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A. Proposal
A.1 Proposedrestriction

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

European Cellulose Insulation Manufacturers Association (ECIMA) and the French Scientific and
Technical Centre for Building (CSTB) that a growing number of householdanms eomplaining

about an ammonia smell following the installation of cellulosulationfor sound or thermal
insulation in their homes. In 2012, ECIMA had recorded 115 reports and had conducted in situ
measurements indicating ammonia concentrationg iof aip to 5 ppm.

The products in question were cellulose insulation materials blown or sprayed (flocking) into attics
or walls. Until 2011, boron salts were added to these insulation materials as a flame retardant and
antifungal treatment.Boric acid hasbeen substituted because of its reproductive toxicant
classification (Category 1B according to Regulation (EC) No 1272/2008 on classification, labelling
and packaging- CLP). Manufacturers have replaced these boron salts by flame retardants
containing amranium salts, which account for 6 to 12% of the total mass of the products.

According to ECIMA, by the end of 2012, around 20,000 homes in France had been fitted with this
celluloseinsulationcontaining ammonium salts, all manufacturers combined.

On 14" of August 2013, the French Repigbinformed theCommission, the &opean Chemicals
Agency (ECHA)and the other Member States, in accordance with Article 129(Regulation
(EC) No 1907/2006safeguard clause), thét had justifiable grounds fotbelieving that urgent
action is essential to protect tpeblic from exmsure to ammonia released frammonium saltsni
cellulose insulatiomaterials used ibuildings. The French Repubkdopted a provisial measure
on 2% of June 2013 angublished it in lhe Official Journal of the FrencRepublic on 3 of July
2013.

The Order of 2% of June 2013on the prohibition of placingn the market, immrt, sale and
distribution andmanufacture of cellules insulation materialsvith ammonium saltsadditives
prohbits the placing on the miaet, import, possession withvéew to sale or distribiion, sale or
distribution and production of cellulos insulation materialscontaining ammonium salts as
additives. Theseproducts must alsoebwithdrawn from the market iRrance and recalleat the
expense of the persoasponsible for first placing them on the market.

A translation in English of the French Order is available in Arinex

Following the Commission Implementing Decisiai 14" of October 2013authorising tle
provisional measure taken by the French Repulairdd according to Article 129.8f REACH
Regulation an annex XV restriction report has been prepared within three months of the date of the
Commission decision.

TheFrench Agency for Food, Environmengadd Occupational Health & SafgtANSES) has been
mandated by FRRISCA to prepare this annex XV restriction report.

10
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A.1.1 The identity of the substance

Inorganic ammonium saltere added to cellulose insulation for their flame retardant properties.
These substances usasd additivesn cellulose insulatiormay leadto emissionof ammonia gas
under certain conditions

Such ammonium salts identified are the following:

- ammonium sulphate [CAS No 7728-2]
- ammonium dihydrogenorthophosphate [CA8 W2276-1]
- diammonium hydrogenorthophosphate [CAS No 7283)]

Otherammoniumsalts may be usédsuch asmmonium chlorid¢CAS No 1212502-9], sulfamate
[CAS No 777306-0], polyphosphatdCAS No 6833379-9] or bromide [CAS No 1212497-9].
This isnot an exhaustive list.

The substance of concern is ammonia, anhydiGAS[766441-7].

Different cofactors prom@ammonia emissiond he stability of ammonium salts in such materials
may be affected by:

U Humidity rate considered as a major factor
U Other cofactorshat may influence the stability of additives in the final product:
V pH (e.g.in case oplaster board contact)
Ventilation;
Temperaturg
Content of carbon / calcium carbonateghe paper used as raw material
Formulations, composition aither additivesrgactivity withother chemicals such as
biocides added to the ntixe);
Production process (dmswet);
Type of installation (wet spraficrustingg on t he t op o/fvaporel | ul os
barrierapplied distanceo the roof in attic, etc.).

<< < <K<K

RACO6sSs Assessment

RAC agrees thatasfactors do influence the rate of ammonia release and the concentrai
ammonia in the living area. In particular, the dynamic chamber tests have demonstrated tha|
humidity isthe major co factorsontributing to the release of ammania

! Flame Retardant# General IntroductionWHO IPCS, Environmental Health Criteria 19897.
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A.1.2 Scopeand conditions of restriction

Substancesn the scope of that restriction proposat ammonium saltshatare used in cellulose
insulation for theiflame retardant propertiefhesesalts can leatb ammonia emissionswhich is
an irritant gas for mucous membranes and respiratory tract.

The conditions of the restriction atbe following: Ammonium salts may be used only if emission

of ammonia is belowa threshold based othe DNEL for the general populationsbacute

inhalation route) and with respect to specific testingrpeaters.

The proposed restrictidoy the Dossier Submittés as follows:

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

Inorganic ammonium salts Shall not be placed on the matkin cellulose insulatio
from [12] months after of entry into force of th
Regulation unless:

Emission of ammonia gas of such materialg
below 3 ppm according to the horizonts
measurement/test  ethods of Technica
Specification CEN/TS 1651énd:
Specific test parameters are applied in termg
duration (14 days), relative humidity (90-+3),
AAttic insulationo ar ¢
m’m2h?) , and Awal l i ns
emission rate (0.5 frm?Zh?). Cellulose insulation
thickness and density are adapted to the fore
use.

RAC and SEAC assessment

During the opinion making process RAC and SEAC Committees have considered the sc

conditions of the restrictioproposal in their assessments.

SEAC has accepted as such the initial proposal of the Dossier Submitter, which is also refl
the draft SEAC opinion subject to a Public Consultation (in the period Mdagh2015). However

bpe and

ected in

SEAC has raised a speciftuestion for the Public consultation concerning titaasition period

(whether 12 months is a sufficient period for economic operators to adapt to the requiremen

proposed restriction avhethera higher transition period maybe required)

RAC, however, and after consideriagme information received during the public consultation
certain recommendations expressed by Forum for more clarificatiassuggested some chan
to the legal textompared to thénitial restiction proposedn the Annex XV restriction dossie

Their main changes concern addition of the following:
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b)

Therefore,
Substance

provision on the required technical specifications imposingdbaetimentation and any
packaging othe corresponding cellulose insulation material shouldrisiendicate the

final conditions of use for mixtures and articland

a derogation for mixures of cellulose containing ammonium salts that will not have to

comply to the emission limit, if used to produce panels that have been tested an
to comply to the conditions of the proposed restriction.

the modifiebkgal text, as reflected in the adopted RAC opinion, reads as follows:
Conditions of restriction

Entry [#].

Inorganic inorganic ammonium salts The technical specification documentation &

1. Articles containing cellulose mixtures treate
with inorganic ammonium salts, intended for
purpose of insulation shall not be placed on
market or used, after dd/mm/yygy wh e r
release of ammonia from the article in a 24h¢
period during the duration  of the test * would
result in an emission of ammonia greater tha
ppmV (2.12 mg/ms3).

2. Cellulose mixtures treated with inorganic
ammonium salts intended for the purpose o
situ insulation, shall not be placed on the mar
or used af t ewherditliedeleasenc
ammonia in a 24hour period would result in
ammonia concentration greater than 3 ppr
(2.12 mg/m3).

any associated packaging, as relevant, shc
clearly indicate the conditions of usgcluding
the maximum loading rate permitted of t
cellulose mixture, given in density and thickne
to comply with the maximum 3 ppmV (2
mg/m3)emission limit for ammonia in a 24 |
period.

3. By way of derogation to point 2 above, mixtu
of cellulog insulation treated with inorgani
ammonium salts which are only used for
manufacture of cellulose insulation articles
not have to comply with the 3 ppmV (2
mg/m3)emission limit of ammonia where it c:
be shown that the article placed on therke& or
used has been tested and complies

2 Transition period to be fixed following discussions at SEAC.

% Test/test meth

od 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 ammo
at least 14 days

nia salts under standard room parameters (size, ventilation) at 90% relative humidity for a period of
were followed.
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paragraph 1.

Tablel: Proposed restriction

Scope:
1-Inorganic ammonium salts

As far as the problenof gasphaseammonia emissiorby celulose insulation is currently
understood, it is hypothesized that the release of ammonium ion in wet conditions is a necessary
step. This hypothesis seems to be coherent with the fact that relative humidity (% RH) during the
CSTBtests(see section B.9.3)laysa crucial role with a clear increase of ammonia emission for
values > 80% RH close to the breakpoint in humidograms of several inorganic ammonitini.salts
Moreover, this hypothesis seems to be coherent with the known chemistry of aAfmonia

In inorganc salts of ammonium the strength of the chemical bonds between ammonium and the
counteranion is weak (ionic bonds based on van der Waals forces). As a consequence when these
inorganic salts are hydrated (most of them being spontaneously hygroscopfewigkceptions)
chemical bonds can be broken by water. This dissociation is induced by dipolar moment of water
molecules and the free ammonium ion can then undergo supplementary chemical/biochemical
reactions or equilibriums to transform into gaseous anmemon

NH4" + H,0 & A NHsz + Hs0"

For instance mmonium sulphate is highly soluble in water and must be stored in a dry place. In the
presence of moisture or in solution, it decomposes into a strong acid (sulphuric acid) and ammonia
gas. In contact with an alkaline functional group, it reacts to releas®onia gas. Lime, plaster and
cement are all alkaline and can theoretically react with ammonium sulphate. In one of the dossiers
(CCTV 2013a)the release of ammonia occurred after the laying of a concrete screed that might
have promoted such a reactiowhile in another dossier it occurred when in contact with
Placoplatre® plasterboard partitions.

For these reasons it appears coherent to extend the field of the proposed restriction to the entire
family of Ai nor gani ¢ ammo nsciantific litkemture ar @xperimlental s p e «
results CSTB tests, Maupetit F, 2013%,bas been identified that could help to modulate this
optiont during the tests performed by the French C&TRB013 at least 3 different inorganic salts
demonstrated the capbly of gasphase ammonia generating when incorporated in cellulose
insulation(see section A.1.for the identity of these substanges

*http://www.atmoschemphys.net/6/755/2006/adp 755-2006. pdf
*https://uwspace.uwaterloo.ca/bitstream/handle/10012/3683/Rocsana%20Pancescu%20Thesis_5_.pdf?sequence=1
®https://pubweb.bnl.gov/~xujun/research/98JPCpaper.pdf
"http://nepis.epa.gov/Adobe/PDF/3000017U.PDF
8http://www.geo.uu.nl/Research/Geochemistry/kb/Knalglebook/NH4 _dissociation.pdf
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Furthermoreit can be mentioned:

U Concerning the gneration of ammonia upon hydratjon water equilibrium is established
between ammonium ions and dissolved ammoniaFgashermore, not all of the dissolved
ammonia would react with water to form ammonium ions. A substantial fraction remains in
the molecular form in solution (given that ammonia iweak base). It must be noticed that,
as far as we look into the release of the dissolved ammonia gas, the quantitative indication
of this release is given by the strength of its base ionization constant of ammonia. This
constant is affected only by teemature and pressure. Therefore, for ammonium salts the
degree of generation of fre@nmonia is correlated mainly to the solubility of this salt in
water. It is relevant to note that this chemighlsical property is influenced by
temperature and pH (thefore it is also related to the chemical nature of the salt).

U Concerning thetability of theammonium salts of interesor the whole group of inorganic
ammonium salts, extreme cases cannot be excluded concehaimgbehaviour upon
hydration.For exanple, ammonium carbonate and ammonium bicarbonate preseiylenul
significant release pathways and free ammonia is significantly generated from the aqueous
equilibrium but also by the readily decomposition to carbon dioxide and ammonia via
different routs. On the other hand other inorganic ammonium compounds, as for example,
ammonium hexachloroplatinate, are poorly soluble (<1g /L) and relatively stable that
ammoni abébs release patters are negligible.

It should be noted, though, that the ammonium saltsitefest for the cellulose applications are
simple inorganic ammonium salts, therefore commonly, crystadiaits highly soluble in watéo -

500 g/L. Overall, their behaviour upon hydration and the mechanisms to release ammonia can be
normally consider@ the same: ammoniaater desorption and decomposition of the salt (melting

and boiling are not really significant).

Overall, for the majority of inorganic ammonium salts (incl. ammonium sulphates and
polyphosphates which are the more interesting isthe cel | ul ose applicati
upon hydration and the mechanisms to release ammonia can be normally considered quite similar.
Therefore a grouping entry based on the salts stability behaviour upon hydration could be
considered justifiable.

2-Cellulose insulation

This restriction proposal is based on French texgdance data. All cases were related to a recent
installation of cellulose insulatiomynamicchambettestsperformed by the French Institute CSTB
haveverified the stability of additives for such materials treated with ammonium salts, in conditions
of high humidity(at 90% RH that may be encounterefidditives are in the form of powder (solid
form) and are mixed withellulosefibers The 11 tested cellulose Bulation materialsll presented

in varying degrees ammonia emission profifgem few ppm to more thar200 ppn), reflecting
instability ofammonium salts in these products.

CSTB has tested®? bio-based insulationmateriab treated with ammonium salts blquid
impregnation to compare with cellulose insulation results. For the same test conditions, only
residual concentrations of ammonia have been detected li@ssltppm). Liquid impregnation
leads to a better stabilization of ammonium salts compaaentox of a powder (solid form of the
salts).
According to these data, this proposal focuses on cellulose insulation materials only.
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3. Proposed test

The test proposed is based on Teehnical Specification CEN/TS 1651&onstruction products
Assessment of release of dangerous substametermination of emissions in indoor air"

This standard is used to simulate, in a reduced scale test chamber, volatile pollutant emissions of a
construction product used irdafinedreferencaoom (seesection B.9.3)

Emissions are generataad the test chambearnder conditions which are kept constant during the

test. These conditions are selected so that the test results can be expressed in terms of chemica
concentrations ithe air of the reference@m and then compared to a specific threshold.

The specific emission rates determined using this Technical Specification are associated with
application of the product in a defined European Reference Room under specified climate
(temperature and humiditypd ventilation conditions.

According tothe standardthe temperature during themission test shall be 23 + £ “and the

relative humidity (RH) as input to the emission test chamber of 50 + Bl&kever, as wet
conditions (rain, fog, etcyere consideredas major conditions favoringammonia emissions and

the appearance of odoes, i woasd o0 r el at i vieprdpasedo tést theystatilify of9 0 %
ammonium salts

In France, the Observatory on Indoor Air Quality (OQAI) undertook in 2003 a natiamgdaign in
dwellings in order to draw up a state of the indoor air quality. Completed in 2005, it allowed
collecting much information about 570 houses representative of the 24 millions houses in
continental metropolitan Francklore than 30 parameterscinding relative humidity, have been
measured in several rooms. In half of the dwellings, relative humidity is below 49%. In 5% of the
dwellings, it exceeds 63.1% in the bedrooms and 64.7% in the other rooms (OQAI 2007).

The statistical distribution isigen in Table 11. The maximum value measured was 81%.

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

U The relative humidity in the attic is closer to the relative humidity of thsidei air than to
that inside the building.

U The OQAI measurements correspond to an integrated average over one week. During this
time interval, variations in the RH level may have been observed, with RH levels
occasionally higher for shorter periods.

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

To make an actual comparison between experimental parameters and the environmental parameters
(relative humidity in particar) measured in various French regiamsjuick review of the annual
data from the French weather bureau (Météo Fracml#cted in Nancy, Nice, Brest and La Pesse
shows that:

U The relative humidity of the outside air is greater than that of the insjde air

U In the outside air, relative humidity of approximately 90% for several days can be observed
quite frequently (e.g. in Nancy, Brest and La Pesse).

The value of 90% h acsa sheete nt oc htoessetn talse Aswtoa bsitl i t y
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Apart from therelative humidity which isa deviation from th€CEN/TS 16516standard, specific
parameters are proposed regarding cellulose thickness and density.

Insulation thickness varies among Member States depending on national weather conditions and
building regulation&requirements Insulation thickness applicable in roofs in Europeuld
therefore be up to 10 times much important in the Nordic countries than in the South of Europe, as
illustrated in the following Figure (Papadopoulos 200The range 1€B0 an seems the most
realisticpractice in European countries

Insulation thickness applicable in roofs
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Figure 1: Evolution of insulation thickness applicable in roofs in Eur@ip&padopoulos 2C&)

The value of cellulose insulation densitf 40 kg.m® corresponds to French practices for attic
insulation. The amount of cellulose insulation implementedwas establishedfrom data
communicated bECIMA® to CSTB(dated 12/11/2012). The very large majogfyuse ofcellulose
insulationwasattic insulationby spreading theellulose insulatiomn an open horizontal surface

The use by injectiomto the wallsseemsexceptional. On construction sitetierecomplaintswere
observed (in Francelhe average quantity @kllulose insulation implementadas 12kg.m? with
an average thickness of 30 ogiving a density of 40 kg.i

It should be noted that density may be higher for wall insulation (through insufflation or injection)
as explained in section B.2. Attic scenario is preferred as it corresponasstoof health issues

identified by toxievigilance in France.

According to what was reported by CSTiistitute on the analysis of ammonia emissions from
cellulose insulationested in 2013all French cellulose isolatiazontaining ammonium salte;hich
emitted ammonia under humidity rate of 90%mitted during the first 14 day&see CSTB
confidential annexes)herefore, theduration of thewhole testprocedurgor measuring ammonia
emissions peeachsampleof cellulose insulation can be reduced to 2eks.CEN/TS 16516

° European Cellulose Insulation Manufacturers Association.
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standard refer to the measurement of sterh emission at 3 days and the measurement of long
term emission at 28 days after material installation in the test chamber.

Speci fic

i ¢ e | dstiphrameters proposad lara sumednnothe ffollowing Table:

Parameters Reference room (according tg Uniits
ISO 16000standards)

Duration 14 d

Temperature 23 ++ 2 °C

Relative humidity 90 ++5 % HR

«_Att|c insulation» area specific 1.95 e

air flow rate

«_Wall insulation» area specific 05 m3 m2.ht

air flow rate

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

Table2: Specifici cel | ul ose i nsul ationo test parameters

For the general population this exposure situatigrthe proposedANSES subacuténhalation
DNEL for irritation is 1.3 mgm™ (1.7 ppm). Consideringammonia concentratioim living rooms

are expected to beapproximatelytwo times lowel' compared toemissions measured in the
dy nami cc & swe graptisedsbte the threshold of 3 ppm is proposed

This value is similar to thmeanodourdetection threshold (ODT) of 2.6 ppm calculated by Smeets

et al. (2006).

To conclude,lte dynamic test at 90% RH can be used to verifgthiaility of the additives fosuch
constructionproducts treated with ammonium salts undamditions of high humidity thatan be
found in reality CSTB tests have shown tteehnical feasibility of this test?
0 Some biobasedconstruction products treated with ammonium salts pass thesks tes
successfully. As such, they have no ammonia emission profile (more or less rapid increase
followed by a slow decrease) but a residual ammonia concentration below 1.7 ppm

(generally below 1 ppm).

0 The 11 cellulosansulationproducts tested in this studnd ina previous study all had
varying ammonia emission profiles, thus reflecting the unstable nature of the ammonium
salts additives in these produii®m few ppm to more than 200 ppm)

U For these 11 products, the ammonia emissions were always rebedsesl day 14 of the
test (out of a total test duration of 28 days or more), which should enable the duration of the
dynamic test at 90% RH to be decreased to 14 days.

Regardingeconomical feasibility this test is estimated to cost around 1000 eurosreeerial
placed on the markeThis cost has been included in the sasonomic analysis (section F).

19 parameters used in CSTB tests (based on data communicated by EElv#pean Cellulose Insulation

Manufacturers Associatign

M f the air flow conditions are the e in different test chambers used between these two types psestection

B.9.1

12 see confidential annex (not published): development of a standardized method of characterization of ammonia
emissions from building products treated with ammoniunss@lSTB. Final report (19 September 2013). Report SC

2013106.
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RACO6SsSs Assessment

RAC noted thathe public consultation did not reveairther information orthe standards fothe
thicknessof cellulose insulatiorexcept the information that thevexage insulation thickness for
cellulose insulation in Slovenis 30 cm in roofs and attiand 22 cm in walls wood frame
constructions These values are within the range of300cm that was identified by the dossjer
sulmitter and used by RAC to assess the loading rate and exposure

4. Justification to propose a transitional period of 12 months

On one hand, in principlehé¢ transition period shoulgive enough time tall relevant stakeholders
(manufacturersimporters, wholesalers and retail seljexsenable hem toadjusttheir production
and sales processesder technical, economic, practical and regulajfmoint of viewsonce the
proposedrestriction has come into force, namely taking into considerahenfact that many
manufacturers and installers of cellulose insulation are small and medium sized companies.

On the other hand, fohé implementation of thispecificrestriction proposaihere is aneed to be

in coherence with the use of the article 128ich supportsa short transitional periodfter entry

into force of the restriction.

The mainreason why theellulose insulationndustrywill needa transitioral period is represented
by the time needed toarry out theR&D in order todevelop a safe and environmental alternative
formulation (e.g. boron and ammoniufree) with the same capacity of fire retardatidnthe
dedicated emission teshow that thecelluloseinsulation releases ammonia over the threslobld
the proposed resttion. It is very difficult to estimate the time needed for developing a new
formulation but the research process by the industry seems to be already on going and the first
results of the French research progwobuldbe available already by the end of 201

From t he stakehol der s 0if allematigefile remtdantaoulsl havettobes e e ms
addedagain & powder formulationno major investment in newnachinerynor major adaptations

of the equipmentseem to beequired by the cellulose insulation industidowever, h some cases
according to the chemical properties of géstancesn the alternativeblends the production
process might need to be slightly changddch could imply minor investment costé order to

ersure thaechnical feasibility

Considering the fact that <cellulose insulatio
relatively | o w. I n average, during the oeftfirmakpeoducts d er s
stored by the Europe cellulose insulation industry were fouhihited to less than a week of
production Theefore, thedepletion of stocks can bewkequite quicklyand it is not considered as a
relevant element for establishing tiensition periodf the proposed resttion.

Thetime required for th@adoption of the testing method does not seem in contradiction with the 12
months proposed by this restrictioiccording to the restriction proposed, nevdlopment of a
harmonised EU standard on the measurement of amnenissionsis needed but only an
adaptation of the testing parameters

Some timecould beneeded for mactical and regulatory reasonBy responsible EUPublic
Authorities to inform markets an@ll concerned actor€EU andnonEU authoritie} about the

change in EU legislation and to get prepared to enforce the restriction.

The fewimporters of cellulose insulationcould also need some tinie inform norEU suppliers

(especially from Switzerlanddnd customersbout the change in EU regulatiand to takethe
necessary measures in order to comyit this restriction.
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On the other hands the cellulose insulation can have a long service period of around 60 years it is
important to avoid having a too long transitional period as this will increase tbeuwggpotential

for the general public to ammonia and the costs that occupants will have rob taffieeinsulate

their housing.

In coherence with the article 129 of REACH Regulaton br the reasons mentionad Section

D.3, a transitional period of2 months is considered reasonable dellulose insulatiormarket
operatorsand for public authoritieto adapt to the requirements of the proposed restrieinohto
minimize the transaction costs related to dissemination of information aperftarm voluntary
compliance control measurelSor he proposed restriction thereforeslortertransitional period

could involve implementation problems on the EU market, a longer one would create a risk for
human health and would not be in coherence with the need of urgent action for this restriction.

RACOSs Assessment

RAC doessupporta transition timevhereafter the restriction will enter into forcdhe Committee
does not suggest a certain peraxl this @cision should be taken by SEA@kKing into account
whenan appropriatéesting methodvill be available Uncertainties regarding the appropriateness

of the testing method are the main reason why RAC believe that a transitional period is justified.
CEN experts confirmed thaté testing method proposed by the dossier subm@EN(/TS16516
that wasdeveloped for volatile organic compouhdsould in prirtiple be used for inorganic
ammonia salts. However t heCER exparin®esci2@la/Fars 2050 n s u
alsoreveakd that the conditions of the test chamber may need some adaptations to be used for
testing of inorganic compounds.

- Anyderogations, conditions and/or mitoring obligations

Cellulose insulation can be install@toor or outdoor It could be argued that cellulose insulation

to be installed outdoor should be exempted because it would eventually emit outside the living
environment. Such products could be labeled, specifying that the article is only intended for outdoor
use.Outdoor applications are better described as external (wall) applicdtdowsver, in practice

it seems very difficult t@nsure that this type of cellose insulation, that is exactly the same as that
meant to banstalled indoor(use of material in internal wall)vould not be installed inside the
living environment, namely if such products would become less expensive than the athers. F

will assessthe enforcement problems related to this option of labeling for outdoor cellulose
insulation and RAC and SEAC will assess if an exemption should be forésmeaver for the
dossier submitter ofhe proposed restriction no exemptisitould beforeseen & potentially all
cellulose insulation may be installed indoor and it may contribute to direct human exposure.

The test proposed is based on the Technical Specification CEN/TS 16516: "Construction products
Assessment of release of dangerous substanDetermination of emissions in indoor aiThe
specific emission rates determined using this Technical Specification are associated with
application of the product in a defined European Reference Room under specified climate
(temperature and humidity) dventilation conditionsThis European Reference Room corresponds

to a little living room and is notirectly applicable in this proposal fondustrial premises,
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warehaises,commercial areasr places of public assemb(different dimensions andentilation
conditions).

Concerning the monitoring obligationhe detection limis of the analytical methamust be
sufficient to respedhe proposedmmonia threshold

RACO6sSs Assessment

During the public consultation Industry made a request for Qdsento consider a derogatic
from the restriction for article solely intended for outdoor use e.g. cladding. RAC consider
applicationsdue to their shape and design cannot be installed indodrsnay not contribute to th
indoor exposure.

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

The nsolation with cellulose insulation represents a minority part of the market for insulation, but
its growth is exponential. Unténd of 2011 most ofthe cellulose insulation was treate@hnwboric

acid / boratesn Francefor biocidal and flame retardant properties. Ammonium salts were used as
alternatives because of reprotoxicity classification (Repr. 1B) of boric acid / borates.

However,in Francé® it was decided to ban adjuvanted clelae with ammonium salts because
these saltsnight lead, under certain conditiorigespecially ofhumidity), to ammonia emissions.
Due to the high volatility of ammonia, it spreads preferentially in the attic rather than residential
premisesut may entethe livingrooms

Hazard

Acute and chronic toxicity of ammoméa the inhalation routess mainly due to the irritating effects
of the substance, in the airway or ocular mucosa.

The doseeffect relationship for amnmia is summarized in the table belawh@lation exposure)

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

<1-17 Limits to olfactory detection (habituation)

5-20 Discomfort in noraccustomed individuals

2550 Slight irritation in nose and throat

50-80 Mild irritation in eyesand throat

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

2500- 4500 (accideny gcr)o:q(i:rr]]ospasm, pulmonary oederfatal in approximatively

Rapid death by suffocation and pulmonary oedeskia
damage due to corrosivity
Table3: Summary ofloseeffect relationship for amnmia (inhalation exposure)

10,000 éccideny

3 French decree of the 21st of June 2013 on the prohibition of import, sale, distribution and manufacture of cellulose
wadding insulation materials with ammonium salt additives
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The different selectethuman health risk values (HRMpund in the literature and the DNEL
derived by the lead registrant for the general populaiethereforeall based on these effects.
The ANSES subacuteinhalation DNELof 1.3 mgm™ (1.7 ppm) used in this proposas also
based on this critical effect, taking into account susceptilbpulption subgroups such as
asthmatics

Exposure and risk

Few data regarding ammonia exposure of general population is available in relationship with
cellulose insulationDynamic testsperformed by the French Institute CSTB haxexified the
stability d additives for such materials treated with ammonium salts, in conditions of high humidity
(at 90% RH that may be encountered in realit4ll 11 tested cellulose insulation materials
presented in varying degrees ammonia emission prdfiles few ppm to more than200 ppm),
reflectinginstability ofammonium salts in these products.

Ammonia concentrations have been calculated using te-Mixed Room (WMR) modeklnd
results of CSTB tests. In particuldret statistical distribution of the levels célative humidity
(weekly average) measured inside French housnajammonia emission rédt@ the less stabilized
cellulose insulation testdthve been used (worsase approach). Risk characterizations r&RiCR)
calculated with these exposure estirsaded with the proposed subacute inhalation DNEL for
irritation are above 1.

The number of exposed persons is subject to gueaertainy given the uncertain future
development of this young market and in view of the eventual changes of the spec#icticiion

limit value of boron compounds in mixture§he bororbased formulationgblends including,
among other substances, boric acid and/or batar)inate the markgaround 95%) and are the
most used compounds in the different formulations addeckeltalase insulation manufactured
within (and outside) the European Unigkbout 250,000 tonnes of cellulose insulation are yearly
placed on the EU market. The volume of cellulose insulation containing ammonium salts currently
marketed inside the EU is estited at 15,000 tonnes (around 5%, both produced and imported).

French toxic vigilance datalentified in 2012 and in the first semester of 20d3out 40people
showingirritation of the upper airways, coughnd/orbronchospasnsymptomsIn few cases the
symptoms were more severe suchaashma decompensatio®ver the same period, 20,000
housingswere insulatel in France.Near theodour threshold, persons exposed to ammonia can
experience annoyance and believe duour to be a nuisanceA Manufacturers Association
(ECIMA) identified more than 100 complainits Franceand on Internet forums many complaints
were made indicating that toxic vigilance dataouldbe underestimated.

Other possible sources of ammonia

Ammonia is used imousehdl cleanersfloor waxesand window cleaning productslousehold
ammonia cleaners typically contain lower levels of ammonia (between 5 anth 12%e)).

However, for each French toxic vigilance dossier, people lived in a house insulated recently with
cellulose insulationlt could bea newbuilding or an oldrenovated housingzor each situatioone

or moreexposed persoemelleda characteristic odm of ammoniagas("urine”, "cat urine").As

part of the corrective measures, cellulose insulation was removed in most of the dossiers, which was
followed by a rapid recovering of the symptomswhen they were present and a rapid
disappearance of the unpleasadour.

Despite the lack of robust measurements datafitliech committee of toxic vigilance coordination
CCTV has considereidin the majority of the casedikely the causality of cellulos@sulationwith

regard to the origin of symptonisee annexe3and4).
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A.2.2 Justification that action is required on aCommunity-wide basis

The proposed restriction covers cellulose insulationtaining ammonium salts apthced on the
Europeammarket

The justification to act on a Communiyide basis origins from the need to avoid different
legislations among the Member States with the risk of creating unequal market conditions:

1 The proposed restriction would remove the potentially distorting effect that current (French) and
potentialfuture nadional restrictions may have on the free circulation of goods;

1 Regulating ammonia emisions from cellulose insulation through Comrawidsyaction ensures
that all producers in different Member States are treated in an equitable manner;

1 Acting at Communityl e v e | woul d ensure a o6l evel pl ayi
importers of the cellulose insolation

Although nohealthcasesdue to emitted ammoniaere found in otheMember States than France
up to date there is no reason to believe that ammonium salts inseellulose insulationn other
EU Member State couldnot develop similar heath igss in the future. &/eral cases of ammonia
exposure have been reported from treated celluhssgation in the US.

RAC6s Assessment
RAC agrees that the restriction as proposed by this dossier is justified on a Commdaibasis.

As there is no significant import of insulation material, insulation materials are mainly produced in
the EU Member States. The dossier identified six producers outside France producing gellulose
insulation with ammonium salts. Although no cases werertegpdrom other countries, RAC
considers it likely that complaints could arise in other Member States as significant concentrations
of ammonia are expected under comparable application conditions using insulation material

containing inorganic ammonia salts

A.2.3 Justification that the proposed restriction is the most appropriateCommunity-
wide measure

In summarythe main conclusion of the analysis on the effectiveness/risk reduction capacity of the
proposed restrictigras indicated in section Bre:

1 Risk reduction capacity: the proposal is targeted to allow a complete reduction of the
identified risks (i.e. eye and respiratory irritation) for consumers in all Member States. The
restriction proposal is expectedregulatethe exposure to indoomanonia emisions from
cellulose inglation cataining anmonium salts.

1 The proposed threshold for ammonia emissiod pgm based on thgubacute inhalation
DNEL for generapopulationshouldnot represent a complete ban, as confirmed by several
stakeholdes (cellulose insulation manufacturers and formulators).
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1 Implementability: in the best case (no emission from the European cellulose insulation
containing ammoniunAbased formulations) the implementation by the industry will only
consist in provinghroughemissiontests the lack ohmmoniaemissions. If this would not
be the casehe stabilization of ammoniwiased blendsemairs a feasible option (this fact
is confirmed by formulators). Moreoveryen if boron is not considered by the DS as a
desirable opon, currently it still remaingor the industry the besechnically, economically
and legally feasible optionTherefore in all cases,there are no concerns regarding
implementability of tis restriction given the possibility to stabilize and given the
availability of boronbased formulationalthough this option is not desirable under a health
view point Industry actors concerned will be able to comply with this restrietidaeast in
the short run by using boron, while consumeould decide tochoase another cellulose
insulation material.

1 Coherence with art. 129:given theexistence of amconomicdly and technicdy feasibke
(although not desirablaternativeblendand the possibility to further stabilise ammonium
based formulationgherestriction shall be applicable 12 months after amendment of Annex
XVII of the REACH Regulation enters into force.

1 Proportionality: if the current cellulosansulation on the EU market does not emit
ammonia, as claimed by the industtige main cost elenms of the proposed restriction
would be reduced only to the cost of testing ammonia emissawoand1000 euros per
year per manufacturer). In case the cellulose insulation is proven to emit ammonia, the main
costs would be the R&D to find such new folations and the additional price of the
formulations, in front of a risk reduction capacity of 100%@reover, asn the future it can
be expected that the specific concentration limit of boron compounds could be lowered from
5.5% to 0.3% this restrictionvould leave a door open tihe maincurrently existing
alternative blend based on ammonium salithaut condemninghe cellulose insulation
industry**. Thereforen terms ofproportionalityversus risk reductiopapacity this option is
consideredo bethe mosfproportionalmeasure (estimated total cost values at EU level)

1 Enforceability: the compliance to th restriction on ammonia emissions froroellulose
insulationby all relevant actorspfoducers, importers, and distributocg)n be checked by
the responsible authorities. The required control of producers, importers, arolithssriis
in |line with regular monitoring procedures

1 Monitorability: results of the implementation of this restriction ammorna emissions
from cellulose insulatiormay beprimarily monitoredthrough enforcemeny measuring
the ammonia emissions from cellulose insulatioaterialswhich are placed on the EU
mar ket . Tai | or e dumber dfical@asenimsglatiosvhich kmit ammoiiia
above the est alNumbes bf RAPEX natificatians related f cellulose
insul ation emitti ng ariNomber oftdbssiersepgened Pgisons h e d
Centres related to heal th esagestadinforddw assesse | | u |
the effects of this restriction proposal

As reported in section @mong allthe existingtechniquesr processhanges to be combined with
the use of the available ammonidrased formulations in order to avoid/reduce ammemissions
(such agdegassing/or a standard storage period prior tpwegeur barriers, liquid impregnation,
etc) are not sufficient to address the problenty the stabilization of the blends seem effective in
terms ofrisk managemerdand economic portionality.

4 Communication of ECHA on Boric acidDisodiumoctaborate tetrahydrafisodiumoctaborate anhydratl March
2014:http://echa.europa.eu/friviewrticlet/journal_content/title/radeliverssixteenclh-opinions
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Based on the argumerdsscribed in section,Ht is concluded that a restrictidtasedon ammonia
emissionunder REACH Regulations the most realistic, effective and proportionatetion to
manage the healthsks related to ammoneamissionfrom cellulose insulation.

The proposeaption establishes a ban on the placing on the market of all cellulose insulation (no
matter if intended for indoor or outdoor use) emitting more tBigagpm of ammonia within 12
months after adoption (i.ephaseout by beginning of 2017)Analytical methodsexist for
determining the emissiorsf ammonia from cellulose insulation basedtenhnical specification
CEN/TS 16516 The harmonization at European lewdl the proposed test methothcluding
sampling and sample preparation techniques, is recommended in order to guarantee the reliability
and reproducibility of analytical resulé&ross Member States

This option seems a fair option for the industry as it leaves a door open fagetiod ammonium
saltsin stabilized blendsf the manufacturer of cellulose insulation demonss#tat it does not

emit more than the established limit. This means that those manufacturers who would have
succeeded to stabilize their ammonium based fortmukwould 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 substance and physical and chemical properties

B.1.1 Name and otheidentifiers of the substances

Inorganicammonium salts are added to cellulose insulation for their flame retardant properties.
Such ammonium salts identified are the following:

- ammonium sulphate [CAS No 7728-2]
- ammonium dihydrogenorthophosphate [CAS No 7#78A]
- diammonium hydrogenorthophosphate [CAS No 7283]

Other salts may be us&dsuch asmmonium chloride, sulfamate, polyphosphatéromide.For
mostmanufacturersthe exact composition of treglditivesis unknown it is thereforenot possible
to estdlish anexhaustive listof ammonium salts thadre usedas flame retardantin cellulose
insulation

The substance of concern is ammonia, anhydrous [CAS 76@4-7]. This section focuses
therefore on that substance:

Substance namammonia, anhydrous
IUPAC name: ammonia

EC number231-635-3

CAS number766441-7

Molecular formula: HN

B.1.2 Composition of tle substance

Not relevant for this proposal.

B.1.3Physicochemical properties

Datamainly obtained from the public registration on the ECiébsite
(http://fecha.europa.eu/web/guest/informatimrchemicals/registeresubstances; date of access
November 28 2013).

Property Value Remarks

Molecular weight 17.03 g/mol

Physical state at 20°C and | gaseous Colourless, ammonitike odour

101.3 kPa

Melting/freezing point -77.7 °C

Boiling point -33 °C

Vapour pressure 8611 hPat 20°C

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

anhydrous ammonia Column 2 of Annex VII of the REACH

Regulation as thsubstance is a gas at room
temperature.

15 Flame Retardant#t General IntroductiofWHO IPCS Environmental Health Criteria 192997.
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Property Value Remarks

Water solubility 482 g/Lat 25 °C Very soluble in water

Partition coefficient n 0.23 at 20 °C

octanol/water (log value)

Flash point No data are available fg Thisendpoint is waived iaccordance with

anhydrous ammonia Column 2 ofAnnex VIl of the REACH as the
substance is anorganic gas

Flammability/ Explosive Flammable gas Anhydrous ammonia was found to be
properties flammable with a lower expbsion limit of 16%
and an uppeexplosion limit of 25%

Selfignition temperature 651 °C

Oxidising properties Not predicted to be This endpoint is w&ived in accordance with
an oxidising agent Column2 of Annex Vllof the REACH
Regulation as thsubstance is incaple of
reacting exothermicallwith combustible
materials onhie basis of itshemical structure

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

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

and identity of releant accordance with column 2 of Annex bf the
degradation products REACH Regulation as the substancénisrganic
Dissociation constant 9.25 at 25°C

Viscosity Not relevants the

substance is a gas

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

Table4: Physicochemical properties of anhydrous ammonia

B.1.4 Justification for grouping

This restriction proposal addresses inorganic ammonium galtanost manufacturers, the exact
composition of the additives isot publicly availableit is therefore not possible to establish an
exhaustive list of ammonium salts that are used as flame retdvgathie cellulose insulation
industry The grouping ohmmonium saltss justified since their us@ cellulose insulation for their
flame retardant propertiemight lead, under certain conditionis especially of humidity, to
ammonia emissionshich is the substance of concern of this proposal

RAC6s Assessment

During the public consultation information wasceived with respect to the various forms
inorganic ammonium salts on the market. Two distinct categories of salts were identified

(Q) Shotc hain (Il ow cost 01, 0 O d&e cpngounds covering Mon
Di and Trrammonium phosphates which are primarily used as fertilisers becaus
release ammonia readily.

(2) Ammonium polyp hosphat €, 008, @@ tonne). The
indicated that ammoniurpoly-phosphate, have been developed specially for the 4l
retardant industry.
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Information in the dossier on the exact type of ammonium salt used is quite limited to detel
thereis any differenttion between short chain & long chain phosphathile some types o
ammonium salts may be more prone to emit ammonia under the right conditions than othe
Overall for the majority of inorganic ammonium salts (incl. ammonium sulphates
polyphosphatgs behaviour upon hydration and the mechanisimsrelease ammonia can
consideredas quite similar.Therefore, in the absence of such evidefecg. on low emittors)and
insufficient data RAC agrees to a general emission limit and a grouping approach for in
ammonium salts.

B.2 Manufacture and uses

Cellulose insulatioms composed oaround85-90% fibers from recycled paper (mostly newspapers,
phone books, shipping boxes, etc). The remainB@5Po is composed @& blend offire retardants
and antifungal agentsLoosefill cellulose insuétion is therefore considered as a mixturelllose
insulation compressed in rigid or sesrigid panels are considered as articles according to the
definition given in the article 3.3 of REACH Regulation.

The level of details of data provided in Matérisafety Data Sheets consulted vargsongly
among manufacturers The following examples show detailed and less detailed information
provided in the MSDS of some cellulossulation

U 88 % cellulose insulation + 12 #mmonium dihydrogenorthophosphH®AS No 772276

1].
U0 91 % cellul ose insulation + 9 % fAminer al ni
U Cellul ose insulation + Afl ame retardant o ol

In thesereported casethe mixture in not classified according to CRegulation 2008/58/E((as
inorganic ammonium salts are not classified)

For confidentialityreasons, only scarce information were obtained on the exattoniumbased
formulations used (including exatgpe andamounts of ammonium salend biocides usédn
cellulose insulation production inside and outside the EU.type andrelative percentages of each
substance used by manufacturers of cellulose insulation are likely to differ considerably depending
on the national requirements for obtaining the Technicalréyal in terms of biocide and flame
retardation, onthe strategic choices dortey the manufacturem terms of Euroclass, on the
functions covered by the substances used and on relative prices.

Confidential compositions of formulations testby CSTB in 2Q3 are available in aeparate
annex.

About 250,000 tonnes of cellulose insulation are yearly placed on the EU market. The volume of
cellulose insulation containing ammonium salts currently marketed inside the EU is estimated at
15,000 tonnes (around 5%0th produced and imported).

The bororbased formulationgblends including, among other substances, boric acid and/or borax)
dominate the markdaround 95%) and are the most used compounds in the different formulations
added to cellulose insulation manufactured within (and outside) the European Union.

According to severalformulatoss, a typical bororbased formulationis 4% boric acid + 8%
aluminium hydroxide/ trihnydrate ormagnesium sulphatas the most used fire retardants for
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cellulose insulationBoron compounds are used in the limit of their specific concentration limit
(according to CLP Regulation).

B.2.1 Manufacture, import and exportof a substance
Manufacture

The production process of cellulose insulatwidely used all around Europarts with recycled
newsprinfpaper which is initially ground down into small bits, around 5 cm loAfierward the
paperis sorted ouaind waste such agplastic wrappingmetals (staples) - is remowed

Next, additivesare added to aid in fireetardation ando preventmould growth. The blends t of
additives arein the form of powder (solidlorm) and aremixed with fibers This processnay be
followed by a high speed fiberization procéssa grinderthat diminishes the size of the fibers to
about 4 mm. Lastlythe insulationobtained is weighed and compressed (to maximize the amount
transported and reduce transportation costs) before begogdha

Throughout the process, a filtration systeray allow thecollection of paper dust

Major steps of the process are synthesized in the following Figure:

| T_W_A 7_.*1 — U';;f

)| = é.n—-.:ﬁ" ‘ |\ _ aed
ZoS0 a0\ g = R

newsprint papersupply grinding filtration refining additives packaging
Figure 2: Cellulose insulation manufacturing (NrGaia website, 2013)

From one plant to another the manufacturing process isxattlythe samealthough all main
phases are very similaFor example, some plants use refiners that reduce additives into very fine
powder while others usedlblends ofdditivesexactlyas deliveredby the formulatorslf the blend
powder would betoo fine it could block the machineriesdfstribution aspiration orfiltration
systems).

According to the European Cellulose Insulation AssociatideCIA), the overall estimated
European produmn of the cellulose insulatiois of around 25@00 tonnes per yeafrhe European
actors involved in the production and sale of cellulose insulation are between 40 and 50.

The estimated market value for such volumes of cellulose insulation is aroundll®® of Euros

per year.

The following Table presents the number of identified producers of cellulose insulation inside the
EU, estimation of thenumber of employees in production of cellulose insulation in the EU and the
share of EU pyduction in thenternal market

Inside the EU | Outside the EU but
exporting to the EU

Number of identified producers of cellulose insulation 40 10

Number of identified producers of cellulose insulation w 6 ?
ammonium salts
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Number of employees in productionamllulose insulation 400500 ?

Number of employees in production of cellulose insulati 25 ?
with ammonium salts

Table5: Main data on the production of cellulose insulation inside the EU

Employment

Based on indications from a stakehold&SESassumsethat between 400 and 500 staff is directly
employed in producing cellulose insulation products in the EU. This estimate is based on simple
equaion suggested by the industiiyo produce 10,000 tonnesmpyear around 12 people are needed

in the production department, two people are needed in the office andpt pe the selling
department.This gives 17 peopl per 10,000 tonnes per annufnthe EU market of cellulose
insulation is around 250,000 torméhen a good estimate would be around 500 employees.
However, highly automtedproduction processes might considerably reduce the personnel needed
for the production.

Direct employmentn the European production of cellulose insulation containing ammonium salts
(estimated at around T®0t/yean should bearound 25 personindirect employment (distributors

and installers) should be much larger but ltasdly feasibleo estimate

Import and export

The fact that cellulose insulation is a cumbersome material with a low added value highly increases
the costs of transport and consequently the prices of cellulose insuMdtemit is transported
Therefore, the cellulose insulation begiimported into the EU or exported outside the EU
represerd a very little share of the market. Import and export flows seem to concern mainly
neighboring countries such as Switzerland.

According to ECIA®, import and export of cellulose insulation are 1 to 2% of the total EU market

of cellulose insulation. The percentage for import and export of cellulose insulation containing
ammonium salts is estimated to be negligible if considered that less than B&oEif tmarket use
ammonium. Therefore, an estimate of less than 200 tonnes of EU imported and exported cellulose
insulation still containing ammonium salts might be considered as a cesteofation The main

nonEU producer, Isofloc from Switzerlandaimsnot usng ammonium salts in its production that

is exported to Austria, Italy and France, but other smallerEidrproducers exporting to the EU

might still use such formulations and export their cellulose insulation to the EU market.

Second hand mket

Although cellulosansulationis a recyclable and reusable product, there should be no or very little
second hand market in consideration of the fact that the installation and removal costs are quite
high. It is assumed that people moving to a deferbuilding will not remove their insulation from

the old place to the neane

' European Cellulose Insulation Association.
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B.2.2 Uses

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

The commorstandard by which insulation is measureeydRie, is the level of resistance to heat

flow. R-value measures conductive resistangke ability of a material to impede the flow of heat
along the continuous chain of matter that makes up a solid matewak M o f a homeo
typically lost through conduction. Cellulose is not unusual in this regard. Like many insulation
materials, it provides an-Ralue of approximately 8.5 per inch of thicknes§.he higher the R

value, the greater the insulating efigeness.

The most common types of materials used for lddisemsulation include cellulose, fiberglass, and
mineral (rock or slag) wool. All of these materials are produced using recycled waste materials.
Cellulose is primarily made from recycled nemat. Most fiberglass contains 20% to 30%
recycled glass. Mineral wool is usually produced from 75%-paitstrial recycled contenthese
three materialsan be compared as stith

U Cellulose:R-value/inch =3.2i 3.8

U FiberglassR-value/inch =2.212.7

U RockWool: R-value/inch =3.0i 3.3

Depending on insulation needs a@hdbuilding, there arseveral methods of application:

1- Spreading in the open air or blowing cellulassulation

Spreading the air was performed by blowing dry the fibers on an open horizontal surface. At a
density ofbetween 30 and 40 kgfpcellulosensulate floors and uninhabitable attics.

Figure 3: lllustration of spreading the att (N;r.a'l'a website, 2013)

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

2- Insufflation or injection otellulose insulation

Dry cellulose insulatiorwan be msufflaied/ injectedwith a densitybetween 45 and 70 kgfrander
pressure to a closduwbrizontal or vertical surface.

" Source: US Department of Enerdyttp://energy.gov/energysaver/articles/tyjiresulation
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This method has a good ability to complete and fill the empty spalbeageamlessulating layer
and without compactiorCelluloseinsulationmay be appliedor floors, walls and partitions

Figure 4: lllustration of injection of cellulose insulation (NrGaia ebsite, 2013)

3- Flocking or wet screening of tissue

The flocking of tissue involves projecting the wettadterial(with or without natural binder) at a
densitybetween 40 and 50 kgfron open vertical and horizéal walls (limited thickness).
The flocking ofcellulose insulatiomprovides a compact surface and without snlysidence

i

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

Cellulose insulation may also be used as articles {ggidipanels), as illustrated in the following
figure.
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Figure 6: lllustration of cellulosén

Cellulose insulation is flammable, and prone to smoldering. In order to prevent flaming or
smoldering combustion, cellulose insulation is treated flame retardant additives.

Ammonium saltsare usedas additives of such materidis their flame retardant propertiebhis

use corresponds to the scope of this restriction proposal.

The mechanism for imparting durable flame retaomato cellulose is that of increasing the
quantity of carbon, or charcoal, formed instead of volatilelgcts of combustion, and flammable

tars. Salts that dissociate to form acids or bases upon heating are usually effective flame retardants.
Salts of strong acids and weak bases are the most effective compounds. Ammonium and amine salts
are generally effecte, as are Lewis acids and bases, either by themselves or when formed in
combustionWHO 1997)

To illustrate that property,namonium salts such as monoammonium phosphate or ammonium
sulphate are used somefire extinguishingpowders.

Ammonium salthave many other uses especially in the manufacture 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 additivesin the cellulose insulatiorfor their flame retardant
properties.This use corresponds to the scope of this restriction propdsaluse of ammonium

salts as flame retardants in any other type of insulation, any other mixture or article is not covered
by this restriction proposaMoreover,other uses of ammonium salere alsonot coveredoy the
restriction proposal
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B.3 Classification and labelling

B.3.1 Classificationand labelling in Annex VI of Regulation (EC) No 1272/2008
(CLP Regulation)

Ammonia, anhydrous [CAS No 7684-7]

CLP Classification (Table 3.1)

Press.Gas

Flam. Gas 2 H221 (Flammable gas)

Skin Corr. 1Bi H314(Causes severe skin burns and eye damage)
Acute Tox. 31 H331(Toxic if inhaled)

Aquatic Acute I H400 (Very toxic to aquatic life)

B.3.2 Classification andlabelling inventory:industryo6s self cl assi!
labelling

Other Hazard Classes and Hazard Statement Codes notified according to CLP ariigria
mentionedn some ofhe 38 Aggregated Notification€CLP 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 {tigdf for ammonia in the atmosphere was estimated to be a few

days; the reaction with acid air pollutants results in the formation of ammonium aerosols that can be
removed by wet or dry depositigdSDB'?).

B.4.2 Environmental distribution

Not relevant in that proposal.

B 4.3 Bioaccumulation

Not relevant irthat proposal.

B.4.4 Secondary poisoning

Not relevant in that proposal.

'8 Hazardous Substances Data Bank. Website consulted on Novembeht@:1/8oxnet.nlm.nih.gov/cgi
bin/sis/htmlgen?HSDB
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B.5 Human health hazard assessment

Ammonia (CASNo 766441-7) has both natural and anthropogenic sources. It is a key compound in
the global nitrogen cycle. It is formed in the body during decomposition of organic materials.
Information on the distribution of endogenouplpduced ammonia suggests that any,NH
absabed through inhalation would be distributed to all body compartments via the blood, where it
would be used in protein synthesis or as a buffer, and that excess levels would be reduced to normal
by urinary excretion, or converted by the liver to glutanaind urea.

This section does not preserd full hazard assessment of ammonjaasthis substanchas already
beensubjectto numerousreviews andrisk assessment reports (e.g. ATSRB04, WHO IPCS
1986. In the following, edpointsare presentedand brieflydiscussednly if they are relevant for
this restriction proposalMoreover,this section focuses on inhalation routevhich is the most
appropriate route foa gas inthis restriction proposalLocal airwayseffects are also especially of
concern as thigestriction proposal comes from toxigilance data: mainlgymptoms of mucosal
irritation (nose, eyes, throat) and airwdgksection B.10 risk characterization).

Most of the information presented in this section is based from the following sources:
Toxicological profile for ammonia, ATSDR, September 2004

The INDEX Project Critical Appraisal of the Setting and Implementation of Indoor

Exposure Limits in the EU, Joint Research Center, January 2005

Chemical Safety Report, Lead Registrant of ammomihy@rous), August 2010

Risks related to gaseous emissions of green algae to the health of surrounding populations,
walkers and workersANSES. June 2011 (French)

The Nordic Expert Group for Criteria Documentation of Health Risks from Chemicals: 137.
Ammonia. NR 2005:13

< << <KL

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

Absorption (inhalation exposure)

Inhaled ammonia is mostly retained in the upper respiratory tract and is subsequently eliminated in
expired air. Absorptionata from human inhalation exposure support that only small amounts of
ammonia are absorbed into the systeciculation (Silverman et al. 1949; WHO 1986).

At low concentrations, inhaled ammonia dissolves in the mucous fluid lining of ther upp
respiratoy tract and littlereaches the lower airways. At ammonia levels associated with ambient air
(i.e., 1-2 0 0 m¥),ery little, if any, isabsorbed through the lungs.

Experiments with volunteers show that ammonia, regardless of its tested concentraiidnainge

= 40/ 350 mg/m), is almost completely retained in the nasal mucosad®@®) during shorterm
exposue, i.e, up to 120 seconds (Landahl and Herrmann 1950). However, {@rgerexposure

(10i 27 minutes) to a concentration of 350 mitesultedn lower retention (430%), with 244279
mgm? eliminated in expired air by the end of the exposure period (Silverman et al. 1949),
suggestingan adaptive capability or saturation of the absoepfivocess. Nasal and pharyngeal
irritation, but not tracha irritation, suggests that ammonia is retained in the upperagsy tract.
Unchanged levelsf bloodureanitrogen (BUN), normprotein nitrogen, urinaryrea, and urinary
ammonia are evidence of low absorptioto the blood.
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Absorption (through th eye)

Ammonia is readily absorbed into the eyeyis found to diffuse within seconds into cornea, lens,
drainage system, and retina (Beare et al. 1988; Jarudi and Golden 1973). However, amounts
absorbed were not quantified, and absorpiidm systemic circulation was not investigated.

Distribution (inhalation exposure)

Ammonia that reaches the circulation is widely distributed to all body compartments although
substantial first pass metabolism occurs in the liver where it is transfamtoadrea and glutamine.
Information on the distribution of endogenouplpduced ammonia suggests that any,NH
absorbed through inhalation would be distributed to all body compartments via the blood, where it
would be used in protein synthesis or as ffelbpand that excess levels would be reduced to normal
by urinaryexcretion, or converted by the liver to glutamine and urea. If present in quantities that
overtax these organs, WHs distributed to other tissues and is known to be detoxified in the bra
(Takagaki et al. 1961; Warren and Schenker 1964).

Metabolism and elimination

Ammonia and ammonium ion are metabolized to urea and glutaminé/nmathe liver (First et al.

1969; Pitts1971). Howeverit can be rapidly converted to glutamine in thaibrand other tissues

as well (Takagaki et al. 1961; Warren and Schenker 1964). Studies usimhevkis/ of ammonia

show that inhaled ammonia is temporarily dissolved in the mucus of the upper respiratory tract, and
then a high percentage of it is releabadk into the expired air.

Absorbed ammoni@nto the systemic circulatiors excreted by the kidneys as urea and urinary
ammonium compounds (Gay et al. 1969; Pitts 1971; Richards et al. 1975; Summerskill and Wolpert
1970), as urea in feces (Richards etl8l75), and as components of sweat (Guyton 1981; Wands
1981), but quantitative data are lacking.

B 5.2 Acute toxicity

There are manyasesof human deaths resulting from inhalation of ammom@ported in the
literature(as reviewed IPATSDR 2004). Mosbf these reportselateacute accidental exposure to
ammonia gas. A review of thad literature on ammonia toxicity cites acute exposure to %,000
10,000 ppm as being rapidly fatal in humgHgnderson and Haggard 1927; Mulder and Van der
Zalm 1967) andcexposure to 2,50@&,500 ppm as being fatal in about 30 minutes (Helmers et al.
1971; Millea et al. 1989). Immediate deathsulting from acute exposure to ammonia appear to be
caused by airway obstruction while infections and other secondary complicateotethal factors
among those who survive for several days or weeks.

Several studies on human acute toxicity are also available.

In an inhalation exposure studfSilverman 1949), 7 male human volunteers were exposed to
ammonia at a concentration of 59m for 30 minutes using an oft@sal mask. All 7 experienced
upper respiratory irritation, which lasted up to 24 hours in 2 of the volunteers. Two subjects
experienced marked lachrymation, in spite of the exposure being fmasab mask. No coughing
wasnoted.

In an inhalation exposure study, six humans were exposéd &amd50 ppmfor 10 minutes (Mac
Ewenet al. 1970)Four out of six human subjects described moderate irritation of the nose and eyes
when exposed to 50 ppm (but not 30 ppAl)ofthesu bj ect s rated the odor
at 50 ppm and 3 subjects gave the same rating to 30 ppm.

36

Annankatu 18, P.O. Box 400,-BD121 Helsinki, Finland | Tek358 9 686180 | ha+358 9 68618210 | echa.europa.eu



BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
INORGANIC AMMONIUM SALTS

In another study, ten human subjects were exposed for 5 minutes to concentrations of 32, 50, 72 or
134 ppm in a dynamic chambe}.subjects exposed to2ppm of ammonia gas for 5 minutes
experienced eye, nasal, and throat irritation (IndustriaiT&st Laboratories 1973).

More recently,a study investigated the acute respiratory effects of low ammonia exposure on
healthy personéSundblad BM 2004). Twéve healthy persons underwent sham or ammonia (5 and

25 ppm) exposure randomly in an exposure chamber on three occasions. The exposure duration was
3 hours, 1.5 hours resting (seated) and 1.5 hours exercising (50 W on a bicycle ergonometer).
Symptoms wergegistered repeatedly before, during, and afteretkigosure on visual analogue
scales.Bronchial responsiveness to methacholine, lung function, and exhaled nitric oxide (NO)
were measured before and 7 hours after the exposure. In addition, nasal lavageforaned, and
peripheral blood samples were drawn before and 7 hours after the exposure.

This study showed that the inhalation of ammonia (5 and 25 ppm) causes symptoms but no
inflammatory reaction in the upper airways, no alteration in the levels haflexk NO, and no
alteration in bronchial responsiveness to methacholine in healthy persons. The ratings of irritation
and CNS effects were all significantly higher during exposure to 25 ppm of ammonia than during
the control exposure. With 5 ppm of ammosane of the ratings (discomfort of the eyes, solvent
smell, headache, dizziness, and feeling of intoxication) were significantly increased. Furthermore,
for alll the ratings except Afatigueodo and Af e
dosé responseelationship

Studies in animals indicate that the acutely lethal exposure concentration depends on the exposure
duration. Exposure frequency also appears to be an important factor in determining lethality.
Continuous exposure to 653 ppm for 25 days resulted in ned®ky |6thality in rats, whereas
intermittent exposure (5 days/weelhh@rs/day) to nearly twice this concentration was tolerated for

42 days (Coon et al. 1970). It appears that male rats are more sensitive than female rats to the lethal
effects of ammoniaAppelman et al. 1982; Stupfel et al. 197Ahimals exposed to acutely lethal
concentrations show severe lesions in the respiratory tract that are similar to those observed in
humans.

The available human and animal data provide strong evidence thatdacatien exposure to
ammonia can result in si#-contact lesions primarily of the eyes and the respiratory tract. Even
fairly Al owd ai rbomh ée 5 ppmotammaenia prodoce sapid oBset ofng
eye, nose, and throat irritation, cougipy and narrowing of the bronchi. More severe clinical signs
include immediate narrowing of the throat and swelling, causing upper airway obstruction and
accumulation of fluid in the lungs. This may result in low blood oxygen levels and an altered mental
status. Mucosal burns to the tracheobronchial tree can also occur. Children may balnsvedble

to corrosive agents than adults because of the smaller diameter of their airways (JRC, 2005).

Ammonia is classified\cute Tox. 3i H331 Toxic if inhaled.

B 5.3Irritation

The irritantproperties of amnia havebeen extensively studied in human studies.

Ammonia is an irritant and the primary and most immediate effect of ammonia exposure is burns to
the skin, eyes, and respiratory tract. The topical dansagsed by ammonia is probably due mainly

to its alkaline properties. Its high water solubility allows it to dissolve in moisture on the mucous
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membranes, skin, arelyes, forming ammonium hydroxide, which causes liquefaction necrosis of
the tissues (Jarudnd Golden 1973).

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

Irritant properties have been described in several reported caasesidéntal exposure (ATSDR,
2004).Exposures to levels exceeding 50 ppm result in immediate irritation to the nose and throat;
however, tolerance appears to develop with repeated exposure. Exposure to an air concentration of
250 ppm is bearable for mosengons for 3060 minutes. Acuteexposure to higher levels (500

ppm) hasbeen shown to increase respiratory minute volume. Accidental exposures to concentrated
aerosols of ammonium salts or high concentrations of ammonia gas have resulted in nasopharyngeal
and tracheal burns, airway obstruction and respiratory distress, and bronchiolar and alveolar edema.
Ammonia vapor readily dissolves in the moisture present on the skin, eyes, oropharynx and lungs
forming ammonium hydroxide which dissociates to yield hygrmns (ATSDR 2004).

The epidemiologicalstudy of (Holness et al. 1989) evaluated sense of smell, prevalence of
respiratory symptoms (cough, bronchitis, wheeze, dyspnea, and others), eye and throat irritation,
and lung function paramete(VC, FEV1, FEEV1/FVC, FEF50, and FEF75)in humans exposed

for an average of 12.2 years in a soda ash plant. The cohort consisted of 52 workers and 35 controls.
The subjects were assessed on two workdays: on the first workday of their workweek and on the
last workday © their workweek(they completed a questionnaire on their work history and their
symptoms and underwent spiromeaitystart and enaf their position). Spirometry was performed

at the beginning and end of each work shift, so that each worker had fouwtomestsTo determine

the exposure levels, exposed and control workers were sampled over one work shift; the average
sample collection period was 8.4 hours.

The mean TWA(time-weighted averageexposure concentratiomas 9.2 ppm (6.4ng.m°) and is

chosen as a NOAEC by ATSDR, OEHHA and-BBA to derive a chronic human health risk value

(see construction methods below)

In (Verberk 1977)study,sixteenvolunteers 8 experts (2663 yr) and 8 nowexperts (students, 18

30 yr) - were exposed for 2 h to ammonkzight of them (experts) knew the effects of ammonia
from the literature, but had had no personal contact, whereas the remaining eight subjects (non
experts) were students from a msoience faculty and were not familiar witammonia or
experiments in laboratory situations. All members of a group were exposed on the same day to one
of the concentrations tested (50, 80, 110, or 140 ppm).

Vital capacity (VC), forced expiratory response in 1s (FEV1) and forced inspiratorynsesfes

(FIV1) were determined. Before leaving the test chamber, every subject described at least one
symptom as fiunbearabl eo; three times this was
time each for smell, irritation of eyes, nose or bidasadache, and general discomfort. All subjects
perceived a hypesthesia of the exposed skin and two noted excessive lacrimation. There were no
effects on VC, FEV1 or FIV1. Subjective responses (smell, irritation of eyes and throat, discomfort
etc) wererecorded every 15 minutes and appeared more pronounced in tegpehgroup; 140

ppm was not tolerated by the latter for 2 hours. The results of the study indicate that a level of 140

¥ FVC: forced vital capacity. FEV1: forced expiratory volume in 1 sec. FEF: forced expiratory flow (50/75 = fraction
remains of the forced vital pacity).
38

Annankatu 18, P.O. Box 400,-BD121 Helsinki, Finland | Tek358 9 686180 | ha+358 9 68618210 | echa.europa.eu



BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
INORGANIC AMMONIUM SALTS

ppm ammonia is not tolerable by those not acclimated to exposeréy dutant effectslt is noted

that at the lowest concentration, no significant deterioration of lung funcjgmears Only eye
irritations are presenilhe thresholdof 50 ppmcan be considered a LOARhat protects the most
important effects in thairways, despite the choice of tests used to characterize the pulmonary
effects.

Since ammonia is a respiratory tract irritant, persahs are hyperreactive to other respiratory
irritants, or who are asthmatic, would be expected to be more susceptidiartonia inhalation
effects. Theresults of an epidemiological study of a group of workers chronically exposed to
airborne ammonia indicate that ammonia inhalation can exacerbate existing symptoms including
cough, wheeze, nasal complaints, eye irritattbnpat discomfort, and skin irritation (Ballal et al.
1998).

B 5.4 Corrosivity

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

Dermal Corrosion is the production of irreversible damage @fskin; namely, visible necrosis
through the epidermis and into the epidermis, following the application of a test substance for up to
4 hours.

Due to these propertiesiassive exposure to ammonia can cause eye damage, skin burns, severe
inflammation ofthe respiratory tract (laryngitis, tracheobronchitis, and pulmonary oedema), and
death.

B 5.5 Sensitisation

There is no data orkim sensitisatiorprovided by the lead registrant of ammomiain vivo testing
is indeed requiredif the substanceis classfied for corrosivity REACH Regulation No
1907/2006/ECannex VI, 8.3). No dathas beeldentified in the literature

Ammonia is not known to be a respiratory sensitiS®veral case reports describe occupational
asthma thatleveloped due to exposuieaerosols that contained ammonium compounds (Ballal et
al. 1998; Lee et al. 1993; Weir et al. 1989).

Exposure to ammonia masoresult in an exacerbation of preexisting asthma. Shim and Williams
(1986) surveyed 60 patients with a history of asthmasareed by certain odors. NeaB89®% of

these patients claimed to have an exacerbation of asthma following exposure to household cleaners
containing ammonia.

B 5.6 Repeated dosed toxicity

Studies with reag@cross compounds provide information on the systeoxicity of ammonia and

its salts (via oral route).

A 4-week screening study in the rat wdlammonium phosphate (confidential study report, 2002)
revealed only minor effects on weight gain and clinical chemistry parameters. A NOAEL of 250
mg/kg bw/d @n be determined for this study, equivalent to 68 mg/kg bw/ammonia.dapsétudy

in the rat with ammonium sulphate showed only minor effects at high dose levels (diarrhoea, renal
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pathology); a NOAEL of 886 mg/kg bw/d was determined, equivalent to 22&grbg/d ammonia
(Tagaki et al, 1999).

Renal effects have been observed in animals following repeated oral doses of ammonium chloride.
These effects may be secondary to chronic acidosis produced from the interaction of ammonium
chloride with water (whichlesults in an increased H+ concentration) rather than from a direct effect
of ammonium ion on the kidney. Renal enlargement, increased blood ammonia content, and
increasedirinary ammonia have been reported in rats exposed i@1280ng/kg/day for B7 days
(Benyajati and Goldstein 1975; Janicki 1970; Lotspeich 1965), but are unlikely to be indicative of
renal pathology.

For the inhalation route, a number of mstandard studies of various duration and in different
species are availabl@ the literature The data indicate that the primary effect of exposure to
inhaled anhydrous ammonia is local irritation of tegpiratory tract.

In (Broderson 1976) Sherman and Fischer rats were exposed to environmental ammonia, derived
from natural sources for 75 days, torpurified ammonia for 35 days. Rats were either inoculated
intranasally with M. pulmonis prior to exposure, or left untreated. The average ammonia
concentrations were 105 mg® (148 ppm) for 75 days and 178g.m* (247 ppm) for 35 days
exposure. Ammonia exposure (from either source) significantly increased the severity of the
rhinitis, otitis media, tracheitis and pneumonia (including bronchiectasis) characteristic of murine
respiratory mycoplasmosis (rats infected withpdimonig. The prevalence of pneumonia showed

a strong tendency to increase directly with environmental ammonia concentration. Rats not infected
with M. pulmonis developed anatomic lesions limited to the nasal passaged following ammonia
exposure.

Histological changes in the olfactory and respiratory epithelia of the nasal cavity were similar for all
exposed rats. THEOEC was an average exposure level of &% m?* for 75 days.

In a 50day study (Stolpe & Sedlag, 1976), male Wistar rats were exposed tmheentrations of
ammonia ga$35 or 63 mg.r), continuously for 5@ays. Concurrent controls remained untreated.
There was no mortality at either concentration, and no treatreltéd clinical effects were
observedNo information on any local effectBody weight gain and food intake, as compared to
control values, wre not significantly affected by ammonia exposure. Atr6g.m?* rats showed
increased haemoglobin and haematocrit levels compared to controls. The NOAEC mgs1i85

(50 ppm)

B 5.7 Mutagenicity

In vitro

The mutagenicity of anydrous ammonia was investigated in a Ames testyph®nuriumTA98,

TA100, TA1535, TA1537 and TA1538) and in &li WP2 uvrA (Shimizu 1985) The test method
(OECD Guideline 471was modified appropriately timvestigate a volatile test substance. Studies
were performed in duplicate in the presence and absence of an exogenous metabolic activation
system (Aroclor 1254induced male Spragt@awley rat liver S9 fraction). No evidence of
mutagenicity was seen uaixdhe conditions of this assaynanonia was negative for genotoxicity in
S.typhimuriumand E.coli with and without metaboliactivation.

Visek et al. (1972) noted reduced cell division in mouse fibroblasts cultured in media to which
ammonia angmmonium chloride were added. The effect was noted in cultures irrespective of pH.
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In vivo

The potential for the genotoxicity of ammonium chloride was investigated in a bone marrow
micronucleus assay in miCEOECD Guideline 474 (Hayashi 1988).Male ddY mice were
administered ammonium chloride by single intraperitoneal injection at dose levels of 0, 62.5, 125,
250 or 500 mg/kg bw or as four injections within 24 hours at dose levels of 31.3, 62.5, 125 or 250
mg/kg bw. The maximum dose of ammonium chlorbes determined by pilot experiments using

the multisampling at mukilose levels method. Dose levels of up to the maximum tolerated dose
were used. Mice were killed 24 h after administration and femoral bone marrow cells were
harvested, fixed and stainethD00 PCEs per animal were scored using a light microscope and the
number of micronucleated erythrocytes (MNnPCESs) recorded. No evidence of genotoxicity was seen
under the conditions of thiassay.

Human data

A single study examined the genotoxic effectaaimonia inhumans (Yadav and Kaushik 1997).
Analysis of blood samples from 22 workers exposed tonama in a fertilizer factory and 42
control workers not exposed to ammonia showed increased frequency of chromosomal aberrations
(CAs) and sister chromatiéxchanges (SCEs), increased mitotic index (MWoroever, the
frequency of CAs and SCHscreased witlexposureduration

No detail was given as to how well the exposed and control group were matched for age, smoking
habits etc. Furthermore, it appears that gaps were included in the cytogenetic analysis. Given these
limitations and the small size of this study, the low lewdlsambient ammonia and the likely
exposure to other chemicals no conclusions can be drawn regarding the mutagenicity of ammonia
(HPA 2011).

Conclusion
No clear conclusions could be provided on the clastogenic and mutagenic propentiesarfia.

B 5.8Carcinogenicity

One of 10 adult male mice exposeda®apor of 12% ammonia solutidior 15 minutes/day 6
days/week for 8 weeks had mitotic figures with an intact basement membrane and a carcinoma in
situ in one nostril and one mouse had an invasive adecinooma of the nasal mucosa (Gaafar et al.
1992). However, there is no conclusive evidence that ammonia played a role in the induction of the
carcinoma.

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

A study report (confidential, 1992nvestigagd the promoting activityof ammoniaon stomach
cancerin rats No guideline was followedl'he test material was administered as a 0.01% solution

in water (i.e. agueous ammoniay oral route.After the rats were treated with 0.01% ammonia
solution for 24 weeks there was a significantly higherdence of gastric cancer (percent of
animals with tumors and number of tumors per rat). 3 out of 37 rats in the treated group, and 0 out
of 3 rats in the control group had metastasis of the liver. The number of rats with gastric tumours
was 12/39 in theontrol group and 26/37 in the treatment group. The number of gastric cancers per
tumour was significantly higher in ammonia treated rats than controls, 2.1 and 1.3 respectively. All
animals showed signs of gastritis.
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Ammonia was found to be a local iafit and may consequently act as a promoter of gastric
carcinogenesis

Carcinogenic effects would not be expected from exposures insufficient to iodtase effects.
There is naonclusiveevidence that ammonia is carcinogenic, though it can produeenimiatory
lesions of the colon and cellular proliferation, which could increase susceptibility to malignant
changgJRC, 2005).

Ammonia has not beemvaluated and thus natlassified for carcinogenic effects by the
International Agency for Research on Can@ARC).

B 5.9 Toxicity for reproduction

A qguidelinecomparable twaeneration study (equivalent to OECD 416) with ammonium
perchlorate did not identify any effects on reproductive parameters (York et al, Z0O@13tudy
examines the effects aimmonium perchlorate on the male and female reproductive systems in rats,
and on the growth and development of offspring. Adult Spridpaweley rats (30/sex/group) were

given continuous access to ammonium perchlorate in their dgnikater at doses of 0,3) 3, and

30 mg/kg/day. A readacross is proposetly the lead registrant of ammonia asmamonium
perchlorate will dissociate in aqueous solutions to give ammonium and perchlorate ions.

The study did identify effects on the parental thyroid associatedpertthlorate exposure; however
findings are not attributable to ammonium. The results of the study therefore suggest that exposure
to ammonium is not associated with reproductive toxicity.

In a ron-guideline farm animal reproduction stydyo statisticaly significant differences were
noted in ovarian or uterine weights of pigs exposed to about 7 or 35 ppm ammonia for 6 weeks
(Diekman et al. 1993). No unexposed controls were included in that study.

No information wasidentified regardingreproductiveeffects of ammonia in humanfellowing
inhalation exposure.

No clear conclusions could be provided on the reproductive effeatarmbnia and ammoniuran.

B 5.10 Other effects

Immunological effects

Secondary infections often complicate the clinical outcofeurns and respiratory lesions related

to exposure to highly concentrated aerosols derived from anhydrous ammonia (Sobonya 1977;
Taplin et al. 1976). Howevgethere is no evidence that the decreased immunological resistance
represents a primary impairmeof the immune system in humans following exposure to ammonia.

Nevertheless, studies in animals have shown that acute andelomgxposure to ammonia can
decrease the resistance to bacterial infection and decrease immune rdspamgetion. A
significant increase in mortality was observed in mice exposed to ammonia for 168 hours followed
by exposure to the LD50 dPasteurella multocidgRichard et al. 1978). Exposud rats to
ammoni a at i®2aeéeksfgllawing irmculatibn witMycoplasma pimonisintranasally
significantly increased the severity of respiratory signs characteristimwine respiratory
mycoplasmosis (Broderson et al. 1976). Guinea pigs exposed to 90 ppm ammonia for 3 weeks
developed a significant decrease in the -gediaed immune response to challenge with a
derivative of tuberculin (Targowski et al. 1984).
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Furthermore, the response of blood dmdnchial lymphocytes to mitogens (phytohemagglutinin,
concanavalin A, purified protein derivative of tuberculin) was markeddguced. The
hemodynamic response (increased total pulmonary blood flow resistance) to E. coli endotoxins in
the lungs of pigs wasliminated by exposure to up to 100 ppm ammonia for 6 days, which may
affect the ability of the lungs to resist bacterial atien (Gustin et al. 1994). Also, a reduction in
gamma globulin concentration was reported in pigs exposed to 100 ppm ammonib4erdays
(Neumann et al. 1987).

Odour perception

Odour is characterized as sharp, pungent and intensely irritating.

Reportel odour threshold values range from 0.03 to 37.5 m¢@041 to 53 ppm) with a geometric
mean of 11.8 mg/f(17 ppn) (AIHA, 1989)

Other stimates of odor thresholds for ammoniglely vary from 0.0372 mg/m3 (Ferguson et al.,
1977; Henderson and HaggadB43; Ruth, 1986). Near the odor threshold, persons exposed to
ammonia can experience annoyance and belfevedor to be auisance.

Odor and lateralization (irritation) thresholds (LTs) for ammonia vapor were measured using static
and dynamiolfactometryby (Smeets et al. 2006). The purpose of the study was to explore the test
retest reliability and comparability of dynamic olfactometry methodology, generally used to
determine odor thresholds following European Committee for Standardizatideliges in the
context of odor regulations to outside emissions, with static olfactometry. Withimezl2 period,

odor and LTs for ammonia were obtained twice for each method for 24 females. No significant
differences between methods were found: meam deliection thresholds (ODTs) were pjmfor

either method (P = 0.96). Mean LTs were 31.7 and 60.9 ppm for the static and dynamic method,
respectively (P = 0.07).

People that are unusually susceptible

Persons who suffer from severe liver or kidney disaaay be susceptible to ammonia intoxication,
asNH;4" is biotransformed and excretgdimarily by these organ€Cdérdoba et al. 1998; Gilbert
1988; Jeffers et al. 1988Individuals with hereditary urea cycle disorders are also at risk
(Schubiger et al. 2). Levels that are likely to be encountered in the environment, with the
exception of those resulting from higgvel accidental exposures, are insignificant, due to the low
absorption rate, in comparison with levels produced within the body (WHO 1986).

Furthermorepersonswho are hyperreactive to other respiratory irritants, or who are asthmatic,
would be expected to be more susceptible to ammonia inhalation effects.

Doseeffect relationships in man after exposure to ammonia via inhalation

The Nordic &nior Executive Committee for Ogpational Environmental Mattensitiated a project

in order to produce criteria documents to be used by the regulatory authorities in the Nordic
countries as a scientific basis for the setting of national occupationawsrdonits.

The document aims at establishing dosgponse/doseffect relationships and defining a critical
effect based only on the scientific literature. For ammonia, the final version was accephbed by
Nordic Expert Groupn SeptembeR005 with irrtation ascritical effect

The table below summarizes desféects relationships.

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

(ppm) exposed

5 180 min 12 No upperairway inflammation or increased bronchial
responsiveness. Increased symptom ratingdismomfort in
the eyes, solvent smell, headache, dizziness, and feeling g
i ntoxication. Ratings corr

9.2 (time Chronic 58 No effects on respiratory or cutaneous symptoms, pulmond

weighted exposure function, or odousensitivity

average)

0.039.8 Chronic 77 No effects on respiratory symptoms

exposure

10-20 240 min 43 Increased symptom ratings in 33 Aoabituated volunteers fo
sum of symptom scores, and olfactory symptoms

12 2 min 1 Asthma, rhonchi in both lungs

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

25 180 min 12 No upperairway inflammation or increased bronchial
responsiveness. Increased rating for all symptoms: discom
in the eyes, nose, throat and airways, breathing difficulty,
solvent smell, headache, fatigue, nausea, dizziness and fe
of intoxication. Il rritatio

<=25 Chronic 138 Increased relative risk (95%l) for wheezing 2.26 (1.33.88)

(geometric exposure

mean)

>25 (geometric | Chronic 17 Increased relative risk (95% CI) for cough 3.48 (168&17),

mean, maximal | exposure wheezing 5.01 (2.380.57), phlegm 3.75 (1.97.11),

exposure level dyspnoea 4.57 (2.33.81), bronchal asthma 4.32 (2.68.98)

185 ppm)

20 and 40 240 min 43 Increased symptom ratings in 33 Aoabituated volunteers fo

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

30 10 min 5 No irritation in 3/ 5 obheyedand
nose in 2/5

50 10 min 6 AModerateo irritation of e

50 240 min 43 Increased symptom ratings for sum of symptom scores,
olfactory symptoms, irritative symptoms. Conjunctival
hyperaemia in 3 of 33 (9%) ndrabituated

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

100 5-30 s 23 Increased nasal airway resistance during the exposure per
Nasal irritation in 11/23

110 120 min 16 VC, FEV, and FIV did not decrease more ti@o. 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 accompanied by dry
of the nose and throat during occasional excursaatoese 150
ppm in semicontrolled exposures to ammonia in an
ammonium bicarbonate plant

1700 Accident Coughing and laryngospasm along with oedema of the glo

(retrospective region

estimates)

25004500 Accident Fatal in appreimately 30 min
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Concentration Duration | No. of Effect
(ppm) exposed

(retrospective
estimates)

10,000 Accident Rapid respiratory arrest. Anhydrous ammonia in
(retrospective concentrations of 10 000 ppm sufficient to evoke skin dam:
estimates)

Abbreviations: Cl: confidence interval, VC: vital capacity, FEV: forced expiratoryme|uFIV: forced inspiratory
volume.

Table6: Doseeffect relationships in man after exposure to ammonia via inhalation (The Nordic
Expert Group, 2005)

RACO6s Assessment

Informaion on hazard(s) (as assessed by RAC on the hlasithe dossier and additiongl
information):

Complaints and reports of smells in homes resulted in the French Authorities undertaking
investigations which detected ammonia in homes that were recently insulated with cellulose
insulation which had been treat with inorganic ammonium salts. Following these investigations

the French Authorities concluded that the source of the complaints was ammonia coming from the
recently installed cellulose insulation material treated with inorganic ammonium salts.

Exposel people from the sites insulated with cellulose insulation treated with inorganic ammonium
salts were examined in two studies (CG$\2013a,b, Annex 3, 4). The French poison control
centres (CCTV) found respectively 15 (of 19 exposed) people and 23 @f{posed) people had
complaints (mainly mild or moderate symptoms of irritation of mucous membrdiesyesidents
complained about irritation of the eyes, cough, nasal irritation, irritation of the pharynx,| other
respiratory signs (difficulty in breaitig, bronchiolitis) and bronchospasm (listed in almost the game
order of frequency in both studies).

CCTV has considered in the majority of cases the causal@ynofioniaas likely to be caused hy
the cellulose insulation materidiat was treated witmorganic ammonium saltsin some cases
symptoms were reported to starB2lays after installation and persisted for up to 16 days (after
cessation of exposure. Symptoms disappeared following removal of the insulation material.

The dossier also reporteédat the ECIMA® recorded 115 reports of complaints in Framddgle
many complaints were made on Internet forums. As the information given on the nature of the
symptoms (either smell or/and irritation) and thellhk@od of a link was not assessed, thesmords
do not add to the overall evidence of residents suffering from irritation symptoms. The dossier
submitter proposed that this information may support the number oflmzEisgsinderestimated.

The toxicity of gaseous ammonia related to the obsenlietcat signs was characterised jas
irritation to the respiratory tract and eyes following acute andasuke inhalation exposure (for
days or some weeks). Summaries of other hazards resulting from systemically available gmmonia

2 French committee of toxic vigilance
2 European Cellulose Insulation Manufacturers Association
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and from dermal and oral pasure are reported in the dossier. They were not considered for tl
assessment of this proposal as other hazards do not correspond to the local irritation effeg
mucous membranes. In this opinion the description of the hazards is targetesl éndpoint
i rritation to the respiratory tract (and

There is no evidence from the observed occupational cases andhfoseresidentsmaking
complaints and living in houses that were recently insulated with cellulose insulation,
ammoniaemissions were related to other health effects includingode generation of asthm
Asthmalike symptoms were observed in two out of five workers of a plumping company
experienced irritation symptoms after cellulose wadding insulation had beexddaid at the
construction sites (Annex d@f the Background DocumeéntThe followup visitto aphysician did
not confirm that the asthma was related to the wadding material (negative challenge test
case, and in the other case the symptoms disaggpaeara few weeks (which contradicts t
diagnosis of asthma). Other studies mentioned in the dossier that referred to case re
occupational asthma were of limited validity as individuals were not exclusively expos
ammonia, provocation testin@onfirming that ammonia was the monocgukg a physician is
lacking (Lee et al., 1993, Weir et al. 1989), and in the study of Ballal et al. 1998, a higher
asthma was reported for smokers only.

The odour of ammonia gas is pungent. Exposed peppalefeel affected by the unpleasant od
(smell was recorded in CCTV 20133,bt the odour alone does not cause any harm. RAC s
the view of the dossier submitter thihe unpleasant odousf ammoniaor the general discomfor
from the pungent odout causesis not considered for the hazard assessment.

For the irritation effects on the respiratory tract and eyes, the dossier proposes a LOAE
ppmV (35 mg/l) using the Verbek et al. study (1977) as a key shudlyat study, self-reporting
symptom ratings for the sum of symptom scores were increased and mild eye and throat
occurred at 50 ppmfollowing 30, 60 or 120 min of exposure.

In addition, RAC finds the study of Smeets et al. (2006) informative. It estimated the ialn
lateralization threshold (LT) of ammonia vapour which is an objective measure of sensory irr
Within a 2week period the odour threshold and the LT was obtained twice in 24 healthy
smoking volunteers using a static and a dynamic test méandidw 20 I/min). In this study mea
LTs for ammonia were found at 31.7 (static) and 60.9\pgdynamic). In the same range Wise
al. 2005 reported LTs of 3g7 ppnV ammonia.

Smeets and cauthors noted that in individualsome fluctuations in LT (asvell as in odour
threshold) is reported to occur due to differences in nasal patency, time of day, health cor
The mean on the results of static and dynamic methods (46.4)@preimilar to the 50 ppw of

the Verbek study.

The summarised data dhe doseaesponse effectiveness of ammonia vapour (Table e
Background Documenton studies evaluated by the Nordic Expert Group (2005) indicatec
symptoms of irritation could occur even at lower concentration than 5¥ gpnmonia.

Increased rings for symptom scores and olfactory symptoms a2A.@pnV/ were reported in 3!
volunteers. The original publication (No. 80 in the Nordic Expert Group document, which is g
abstract (Hoffmann et al., 2004)) concluded that the ratings were refdovwelwithout details af
10 and 20 ppM ammonia). The corresponding full publication of lhrig et al., published in 2
stated that the mean intensity of respir
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ppmV in the abstract was not documented as a separate effect by lhrig et al. (2006). RAC ta
study as supportive for the LOAEC of 50 pgm

Increased average ratings of eye discotnflourning, irritated or running eyes) were recorded
12 healthy volunteers exposed to 5 and 25 Wpoharing 3 hours of exposure (Sundblad et
2004). Three participants experienced secretion from the nose, and two reported increase
after expoare to 25 pp. Sundbladet al.found that significantly higher discomfort of the ey
was already selreported at 5 ppM ammonia. These were estimated as an average pr¢
exposure increase of 3.6 mm in-d4@ mm visual analogue scale (VAS). Althoubk effect was
concentratiorrelated (14.8 mm reported at 25 pgmthe levels of severity gained were minBix
mmintheselr at i ng correspomwhileds d me whaatré | cyo rarte §
the 100 mm VAS scale. Other irritation effecigserved at 25 ppvhammonia were also in th
scale. Nose burning, irritation or runny nose reached 15.3 mm and throat or airway dis
reached 14.2nm on the VAS scale.

RAC is aware of some degree of variability in the irritation threshold. Baeethe available
information RACchose50 ppnV as a robust LOAEC. This value is mainly based on the Ve
study and the recent studiesSmeets et athat use the objective lateralization threshold metha
estimate the irritation threshold.

kes this

for

al.,

d cough
es
2/post

apl o n,d
S
comfort

A
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B 5.11 Derivation of (ANSES) subacuteDNEL for irritation

Acute and chronic toxicity of ammoniéa the inhalation routes mainly due to the irritating effects
of the substance, in the airway or ocular mucosa. The different selegtgah health risk values
(HRV) found in the literature and the DNELs derived by the lead registrant for the general

populationare all based on these effects.
Acute exposure

Two acutehuman health risk valug¢siRV) were identified in a collective expertise report (ANS
20117), based orhuman data:
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Office of Environmental Health Hazard AssessmenfOEHHA) - 1999

HRV Acute reference exposure level:
RELA = 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 respiratory irritation

Critical Exposure concentrations of 4 studies were adjusted for one hour, from

concentration equation C®x t = k. The coefficient 4.6 was calculated from a-faymal
probit analysis of all data frothe four studiegthe value of 4.&vasfinally
adopted after a2 analysi3.
A BMCsLgs?? of 9.5 mg.nt (13.6 ppm) was calculated from the logrmal
probitmodel

Assessment AF = 3 (interindividual)

factor

22 BMCL: A statistical lower confidence lim{here 95%)pn the concentration at the BM& BMC is aconcentration

that produces a predetermined change in response rate of an advergbartietie benchmark response is 5 %).
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Agency for Toxic Substances and Disease Regis{&ATSDR) - 2004

HRV Acute minimal risk level:
MRL 4 = 1.19mg.m* (1.69 ppm)
Key studies Verbeket al.(1977)

Exposure route | Inhalation: 1 exposure at Day 1 + 1 new exposure at Day &a of the
tested concentrations

Tested 50, 80, 110 or 140 ppm (3%7; 78 or 99mg.ni°)
concentrations

Exposure 2 hours

duration

Study population| 16 volunteers:

8 "experts" knowingby the scientific literature, the toxic effects of ammoni
but had never been in contact

8 "non-experts” with no scientific knowledge on this subjeeitheron
controlled studies

Critical effect Mild irritation of eyes, nose and throat in 8 subjects-arpperts'
(concentratiordependent increase in the number of complaints of nuisang
odor, irritation of eyes and throat, coughing and general discomfort)

Critical LOAEC = 35mg.ni° = 50ppm
concentration
Assessment AF =30
factors 10 to protect sensitive stgroups
3 for the use of # OAEC
Comments Several limitations have been identifigdthe key study

- There is no "control" groupndividuals exposed only to air;

- Subjectiveresponse rate is higher in patients “eciperts'

- No statistical analysisf resultswas performed.

However, this study highlights events of discomfort among healthy indivig
at concentrations of 50 ppm (35 miy’), an effect thought to be harmfuldan
to be avoided.

MRLA proposed by ATSDRs basedonly on the study Verbelkt al.(1977), unlike the OEHHA
which compiles the results of four different studies, including also that of V.eAsekdicated by
the ATSDR, this study includes a number of impot limitationson the characterization of
adverse effectandtheir statistical interpretation

The OEHHA has compiled the results of several different stuthielsiding Verbeket al.,1977) by
means of a benchmark dose modeling, whose main interest is to have a confitlemaéfor each

of the valueglescribing the doseesponse relationship. The OEHHA has finally chosen the lower
limit of the confidence interval of 95% associateithva 5% increase in the incidence of respiratory
and eye irritation compared to control concentra{BlCsLgs. However, this approach raises the
qguestion of the relevance of the matslysis and compilation dfifferent experimental data
(different exgrimental protocols, access to personal data etc.).

In the REACH regjistration dossférthe same LOAEC (50 ppm or 36 mdjnvas used by the lead
registrant but with an assessment factor of 5 to cover intraspecies (genergl pldbhssessement

% Chemical Safety Report, Lead Registrant of ammonia (anhydrous), August 2010
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factor fdn?f LOAEC/NOAEC extrapolation is proposetihe resulted shofterm inhalation DNEL is
7.2 mg/m.

Chronic exposure
The threechronicHRYV found inthe literature (scientific report$dr ammonia are all based on the
same key study (epidemiological study in the workpl&t®ness et all989.

US-EPA - 1991
HRV Reference Concentration
RfC = 0.1 mg.m* (0.14 ppm)
Key studies Holnessetal. (1989) strengthened by Brodersetal. (1976)
Exposure route | Inhalation
Tested A time-weighted averag€TWA) was defined from the exposure
concentrations | concentrations in exposed subjects and cogtamlp on an average of 8.4
hours
Exposure 12.2 years on average
duration

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

Critical effect Lack of evidence of impaired lung function or subjective symptoms

Critical NOAEC = 6.4mg.mi° (TWA)

concentration Time adjustment: NOAEap; = NOAEC x 5/7 x 10/20 = 2.3 mg th The time
adjustment is based here on the number of days worked per week (5 day
of 7) and on the capacity of ventilation betweensdegrked or not (10 vs. 20

m*/day).
Assessment AF=30
factors 10 to protect sensitivadividuals

3 to account for the lack of data on chronic toxicity and reproductive
toxicity as well as the small difference between the calculated NDJAE
humans and the LOAEidentified in animals.

Comments The proposedRfC is supported by the results of a study conducted in anim
(Brodersoret al, 1976). This study shows an increase in the severity of
rhinitis and pneumonia with observation of respiratory inhalation injury in
For this study, a LOAE is determinedt 17.4 mgm™. Allometric adjustment
is applied to the DAEC taking into account a RGDQR (regional gas dose
ratio, extrathoracic) of 0.1068. This factor takes into account the rate of
ventilation in rats and humans and saturation data. LQAEIs calculaed as
follows:

LOAECec = LOAEC x RGDRer = 1.9 mgm™.

This value is considered little different fratme NOAELp; determined from
human data. However, the approach of calculatingdfR¥ from Holness et a
(1989) studyhas two advantages:

- using humarlata wercomesuncertaintie®n inter-species

- the critical concentration corresponds to a-eftect threshold, unlike th
adverse effects observed with threshold defined from the animal study.

OEHHA -1999

HRV | Chronicreference exposure level:
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RELc = 0.2mg.m" (0.28 ppm)

Key studies

Holnesset al. (1989)strengthened bBrodersoret al.(1976)

Exposure route

Inhalation

Tested

A time-weighted averag€T'WA) was defined from the exposure

concentrations | concentrations in exposed subjects and cogiamlp onan average of 8.4
hours

Exposure 12.2 years on average

duration

Study population

52 men working in a factory manufacturisgdium carbonate
Control group: 3 subjects

Critical effect

Respiratory symptoms, eye and nasal irritation

Critical NOAEL = 6.4mg.mi° (TWA)

concentration Time adjustment: NOAEap; = NOAEC x 5/7 x 10/20 = 2.3 mgn>. The time
adjustment is based here on the number of days worked per weaks(but
of 7) and on the capacity of ventilation betweensdegrked or not (10 vs. 20
m*/day).

Assessment AF =10

factors 10for interindividual variability

Comments The key study is the only study evaluating chronic toxicity of ammonia,
driving in humans and published in aientific peefreviewed journal

ATSDR - 2004

HRV Chronicminimal risk level:
MRL ¢ = 0.07 mg.m™

Key studies Holnesset al.(1989)

Exposure route

Inhalation(occupational exposuye

Tested

A time-weightedaverage(TWA) was defined from the exposure

concentrations | concentrations in exposed subjects and cogtamlp onan average of 8.4
hours

Exposure 12.2 years on average

duration

Study population

52 men working in a factory manufacturisgdium carbonate
Control group 35 subjects

Critical effect

Olfactory perception, worsening of respiratory symptoms (coughghitis)
wheezing, dyspnea, e)cirritation of the eyes and throat and changing
parameters of pulmonary function

Critical NOAEC = 6.4mg.ni° (TWA)

concentration Time adjustment: NOAEap; = NOAEC x 8/24 x 5/7= 1.5mg m>. The time
adjustment is based here on the number of days worked per week (5 day
of 7).

Assessment AF =30

factors 10 to protect sensitive individuals

3 for the lack oftudies of reproductive toxicity
Comments The subjects of the study population have been analyzed in the first and

days of the work week.
No association was observed between increased duration of exposure tg
ammonia and the severity or frequencyedpiratory symptomsiowever,
confidence levels and duration of exposure is low.
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The determination of the critical concentration is based on the same approach by the three
organizations. The differences are based on:

A

A

The time adjustment: ATSDR considerdaily and hourly adjustmenthile the 5-EPA

and OEHHA consider a daily and respiratory adjustment considering a hegparatory
volumeduringthe professional activity.

The application of aassessmeriictorfor the lack of data: in addition to theterindividual
assessmenfactor of 10, ATSDR adds a factor of 3 to account for the lack of data
reproductive toxicity. The UEPA also applies this factor, which includes the uncertainty
associated with the lack of data on reproductive toxicity dmdnic toxicity, as well as the
small difference between the NO&Ederived from human data and the LO@HEerived
from animal data.

The analysis of animal data confirming thboice of the key study: the WEPA and
OEHHA proposeto confirm the results obtaed by data from a study conducted in rats
(Brodersonet al, 1976.). This study provides a detailed description regarding its non
standardize operating mode, report the YE?A and OEHHA.

In the REACH registration dossfér the starting point used to derive tlengterm inhalation
DNEL (NOAEC of 20 ppm,14 mg.n?’) is derived from the weight of evidence from the human
studies,based on the results of the human volunteer stydegscited in the discussion part of the
CSR forthe DNEL derivation) An assessment factor ofi® usedto cover intraspecies (general
public): the resulted lonterm inhalation DNEL is 2.8 ma™. To support that choice, a threshold
of 18 mg.n® (25 ppm) for respiratory irritatioris given, based on the results of the human
volunteer studies.

GESTIS International limit values for chemical agefits

This database contains a collection of occupational limit values for hazardous substances gathered
from various EU member states, Awadia, Canada (Ontario and Québec), Japan, New Zealand,
Singapore, South Korea, Switzerland, and the United States 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

24 Chemical Safety Report, Lead Registrant of amim@anhydrous), August 2010
2 http://www.dguv.de/ifa/Gefahrstoffdatenbanken/GESTi&rnationaleGrenzwertef% C3%BCrchemische

Substanzetfimit-valuesfor-chemicatagents/index2.jsp. 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

Table7: Occupational limit valuesccording GESTIS database (March 2014)

Remark:

European Union Indicative Occupational Exposure Limit Values and Limit Values for Occupational Exposure
France: Restrictive statutory limialues

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 minutes period.

USAT NIOSH: 15 minutes averagalue

Choice of theANSE$ subacuteDNEL for irritation used in this proposal

Emission tests performed witEN ISO 16000 standards show anncrease of ammonia
concentrationgn the first 2 weeks of testing4 days) passing through a maximum value ahernt
slower decrease emissior@@onsidering that these tests were performed in a wwas# sitation -
relative humidity of 90%vhich maximizes the emission of ammonia during the first two wele&s
exposuras considered as subacytkefined here aetween 1 and 14 days of exposure)

Similarly to ATSDR and the lead registrant of ammgmMeNSESproposed th& OAEC of 50 ppm
from the epidemiological study &ferbeket al. (1977)as a stding point. This value corresponds to
the identification of modate irritative symptoms as stated in the deBect relationship for
ammonia (see Tab®. Perception, odour @eneraldiscomfort are not covered.

An assessment factor of 3 is used due to the use of a LOAEC.
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Considering pople that are unusually suptele, especially asthmatican additionalassessment
factor of10to cover intraspecies (general pubiglsed.

For the general population, he resulting ANSES subacuteinhalation DNEL for irritation is
1.3mg.m> (1.7 ppm).

This value issimilar to theacute minimal risk level (MRLA) definedby ASTDR. It islower than

the mean odor detection threshold (ODT) of 2.6 ppm calculated by Smeets et al. (2006) for
ammonia.

RACO6SsSs Assessment
Calculation of the DNEL

Based on the LOAEC of 50 ppm a shortterm DNELwas calculated by the dossier submitter. |An
assessment factor ofvdas proposed to adjust the LOAEC to a NOAEC and an intraspecies factor
of 10 was used to cover differences in susceptibility among individuals in the general public.

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

JRC (2005, The INDEX project) referred to a study of Shim and Williams (1986) who observed
that 80% of 60 asthmatics claimed about an exacerbation of asthma follexpugure ta
household cleaners containing ammonia.

Among the cases reports (Annexofithe Background Documénthere was one case of asthma
decompensation of a known asthmatic, -gye@r old child. Although other causes were ot
addressed, the data maypyide some indication that there is a potential of a more severe course of
the asthmatic symptom3his case could be related to the observation that known asthmatics are
expected to be particulgrvulnerable to respiratory irritants. In contrabe stidy of Sigurdarson et
al. (2004) (cited in Nordic Expert Group, 2005) could not find changes for pulmonary function or
bronchial hyper reactivity after metacholine challenge when 6 healthy volunteers and 8 subjects
with mild asthma were exposed to-26 ppmV ammonia for 30 minutes.

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

Although an exacerbation of symptoms in people with an asthma history cannot be excluded, RAC
proposes to applgnassessment factor of 10 (default value for consumers) to sufficiently protect all
parts of the population including children, elderly andh@msttics.

Table 1: Shortterm DNEL for the general public

Correction for Intraspecies DNEL
LOAEC lack of NOAEC differences
P AR LOAEC/ (3 x 10)
50 ppmV (35 mg/m3) 3 10 1.7 ppmV (1.3 mg/m?3)
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Conclusion: RAC concluded that the description of the hazards should be targeted to the endpoint
i rritation to t he RAEBapeiconsidered tlye degreaaf variabilayringthee y e
irritation threshold, and based on the available information RA@ bhwesen 50 ppmV as a robust
LOAEC. RAC concurs with the calculation of a shmtm DNEL and considers the assessment
factor of 3 as appropriate adjust the LOAEC to a NOAEC.

B.6 Human health hazard assessment of physiamemical 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.9.1General discussion on releases and exposure

Summary of thexisting legal requirements

In the building construction sectoertainlegalrequirementsrerelating to products and processes

(e.g. CE marking for construction products), others apply to structures bugit regulations
accessibility, acodis, fire, earthquake, therma). It is difficult to avoid the confusion between
mandatory texts and voluntary texts. The confusion is all the greater when the regulator uses the
standardas areference

The CE marking is the only regulatory requirement on coosbn products, provided that the
product is described by a harmonized European standard.

Loosefill cellulose insulation (LFCI) productare concerned by the following recdatiropean
standards:
EN 151011:2013
This European Standard specifies requerta for loosdill cellulose insulation (LFCI) products
for the thermal and/or sound insulation of buildings when installed into walls, floors, galleries, roofs
and ceilings. This is a specification for the lodilecellulose insulation (LFCI) productbefore
installation. This European Standard describes the product characteristics and includes procedures
for testing, marking and labelling and the rules for evaluation of conformity.
(Date of publication: 201:03-31)
EN 151012:2013
This EuropearStandard specifies requirements forsitu formed loosdill cellulose insulation
(LFCI) products when installed as thermal insulation into walls, floors, galleries, roofs, lofts and
ceilings. This Part 2 is a specification for the installation checkgherinstalled products. It
specifies the checks and tests to be used for the declarations made by the installer of the product.
This European Standard does not specify the required level of all properties to be achieved by a
product to demonstrate fitnefes purpose in a particular application.
(Date of publication: 201:03-31)
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These standards focused on thermal/corrosion/mould fungi resistance, reaction to fire, and
durability of the construction product.

Concerninghazardous substancdbe standar@&EN 151011:2013refers to national regulations. A
database hold by DG Enterprise and IndugBygnstruction Unit)is cited: he CRDS databas8,
designed to help all interested parties to identify all relevant regulations in the field of dangerous
substancen construction product@n particularfor the emission of dangerous substances from
construction prodcts into indoor air, soil andround watex. Under the Construction Products
Regulationn® 305/2011common assessment methods are developed by thedéaurGommittee

for Standardization (CEN), and are used in European harmonised stanuhElsa@apean Approval
Documents.The information in the database regarding the European and notified national
regulations and national contact points has been provigethe regulators of the countries
involved Unfortunately nanformation is available from numerous Member States.

In particular here is no information regarding thegulation of ammonia emission, which depends

of several cofactors as explained below.

Factorsinfluencing ammonia exposur@nd dfectiveness of the implemented risk management
measures

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

Underhumid atmospheric conditionammonium saltsmight react with water molecules to off gas
ammonia, under normal ambient conditions (temperature and preSsusefactor is considered as
major and has been demonstrated by CSTB tests (at 50%, 70% and 90% RH).

Other potential cofactorbave been cited by stakehold€isrench manufacturers of cellulose
insulation and formulators)

V The origin and quality (alkaline pH) of the paper used to produce cellulose seems to play an
important role in ammonia emissions.

V The lack of sufficient ventition seems to be a cofactor of a high concentration of ammonia
in indoor air. The installation of a ventilation system in the houses might be the cause of the
diffusion of ammonia into the living space instead of limiting the emissions into the attics.

V In most cases, the way cellulose insulation is installed seems to be a cofactor that might
increase or limigreventindoor ammonia emission@.g. on an airtightness floor, with
waterproof structural elements / roof, and avoid material wetting by watetragon or
condensation).

V Physical means such as vapour baffieray also influence ammonia emissidn.some
countries such as Germarnlyete barriers are sometimes used by the installers to avoid
blown cellulose insulationnstalled inside building cawves from migrating into the living
space. Vapour barrieshould also prevent cellulose insulatioom humidity. According to
the CSTB, vapour barriers are meant to have two main effects: they limit the transfer of
water vapor for theellulose insulatior{limiting the contribution of the "KD" reagent for
the reaction of the amonium ion), and where there is degradation (e.g. a water inlet cover
or a water damage) they limit the portion of the ammonia released into thedpacgof
buildings. So thistype of installation would limit the health problems to the occupants.
However, vapour barrier are expensive to be installed and are mainly used in new houses
insulated with cellulose.

% http://ec.europa.eu/enterprise/construction/dptl
27 A vapour barrierefers to any high-density materiafor dampproofing (typically a plastic or foil sheet but sometimes
a paintlike coating) used to prevent water vaprom moving from one area to another
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V  Ammonium salts might be absorbed and then released by other surfabeassplaster
boards with alkaline pH. This factor seems to play a role in ammonia emissions and in their
duration. Technical advices concerning the proper installation manner are provided by the
manufacturers to the installers but this does not seem ‘e bampletely avoided
installation problems.

V A peculiar installation process used mainly in France in order to make sure that the cellulose
insulation is well separated from the living space is the practice of crusting that means
adding water on the top tfie cellulosansulation As indicated by several manufacturers,
such way of installation might cause a limited indoor ammonia emissions but only once
immediately after the crusting. However, no direct relation was found between the French
cases and thisstallation practice.

V Emission of ammonia and ammonia smell might result from the instability of fire retardant
and biocide blends as the various chemical additives might react among them.

V Emission of ammonia and ammonia smell might also result fronygeeand the quantity
of ammoni um salts used. As di scovered du
manufacturers (namely members of ECIMA) seem to prefer to use more addiawves th
strictly necessary and pay more in order to be sure that their psagaatd have a better
Euroclas&. This is used as a commercial tool and it might have implications in terms of
stability of the formulationsAs reported by CSTB concerning the results of the tests on
emissions carried out after the French cases, it séikelg that the composition of the
ammonium based formulations added in cellulose insulation has a strong influence on
ammonia emission levels. Nevertheless, it is not possible, loasadailable data, to make
any relationship between the emission proiilethe standard conditions with the type of
salts used, nor the concentration of ammonium in the blend.

Measures to reducthe ammoniaemission rategrom cellulose insulation without substituting
ammonium salts as flame retardantxeconsideed. The exising alternative techniques orderto
reduce the ammonia emissgdmve been explorggdeedetails insectionC.1.2):

- Degassing prior to use
A longer period ofstorage anidr the degassing of the cellulose insulation materials following the
producton andprior to its installation would not necessarily result in ammasmaissionunless the
storage takeplace under high humidity conditionsideed, tests chamber emission profiles (see
section B. 9.3) demonstrate that most cellulosalationdo not emit ammonia in low humidity rate
but strongly emits ammonia unda@gh humidity conditions

- Improved ventilation
If the installation is not properly done it could even contribute to the diffusion of the emitted
ammonia into the living space iestd of reducing the emissions.

- Vapour barriers
According to the CSTB, apourbarriersare meant to have two main effect;m one hand, they
should prevent cellulose insulatidiom entering into contact with watend taking humidity by
limiting the amount of water vapour passing througalls, ceilings and floor assemblies of
buildingsand, on the other handhere there immmonia emissiorthey might limit the proportion
of the ammonia released into the livisgaceof buildings.So this typeof installationcould limit

% |n France, there is a strong competition in terms of image on the level of reaction to fire (Eurogessiict.
Some manufacturers have strengthened the content of fire retardants in their products for reaching very good levels of
Euroclass
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problems withammonia emissions but also withoisture, mould, rot, odoursbugs and the
associated health issues to the occupants. Technically, according to their degree of permeability
some of these materials are owgpourretarders

- Liquid or spray impregnation method
According to some formulators liguid impregnation methotbr adding theblends to the cellulose
insulation compared to the one currently used by all European manufacturers (powder blend) could
eventually lead to a better and more stable mixture of the cellulose insulation and the blend and
therefore to lower ammonia emission patseiNeverthelessaccording tahe cellulose insulation
manufacturerand formulators taking part to the French substitution graddingsucha liquid
blend seemsto create excessivmoistureto the @llulose insulation and téower thethermal
performares of the product Moreover, suchproduction change would implythat the
manufacturers change the whole process and replace the machineries

- Improvement of the packaging
This option refers to the possibility of impiliag the packaging (water proof) oha cellulose
insulation in order to avoid it to become humid before bplaged into the markét order to avoid
ammonia emissions once installétbwever,cellulose insulatiortan take humidity also during and
after its installationretailers sellingcellulose insulatiorrontaining ammonium salts cannot know if
once installed the cellulose insulatittratthey are selling would emit or not ammonia.

- Stabilization of the currently used powder formulations
Concerning thestabilization of the powder formulation, according to the formulators, this option
seems feasible.

To conclude,in terms of suitability onlya better stabilisation of ammonidbased cellulose
insulationseems to be a good techniguethe respect of theonditions described in this restriction
proposal

B.9.2 Manufacturing

Not relevant for this proposal.

B.9.3 Emission testgperformed on cellulose insulation

Based on reported cases, several experiments were conducted to evatt@tgolled conditions
the emission of different cellulosasulation (Maupetit 2013ab). The samples all came from
insulations materials present in the French market.

Theseexperiments were based &N ISO 16000standards for theharacterization o¥olatile
pollutants from construction productSN ISO 1600€0: Indoor air- Part 9: Determination of the
emission of volatile organic compounds from building products and furnishmgthod of the
emission test room (AFNOR, 2006)his standard has beemcluded in lorizontal EU testing
method CEN/TCL6516(seeannex 2.

This standard is used to simulate, in a reduced scale test chamber, volatile pollutant emissions
of a construction product used in a reference room defined conventionallgjvolume, ceilng
area, aiexchange ratesee details in thennex 2. The temperature during tkeenission test shall be
23 £ 2 T and the relative humidity (RH) as input to the emission test chamber of 50 £ 5 %.
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Tests have been carried out in these conditidssvet conditions (rain, fog, etcwereconsidered

as conditions favoring the appearance of odors, tests were also carried®ét &H an®0% RH
(Maupetit 2013#). The initial content of moisture and the pH of the tested materials have not been
measured.

The amount ofcellulose insulation implementedyas establishedrom data communicated by
ECIMA?® (dated 12/11/2012)he ECIMA set up a weeh groupintended to collect information in a
database on work sitelsat had received complaints awtiere the celllose insulation treated W
ammonium salts may have beegplaced. This database was sent to the French Scientific and
Technical Centre for Building (CSTB) for analysi$ie aim ofCSTB studywasto characterise the
ammonia &iissions from cellulosansulaion present on the French market anceratit to
understand the emissiomechanisms.

The very large majoritpf use ofcelluloseinsulationwasattic insulationby spreading theellulose
insulationon an open horizontal surfacehe use by injectiomto the wallsseemsexceptional. On
construction sitesvhere complaintswere observed (in Francethe average quantity aellulose
insule%tion implementedvas 12 kg.n? with an average thickness of 30 cgiving a density of 40
kg.m>.

The tessamplesave been prepared in accordance with thasameters

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

AWoftatseod scenario (Maupetit 2013a, b)

The tess were performed by placing a sample directly in the emission test chamber, which is to
make the assumption that thgic was insulated with 12 kg of cellulose insulation ané in

direct contact with thendoor air This hypothesis represents an upper bouh approach to
reality : the air in the attic is priori more vetilated than the reference rogithe 0.5 i exchange

rate is morerepresentativeof living rooms) and a partition (at leasplasterboaryl separates
cellulose insulation athe living roomswhich is expected to limit NfHemissions.

Surface=12

Cellulosansulation(12 kg.m?)

Air exchange
rate=0.5H

Ammoniaconcentration (ppm)

Volume = 30 M

% European Cellulose Insulation Manufacturers Association
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Figure7: i Wo fc sats enigsiom scenario test faellulose insulation (Maupetit, 2013a)

Thereference room anstchambelmparameters are shown Trable8. A reference room is needed
since it is not possible to evaluate emissions by testing in all possible use sc@masiosference

room is notest chamber; it only serves as reference value for evaluation of test results in terms of
their impact on the indoor air concentratidme test chamber simulates the parameters of the
reference room in a smaller scaléwe key point here is the respect of #hea specific air flow rate

and the loading ratevhich must be the same to compare measured ammonia concentrations to the
proposed threshold.

«Worst case» scenario Reference room Test chamber Uniits
(CEN/TS 16516) (CSTB 2013)

Qa (Airflow) 15 0.06 m°.h’
Volume 30 0.051 m’
n=Q/V (Air exchange rate) 0.5 1.176 ht

S 12 0.048 m’
L=SIV 0.4 0.941 m/m°
Area specificair flow rate 1.25 geiling) 1.25 m?/(m*.h)
Loading rate 12 12 kg/m?
Cellulose mass 144 0.576 Kg

Table8: i Wofcsats e 0 emi ssi on scenario test parameter

The scenario used for these tests (12 Kopficellulose insulationhas been translated into mass of
cellulose insulationntroduced into the testhamber.The mass otellulose insulatiomequired for

each test (576 g) waslaced in a stainless steel container and then placed in an emission test
chamber as illustrated belowCellulose insulation has been spréathe containeras perfomed by
professional installersiiorder to simulate as closely as possible the implementatithe product

blown into theattic, the test specimens were prepaved i ng a bfl ppoweerroe,d as u
professionals.
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Figure 8: Cellulose insulation test specamin a te‘t chamber (CTB 2013)

Ammonia concentrations were measured with a photoacaustiitorINNOVA 1412 LumaSense,
which has a detection limit of 0.2 ppm

The tests were conducted in parallel in several emission test chamieasurementsf ammonia
concentratiorin each of the test chambergre perfomedfor 30 to 60 minutes at least every day.
The analyzer perfored a measurement every 90 secomads anmonia concentrationsieasured
over the 3660 minutes period were averaged each day.

First study (Maupetit, 2013a, see confidential annex)

In a firstseries of experimentgleven samples of ammoniubased cellulose insulations materials
were studied These products were either sent for testtogthe CSTB by their respective
manufacturers or were taken from the available suppproducts at CSTB for thermedsistance
tests

Series of tests at 50% and 90% RH were conductetieseproducts In parallel with the ammonia
emission tests, the celageinsulationtest specimensvere regularly weighed in order to assess
possible water uptake of the material over time

An insulating wool and hemp wood treated with ammonium salts by liquid impreghaisoalso
been tested.

The tests at 50% RH for more than 28 days ofeflulose insulation materialstreated with
ammoniumsaltsrose relatively low ammonia emissions (concentratioBpgm)
The tess were then performed at 90RH on devenproducts (icluding thefour previous ones)

During te tests at 90% RHhe whole 11 celluloseinsulation products tested showtte simila
emission profileof anmoniaconcentrationan increase- in the first 2 weeks of testing, passing
through a maximum value and thaslower decreasef emissions
The products tested were dividedarthree groups with different amma emission to 90% RH
profiles (seeFigure9 below)

U Forone productemissiongemainedow (about 6 ppm max), compared to other products
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U For 3 products of 1lammonia emissionsapidly increasedrom the first test weekthen
reacheca maximum concentration in the range of 60 to 100 pfierabout 2 weeks dest,
which wasfollowed byslow decline in these concentrations.

U For the 7 remaining productdhe same type of profilevas observedrapid increase in
concentrations of ammonia and slower decrease) but the maximum concentrations achieved
were much higher (150 to 350 ppm).

On the contrary, theinsulating wool and hemp wood treated with ammonium salts by liquid
impregnation(IBSA in Figure 9) did not show the sarmexmonia emissioprofile during he 28
days of testing at 90% RH. Pesidual concentration ammoniar¢gundl1l ppm), however, was
measured.

The water content in the material appears tg plaignificant role in ammoni@missions from the
cellulose insulation treated with ammonium salts:
- Release of emissions when the water content in taeemal (estimated hrough the
increase of material mas®aches 4 to 5% by mass;
- Slow reduction in emissions if the water content decreases.

It should be noted that for one product (sample B)ssions stagdfrom the first day of testing (40
ppm), suggesting that initial water ¢ent in the product facilitates the release of ammadnaeed,
this product has a water initial content greater than the 10 others.

=
o

Ammoniac (ppm)

O = N W A U N 0O W

100

Ammoniac (ppm)
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Figure 9: Average ammonia concentratiommsthe tests chambéppm) for the 11 tested materials

(A to K)+ IBSA(insulating wool and hemp wood treated with ammonium salts by liquid
impregnation - Tests at 90% RH

The tests at 90% RH for at least 28 days have shown that in these condlti6nsnchcellulose
insulation matrials tested showed ammonia emission profile of a greater or lesser intensity
contrary to another type of insulation mate(i@8SA), treated with ammonium salt&fter passing
through a maximum value, ammonia levels then decrease more slowly tharatieein¢reased

This can be explained lige water saturation of the produdimmonia emissiopeakshave always
occurredbefore 14 days

It should be noted thalis protoco) especiallywith theextreme conditions of relative humidity (air
renewal to 90% RH continuously for 28 days), allow to thoroughly test the stability of the adjuvant
(ammonium saljsused in the insulation (ammomaleaseor not)

Second study (Maupetit, 204, 3eeconfidential annex)
In a secondseries of experimentsadditional studies at 50%nd 70% relative humidity were
performed.4 previously testeghroducts that had rather different ammonia emission profiles were
selected for this new studffhe 70% level ofRH corresponds to the maximum mean values
measured iride French housing (value abae 95th percentiléS.
In addition, 2 biobased insulation materials treated waittmonium salts (IBSA) were aldested
for comparison with the cellulosesulationproducts:

- IBSA 1: wood fibre and hemp product treated through liquid impregnation (panel)

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

On this test series at 70% RH (until 28 days), the following was observed:
U An increase in amonia emissions from the product A (40 to 60 ppm) and product B (4 to
10 ppm).
0 Ammonia emissions from the product C and product D at 70% RH remained at about 1 ppm
or less.
U No ammonia emission profile for the IBSA 1 and IBSA 2 products during the 28ludyes,
residual ammonia concentration of less than 1 ppm.

The detailed results of the 4 cellulose insulation tested are the following:

%0 The statistical distribution of the levels of relativentidity (weekly average) measured inside French housing by the
Indoor Air Quality Observatory (OQAI).
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Tests at 50% then 90% RH
Tests at 50% and 90% RH were conducted on three prodictB: and D. This test series
comprised two phases:

V 28 days at 50% RH

V 7 days at 90% RH

Days RH (%) ProductA |ProductB |ProductD

1 50 152 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
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 1011 7.5 0.8
33 90 1387 136 0.8
34 90 1356 25.7 1.1
35 90 1666 283 0.6

Days RH (%) ProductC

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
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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 on four prodhcB: C and D. This test series
comprised two phases:

V 28 days at 70% RH

V 7 days at 90% RH

Days RH (%) ProductA |ProductB |ProductC |ProductD

1 70 16.7 0.9 0.6 0.6
2 70 37.6 14 0.5 0.6
4 70 44.1 25 0.6 0.7
5 70 40.8 2.7 0.7 0.7
6 70 421 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 70 418 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 70 424 7 0.7 0.9

16 70 7.3

17 70 8.4

18 70 9.7

19 70 482 8.3 0.6 0.4

20 70 44.8 7.7 0.8 04

21 70 44.8 8.5 0.8 0.6

22 70 45 8.8 0.8 04

25 70 70.2 9.9 0.9 0.7
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26 70 66.9 109 1 0.8
27 70 63 10.8 0.9 0.6
28 90 86.6 199 1 0.6
29 90 1748 255 3.5 0.6
30 90 2113

31 90 236.7

32 90 2571 614 532 11
33 90 2667 64.8 62.2 0.8
34 90 268 70 70 1.3
35 90 2612 64.9 0.7

Thesetestsconfirm the several products emit ammonia even in less humid conditions. However, the
tests 870% RH are therefore not stringent enoughtésting the stability of thadditives insuch
prodwcts treated with ammonium salts, compared to tpstformed at 90% HR with the same
products.

AAtti c | ns u(Maupetit2dldbsee coafidential anngx

The second study explored a new scendrios scenario used for thgrevioustestsmimicking a

Awor st caseo0 @sulatos i drect cantad with thendoor air) is an upper bound
approachwhich strongly favors ammonia emissioi$us, the ammonia concentrations measured

in the emission test chambers are not representative of the concentration in the living rooms.
Emission measr e ment s coul dnét whhehumbn healthtréfeyence valngsa r e
(DNEL).

In order to get a protocol more representative of real emission, ateshecenariovas proposed
AAttic insu)l ationdo scenari o
Two test chamberwere used andvere separated by @lasteboard. The sample is placed irirst
test chambefwhich simulatedthe attic)and the secondneis empty and simulates the living room
located near thattic. The main differences between the two test chambers representittctibad
the closest living area are the following:

U Relative humidity: attic = 90% RH, living area = 50% RH

U Mass ofcellulose insulatiopresent:attic = 0.572 kg, living area = 0 kg

The volume of the attic is equivalent to that of the living area b&owr).
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BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
INORGANIC AMMONIUM SALTS
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FigurelO: A At t i ¢ | mission saendriotesdr ceuloseinsulation (Maupetit, 2013b)
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Figurell:ﬁAtt'ic scenari oo experimental test chambel

For this test,a product that was recovered at the end offitst series oftess was usedThis
specimen had therefore spent 4 weeks at 70% RH and 1 week at 90% RH. Its ammonia
concentration had reached its maximum value and had begun to decrease.

Estimated ammonia dssion rate (mg.f) at the end of dynamic teat70% RHand90 % RHand
at the beginni ng secehariot(grogluc)ad: t i ¢ i nsul ati ono

Dynamic test Attic insulation scenario test Units
Living room | Attic
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http://en.wikipedia.org/wiki/Polyurethanes




































http://echa.europa.eu/web/guest/information-on-chemicals/cl-inventory-database
http://echa.europa.eu/web/guest/information-on-chemicals/cl-inventory-database
http://echa.europa.eu/web/guest/information-on-chemicals/registered-substances

























































http://www.ubatc.be/media/docs/pdf/Algemene_Goedkeurings-_en_Certificatiekosten_2011-07-01_EN-FR-NL.pdf
http://www.ubatc.be/media/docs/pdf/Algemene_Goedkeurings-_en_Certificatiekosten_2011-07-01_EN-FR-NL.pdf
























































































































































































































http://echa.europa.eu/web/guest/previous-consultations-on-restriction-proposals



http://www.anses.fr/sites/default/files/documents/AIR2010sa0175Ra.pdf
http://www.centres-antipoison.net/




































































































