of boron compounds
could be lowered from 5.5% to 0.3% this restrictmanning the main alternative blend
based on ammonium salts — in an economic pointie& v would largely affect the
cellulose insulation industry until a third typeldénd will be found. Therefore in terms
of costs versus risk reduction capacity, this apisconsidered not proportional to the
risks that it might only partially reduce as it Wiésult in major wider socio-economic
losses.

Enforceability: The compliance to the restriction on placing onrtragket of cellulose
insulation containing inorganic ammonium salts bl ralevant actors (producers,
importers, and distributors) can be checked byatlt@orities responsible for enforcing
the restriction. The required control of producensporters, and distributors is in line
with regular monitoring procedures and shouldntagrany specific challenge.
Monitorability: The implementation of this restriction option onetcontent of
inorganic ammonium salts in cellulose insulatioruldoprimarily be monitored through
enforcement by checking the ammonium concentrdtimm cellulose insulation which
are placed on the EU market.

Assessment of RAC

Assessment of SEAC

RAC agrees that the proposed restriction under REA@uld achieve the desired effect and
considers the proposed limit to be sufficientlytpobive for the health of the occupants in hoyses
insulated with cellulose material.

SEAC concluded that based on the available infdonadt present the options RMO 1 and 2 jare
quite similar for all key criteria from a qualite#i point of view. SEAC endorses the view that the
proposed restriction is the most appropriate EUewiteasure.

E.2.3 RMO 3: Authorisation

According to the REACH Regulation, Authorisationitl@ VIl) is a way for limiting the use of
substances of very high concern which are defimedrding to paragraphs (a) to (f) of Article 57
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of the Regulation. Paragraphs (a) to (e) are nplicgble to ammonium salts which are not
classified as dangerous substances. Concerningrppta(f), it is excluded that ammonium salts
may give rise to “equivalent concern” to the subsés listed in points (a) to (e). A complete bé&n
ammonium salts in all products (including for imsta fertilizers) may be not at all justified.
Therefore, in this specific case of cellulose iaoh containing ammonium salts emitting
ammonia, the authorisation process of the REACHuRgign is not an appropriate management
option. Furthermore, the authorisation route wdwdde meant that the risks to consumers and to
professional installers related to imported ceBelinsulation placed on the EU market would have
not been addressed. Lastly implementing the awgaition process would have taken much longer
than passing via the restriction route.

Therefore, under REACH Regulation only a restrictcmuld be considered as an appropriate risk
management option.

Assessment of SEAC

SEAC agrees with the dossier submitter’'s assessafeRMO 3 (Authorisation), It is for example
indeed questionable whether ammonium salts couldifguas SVHC’s as meant in article 57 a#nd
authorisation then would justify the substitutioh ammonium salts in all uses, including for
instance fertilizers.

E.2.4 RMO 4: Construction Products Regulation (EU/85/2011)

Construction Products Regulatfidrdoes not currently regulate indoor emissions ofnamia from
the manufacture and use of the cellulose insulattoriaining ammonium salts.

Construction Products Regulation (CPR) refers éofttiowing key points:

1-Declaration of Performance (DoP)

The Declaration of Performance (DoP) gives the rfauturer the opportunity to deliver the
information about the essential characteristiaghefproduct he wants to deliver to the market.

The manufacturer shall draw up a Declaration offdPerance when a product covered by a
harmonised standard (hEN) or a European Technisaegsment (ETA) is placed on the market.
The manufacturer, by drawing up his DoP, assumesdélponsibility for the conformity of the
construction product with the declared performance.

On the basis of the information contained in thd®Dthe user will decide to buy, amongst all the
products available on the market, the one whictebéts for the use he intends to make with such
product and he assumes the full responsibilityuchsdecision.

2-Harmonised European standards (hEN)
The harmonised European standards (hEN) on cotistmuproducts together with the relevant
horizontal standards on assessment methods for:

= resistance on fire, reaction to fire, external fiEgformance, noise absorption,

= construction products in contact with drinking wate

= release of dangerous substances into indoor digrsid (ground)water.

%> Regulation (EU) No 305/2011 of the European Pandiat and of the Council of 9 March 2011 laying down
harmonised conditions for the marketing of congtaucproducts and repealing Council Directive 8&/HEC.
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3-European Technical Assessment (ETA)
EOTA is the European Organisation for TechnicaleSssent in the area of construction products,

according to Article 31 of the Regulation (EU) N@5&011.

The European Technical Assessment (ETA) is a dontipreviding information on the assessment
of the performance of a construction product, Iatren to its essential characteristics.

The ETA provides a way for the manufacturer to C&dora product (Art. 4 (1) of the Construction
Products Regulation).

The ETA is valid in all 28 European Member Stated those of the European Economic Area, as
well as in Switzerland. It may be recognised afsoduntries where a mutual recognition agreement
is concluded with the European Community. The ES ke basis for a Declaration of Performance
(DoP) by the manufacturer.

4-CE Marking

The CE marking follows the Declaration of PerforrmaDoP)

The European Technical Assessment provides for durftary) basis for CE marking of
construction products. Other routes are shownergtiaphic below:

Regulation (EC) No 764/2008 (of 9 July 2008)

Regulation (EU) No 305/2011 (of 9 March 2011)

juswssassy |3

\

(8€ 03 9¢ 'UY)
\ [sainpasoud pajyiidwis
JUSWNo0( |E2|UYIS) |EUOIEN
Jo uopjubooay [emni

Declaration of Perf.
CE marking

Figure 13: Different routes of CE marking and mankg of construction products (EOTA 2013)

5-National technical approval

Despite CE Marking and European Technical Assess(BarA), it is important to emphasize that
national technical approvals — even if it is a viéuy action - are often necessary to put a
construction material on a national market.

According to Industry representative’s consultatinational technical approval’s requirements are
considered stronger than ETA. Additional tests ipayequired.
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Discussion
Emission of dangerous substances into indoor aicogered by the basic requirements for
construction works (annex | of Regulation No 303/20

3. Hygiene, health and the environment
The construction works must be designed and huiiuch a way that they will, throughout their
life cycle, not be a threat to the hygiene or lealtd safety of workers, occupants or neighbqurs,
nor have an exceedingly high impact, over theiirerife cycle, on the environmental quality or pn
the climate during their construction, use and déioo, in particular as a result of any of the
following:

(a) the giving-off of toxic gas;
(b) the emissions of dangerous substances, votatii@nic compounds (VOC), greenhouse gases or
dangerous particles into indoor or outdoor air;

[.]

In the Chapter VIII “Market surveillance and safagll procedures”, Article 56 foresees a
procedure to deal at national level with constarctproducts presenting a risk when a product
“does not achieve the declared performance ancepi®s risk for the fulfilment of the basic
requirements”.

The provisions apply to authorities and companikegipg such construction products on the
market. Article 58 of the Regulation states: ‘Whdraving performed an evaluation pursuant to
Article 56(1), a Member State finds that, althoagbonstruction product is in compliance with this
Regulation, it presents a risk for the fulfilmerittioe basic requirements for construction works, to
the health or safety of persons or to other aspcpaiblic interest protection, it shall requiresth
relevant economic operator to take all appropmagasures to ensure that the construction product
concerned, when placed on the market, no longesepts that risk, to withdraw the construction
product from the market or to recall it within aasenable period, commensurate with the nature of
the risk, which it may prescribe.” This part of tR®nstruction Products Regulation applies in
conjunction with the Regulation on accreditatiod amarket surveillance (765/2008).

Representatives of DG ENTR/B1 have been consuleithdo dossier submitter and explained that
these “safeguard procedures” apply to a constmugiroduct (cellulose insulation here) and not to
chemicals or additives of this product (inorgamenaonium salts in this case). No similar cases as
stated in this proposal (emission of a hazardoesnatal from a construction product) have been
identified to be managed with this regulation’susle.

Safety requirements in construction materials atl&t¢l are commonly set by national (or in case
of federal countries: regional) building codes. fEhare few national regulations about protecting
soil, (ground) water, indoor air or workers heattated to construction products.

CPR mainly serves to harmonise at EU level thentethods performed on products, to ensure that
the product performances reached and declared hyfaxcurers are calculated using the same test
methods. The purpose of the CPR (and the CE markipgrticular) is to remove barriers to trade
of construction products which might be createdhatfonal/regional regulatory requirements.

As a practical example, the national/regional boddcodes are covering safety for the inhabitants
in case of fire. This could be addressed by dejitiaw fast a building can be safely evacuated or
by setting very specific performance criteria fpesific elements of the building and/or products
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(e.g. fire resistance of fire safety doors, firsiseance of walls/floors/ceilings of emergency exit
routes). By setting specific criteria for buildietements and products and requesting specific tests
to prove the required performance, the authortmdd create a barrier to trade if a manufacturer
has used a different test method than the oneatkefmthe law.

Therefore, prohibition or limitation of certain cponents in construction products is not the main
aim of the CPR but left to be regulated by Membetes or other EU legislation (ex. REACH).
According to this logic, the CPR safeguard procedserves to decide market restrictions on
construction "products” and not on chemicals oitads$ of products”.

Furthermore, it should be noted that so far rastns of dangerous substances in construction type
of material and products at EU level have been sadathrough Annex XVII to REACH (e.g.
Entry-47: Cr VI in cement; Entry-60: acrylamidegrouts).

Key points of this risk management option are:

» Implementability: The Construction Products Regulation 305/2011 anstonly generic
provisions on protection of workers and generallipulbpom chemical exposure and risk
without specifically regulating indoor emissionsashmonia. It concerns products and not
chemicals used as additives: even the implemerttabfl Art 56.1 of the Regulation which
presents a procedure to deal at national level gty construction products and that of art.
58 do not seem so straight forward in providingfisignt grounds for obliging the
manufacturer of the cellulose insulation to adegpproducts in order to prevent such cases.

* Risk reduction capacity. As explained above concerning the implementgbitit this
RMO, it is not sure that this option could allow an adstg management of the identified
risks (i.e. eye and respiratory irritation) for somers in all Member States.

* Monitorability: The implementation of this risk management optioay be monitored
quite easily by the Construction Products Competerihorities at Member States’ level.

» Coherence with art. 129:Given the long timing needed to develop harmoniSerbpean
standards, the implementation of this option iseexgd to take around 6 years; therefore it
is not considered coherent with the need of urgetibn to solve the problem of indoor
emissions of ammonia.

* Proportionality: Once the harmonised European standards will bdledetthe
implementation of this risk management option dossmply important costs.

Assessment of RAC

Construction Products (CP’s) are currently regalateder Construction Product Regulations No:
305/2011(CPR). RAC has noted whilst there are atigreno limitations on emissions (including
ammonia) from CP’s in the CP Regulations, wherackt58 deals with complying construction
products which nevertheless present a risk to heatd safety*Where, having performed an
evaluation pursuant to Article 56(1), a Member 8tnds that, although a construction product is
in compliance with this Regulation, it presentdsk ffor the fulfilment of the basic requirements [fo
construction works, to the health or safety of passor to other aspects of public interest

protection, it shall require the relevant econonoigerator to take all appropriate measures|to

ensure that the construction product concerned,nyflaced on the market, no longer presents that
risk, to withdraw the construction product from thearket or to recall it within a reasonable
period, commensurate with the nature of the rigkctvit may prescribe.”

Comments received from the Forum indicated fronemaforcement perspective that the restriction

132

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finlandl| ¥358 9 686180 | Fax +358 9 68618210 | echa.aleop



BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
INORGANIC AMMONIUM SALTS

could be better regulated under the European cartgin product legislation. The constructipn
products legislation has a requirement for compliemnstruction products to be CE marked,
making the checking of compliance easier. In addjtione Member State comments clearly

supported the regulation of this issue under thens@action Products Regulations.

he

Commission, however, has indicated that the Coatstru Products Regulation serves to harmonise
the test methods performed on construction produtd ensure that the product performances

reached and declared by manufacturers are caldulaiag the same test methods. The prohibi
or limitation of certain components in constructgmoducts is not the main aim of the Construct
Products Regulations but left to be regulated bynider States or other EU legislation (such
REACH). Therefore, the current regulatory risk mgeraent instruments are not sufficient.

Assessment of SEAC

SEAC notes that the Article 3 of the Construction Products Regulation® (CPR) provides the
requirements for construction products, introducing Annex 1 as basis for the preparation of
standardisation mandates and harmonised technical specifications. The manufacturer has the
responsibility for the construction product he places on the market, (see article 4).

Annex 1 is introducing the following requirements for construction works:

“The construction works must be designed and built in such a way that they will, throughout
their life cycle, not be a threat to the hygiene or health and safety of workers, occupants or
neighbors, nor have an exceedingly high impact, over their entire life cycle, on the
environmental quality or on the climate during their construction, use and demolition, in
particular as a result of any of the following:

(a) the giving-off of toxic gas;
(b) the emissions of dangerous substances, volatile organic compounds (VOC), greenhouse
gases or dangerous particles into indoor or outdoor air;”

Based on these obligations, SEAC notes that one might expect that ammonia emissions from
cellulose insulation material would be covered by the CPR. According the dossier and following
communication between ECHA and Commission services, it has been concluded that REACH
can serve as the most appropriate legislative framework to asses any risks from chemicals
used in construction products for workers and general public.

The CPR does not affect the right of Member States to specify the requirements they deem
necessary to ensure the protection of health, the environment and workers when using
construction products. Safety requirements are set by national or even regional building codes
under the condition that harmonized test methods are used. The market surveillance
authorities of a Member State have the competence to instruct the concerned manufacturer(s)
to bring their products into compliance with the obligations of the CPR.

The work to develop harmonised test methods has just started and it seems realistic to
presume that a harmonised regulation of indoor emissions from cellulose insulation with
ammonium salts will take a number of years. SEAC therefore concludes that, at least in the
short term, the CPR is not the most appropriate EU wide measure.

E.2.5 RMO 5: Providing information to retailers and consumers through labelling

133

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finlandl| ¥358 9 686180 | Fax +358 9 68618210 | echa.aleop

on
ion
as



BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
INORGANIC AMMONIUM SALTS

This option takes into consideration the possipitit labelling the cellulose insulation placed into
the EU market for providing information to retagdeand consumers concerning the content of
ammonium salts.

However, before the installation, retailers sellcgjlulose insulation containing ammonium salts
cannot know if once installed the cellulose insolatthat they are selling would emit or not
ammonia.

For consumers the fact that the cellulose insulasdabeled as containing ammonium salts while
placed into the market does not seem to be suffigienformative for avoiding buying the
cellulose insulation containing ammonium salts ieeaconsumers might be unaware of the related
risks of ammonia emissions.

For the occupants of already insulated buildingsyiil be difficult to identify if the insulation
previously installed in their apartment/house cmstgor not) ammonium salts and if it could
potentially emit ammonia, even if the celluloseuilasion was properly labeled while placed into
the market. It worth’s remembering that the cebelansulation might emit ammonia throughout its
lifetime. Once the cellulose insulation is instd|la house may change owners/tenants several times
within the estimated lifespan of cellulose inswatthat is of 60 years. Therefore, the occupars th
could be exposed in the future might be differentrf the one who took the “buying” decision
informed by the label.

Key points of this risk management option are:

« Risk reduction capacity: This RMO does not seem to allow an adequate marageot
the identified risks (i.e. eye and respiratorytation) for consumers in all Member States as
not informative enough. This option would not reradte risk for occupants who entered
the living unit after the installation of the amnmam based cellulose insulation, nor for
consumers not informed enough concerning the fadtammonium salts could eventually
emit ammonia.

» Coherence with art. 129:This RMO would be applicable in a relatively shiorte.

* Monitorability: The implementation of this risk management optitay be monitored by
the competent authorities by checking the labelbhgellulose insulation which is placed
on the EU market.

* Proportionality: The implementation of this increased labellingigdttion for cellulose
insulation containing ammonium salts would implyngadditional costs for the industry
for changing the labels on the packaging withowrgnteeing the same level of benefits
than the proposed option.

In conclusion, the RMO option of providing informat to consumers and retailers through
labelling does not seem to be sufficiently effeetito avoid health risks related to ammonia
emissions from cellulose insulation.

Assessment of SEAC

SEAC expressed the opinion that regarding RMO %ro¥iding information to consumers and
retailers through labelling does not seem to bécsertly effective to avoid health risks relateal
ammonia emissions from cellulose insulation.

~+

E.2.6 RMO 6: Voluntary agreement from the industry

In the case of cellulose insulation, a voluntaryiaacby industry could be a very effective way to
retrieve from the market ammonia emitting cellulosulation, and consequently reduce the risk of
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ammonia emissions. Moreover, a voluntary agreemiengrder to minimise the costs for the
industry, generally foresees a mid- or long-teranpio phase out the production of the dangerous
chemical or for promoting chemical stabilizationaolditives. In a way, for the industry, these types
of agreements are not legally binding but theyately become socially binding, if there is a strong
social control by the civil society.

In principle, the option of a voluntary agreemermwua need the coordination from one (or more)
strong and well organized actor(s), representimgwhole European cellulose insulation industry,
wishing and able to lead the process and to maaademonitor the implementation of an eventual
Voluntary Commitment of the industry. The assoomtpromoting the agreement should have the
necessary organisational infrastructure and firmoeans, as well as the political strength to have
a real influence on the EU manufacturers curreming ammonium based formulations in order to
avoid free riding.

At present, none of the two identified associatigg€IMA and ECIA) seems to have such
characteristics. In facts, ECIMA members are maitilg French manufacturers who are not
allowed to use ammonium salts anymore accordirtiged-rench restriction. ECIA does not seem to
be in the position to take the lead on the phateoown the stabilization of ammonium-based
formulations given that it is a very young assacrat(founded in September 2013), not yet
officially recognised as legal identity, and thabshof its 14 members (on a total of more than 40
EU producers) are not concerned by the problenasactlto the use of ammonium (because they are
mainly using boron-based formulations).

Some of the European consulted companies currarahufacturing cellulose insulation containing
ammonium salts expressed their strong interestridsvine possibility of establishing a voluntary
agreement and probably in a next future they wilkd communicate among them in order to find a
common ground to prepare a voluntary agreementtanensure its compliance. However, at
present, the industry hasn’t formulated officialnooitment in order to prevent the release of
ammonia or to control the concentration of ammonaatts in cellulose insulation placed on the
European market.

Consequently, although this option could be a weiffective and the most proportionate risk
management option for industrial actors, by theetliNSES was submitting this dossier this option
seemed difficult to be realised in the short run.

Key points of this risk management option are:

» Risk reduction capacity: in principle, this RMO could allow an adequate ngeraent
of the identified risks (i.e. eye and respiratamtation) for consumers in all Member
States depending on the exact content of the agmegonoposed by the industry and on
if and to what extent the agreement will be mamgdi by each manufacturer (no or
minimal free-riding). However, at present, theraitack of a strong actor able to lead
the process and to prevent free-riding. The twatexg European associations seem to
lack the political will or the capacity to promaéed to effectively monitor an eventual
voluntary agreement at EU scale.

= Coherence with art. 129:this RMO could have been applicable in a relagivatort
time if a lead organization would already exist ahthe agreement would foresee a
short timing.

= Proportionality:  the implementation of this risk management optiwili most
probably imply little costs for the industry whichill tailor the proposed voluntary
agreement on its needs and times. Therefore, tMi® B deemed to be proportional as
compliance costs are minimized and of acceptabiieroof magnitude, wider socio-
economic effects are avoided and substantial eskiction can be achieved. However,
the industry did not yet come out with a voluntagreement.
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= Enforceability and monitorability: a voluntary agreement being not legally binding,
enforcing and monitoring the implementation of thisk management option strictly
depend on the content and the seriousness of ineplaton of the agreement proposed
by the industry and on the social pressure puin&tance by stakeholders’ NGOs.

Assessment of SEAC

SEAC expressed the opinion that regarding a volyrdgreement (RMO 6) there is at present a
lack of a strong actor able to lead the process@apdevent free-riding, thereby absence of palitic
will or the capacity to promote and to effectivehonitor an eventual voluntary agreement at |EU
scale.

E.2.7 Comparison of the risk management options
Restriction based on ammonia emission has beerghioghis restriction proposal.

In order to allow a comparison with the other RM@% overview table below provides an
indicative qualitative scoring of the different kisnanagement options against each of the main
criteria and parameters usually used in restriatiossiers for assessing (and eventually discarding)
the risk management options. Such criteria are rs#iuction capacity, costs and benefits
proportionality, effectivenesspracticability, monitorability and the specific meeof a short
timeframe for it implementation as foreseen byalhtecle 129 namely for this proposal.

This scoring used is qualitative (quantitative assgent was not feasible) and based on a simple
appraisal of the degree (high, medium or low) taclwleach option is suitable in terms of the other
above mentioned criteria and parameters and likebe coherent with the concept of urgent action
foreseen by the article 129. The table underlihesmtain areas of difference among the identified
RMOs and it allows a qualitative comparison of #iealysed risk management option against
effectiveness/practicality/monitorability. Theredprsome risk management options have not been
considered further as not feasible, less suitabteréducing the risks or because a too long
timeframe would be needed for their implementation.

Risk Monitora- | Enforcea- Propor- Practica- Coherence
Option reduction bility bility tionality bility Art 129
capacity
RMtQ % REACH | High High High High High High
restriction on
ammonia 90%-100%
emissions
RMO 2: REACH | High Low Low Medium High High
restriction on 75%-95%
ammonium salts
content
RMO 4: High High High High Medium Low
Construction 90%-100%
Products
Regulation
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Risk Monitora- | Enforcea- Propor- Practica- Coherence
Option reduction bility bility tionality bility Art 129
capacity
High/Mediu | Medium Medium High Medium High/Mediu
m (not legally| (not legally | (the industry m
50-100% binding) binding, risk | will Depending
RMO 5: Voluntary | Depending of free minimize on the
industry agreement gn the riding) the costs) timing of
agreement the
proposed agreement
proposed
RMO 6: Low Medium High High High Medium
Information to 30%-50%
consumers and
retailers through
labelling

Table 26: Indicative qualitative scoring of eachtloé RMOs against each of the criteria according
to its degree of suitability (high, medium, low)

E.3 Main assumptions used and decisions made durirampalysis

All assumptions of this restriction proposal weleady stated and justified all along the document.

The main hypotheses are summarized in sectionSta&eholder consultation questions and results
are fully reported all along this document.

The main overriding assumption of this dossiehat the current production of cellulose insulation

is optimized with respect to cost and hence thgt@dmange in the production process imposes an
additional burden to manufacturers.

E.4 The proposed restriction and summary of the jusfications

Based on the arguments above, it is concluded tjnagn the current situation, a restriction on
emissions under REACH Regulation is the most réalieffective and proportionate option to
eliminate the health risks related to ammonia eimssfrom cellulose insulation.

The proposed option establishes a restriction erptacing on the market of all cellulose insulation
(no matter if intended for indoor or outdoor use)iting more thar8 ppm of ammonia within 12
months after adoption (i.e. phase-out by beginmhg017). Although test exists for determining
the emissions of ammonia from cellulose insulabased on ISO 16000-9 standard, a critical issue
with regard to enforceability is the availabilityf barmonized analytical methods enabling to
analyze ammonia emissions with acceptable sengibilne harmonization at European level of the
existing test methods, including sampling and sangpéparation techniques, is recommended in
order to guarantee the reliability and reproduttipof analytical results across Member States.

This option seems a fair option for the industryitdeaves a door open for the use of ammonium
salts if the European manufacturers of cellulossulation are able to demonstrate that their
cellulose insulation does not emit more than th&ab#ished limit. This means that those
manufacturers who already use a stable chemicaluiation or who would have succeeded to
stabilize their ammonium-based formulations wowdaliowed to keep placing on the market their
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cellulose insulation without any additional cosarhthe cost of testing emissions. Moreover, the
restriction proposal based on the measure of amanemission from cellulose insulation which is
placed on the EU market seems to be scientificatlye correct.

Concerning the issue of which type of celluloseuiason should actually be covered by the
restriction and which cellulose insulation couldex@mpted, it is important to remind that cellulose
insulation can indeed be installed indoor or outdd¢tocould be argued that cellulose insulation to
be installed outdoor should be exempted becauseoilid eventually emit outside the living
environment. Such products could be labeled, spagithat the article is only intended for outdoor
use. However, in practice in terms of monitorapilitseems very difficult to ensure that this tyge
cellulose insulation, that is exactly the samelag meant to be installed indoor, would not be
installed inside the living environment, namelifch products would become less expensive than
the indoors ones. Forum committee will assess tifiereéement problems related to this option of
labeling for outdoor cellulose insulation and RAGdaSEAC committees will assess if an
exemption should be foreseen. However, for the idossibmitter of the proposed restriction no
exemptions should be foreseen as potentially dlilose insulation may be installed indoor and it
may contribute to direct human exposure.

In summary, the key points of the restriction preglaare:

= Risk reduction capacity: the proposal is targeted to allow a complete redndrisk
reduction capacity value expected at EU level %) of the identified risks (i.e. eye
and respiratory irritation) for consumers in all ilger States. The restriction proposal is
expected to eliminate the exposure to indoor amanamissions from cellulose
insulation containing ammonium salts.

= The proposed threshold for ammonia emissiod pgm based on theubacute DNEL
for general population does not represent a compbein, as confirmed by several
stakeholders (cellulose insulation manufacturedsfarmulators).

= Implementability: in the best case (no emission from the Europedunlasd insulation
containing ammonium-based formulations) the impletagon by the industry will only
consist in proving through emission tests the laclkmmonia emissions. If this would
not be the casehe stabilization of ammonium-based blends remaifsasible option
(this fact is confirmed by formulators). Moreoveven if boron is not considered by the
Dossier Submitter as a desirable option, currahsfill remains for the industry the best
technically, economically and legally feasible opti Therefore, in all cases, there are no
concerns regarding implementability of this resioic given the possibility to stabilize
and given the availability of boron-based formwat although this option is not
desirable under a health view point. Industry actmyncerned will be able to comply
with this restriction at least in the short run bsing boron, while consumers could
decide to choose another cellulose insulation nahter

= Coherence with art. 129: given the existence of an economically and tedilyic
feasible (although not desirable) alternative bland the possibility to further stabilise
ammonium-based formulations, the restriction shwedl applicable 12 months after
amendment of Annex XVII of the REACH Regulationeastinto force. This period is
considered sufficient to adopt the proposed emmstegt developed by the CSTB and
based on standard 16000 which does not seem toeegiong period.

= Proportionality: if the current cellulose insulation on the EU nwrkioes not emit
ammonia, as claimed by the industry, the main etsshents of the proposed restriction
would be reduced only to the cost of testing ammamissions (1000 euros per year
per manufacturer). In case the cellulose insulasgoroven to emit ammonia, the main
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costs would be the R&D to find such new formulasiaand the additional price of the
formulations, in front of a risk reduction capacitiy100%. Moreover, as in the future it
can be expected that the specific concentrationt lah boron compounds could be
lowered from 5,5% to 0.3% this restriction wouldave a door open to the main
currently existing alternative blend based on amomnsalts without condemning the
cellulose insulation industry. Therefore in ternfigpmportionality versus risk reduction

capacity, this option is considered to be the nposportional measure (estimated total
cost values at EU level).

Enforceability: the compliance to this restriction on ammonia eiomssfrom cellulose

insulation by all relevant actors (producers, inb@&, and distributors) can be checked
by the responsible authorities. The required cdnéo producers, importers, and

distributors is in line with regular monitoring medures and shouldn’t entail any
specific challenge.

Monitorability: results of the implementation of this restrictimm ammonia emissions
from cellulose insulation may be primarily monitdrehrough enforcement by
measuring the ammonia emissions from celluloselatism materials which are placed
on the EU market. Tailored indicators such as “neimd cellulose insulation which
emit ammonia above the established limit” or “NumbeRAPEX notifications related
to cellulose insulation emitting above the estdigd limit” or “Number of dossiers
opened by Poison Centres related to health cases ¢ellulose insulation” can be
suggested in order to assess the effects of thlisaton proposal.
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F. Socio-economic Assessment of Proposed Restriatio

Costs and benefits figures are drawn from the varmnsultations carried out at European level.

In the confidential excel file available to the RA4Dd SEAC rapporteurs, the sources of the
confidential figures are provided. Such file shoaltbw concluding on the validity of the given
guantitative values, as well as on the assumpaodscalculations done.

Whenever possible in both cases of confidentialreordconfidential data, the information provided
by either a cellulose insulation manufacturer dommulator were counter-checked using one or
more different sources, before being validatedadapted in the costs’ and benefits’ calculations.

F.1 Human health and environmental impacts

F.1.1 Human health impacts and benefits of the pragsed restriction

According to the French Committee of Toxic Vigil@n€oordination (CCTV), 10 dossiers with 19
exposed people were recorded between February ameniber 2012. There were 14 adults from
32 to 70 years and 5 children. Fifteen cases wargtoms of mucosal irritation (nose, eyes, and
throat) and airways.

14 dossiers for a total of 43 patients were reabrdigring the period January - July 2013. In all
dossiers, one or several patients smelled an doaracteristic of ammonia gas ("urine” or "cat
urine” smell). Among the 43 exposed persons, 2k wsymptomatic. The remaining 22 presented
one or more symptoms corresponding to a mucous maabirritation of the upper airways
syndrome or of the bronchus. In the calculatiothefbenefits we assumed that half of the exposed
people had symptoms.

Over the same period, 20,000 housings were insulateFrance. Over the same period the
European Cellulose Insulation Manufacturers Assmria(ECIMA) identified more than 100
complaints (this share has been taken into acdouodir calculations) and many complaints were
made on Internet forums. CCTV data should therdberanderestimated.

Although to date no cases were found in other MenStates than France, there is no reason to
believe that ammonium salts used in cellulose atg in other EU Member States could not
develop similar heath issues. Several cases of aangxposure have been reported from treated
cellulose insulation in the US.

Under a business as usual scenario (i.e. withoytrestriction), the main costs originating from
buildings emitting ammonia would be the followffigcosts of illness (COI) until the house is
reinsulated and, in case of re-insulation, thescotemporary re-housing, the costs of re-insoitati
including the cost to destroy the emitting cell@assulation should also be added.

Therefore, in case the proposed restriction wowdapproved, the main benefits would include
lower health risks in terms of better indoor atrqould depend on the choice of the substitute),
which means avoided future cases, reduced sympéays ahd reduced COl, plus the costs savings
from reduced need for re-insulation (including thestruction of the cellulose insulation emitting
ammonia) and from reduced need for re-housing.

Under the business as usual scenario, such cosifd vilave to be afforded mainly, but not
exclusively, by the occupants of the buildings.tha case of the COI these costs would be up to the

*® The potential increase of risk of fires due to amnium salts decrease in the cellulose insulatianriea been
evaluated. Although it is not completely excludtis risk has not been considered in this restrictiossier.
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health systems and probably the costs of re-insualatould be covered at least partially by the
insurance companies of the installers or of the ufeaturers of the cellulose insulation. In any
case, no matter who in principle would have to r@ffsuch costs if the proposed restriction would
be adopted, the above mentioned avoided costs @std’ savings will have to be considered as
benefits of the restriction.

The health cases due to cellulose insulation coimigiammonium salts installed in France before
the French restriction have not been taken intowacin our calculations as they would have taken
place even under the baseline scenario of thisgsexprestriction.

Under the substitution scenario, an exact quaatiba of the real health benefits of this restati
proposal would depend also on the alternative ftatrans (boron-based or other) which will be
chosen and on their potential adverse health amsloemental effects of the chemical substances
contained in such blends. In the case of a substitwith less safe formulations for instance, ¢éher
could even be negative health benefits.

Instead of choosing a time period for the analysiwas decided to carry out a break even analysis
starting from the estimated date in which this ps®a restrictions would most probably enter into
force (beginning 2017) in order to identify aftesvwh many years the benefits will overcome the
costs. This choice was done because a large pHré @bsts for the industry (mainly the changes of
ETAs and TAs) will occur immediately before or judter the entry into force of the restriction
while the benefits as well as a remaining parthefdosts (cost of testing and increased costseof th
substitute blend) of the restriction will occureafthe restriction. So the choice of a more or less
long period of analysis could have affected thepprtionality. Anyway, from the break even
analysis, the proportionality was demonstratedtiegssince the very beginning.

Figure 14: Illlustration of the increase of the staaf living units insulated with cellulose insutati
containing ammonium salts
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Assessment of SEAC

SEAC agrees with the identified elements as pakriienefits of the proposed restriction.

However, according to SEAC the costs of re-insatatare internalised by the manufactur

companies. SEAC will further reflect on these elatadelow.

ng

F.1.1.1 Willingness to pay to avoid odour nuisamcand respiratory symptoms

In response to SEAC relevant comments, the Dosidmitter carried out a review of recent
literature on the monetary valuation of odour nocgaand respiratory problems.

The determination of people’s willingness to paywid odour nuisance and respiratory symptoms
can be done either directly by using the contingahtation method (CVM) namely through stated
preferences,- or indirectly by using revealed pefees (e.g. hedonic pricing of property market
values, cost of illness, human capital surveys@udlity Adjusted Life Year studies).

In both cases of odour nuisance and respiratorypgyms, the contingent valuation method seems
to be the most appropriate. Odour nuisance andraésfy Ssymptoms have a negative impact on life
quality and human welfare and in some cases peogkt be willing to pay to avoid them. CVM
uses surveys in which people are asked to statm#xémum amount they are willing to pay for a
certain improvement in the current situation (wiginess to pay) or the amount they would be ready
to accept as compensation for a worsening of thatson (willingness to accept).

Authors Year | Type of | Type of | Context Countr | WTP or hedonic price
study problem y/region | conclusions
Eyckmans, Dg 2013 | hedonic odour nuisance animal waste Flanders| house prices in zones with
Jager, ang valuation processing moderate and  sevefe
Rousseau study facility nuisance were 5% and 12%
lower depreciation of EUR
10,000 and 24,000 per
dwelling, respectively
WTP EUR 500 (1200) per
household per year
Longo and| 2007 | hedonic odour Review of 12| various | loss in property values pf
Hughes valuation nuisance, hedonic about EUR 3,000 to EUR
and stated brownfields valuation and 10,000, or about 3% tp
preference | and  culturall 4 stated 10% on the value of a
heritage preference property
externalities Stlljd'eds wtp ranging from few cents
relate 0 to more than EUR 80 per
urbgn, household per year
periurban
and rural
service
supply.
Palmquist 1999 | Hedonic Natural land
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Authors Year | Type of | Type of | Context Countr | WTP or hedonic price
study problem ylregion | conclusions
models use

Remoundou | 2009 health impactsEnvironment

and (mild al Effects on

Koundouri symptoms, Public

without losseg Health
of working

days or
hospital
treatment
Bogaertetal. | 2005 odour nuisancwaste water Flanders| wtp ranging between EUR
treatment 60 and EUR 137 per
plants and household per year
composting
facilities
Navrud 2001 light” health air pollution | Norway | wtpat leastEUR 1 to 2 pef
symptoms symptom day avoided fqgr

all symptoms, and possibly
substantially more.

Table 27: Summary of the consulted literature anrtionetary valuation of health symptoms and
odour nuisance

In conclusion, after a careful review of the exigtliterature, most of these studies seem to cancer
country, substance or situation specific circumstanwhich are very different from the one we are
considering in this restriction proposal. Therefaeailable empirical evidence in terms of stated
preferences does not fit the case of ammonia emnissvhere the occupants of the living unit might
not be willing at all to pay in order to avoid odawisance and respiratory symptoms since they
have already paid for the installation of a thermredulation that was not supposed to emit
ammonia. It worth’s remembering that in Franceitistallation of the cellulose insulation emitting
ammonia is considered as defected product anditlghnvolve the obligation of replacement of
the defected insulation by the insurance of thdgssionals who made the installation, or, in the
case of failure, by the insurance of the owner brthe occupant of the house. The fact of
extrapolating the WTP for respiratory symptoms addur nuisance coming from surveys carried
out in completely different contexts such as aitytion or proximity to land filling, animal waste
processing or waste water facilities in order tawdethe annual willingness to pay per household
affected by odour nuisance and respiratory symptdoesto ammonia emissions from cellulose
insulation could be very dangerous. The hedoniciniof houses does not seem to fit the case of
ammonia emissions form cellulose insulation eitert is not acceptable that the occupants would
suffer a depreciation of their house do to theailtetion of a thermal insulation that was meant to
increase its market value (therefore a we can ax@eallingness to accept and a willingness to pay
equal to zero). In such case, the re-insulationlevbe the chosen option to recover the lost market
value and the affected household would probablggoto court their installers or manufacturing
companies in case the costs of re-insulation wawdtl be spontaneously covered through the
insurances of such companies.
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Given that specific scientific studies looking la¢ WTP for irritation or odour from ammonia have
not been found, the generic available evidence fotimer contexts has not been used by the Dossier
Submitter. The use of the cost of re-insulatiol seems more appropriate to the specific
circumstances of this restriction dossier.

Assessment of SEAC

SEAC partly agrees with the assessment of the Bo&ibmitter. The benefits of the proposed

restriction are health benefits that can be es#@thaising assumptions (e.g. concerning |the
frequency of health symptoms in the non-regulatedpared to the regulated situation and on|the
price that people are willing to pay to avoid thegmptoms). Studies on the willingness to pay|for
avoiding odour nuisance and respiratory problemamimonia could not be identified as such| by

the Dossier Submitter and SEAC agrees that cardohbe taken when extrapolating preferences
from a different context. However, the Dossier Sittan also discards these estimates as|not
relevant for this case due to the fact the occigpaheady paid for the installation of a thermal

insulation that was not supposed to emit ammorsAG considers this line of argumentation|as

incorrect.
The WTP to avoid odour nuisance and respiratorypsgms reflects people’s preferences over|the
welfare losses from these impacts.
SEAC notes that the Dossier Submitter was not @biieonetise the odour nuisance and respiratory
problems of ammonia, therefore quantification @ thart of the benefits was not possible.

F 1.1.2 Costs of illness (COI)

In general, symptoms from ammonia emissiares not severe, reversible and last rapidithout
secondary effects. Therefore, no extended medioaltoring is expected after the exposure is over
and symptoms cease. However, the type and serissigridhealth symptoms might vary from one
individual to another according to their previougdital history and sensitivity to ammonia
exposure. Therefore, in some cases, the healtbtefdé ammonia emissions might become severe
for instance for individuals suffering of chronispiratory problems such as asthma.

No specific studies were found presenting an eséiraaithe costs of illness due to indoor ammonia
emissions from cellulose insulation. Some of thg lssumptions made are based on expert
judgement (public health expert).

It is very difficult to estimate a realistic numba&rexposure and symptom days per year and over a
longer period of time because this calculation &htake into consideration the number of building
insulated with cellulose insulation, when theselding could potentially start and stop emitting
ammonia, the number of exposed population, theitiond of humidity causing the emissions, if
and when the occupants are re-housed elsewhereshtre of population affected by asthma
exposed to ammonia from cellulose insulation arahd when the cellulose insulation is removed.

For the normal population exposed to ammonia eomnssirom cellulose insulation the number of
symptom days is likely to correspond to the nunddesxposure days which means the days during
which the occupants live into the housing unit viah@nits ammonia (one day per exposure case,
but every day if the exposure is continued oveetimcase the cellulose insulation is not removed).
If the conditions of humidity causing the emissiatep or if the cellulose insulation is removed
then their symptom days should stop too.
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In cases of high exposure to ammonia emissiongdiaal consultation (General Practitioners and
a consultation in emergencies of hospitals) andetteans of blood electrolyte, blood gases, chest
front x-ray would be needed, as well as medicatimsts for the affected individuals.

In the case of a minor to moderate exposure to amanthe treatment for the normal population
would be limited to a general medical consultafjoost of GP consultation) with a simple clinical
exam associated with a biological check focusedhensearch for a hyper Eosinophilia by blood
count. Considering that in many countries this exaarried out together with a blood electrolyte
(to detect hemoconcentration or hemolysis), thisosd exam has also been added to the cost
estimate.

Finally, to the costs of these exams, we addeddseof a 5 days treatment of symptoms by non-
specific antihistamine, although such treatmeriaiisrom being systematical and always useful in
the case of ammonia exposure.

French costs are presented together with an aveshdgke costs at European level from the
calculations made by the consortium endocost (Emdidnsis cost assessment (the EndoCost
study): a cost-of-illness analysis protocol. Ste@moens, Lone Hummelshoj, Gerard Dunselman,
Iris Brandes, Carmen Dirksen, EndoCost Consortilimomas D’Hooghe- 2011).

This leads to the following estimate of the cosilloEss.

Type of treatment French Costsg Average Europegan
Costs

Medical consultation with a GP €23 €30

Blood count €08 €08

Blood lonogram €06 €06

Treatment with anti histamine (average price on th€05 €05

EU market based on generic molecules)

Total €42 €49

Probably not all exposed people within the norntgdydation would consult a GP, so this estimate
for the COI for the normal population could be ddesed as a slight overestimation of the costs.

For the specific population of asthmatics, the nemdf symptom days is likely to be higher than
the number of exposure days which means that syngptwould persist even if emissions or

exposure would cease.

Patients with symptoms, especially if such symptanmessevere, in order to avoid further exposure,
may need to immediately re-insulate their housecdse of re-insulation, it is assumed that the
number of symptom days of the occupants per yeatdime negligible.

Although the costs of treatment of such patientsildedoe much higher of that of the normal

population, being the number of such type of patretatively small if compared to the normal

population, assuming that in such cases re-insulatiould be done quickly and given the fact that
probably not all exposed people within the nornm@ydation would consult a GP, we will consider

the COI for the specific population of asthmatissiacluded in the slight overestimation of the

costs for the normal population.

If insurance companies of the installers or of thanufacturers will repay such costs it can be
assumed that 100% of the emitting living units Wi reinsulated within a period of one year. The
impact of this assumption, based on what happeneithe French cases, has been tested by a
sensitivity analysis by reducing it to a lower parage.
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Due to the high costs of such re-insulation (in ¢ateulation 4,000 euros per standard loft), if the
insurance companies would not intervene the refatism might not be accessible to all consumers,
mainly considering that they already recently spémdthe first insulation. In such cases, the
remaining people still living in emitting lofts thavill not be reinsulated would continue suffering

from the health symptoms, at least from time taetim

We tested the assumption of 100% re-insulationsarssitivity analysis that considered a lower rate
of 75%, 50% and 25%.

Although all uncertainties surrounding the numbkeemissions, exposure and symptoms days and
the difficulties to make assumptions on when ernarssi exposure and symptoms will occur and

how long they will last, the benefits deriving frahre avoided COIl were quantitatively assessed in
the benefits’ estimates. Anyhow, given the hight aifsre-insulation, these avoided costs for the

health sector only represent a minor portion oftttal costs if compared to the avoided costs of re

insulation.

Assessment of SEAC

SEAC considers the magnitude of the COI estimateth®é Dossier Submitter for a single exposed
person with symptoms to be appropriate. The nundieexposed people in Europe is highly
uncertain. This is based on the number of FrendesaOutside France, no cases have been
reported and no information is available on thesliless for ammonia release from cellulpse
insulation in other countries. Therefore, the t@@all estimate for Europe is uncertain and probably
an overestimation if the incidence rate of casdsamce is extrapolated to Europe.

F 1.1.3 Exposed population estimation

Several assumptions had to be done while estim#tiagenefits of the proposed restriction.

Both the estimates on the volumes of Europeanlosiunsulation containing ammonium salts and
the French exposition rate per tonne are usedrteadhe European exposed population. Therefore,
the number of European cases avoided per yeasedhan the French cases. Using the French rate
of exposed population per tonne of cellulose insaacontaining ammonium salts installed should
be considered as an overestimation for the Euromeguosed population and for their health
impacts, given that no cases were reported by Me@tages competent authorities. Changing the
assumptions on the exposed population would imirecestimated health benefits, while the costs
of the restriction would remain the same. Therefove tested the French rate in a sensitivity
analysis that considered lower rates.

The estimates are based on assumption suggestée bydustry that in average each apartment is
insulated using one tonne of cellulose insulatiod that one insulated apartment is inhabited in
average by four persons (standard family).

It is assumed that the number of new health casestd ammonia emission from cellulose

insulation would already be reduced from the fyrsar of the restriction being in force. Over a

longer period of time, on one hand, already insthihsulation could start emitting all over their

service life and even afterwards, on the other héwednumber of people with symptoms could

gradually decrease given that at a certain stage ssccupants will probably decide to re-insulate
their house.

In principle, immediately after the entry into ferof this restriction proposal, the number of cases
from newly installed insulation will be negligible.
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The key assumptions under this section are theviuig:

* French producers stopped producing cellulose itisula&ontaining ammonium salts after the
national restriction was put in place (July 2018Y( of the current French production of
cellulose insulation contains ammonium salts).

» According to the general estimation done by IAL sdtants for the thermal insulation market,
yearly growth rate of the cellulose insulation seatas estimated to be 2.2% (the same as the
general estimated growth rate).

* Based on the average sized loft, an average oD1kQ0(1 tonne) of cellulose insulation per
house insulated (data from ECIMA and some EU mantufars).

 The rate of European population potentially exposedindoor ammonia emissions and
presenting symptoms per building unit insulatechwgllulose insulation containing ammonium
salts is assumed to be the same observed in Fummog ECIMA data: 100 building units on
20,000 insulated with cellulose insulation contagnammonium salts (rate of 0.5%).

* An average of 4 persons living in each insulatedrtapent and exposed to the ammonia
emissions; two of them (50%) will develop healtmgyoms.

» Cellulose insulation containing ammonium salts ssuaned to be able to emit ammonia all
along its service life (60 years according to BumgdResearch Establishment).

* 1-2% of the cellulose insulation currently placedtibe EU market is imported and exported.

* An amount of 250,000 of cellulose insulation yegulgced on the EU market.

» 15,000 tonnes of the cellulose insulation (6%) enitlly marketed inside the EU (both produced
and imported) contains ammonium salts, giving dimege of 15,000 building units with
cellulose insulation containing ammonium salts.

In quantitative terms, as shown in the table belgiwen the assumptions done, during the three
years period 2017-2020, persons will be exposedigimg) units will need to be re-insulated. (the
calculations of estimated concerned persons eaghiyeagiven in the excel file made available to
the RAC and SEAC rapporteurs).

Once again, these estimations are subject to @masrigiven the uncertain future development of
this young market after the French cases and tkateal changes of the specific concentration
limit of boron compounds in mixtures

Effects in year 1 | Effects in year
2017 20207

New number of living units emitting every year (7155 000%0.5%) 82

Number of avoided exposed persons per¥year .

(considering 100% re-insulation) 300 (75%4) 321

Number of avoided persons presenting symptomseear y 150 (75*2) 163

Table 28: Estimations on emitting living units, exposed people and on people presenting
symptoms

" Taking into account a yearly growth rate of thBubese insulation sector estimated at 2.2%.
%8 These estimations are subject to great uncertgiagn the uncertain future development of thisngmarket after
the French cases and in view of the eventual clsaof#he limit value for the classification of boroompounds.
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Calculations based on the above mentioned assumsptione for the proposed restriction are
provided in a separate excel file (made availabliné RAC and SEAC).

F 1.1.4 Costs of re-insulation and costs of temgaoy re-housing

As re-insulation costs are substantial, the mainebts to society from reducing emissions are
represented by the avoided costs of re-insulation.

Box 5: Re-insulation after the French cases

In France, most of the costs of re-insulation wadferded by the industry. It was done by some corigs
on a voluntary basis to better their company’s ienadter the reported cases. A French manufacturer
indicated that the costs of taking out the emittimgulation and replacing it were covered by tlesurance
company and that they only had to afford the cbgt@new cellulose insulation.

According to the stakeholders’ consultations, milating a standard loft apartment emitting
ammonia would cost in average around €4,000, alohmgble the cost of the initial insulation. The
reason for “almost double” would be the cost ofirigkout plus the insulating once again (cost of
removal of the old insulation, cost of replacemantl cost of destruction of the off gassing
cellulose insulation).

Re-insulation implies temporary re-housing for takiaway the old cellulose insulation and
reinstalling the new thermal insulation. Accordingstakeholders’ consultation, the time needed for
such re-insulation is estimated at two and halfsdatiich implies the cost of two overnights for a
standard family of four. An average cost of €200mght for the standard family has been used for
the calculation.

The following table illustrates the annual costisgs at the end of the initial year after the entry
into force of the proposed restriction, and atehd of year 2020 compared to the baseline scenario.

Effects in year 1 Effects in year
2017 2020
Saved cost of avoided re-insulation (in euros) ,300 (4,000*75) | 326,627
Saved cost of avoided re-housing (in euros) 30(800*75) 32,633
Total benefits (= saved costs re-insulation plus re
housing (in euro) 330,000 359,290

Table 29: Estimated monetised annual benefitsefektriction proposal for the first year
immediately after implementing the proposed restnicand in 2020

Assessment of SEAC

The Dossier Submitter reflects on the possiblermatiesation of the costs of reinsulating py

manufacturers. The Dossier Submitter considers ti@tcosts of re-insulation are not already
internalised by the manufacturers of the celluloselation as, even in case of ammonia emissions,
the costs of re-insulation will be covered by timsurance companies and not directly by |the
manufacturers of the cellulose insulation. The BsSubmitter estimates that, based |on
information from the French cases, the insuraneepamies of the installers or the manufacturers
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will pay for re-insulation costs. Dossier Submitdssumes that 100% of the emitting houses will be
re-insulated although, due to the high costs ohsedation, re-insulation might not be accessible t
all consumers if the insurance companies wouldpagtfor it. In such cases, people still living|in
emitting houses that are not re-insulated wouldtinge suffering from the health symptoms,| at
least from time to time.

SEAC disagrees with the Dossier Submitter’ viewaasning the internalised costs. According to

SEAC re-insulating costs paid by manufacturersneuiance companies should be considered as
internalised costs, as it is known that health €asa occur and the manufacturers can antic
the expected cases of re-insulation. In the basedgenariothe manufacturer considers payi

company itself or indirectly through the company'surance company or not. The insurance
premiums that companies pay to cover their ligbilisks belong to their regular cost structure and
are part of the total private cost in the businessisual scenario. The costs of re-insulation| are
therefore internalised, even if they are paid lspumance companies.

In France, the insurance companies or the manu&stpaid for the re-insulating costs. In other
European countries, due to differences in legapaesibilities, this might not be the case.
Furthermore, not everyone suffering from odour ance or respiratory symptoms may link their
symptoms to the cellulose insulation due to a jdssime delay between installation and the
resulting effects. SEAC considers there are sonuertainties surrounding the Dossier Submitter’
assumption of a 100% re-insulating. The 100% reatateon rate assumed by the Dossier Submijtter
might therefore be too high. A relative high retiladion rate is justified as it is reasonable| to
assume that in most cases the manufacturers datissucompany can be held accountable for|the
occurrence of resulting effects. If not all ammoanaitting houses are re-insulated, some pepple
will still suffer from our nuisance or respiratosymptoms, at least from time to time. This may
cause costs related to re-insulation to be lowan #stimated, but costs related to health effects t
be higher.

F 1.1.5 Other avoided costs not considered in tloalculations

In addition to the odor nuisance, which have beealitatively assessed, the calculation of the
benefits does not include an estimation of theofwilhg cost elements:

= Avoided costs of production losses (working dayst)ldor the occupants of a living unit
emitting ammonia: this benefit element derivingnfrdhe proposed restriction was not
included in the calculation because based on mlediqaert estimates, a normal person
exposed to indoor ammonia emission from celluloselation would not need to be absent
from work. However, in case of patients alreadyesuig from asthma, the worsening of the
previously existing health situation could implywseal days of work lost per year due to the
symptom days.
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= French costs after the proposed restriction asFtlemch restriction is already in place.
Unlike for costs that the French manufactures dlyesaustained during the year 2013, after
the end of the French restriction (July 2013 — R0¢5) avoided health cases from newly
installed French cellulose insulation could be ¢wally included in these calculations since
probably the French national restriction will beealdy over (unless it will be renewed).
However, it is unlikely that after the French region and before the proposed restriction,
French manufacturers would take the risky decigimnstart again producing cellulose
insulation treated with ammonium-based formulations

Therefore, even if, French avoided cases duringémsidered period that start from 2017 could be
attributed to the proposed restriction (and ndh®French restriction that will probably be alngad
over), most likely, there will be no newly installensulation emitting ammonia. The French stock
of potentially emitting living units existing at ge 2013 (i.e. 20,000 units) cannot be taken into
consideration in the benefits’ calculation since tklated health cases will occur in France even
under the baseline scenario (i.e. even withoutptioposed restriction). Therefore, in any case the
benefits of the proposed restriction should notatiected by the French share of health cases that
could occur in the future.

F.1.2 Environmental impacts

The risk addressed is focused on the human heéitt® The relatively small quantities of
ammonia formed from the cellulose insulation camtegy ammonium salts are estimated to
contribute insignificantly to the total environmahkad of ammonia from human activities (mainly
from agricultural and livestock keeping activities)

If the cellulose insulation industry would subdituwith a less environmental alternative fire
retardant or if it would lose market shares in favof less environmentally friendly types of
thermal insulation, there might be negative envinental impacts.

F.2 Economic impacts

F 2.1 General economic information on the cellulosasulation production process, on
prices and on production trends

The data reported in this paragraph were provideddveral manufacturers or associations of
manufacturers of cellulose insulation consulted iyercell/Soprema, Dammstat Werf, ICELL,
Excel fiber, ECIA, ECIMA, etc.) and formulators @mmonium-based formulations (Haffner
International, THOR, Ecochefl) The data used during the calculations do notesepit a real
average in terms of arithmetical mean of the aboeationed obtained data, but the data that were
guoted and/or confirmed by several actors wereepred. It is worth remembering that the volumes
of the building units to be insulated, the numbek@ per cubic meter, as well as prices of raw
materials such as recycled paper (pre or post co@s) or formulations (boron or ammonium
based) and the prices of final cellulose insulafflm@se or panels, for attic or walls insulation,
including or not installation, etc.) can changeo&aftom country to country according to climatic
conditions, from producer to producer, from ing&lto installer and according to the type of
production (containing boron or ammonium) and thgetof installation (new or old buildings,
insufflations in attics or installation into wallgjet or dry installationthickness installedetc.).

%9 See dedicated confidential annexes.
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Therefore, in several cases ranges which seemkbsticeaccording to the available information had
to be used.

The production process and the supply chain folulosle insulation are quite simple (low
technology level needed) and generally are locgsadjraphically close to the place of origin of the
newspapers’ stocks and close to the reference marke

One tonne of cellulose insulation is sold betweB@0€and €650 ex factory price (an average price
of € 550 has been used for the calculation), wéil2{Y®® consumer would buy it between 900 and
€1,200 per tonne at a retailer. In general, celeilinstallations are competitively priced with
fiberglass and less expensive than foamed-in-pdgqeications. The price of cellulose insulation
installed by a professional installer ranges frob® €0 €70 per rh(an average price of € 60 has
been used for the calculation). In average, a coiater of cellulose insulation is equivalent to a
range from 28 to 35 kg (an average of 33 kg has hesed for the calculation) in case it is
insufflated and to 55 kg if applied to walls. A lisac range would be between €1,600 and €2,100
per installed tonne in attics and a range betw&00© and €3,600 per installed tonne in walls. An
overall average price of €2,500 per installed tonae been used for the calculation.

The price of recycled paper and newspapers varileg according to the countries. This price
increased sharply between 2010 and 2012, from €BPOper tonne up to €240 per tonne during
certain periods, in particular because of the eafr€hinese market actors buying large stocks of
paper to be recycled and the decrease in the nuwmfbeewspapers, with challenges for the
manufacturers of cellulose insulation in terms efwsity of supply and of prices’ volatility which
might cause tensions on their business models.clitrent prices of European recycled paper and
newspapers range between €150 and €200 per tonree/¢aage of €170 per tonne has been used
for the calculation).

All the above mentioned figures are summarizethéTable below:

Low range| High range| Most  frequent
(€t (€ value (€/t)
Ex factory price of one tonne of cellulos&00 650 550
insulation
DIY price of one tonne of cellulose insulation 900 1,200 ?
Price of one tonne of cellulose insulatioh,600 2,100 ?
installed in attics
Price of one tonne of cellulose insulatio®000 3,600 ?
installed in walls
Price of one tonne of recycled paper ari®0 240 170
newspapers

Table 30: Summary of the prices per tonne of cadlellinsulation and newspapers

One tonne of a typical boron-based formulation ali as an ammonium based formulation would
cost an average of €750, so if a formulation iseadith a percentage of 10% of the total weight of
the cellulose it means that in a tonne of finaldoret the value of additives would be around 75
Euros. However, it is difficult to assess the cimition of the fire retardants and biocide to timalf

production cost of the cellulose insulation as tpgantities/percentages used change from

% Do It Yourself.
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manufacturer to manufacturer. Moreover, it is reyeto have access to the exact formulation that
would allow more precise calculations.

Loose cellulose insulation as cellulose panels egktively cumbersome and not easily
compressible. This fact highly increases the cbstamsportation and its impact on the consumer
price (where the interest of a local valorisatiorshort circuits).

During the last five years, the production and o$eellulose insulation, as those of thermal
insulation in general, have increased. Most Eumpwaanufacturers of cellulose insulation started
their production between 2010 and 2012. The Eumope#ulose insulation market is therefore very
young and rapidly expanding.

The rapid evolution of the cellulose insulation kedris linked to a certain number of measures (EU
and national building regulations requiring inswdat for saving energy and the existence of
National fiscal and grant aids for insulation) puplace at European and at Member states level for
reducing emissions and energy consumption by at 2@% by 2020 as foreseen by the Kyoto
protocol. However, the sector is also affected byesal threats such as the fact that insulation
provide long payback period versus high upfrontsgosnd this can become a serious issue namely
during periods of economic crisis. The decreasedahility of newspaper feedstock (mainly due to
the high volumes shipped to China and to the diffusf e-newspapers) affect the margins of profit
for the industry while ammonia emission cases aecuin France affected the image of the sector,
at least in France.

The starting point for quantifying the costs foe timdustry is to estimate the amount of cellulose
insulation containing ammonium salts placed on EHt¢ market (produced and imported) and
possibly the share that is currently emitting amimofrrom stakeholders’ consultations, it was
estimated by ANSES that even if the amount of &edkel insulation containing ammonium salts for
2013 is of around 15,000 tonnes, the volumes thialddbe placed on the market in the future in the
absence of a restriction is estimated to increaseenately (2.2% yearly consistent with the study
of IAL consultants and with EU engagements to redeiwergy consumption by 2020) because of a
general trend. Although these quantities couldaase much more for some manufacturers which
are only using a very small share of their capaaitproduction these potential increases were not
taken into consideration as it is extremely difficto know if and when they will occur. These
guantities could also drastically decrease if,0owihg the restriction, in the future the current
manufacturers using ammonium-based formulationsldvdecide to switch their production to
boron or to a new alternative blend.

The tonnage of EU cellulose insulation is assuneelet about 250,000 tonnes in 2017 while the
tonnage of EU cellulose insulation containing ammonsalts is assumed to be 15,000 tonnes in
2017 the year of the entry into force of the resin.

The maximum estimated quantity of ammonium saltbdaeplaced by alternative fire retardants
would be about 1,500 tonnes in 2017 (10% of 1510660es).

After this panorama of general economic informatitwe impacts on the different actors along the
supply chain of the cellulose insulation and onrtated sectors will be taken into consideration.
The proposed restriction on ammonia emissions wonfghct in a more or less important manner
and direct way different industries and differeatoas in each supply chain. The impacted sectors
include formulators and producers of fire retardaimainly of formulations based on ammonium
salts, but also indirectly producers of boric saiesmulators of boron-based formulations and of
other fire retardants), post consumers newspapetcgtling societies, manufacturers of cellulose
insulation, manufacturers of other types of thernmslulation, building industry, installers of
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thermal insulation, retailers of insulation matkriand the users of these products. In addition,
some of the actors in the supply chain of alteveatnermal insulation products will be impacted.

F 2.1.1 Impacts on the formulators and producers chmmonium salts for the cellulose
insulation industry

Restricting the placing on the market of cellulasgulation emitting ammonia might impact those
producers who are currently manufacturing formalati containing ammonium salts used in the
production of cellulose insulation and whose foratioins would be proven not to be stable.

Currently, two of the main European suppliers oframium salts for the cellulose insulation

industry identified during the stakeholders’ comstibn are based in Germany (Haffner and
Brenntag) and one is based in Belgium (Ecochen)elO8 companies based mainly in Germany,
but also in Belgium and in the Netherlands weraiified as former suppliers of ammonium-based
formulations to the French cellulose insulation usidly before the national restriction (see
confidential annex on formulators).

During the stakeholders’ consultation, it was fouhat almost all current suppliers of ammonium
salts to the EU cellulose insulation industry andhe previous suppliers to the French cellulose
insulation industry are carrying out R&D to eith&abilize their ammonium-based formulations
(due to the French restriction this type of reseatces not concern the formulators supplying the
French market) either to find alternative formwas. However, it seems that none of these
formulators already started producing on a largdesand selling alternative ammonium-free (and
boron-free) formulations.

In general, it was found that none of the curreipipdiers of ammonium salts produces or sells only
ammonium salts or only to the EU cellulose insolatindustry. Most of these producers were
found having diversified their production and/ofesaboth in terms of range of products and in
terms of target markets (geographically and in seahsectors) and target clients. If compared to
the overall total volumes of chemicals produced/@ndold by these companies, the volumes of
ammonium-based formulations for the cellulose iasoh industry could be considered as minimal.
One formulator said that for their company the wods and market value of ammonium-based
formulations produced for and sold to the cellulmsilation sector were just negligible.

In case, the EU producers of ammonium salts aledyme other fire retardants alternative if, on
one hand, potentially they could lose a market,tlom other hand, they could convince their
customers to switch to other alternative formulagion their portfolios. Moreover, most of these
producers could keep selling ammonium salts tatvecultural sector as fertilizers.

Under such scenarios, no significant impacts apeeted by the eventual decrease in demand for
ammonium salts, aside the costs needed to carrgheuR&D. Therefore, for the suppliers of
ammonium-based formulations, the proposed regincis likely to imply some sunk costs on
investments already done mainly in terms of R&D g@mdduction plants’ adaptations due to a
premature end of the production of the ammoniunetdsrmulations for the cellulose insulation
industry. A shorter phase-out period than thatahe proposed by this restriction would increase
potential losses of return on investment unlessrradtive markets are found. According to the
stakeholders’ consultation, if the alternative faftation found would still be a powder, for the
chemical supplier the plants used for manufactuangmonium-based formulations could most
probably be re-used to manufacture alternative @itaitrons, implying lower expected level of sunk
costs.
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In conclusion, even if, as a consequence of thegsed restriction, some EU and non-EU
formulators, producers or suppliers of ammoniumedaformulations could eventually lose their
EU cellulose insulation market, overall productimslumes of the formulations for the cellulose
insulation, sector competitiveness and employmenhat expected to change in a significant way.

Specific confidential data concerning the formulatand the formulations of ammonium salts for
the cellulose insulation industry are reported separate confidential annex.

F 2.1.2 Impacts on the producers of boron and on thformulators of boron based
formulations for the cellulose insulation industry

The main producers of boron compounds are bas&drikey, Chile and the USA (US borax). The
manufacturers of cellulose insulation either bugeclly boron compounds from these non-EU
suppliers (and then make the blend themselves)ereliuy the boron-based formulations already
prepared by EU and non-EU formulators, who areoimes cases the same preparing and selling the
ammonium-based formulations.

As a consequence of the restriction, in case afbstgution with boron based formulations these
companies might gain additional shares of the EUulose insulation market. However, an
eventual change of the limit value concerning tee af boron compounds might make them lose
important market shares (not only in the cellulossilation market). Anyway, this is out of the
scope of this restriction proposal.

F 2.1.3 Impacts on the cellulose insulation indusgras a whole and on the
manufacturers of cellulose insulation without ammoium salts

Since most of the cellulose insulation placed om BU market (around 95%) does not contain
ammonium salts, the overall economic and socialaktg of the proposed restriction on the
cellulose insulation industry would likely be mirain The proposed restriction is not expected to
have a negative impact on the competitivenesset industry as a large part of it (all French
manufacturers since the national restriction amdafopean manufacturers using boron) already
produces without ammonium salts and it is theretora large extent already complying with the
requirements of this restriction proposal.

From the stakeholders’ consultation, it was fouhdt tcompanies which manufacture cellulose
insulation without ammonium salts (mainly contagimoron) should not be significantly impacted
by the implementation of the proposed restricti@ither in terms of their production, neither in
terms of their shares on the EU market.

If, on one hand, there could be some minor impecterms of loss of the image of the cellulose
insulation as a whole, on the other hand, evertualie proposed restriction could provide
companies already producing and selling ammoniwa-frellulose insulation with a competitive
advantage in comparison with the EU manufacturemreantly using ammonium-based
formulations. The restriction may also give a firsbver advantage to those that develop and
market technically and economically feasible ammoniree and boron-free alternatives.
Therefore, overall, given that the market is alyedeavily dominated by cellulose insulation
containing boron salts, macro-economic impacts hen dellulose insulation industry as a whole
from the proposed restriction are not expectecetsignificant. However, the proposed restriction is
estimated to have some negative impacts limitegbarticular to the few companies currently
producing cellulose insulation containing ammongatts as described in the following paragraph.
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More details concerning the cellulose insulatiotustry are included in the Annex concerning EU
manufacturers of cellulose insulation.

F 2.1.3.1 Impacts on manufacturers of celluloselat®n containing ammonium
salts

According to the stakeholders’ consult