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A. Proposal 

A.1 Proposed restriction 
 

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 householders were complaining 

about an ammonia smell following the installation of cellulose insulation for sound or thermal 

insulation in their homes. In 2012, ECIMA had recorded 115 reports and had conducted in situ 

measurements indicating ammonia concentrations in air of up 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 has been 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 ammonium 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 

cellulose insulation containing ammonium salts, all manufacturers combined. 

 

On 14
th
 of August 2013, the French Republic informed the Commission, the European Chemicals 

Agency (ECHA) and the other Member States, in accordance with Article 129(1) of Regulation 

(EC) No 1907/2006 (safeguard clause), that it had justifiable grounds for believing that urgent 

action is essential to protect the public from exposure to ammonia released from ammonium salts in 

cellulose insulation materials used in buildings. The French Republic adopted a provisional measure 

on 21
st
 of June 2013 and published it in the Official Journal of the French Republic on 3

rd
 of July 

2013.  

 

The Order of 21
st
 of June 2013 on the prohibition of placing on the market, import, sale and 

distribution and manufacture of cellulose insulation materials with ammonium salts additives 

prohibits the placing on the market, import, possession with a view to sale or distribution, sale or 

distribution and production of cellulose insulation materials containing ammonium salts as 

additives. These products must also be withdrawn from the market in France and recalled at the 

expense of the person responsible for first placing them on the market.  

A translation in English of the French Order is available in Annex 1. 

 

Following the Commission Implementing Decision of 14
th
 of October 2013 authorising the 

provisional measure taken by the French Republic, and according to Article 129.3 of REACH 

Regulation, an annex XV restriction report has been prepared within three months of the date of the 

Commission decision. 

 

The French Agency for Food, Environmental and Occupational Health & Safety (ANSES) has been 

mandated by FR-MSCA to prepare this annex XV restriction report. 
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A.1.1 The identity of the substances  

 

Inorganic ammonium salts are added to cellulose insulation for their flame retardant properties. 

These substances used as additives in cellulose insulation may lead to emission of ammonia gas 

under certain conditions.  

 

Such ammonium salts identified are the following: 

 

- ammonium sulphate [CAS No 7783-20-2]  

- ammonium dihydrogenorthophosphate [CAS No 7722-76-1] 

- diammonium hydrogenorthophosphate [CAS No 7783-28-0] 

 

Other ammonium salts may be used
1
, such as ammonium chloride [CAS No 12125-02-9], sulfamate 

[CAS No 7773-06-0], polyphosphate [CAS No 68333-79-9] or bromide [CAS No 12124-97-9]. 

This is not an exhaustive list. 

 

The substance of concern is ammonia, anhydrous [CAS 7664-41-7]. 

 

 

 

 

Different cofactors promote ammonia emissions. The stability of ammonium salts in such materials 

may be affected by: 

 

ü Humidity rate, considered as a major factor; 

ü Other cofactors that may influence the stability of additives in the final product: 

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

V Ventilation; 

V Temperature; 

V Content of carbon / calcium carbonate in the paper used as raw material; 

V Formulations, composition of other additives (reactivity with other chemicals such as 

biocides added to the mixture);  

V Production process (dry vs wet); 

V Type of installation (wet spray, ñcrustingò on the top of cellulose insulation, vapor 

barrier applied, distance to the roof in attic, etc.). 

 

RACôs Assessment   

 

RAC agrees that co-factors do influence the rate of ammonia release and the concentration of 

ammonia in the living area. In particular, the dynamic chamber tests have demonstrated that relative 

humidity is the major co factors contributing to the release of ammonia. 

 

 

 

 

                                                 
1
 Flame Retardants: A General Introduction. WHO IPCS, Environmental Health Criteria 192. 1997. 
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A.1.2 Scope and conditions of restriction 

 

Substances in the scope of that restriction proposal are ammonium salts that are used in cellulose 

insulation for their flame retardant properties. These salts can lead to ammonia emissions - which is 

an irritant gas for mucous membranes and respiratory tract. 

 

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

of ammonia is below a threshold based on the DNEL for the general population (subacute, 

inhalation route) and with respect to specific testing parameters. 

 

 

The proposed restriction by the Dossier Submitter is as follows: 

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

Inorganic ammonium salts Shall not be placed on the market in cellulose insulation 

from [12]  months after of entry into force of this 

Regulation, unless: 

- Emission of ammonia gas of such materials is 

below 3 ppm according to the horizontal 

measurement/test methods of Technical 

Specification CEN/TS 16516 and: 

- Specific test parameters are applied in terms of 

duration (14 days), relative humidity (90 +/- 5), 

ñAttic insulationò area specific emission rate (1.25 

m
3
.m

-2
.h

-1
), and ñWall insulationò area specific 

emission rate (0.5 m
3
.m

-2
.h

-1
). Cellulose insulation 

thickness and density are adapted to the foreseen 

use. 

 

  

 

RAC and SEAC assessment: 

 

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

conditions of the restriction proposal in their assessments. 

 

SEAC has accepted as such the initial proposal of the Dossier Submitter, which is also reflected in 

the draft SEAC opinion subject to a Public Consultation (in the period March-May 2015). However, 

SEAC has raised a specific question for the Public consultation concerning the transition period 

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

proposed restriction or whether a higher transition period maybe required). 

 

RAC, however, and after considering some information received during the public consultation and 

certain  recommendations expressed by Forum for more clarifications, has suggested some changes 

to the legal text compared to the initial  restriction proposed in the Annex XV restriction dossier. 

Their main changes concern addition of the following:  
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 a)  provision on the required technical specifications imposing that documentation and any 

packaging of the corresponding cellulose insulation material should clearly indicate the 

final conditions of use for mixtures and articles, and  

 b)  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 and found 

to comply to the conditions of the proposed restriction.  

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

Substance Conditions of restriction 

Entry [#]. 

Inorganic inorganic ammonium salts  

 

1. Articles containing cellulose mixtures treated 

with inorganic ammonium salts, intended for the 

purpose of insulation shall not be placed on the 

market or used, after dd/mm/yyyy2ò where the 

release of ammonia from the article in a 24hour 

period during the duration of the test 3 would 

result in an emission of ammonia greater than 3 

ppmV (2.12 mg/m³).  

 

2. Cellulose mixtures treated with inorganic 

ammonium salts intended for the purpose of in 

situ insulation, shall not be placed on the market 

or used after ñdd/mm/yyyyò where the release of 

ammonia in a 24hour period would result in an 

ammonia concentration greater than 3 ppmV 

(2.12 mg/m³).  

The technical specification documentation and 

any associated packaging, as relevant, should 

clearly indicate the conditions of  use including 

the maximum loading rate permitted of the 

cellulose mixture, given in density and thickness, 

to comply with the maximum 3 ppmV (2.12 

mg/m³) emission limit for ammonia in a 24 hr 

period. 

 

3. By way of derogation to point 2 above, mixtures 

of cellulose insulation treated with inorganic 

ammonium salts which are only used for the 

manufacture of cellulose insulation articles do 

not have to comply with the 3 ppmV (2.12 

mg/m³) emission limit of ammonia where it can 

be shown that the article placed on the market or 

used has been tested and complies with 

                                                 
2
 Transition period to be fixed following discussions at SEAC.  

3 Test/test method to be confirmed by CEN. The Commission confirmed their intension to develop, by the entry into 
force of this regulation, technical specifications for the testing of mixtures or  articles containing cellulose treated with 
inorganic ammonia salts under standard room parameters (size, ventilation) at 90% relative humidity for a period of 
at least 14 days were followed.   
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paragraph  1. 

 

 

Table 1: Proposed restriction 

 

 

 

 

Scope: 

1-Inorganic ammonium salts 

As far as the problem of gas-phase ammonia emission by cellulose 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 

CSTB tests (see section B.9.3) plays a crucial role with a clear increase of ammonia emission for 

values > 80% RH close to the breakpoint in humidograms of several inorganic ammonium salts
4,5,6

. 

Moreover, this hypothesis seems to be coherent with the known chemistry of ammonia
7,8

. 

 

In inorganic salts of ammonium the strength of the chemical bonds between ammonium and the 

counter-anion is weak (ionic bonds based on van der Waals forces). As a consequence when these 

inorganic salts are hydrated (most of them being spontaneously hygroscopic with few exceptions) 

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 ammonia.  

 

NH4
+
 + H2O ăĄ NH3 + H30

+
 

 

For instance ammonium 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 release ammonia 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 reaction, while 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 ñinorganic ammonium saltsò. No specific data from scientific literature or experimental 

results (CSTB tests, Maupetit F, 2013a,b) has been identified that could help to modulate this 

option: during the tests performed by the French CSTB in 2013, at least 3 different inorganic salts 

demonstrated the capability of gas-phase ammonia generating when incorporated in cellulose 

insulation (see section A.1.1 for the identity of these substances). 

                                                 
4
http://www.atmos-chem-phys.net/6/755/2006/acp-6-755-2006.pdf 

5
https://uwspace.uwaterloo.ca/bitstream/handle/10012/3683/Rocsana%20Pancescu%20Thesis_5_.pdf?sequence=1 

6
https://pubweb.bnl.gov/~xujun/research/98JPCpaper.pdf 

7
http://nepis.epa.gov/Adobe/PDF/30000I7U.PDF 

8
http://www.geo.uu.nl/Research/Geochemistry/kb/Knowledgebook/NH4_dissociation.pdf 
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Furthermore, it can be mentioned:  

 

ü Concerning the generation of ammonia upon hydration, in water, equilibrium is established 

between ammonium ions and dissolved ammonia gas. Furthermore, 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 is a weak 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 temperature and pressure. Therefore, for ammonium salts the 

degree of generation of free-ammonia is correlated mainly to the solubility of this salt in 

water.  It is relevant to note that this chemical-physical property is influenced by 

temperature and pH (therefore it is also related to the chemical nature of the salt). 

 

ü Concerning the stability of the ammonium salts of interest, for the whole group of inorganic 

ammonium salts, extreme cases cannot be excluded concerning their behaviour upon 

hydration. For example, ammonium carbonate and ammonium bicarbonate present multiple 

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 routes. On the other hand other inorganic ammonium compounds, as for example, 

ammonium hexachloroplatinate, are poorly soluble (<1g /L) and relatively stable that 

ammoniaôs release patters are negligible. 

 

It should be noted, though, that the ammonium salts of interest for the cellulose applications are 

simple inorganic ammonium salts, therefore commonly, crystalline salts highly soluble in water 10 - 

500 g/L. Overall, their behaviour upon hydration and the mechanisms to release ammonia can be 

normally considered the same:  ammonia-water 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 in these cellulose applicationsé), the behaviour 

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 toxic-vigilance data. All cases were related to a recent 

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

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

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

form) and are mixed with cellulose fibers. The 11 tested cellulose insulation materials all presented 

in varying degrees ammonia emission profiles (from few ppm to more than 200 ppm), reflecting 

instability of ammonium salts in these products.  

 

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

impregnation, to compare with cellulose insulation results. For the same test conditions, only 

residual concentrations of ammonia have been detected (less than 1 ppm). Liquid impregnation 

leads to a better stabilization of ammonium salts compare to a mix 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 the Technical Specification CEN/TS 16516: "Construction products - 

Assessment of release of dangerous substances - Determination 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 in a defined reference room (see section B.9.3). 

Emissions are generated in the test chamber under conditions which are kept constant during the 

test. These conditions are selected so that the test results can be expressed in terms of chemical 

concentrations in the air of the reference room 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 humidity) and ventilation conditions. 

According to the standard, the temperature during the emission test shall be 23 ± 2 °C and the 

relative humidity (RH) as input to the emission test chamber of 50 ± 5 %. However, as wet 

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

the appearance of odors, a ñworst-caseò relative humidity of 90% is proposed to test the stability of 

ammonium salts. 

 

In France, the Observatory on Indoor Air Quality (OQAI) undertook in 2003 a national campaign 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 France. More than 30 parameters, including 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 is given 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: 

 

ü The relative humidity in the attic is closer to the relative humidity of the outside air than to 

that inside the building. 

ü 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. 

ü 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 particular) measured in various French regions, a quick review of the annual 

data from the French weather bureau (Météo France) collected in Nancy, Nice, Brest and La Pesse 

shows that: 

ü The relative humidity of the outside air is greater than that of the inside air, 

ü 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% has been chosen as ñworst-caseò to test the stability of ammonium salts. 
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Apart from the relative humidity which is a deviation from the CEN/TS 16516 standard, specific 

parameters are proposed regarding cellulose thickness and density.  

 

 

Insulation thickness varies among Member States depending on national weather conditions and 

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

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 2005). The range 10-30 cm seems the most 

realistic practice in European countries. 

 

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

 

The value of cellulose insulation density of 40 kg.m
-3

 corresponds to French practices for attic 

insulation. The amount of cellulose insulation implemented, was established from data 

communicated by ECIMA
9
 to CSTB (dated 12/11/2012). The very large majority of use of cellulose 

insulation was attic insulation by spreading the cellulose insulation on an open horizontal surface.  

 

The use by injection into the walls seems exceptional. On construction sites where complaints were 

observed (in France), the average quantity of cellulose insulation implemented was 12 kg.m
-2

 with 

an average thickness of 30 cm, giving a density of 40 kg.m
-3

.  

 

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 corresponds to most of health issues 

identified by toxic-vigilance in France. 

 

According to what was reported by CSTB institute on the analysis of ammonia emissions from 

cellulose insulation tested in 2013, all French cellulose isolation containing ammonium salts, which 

emitted ammonia under humidity rate of 90%, emitted during the first 14 days (see CSTB 

confidential annexes). Therefore, the duration of the whole test procedure for measuring ammonia 

emissions per each sample of cellulose insulation can be reduced to 2 weeks. CEN/TS 16516 

                                                 
9
 European Cellulose Insulation Manufacturers Association. 
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standard refer to the measurement of short-term emission at 3 days and the measurement of long-

term emission at 28 days after material installation in the test chamber. 

 

Specific ñcellulose insulationò test parameters proposed are summarized in the following Table: 

 

Parameters 
Reference room (according to 

ISO 16000 standards) 
Units 

Duration 14 d 

Temperature 23 +/- 2 °C 

Relative humidity 90 +/- 5 % HR 

« Attic insulation » area specific 

air flow rate 
1.25 m

3
.m

2
.h

-1
 

« Wall insulation » area specific 

air flow rate 
0.5 m

3
.m

2
.h

-1
 

Cellulose thickness / density
10

 30 cm / 40 kg.m
-3

 cm / kg.m
-3

 

Table 2: Specific ñcellulose insulationò test parameters proposed 

 

For the general population in this exposure situation, the proposed (ANSES) subacute-inhalation 

DNEL for irritation is 1.3 mg.m
-3 

(1.7 ppm). Considering ammonia concentration in living rooms 

are expected to be approximately two times lower
11

 compared to emissions measured in the 

dynamic ñworst-caseò test proposed here, the threshold of 3 ppm is proposed. 

This value is similar to the mean odour detection threshold (ODT) of 2.6 ppm calculated by Smeets 

et al. (2006). 

 

To conclude, the dynamic test at 90% RH can be used to verify the stability of the additives for such 

construction products treated with ammonium salts under conditions of high humidity that can be 

found in reality. CSTB tests have shown the technical feasibility of this test
12

: 

ü Some biobased construction products treated with ammonium salts pass these tests 

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). 

ü The 11 cellulose insulation products tested in this study and in a previous study all had 

varying ammonia emission profiles, thus reflecting the unstable nature of the ammonium 

salts additives in these products (from few ppm to more than 200 ppm). 

ü For these 11 products, the ammonia emissions were always released before 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. 

 

Regarding economical feasibility, this test is estimated to cost around 1000 euros per material 

placed on the market. This cost has been included in the socio-economic analysis (section F). 

 

 

                                                 
10

 Parameters used in CSTB tests (based on data communicated by ECIMA - European Cellulose Insulation 

Manufacturers Association). 
11

 If the air flow conditions are the same in different test chambers used between these two types of tests, see section 

B.9.1. 
12

 See confidential annex (not published): development of a standardized method of characterization of ammonia 

emissions from building products treated with ammonium salts. CSTB. Final report (19 September 2013). Report SC-

2013-106. 
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RACôs Assessment  

 

RAC noted that the public consultation did not reveal further information on the standards for the 

thickness of cellulose insulation except the information that the average insulation thickness for 

cellulose insulation in Slovenia is 30 cm in roofs and attic and 22 cm in walls wood frame 

constructions. These values are within the range of 10-30 cm that was identified by the dossier 

submitter 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 principle, the transition period should give enough time to all relevant stakeholders 

(manufacturers, importers, wholesalers and retail sellers) to enable them to adjust their production 

and sales processes under technical, economic, practical and regulatory point of views once the 

proposed restriction has come into force, namely taking into consideration the fact that many 

manufacturers and installers of cellulose insulation are small and medium sized companies. 

On the other hand, for the implementation of this specific restriction proposal there is a need to be 

in coherence with the use of the article 129 which supports a short transitional period after entry 

into force of the restriction.  

The main reason why the cellulose insulation industry will need a transitional period is represented 

by the time needed to carry out the R&D  in order to develop a safe and environmental alternative 

formulation (e.g. boron and ammonium-free) with the same capacity of fire retardation if  the 

dedicated emission test show that the cellulose insulation releases ammonia over the threshold of 

the proposed restriction. 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 project should be available already by the end of 2014. 

 

From the stakeholdersô consultations it seems that, if alternative fire retardants would have to be 

added again as powder formulation, no major investment in new machinery nor major adaptations 

of the equipment seem to be required by the cellulose insulation industry. However, in some cases 

according to the chemical properties of the substances in the alternative blends, the production 

process might need to be slightly changed which could imply minor investment costs in order to 

ensure the technical feasibility.  

Considering the fact that cellulose insulation is a product that takes a lot of space, stocksô levels are 

relatively low. In average, during the stakeholdersô consultation, the volumes of final products 

stored by the European cellulose insulation industry were found limited to less than a week of 

production. Therefore, the depletion of stocks can be done quite quickly and it is not considered as a 

relevant element for establishing the transition period of the proposed restriction.  

The time required for the adoption of the testing method does not seem in contradiction with the 12 

months proposed by this restriction. According to the restriction proposed, no development of a 

harmonised EU standard on the measurement of ammonia emissions is needed but only an 

adaptation of the testing parameters.  

Some time could be needed for practical and regulatory reasons by responsible EU Public 

Authorities  to inform markets and all concerned actors (EU and non-EU authorities) about the 

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

 

The few importers of cellulose insulation could also need some time to inform non-EU suppliers 

(especially from Switzerland) and customers about the change in EU regulation and to take the 

necessary measures in order to comply with this restriction.  
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On the other hand, as 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 the exposure potential 

for the general public to ammonia and the costs that occupants will have to afford to re-insulate 

their housings.  

 

In coherence with the article 129 of REACH Regulation and for the reasons mentioned in Section 

D.3, a transitional period of 12 months is considered reasonable for cellulose insulation market 

operators and for public authorities to adapt to the requirements of the proposed restriction and to 

minimize the transaction costs related to dissemination of information and to perform voluntary 

compliance control measures. For the proposed restriction therefore a shorter transitional 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. 

 

 

RACôs Assessment  

 

RAC does support a transition time whereafter the restriction will enter into force. The Committee 

does not suggest a certain period as this decision should be taken by SEAC taking into account 

when an appropriate testing method will 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 that the testing method proposed by the dossier submitter (CEN /TS 16516 

that was developed for volatile organic compounds) could in principle be used for inorganic 

ammonia salts. However the Commissionôs consultation of the CEN experts in Dec 2014/Jan 2015 

also revealed that the conditions of the test chamber may need some adaptations to be used for 

testing of inorganic compounds.  

 

 

 

- Any derogations, conditions and/or monitoring obligations  

 

Cellulose insulation can be installed indoor 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) applications. However, in practice 

it seems very difficult to ensure that this type of cellulose insulation, that is exactly the same as that 

meant to be installed indoor (use of material in internal wall), would not be installed inside the 

living environment, namely if such products would become less expensive than the others. Forum 

will assess the enforcement problems related to this option of labeling for outdoor cellulose 

insulation and RAC and SEAC will assess if an exemption should be foreseen. However, for the 

dossier submitter of the proposed restriction no exemptions should be foreseen as 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 substances - Determination of emissions in indoor air". 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 humidity) and ventilation conditions. This European Reference Room corresponds 

to a little living room and is not directly applicable in this proposal for industrial premises, 
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warehouses, commercial areas or places of public assembly (different dimensions and ventilation 

conditions). 

 

Concerning the monitoring obligation, the detection limits of the analytical methods must be 

sufficient to respect the proposed ammonia threshold. 

 

RACôs Assessment  

 

During the public consultation Industry made a request for Committee to consider a derogation 

from the restriction for article solely intended for outdoor use e.g. cladding. RAC considers such 

applications due to their shape and design cannot be installed indoors and may not contribute to the 

indoor exposure. 

 

 

 

A.2 Summary of the justification 

A.2.1 Identified hazard and risk 

 

The insolation with cellulose insulation represents a minority part of the market for insulation, but 

its growth is exponential. Until end of 2011 most of the cellulose insulation was treated with boric 

acid / borates in France for biocidal and flame retardant properties. Ammonium salts were used as 

alternatives because of reprotoxicity classification (Repr. 1B) of boric acid / borates. 

 

However, in France
13

 it was decided to ban adjuvanted cellulose with ammonium salts because 

these salts might lead, under certain conditions (especially of humidity), to ammonia emissions. 

Due to the high volatility of ammonia, it spreads preferentially in the attic rather than residential 

premises but may enter the living rooms. 

 

Hazard 

Acute and chronic toxicity of ammonia via the inhalation route is mainly due to the irritating effects 

of the substance, in the airway or ocular mucosa.  

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

 
Concentration of NH3 in ppm in the air  Probable effects from acute exposure  

< 1 - 17 Limits to olfactory detection (habituation) 

5-20 Discomfort in non-accustomed individuals 

25-50 Slight irritation in nose and throat 

50-80 Mild irritation in eyes and throat 

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

2500 - 4500 (accident) 
Bronchospasm, pulmonary oedema, fatal in approximatively 

30 min 

10,000 (accident) 
Rapid death by suffocation and pulmonary oedema, skin 

damage due to corrosivity 

Table 3: Summary of dose-effect relationship for ammonia (inhalation exposure) 

 

                                                 
13

 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 selected human health risk values (HRV) found in the literature and the DNEL 

derived by the lead registrant for the general population are therefore all based on these effects. 

The (ANSES) subacute inhalation DNEL of 1.3 mg.m
-3

 (1.7 ppm) used in this proposal is also 

based on this critical effect, taking into account susceptible population sub-groups such as 

asthmatics. 

 

Exposure and risk 

Few data regarding ammonia exposure of general population is available in relationship with 

cellulose insulation. Dynamic tests performed by the French Institute CSTB have verified the 

stability of additives for such materials treated with ammonium salts, in conditions of high humidity 

(at 90% RH) that may be encountered in reality. All  11 tested cellulose insulation materials 

presented in varying degrees ammonia emission profiles (from few ppm to more than 200 ppm), 

reflecting instability of ammonium salts in these products. 

 

Ammonia concentrations have been calculated using the Well-Mixed Room (WMR) model and 

results of CSTB tests. In particular the statistical distribution of the levels of relative humidity 

(weekly average) measured inside French housing and ammonia emission rate for the less stabilized 

cellulose insulation tested have been used (worst-case approach). Risk characterizations ratio (RCR) 

calculated with these exposure estimates and with the proposed subacute inhalation DNEL for 

irritation are above 1. 

 

The number of exposed persons is subject to great uncertainty given the uncertain future 

development of this young market and in view of the eventual changes of the specific concentration 

limit value of boron compounds in mixtures. The boron-based formulations (blends including, 

among other substances, boric acid and/or borax) dominate the market (around 95%) and are the 

most used compounds in the different formulations added to cellulose insulation manufactured 

within (and outside) the European Union. 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%, both produced and imported). 

 

French toxic vigilance data identified in 2012 and in the first semester of 2013 about 40 people 

showing irritation of the upper airways, cough, and/or bronchospasm symptoms. In few cases the 

symptoms were more severe such as asthma decompensation. Over the same period, 20,000 

housings were insulated in France. Near the odour threshold, persons exposed to ammonia can 

experience annoyance and believe the odour to be a nuisance. A Manufacturers Association 

(ECIMA) identified more than 100 complaints in France and on Internet forums many complaints 

were made, indicating that toxic vigilance data could be underestimated. 

 

Other possible sources of ammonia 

Ammonia is used in household cleaners, floor waxes and window cleaning products. Household 

ammonia cleaners typically contain lower levels of ammonia (between 5 and 10% in water). 

However, for each French toxic vigilance dossier, people lived in a house insulated recently with 

cellulose insulation. It could be a new building or an old renovated housing. For each situation one 

or more exposed person smelled a characteristic odour of ammonia gas ("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 symptoms - when they were present - and a rapid 

disappearance of the unpleasant odour. 

Despite the lack of robust measurements data, the French committee of toxic vigilance coordination 

CCTV has considered ï in the majority of the cases - likely the causality of cellulose insulation with 

regard to the origin of symptoms (see annexes 3 and 4). 
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A.2.2 Justification that action is required on a Community-wide basis 

 

The proposed restriction covers cellulose insulation containing ammonium salts and placed on the 

European market. 

 

The justification to act on a Community-wide basis origins from the need to avoid different 

legislations among the Member States with the risk of creating unequal market conditions:  

¶ The proposed restriction would remove the potentially distorting effect that current (French) and 

potential future national restrictions may have on the free circulation of goods; 

¶ Regulating ammonia emisions from cellulose insulation through Community-wide action ensures 

that all producers in different Member States are treated in an equitable manner; 

¶ Acting at Community level would ensure a ólevel playing fieldô among all producers and 

importers of the cellulose insolation. 

 

Although no health cases due to emitted ammonia were found in other Member States than France 

up to date, there is no reason to believe that ammonium salts used in cellulose insulation in other 

EU Member States could not develop similar heath issues in the future. Several cases of ammonia 

exposure have been reported from treated cellulose insulation in the US. 

 

 

RACôs Assessment  

 

RAC agrees that the restriction as proposed by this dossier is justified on a Community-wide basis.  

 

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 cellulose 

insulation with ammonium salts. Although no cases were reported from 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 appropriate Community-

wide measure 

 

In summary, the main conclusion of the analysis on the effectiveness/risk reduction capacity of the 

proposed restriction, as indicated in section E, are: 

¶ 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 expected to regulate the exposure to indoor ammonia emissions from 

cellulose insulation containing ammonium salts. 

¶ The proposed threshold for ammonia emission is 3 ppm based on the subacute inhalation 

DNEL for general population should not represent a complete ban, as confirmed by several 

stakeholders (cellulose insulation manufacturers and formulators). 
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¶ Implementability: in the best case (no emission from the European cellulose insulation 

containing ammonium-based formulations) the implementation by the industry will only 

consist in proving through emission tests the lack of ammonia emissions. If this would not 

be the case, the stabilization of ammonium-based blends remains a feasible option (this fact 

is confirmed by formulators). Moreover, even if  boron is not considered by the DS as a 

desirable option, currently it still remains for the industry the best technically, economically 

and legally feasible option. Therefore, in all cases, there are no concerns regarding 

implementability of this restriction given the possibility to stabilize and given the 

availability of boron-based formulations although this option is not desirable under a health 

view point. Industry actors concerned will be able to comply with this restriction at least in 

the short run by using boron, while consumers could decide to choose another cellulose 

insulation material.  

¶ Coherence with art. 129: given the existence of an economically and technically feasible 

(although not desirable) alternative blend and the possibility to further stabilise ammonium-

based formulations, the restriction shall be applicable 12 months after amendment of Annex 

XVII of the REACH Regulation enters into force.  

¶ Proportionality:  if the current cellulose insulation on the EU market does not emit 

ammonia, as claimed by the industry, the main cost elements of the proposed restriction 

would be reduced only to the cost of testing ammonia emissions (around 1000 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 formulations and the additional price of the 

formulations, in front of a risk reduction capacity of 100%. Moreover, as in the future it can 

be expected that the specific concentration limit of boron compounds could be lowered from 

5.5% to 0.3% this restriction would leave a door open to the main currently existing 

alternative blend based on ammonium salts without condemning the cellulose insulation 

industry
14

. Therefore in terms of proportionality versus risk reduction capacity, this option is 

considered to be the most proportional measure (estimated total cost values at EU level).  

¶ Enforceability: the compliance to this restriction on ammonia emissions from cellulose 

insulation by all relevant actors (producers, importers, and distributors) can be checked by 

the responsible authorities. The required control of producers, importers, and distributors is 

in line with regular monitoring procedures and shouldnôt entail any specific challenge.  

¶ Monitorability:  results of the implementation of this restriction on ammonia emissions 

from cellulose insulation may be primarily monitored through enforcement by measuring 

the ammonia emissions from cellulose insulation materials which are placed on the EU 

market. Tailored indicators such as ñNumber of cellulose insulation which emit ammonia 

above the established limitò or ñNumber of RAPEX notifications related to cellulose 

insulation emitting above the established limitò or ñNumber of dossiers opened by Poison 

Centres related to health cases from cellulose insulationò can be suggested in order to assess 

the effects of this restriction proposal. 

 

As reported in section C, among all the existing techniques or process changes to be combined with 

the use of the available ammonium-based formulations in order to avoid/reduce ammonia emissions 

(such as degassing/or a standard storage period prior to use, vapour barriers, liquid impregnation, 

etc.) are not sufficient to address the problem only the stabilization of the blends seem effective in 

terms of risk management and economic proportionality. 

 

                                                 
14

 Communication of ECHA on Boric acid, Disodiumoctaborate tetrahydrate, Disodiumoctaborate anhydrate, 21 March 

2014: http://echa.europa.eu/fr/view-article/-/journal_content/title/rac-delivers-sixteen-clh-opinions 
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Based on the arguments described in section E, it is concluded that a restriction based on ammonia 

emission under REACH Regulation is the most realistic, effective and proportionate option to 

manage the health risks related to ammonia emission from cellulose insulation. 

 

The proposed option establishes a ban on the placing on the market of all cellulose insulation (no 

matter if intended for indoor or outdoor use) emitting more than 3 ppm of ammonia within 12 

months after adoption (i.e. phase-out by beginning of 2017). Analytical methods exist for 

determining the emissions of ammonia from cellulose insulation based on technical specification 

CEN/TS 16516. The harmonization at European level of the proposed test method, including 

sampling and sample preparation techniques, is recommended in order to guarantee the reliability 

and reproducibility of analytical results across Member States. 

This option seems a fair option for the industry as it leaves a door open for the use of ammonium 

salts in stabilized blends if the manufacturer of cellulose insulation demonstrates that it does not 

emit more than the established limit. This means that those manufacturers who would have 

succeeded to stabilize their ammonium based formulations would be allowed to keep placing on the 

market their cellulose insulation.  
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B. Information on hazard and risk 

B.1 Identity of the substances and physical and chemical properties  

B.1.1 Name and other identifiers of the substances 

 

Inorganic ammonium salts are added to cellulose insulation for their flame retardant properties. 

Such ammonium salts identified are the following: 

 

- ammonium sulphate [CAS No 7783-20-2]  

- ammonium dihydrogenorthophosphate [CAS No 7722-76-1] 

- diammonium hydrogenorthophosphate [CAS No 7783-28-0] 

 

Other salts may be used
15

, such as ammonium chloride, sulfamate, polyphosphate or bromide. For 

most manufacturers, the exact composition of the additives is unknown: it is therefore not possible 

to establish an exhaustive list of ammonium salts that are used as flame retardant in cellulose 

insulation.   

 

The substance of concern is ammonia, anhydrous [CAS 7664-41-7]. This section focuses 

therefore on that substance: 

 

Substance name: ammonia, anhydrous 

IUPAC name: ammonia  

EC number: 231-635-3 

CAS number: 7664-41-7 

Molecular formula: H3N 

 

B.1.2 Composition of the substance 

 

Not relevant for this proposal. 

 

B.1.3 Physicochemical properties 

 

Data mainly obtained from the public registration on the ECHA website 

(http://echa.europa.eu/web/guest/information-on-chemicals/registered-substances; date of access 

November 28
th
 2013). 

 
Property Value Remarks 

Molecular weight 17.03 g/mol  

Physical state at 20°C and 

101.3 kPa 

gaseous Colourless, ammonia-like odour 

Melting/freezing point -77.7 °C  

Boiling point -33 °C  

Vapour pressure 8611 hPa at 20°C  

Surface tension No data are available for 

anhydrous ammonia 

This endpoint is waived in accordance with 

Column 2 of Annex VII of the REACH 

Regulation as the substance is a gas at room 

temperature. 

                                                 
15

 Flame Retardants: A General Introduction. WHO IPCS, Environmental Health Criteria 192. 1997. 
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Property Value Remarks 

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

Partition coefficient n-

octanol/water (log value) 

0.23 at 20 °C  

Flash point No data are available for 

anhydrous ammonia 

This endpoint is waived in accordance with 

Column 2 of Annex VII of the REACH as the 

substance is an inorganic gas 

Flammability / Explosive 

properties 

Flammable gas Anhydrous ammonia was found to be 

flammable, with a lower explosion limit of 16% 

and an upper explosion limit of 25% 

Self-ignition temperature 651 °C  

Oxidising properties Not predicted to be 

an oxidising agent 

This endpoint is waived in accordance with 

Column 2 of Annex VII of the REACH 

Regulation as the substance is incapable of 

reacting exothermically with combustible 

materials on the basis of its chemical structure 

Granulometry Not relevant This endpoint is waived in accordance with 

Column 2 of Annex VII of the REACH 

Regulation, as the substance is a gas 

Stability in organic solvents 

and identity of relevant 

degradation products 

No data A waiver is proposed for this endpoint in 

accordance with column 2 of Annex IX of the 

REACH Regulation as the substance is inorganic 

Dissociation constant 9.25 at 25°C  

Viscosity Not relevant as the 

substance is a gas 

 

Conversion factor: 1 mg/m
3
 = 1.414 ppm (v/v) 

 

Table 4: Physicochemical properties of anhydrous ammonia 

 

B.1.4 Justification for grouping  

 

This restriction proposal addresses inorganic ammonium salts. For most manufacturers, the exact 

composition of the additives is not publicly available: it is therefore not possible to establish an 

exhaustive list of ammonium salts that are used as flame retardant by the cellulose insulation 

industry. The grouping of ammonium salts is justified since their use in cellulose insulation for their 

flame retardant properties might lead, under certain conditions ï especially of humidity, to 

ammonia emissions which is the substance of concern of this proposal.  

 

RACôs Assessment  

 

During the public consultation information was received with respect to the various forms of 

inorganic ammonium salts on the market. Two distinct categories of salts were identified  

 

(1) Short-chain (low cost ú1, 000 per tonne) ammonium phosphate compounds covering Mono, 

Di and Tri-ammonium phosphates which are primarily used as fertilisers because they 

release ammonia readily. 

  

 

(2) Ammonium poly-phosphates (ú3,000-ú5,000 per tonne). The public consultation comment 

indicated that ammonium poly-phosphate, have been developed specially for the flame-

retardant industry. 
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Information in the dossier on the exact type of ammonium salt used is quite limited to determine if 

there is any differentiation between short chain & long chain phosphates. While some types of 

ammonium salts may be more prone to emit ammonia under the right conditions than other types. 

Overall, for the majority of inorganic ammonium salts (incl. ammonium sulphates and 

polyphosphates) behaviour upon hydration and the mechanisms to release ammonia can be 

considered as quite similar. Therefore, in the absence of such evidence (e.g. on low emittors) and 

insufficient data RAC agrees to a general emission limit and a grouping approach for inorganic 

ammonium salts. 

 

 

B.2 Manufacture and uses  
 

Cellulose insulation is composed of around 85-90% fibers from recycled paper (mostly newspapers, 

phone books, shipping boxes, etc). The remaining 10-15% is composed of a blend of fire retardants 

and anti-fungal agents. Loose-fill cellulose insulation is therefore considered as a mixture. Cellulose 

insulation compressed in rigid or semi-rigid 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 Material Safety Data Sheets consulted varies strongly 

among manufacturers. The following examples show detailed and less detailed information 

provided in the MSDS of some cellulose insulation: 

ü 88 % cellulose insulation + 12 % ammonium dihydrogenorthophosphate [CAS No 7722-76-

1].  

ü 91 % cellulose insulation + 9 % ñmineral nitrogen saltò.  

ü Cellulose insulation + ñflame retardantò or ñproprietary blend of inorganic flame retardantò.  

 

In these reported cases the mixture in not classified according to CLP Regulation 2008/58/EC (as 

inorganic ammonium salts are not classified). 

 

For confidentiality reasons, only scarce information were obtained on the exact ammonium-based 

formulations used (including exact type and amounts of ammonium salts and biocides used) in 

cellulose insulation production inside and outside the EU. The type and relative percentages of each 

substance used by manufacturers of cellulose insulation are likely to differ considerably depending 

on the national requirements for obtaining the Technical Approval in terms of biocide and flame 

retardation, on the strategic choices done by the manufacturer in terms of Euroclass, on the 

functions covered by the substances used and on relative prices. 

Confidential compositions of formulations tested by CSTB in 2013 are available in a separate 

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%, both produced and imported). 

The boron-based formulations (blends including, among other substances, boric acid and/or borax) 

dominate the market (around 95%) and are the most used compounds in the different formulations 

added to cellulose insulation manufactured within (and outside) the European Union.  

According to several formulators, a typical boron-based formulation is 4% boric acid + 8% 

aluminium hydroxide / trihydrate or magnesium sulphate as the most used fire retardants for 
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cellulose insulation. Boron compounds are used in the limit of their specific concentration limit 

(according to CLP Regulation). 

 

 

B.2.1 Manufacture, import  and export of a substance  

 

Manufacture 

 

The production process of cellulose insulation widely used all around Europe starts with recycled 

newsprint/paper, which is initially ground down into small bits, around 5 cm long. Afterward the 

paper is sorted out and waste - such as plastic wrapping, metals (staples...) - is removed.  

Next, additives are added to aid in fire-retardation and to prevent mould growth. The blends t of 

additives are in the form of powder (solid form) and are mixed with fibers. This process may be 

followed by a high speed fiberization process by a grinder that diminishes the size of the fibers to 

about 4 mm. Lastly, the insulation obtained is weighed and compressed (to maximize the amount 

transported and reduce transportation costs) before being bagged. 

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

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

 

 
Figure 2: Cellulose insulation manufacturing (NrGaïa website, 2013) 

 

From one plant to another the manufacturing process is not exactly the same, although all main 

phases are very similar. For example, some plants use refiners that reduce additives into very fine 

powder while others use the blends of additives exactly as delivered by the formulators. If the blend 

powder would be too fine it could block the machineries (distribution, aspiration or filtration 

systems).  

 

According to the European Cellulose Insulation Association (ECIA), the overall estimated 

European production of the cellulose insulation is of around 250,000 tonnes per year. The 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 around 100 million of Euros 

per year.  

The following Table presents the number of identified producers of cellulose insulation inside the 

EU, estimation of the number of employees in production of cellulose insulation in the EU and the 

share of EU production in the internal market.  

 
 Inside the EU Outside the EU but 

exporting to the EU 

Number of identified producers of cellulose insulation 40 10 

Number of identified producers of cellulose insulation with 

ammonium salts 

6 ? 

newsprint/papersupply grinding filtration refining additives packaging



BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON 

INORGANIC AMMONIUM SALTS 

 

30 
 

 

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

Number of employees in production of cellulose insulation 400-500 ? 

Number of employees in production of cellulose insulation 

with ammonium salts 

25 ? 

Table 5: Main data on the production of cellulose insulation inside the EU 

 

 

Employment 

 

Based on indications from a stakeholder, ANSES assumes that between 400 and 500 staff is directly 

employed in producing cellulose insulation products in the EU. This estimate is based on simple 

equation suggested by the industry. To produce 10,000 tonnes per year around 12 people are needed 

in the production department, two people are needed in the office and 5 people in the selling 

department. This gives 17 people per 10,000 tonnes per annum. If the EU market of cellulose 

insulation is around 250,000 tonnes then a good estimate would be around 500 employees. 

However, highly automated production processes might considerably reduce the personnel needed 

for the production. 

Direct employment in the European production of cellulose insulation containing ammonium salts 

(estimated at around 15,000 t/year) should be around 25 persons. Indirect employment (distributors 

and installers) should be much larger but it is hardly feasible to 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 insulation when it is transported. 

Therefore, the cellulose insulation being imported into the EU or exported outside the EU 

represents a very little share of the market. Import and export flows seem to concern mainly 

neighboring countries such as Switzerland. 

  

According to ECIA
16

, 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 5% of the EU market 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 correct estimation. The main 

non-EU producer, Isofloc from Switzerland, claims not using ammonium salts in its production that 

is exported to Austria, Italy and France, but other smaller non-EU producers exporting to the EU 

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

 

 

Second hand market  

 

Although cellulose insulation is 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 different building will not remove their insulation from 

the old place to the new one. 

 

 

                                                 
16

 European Cellulose Insulation Association. 
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B.2.2 Uses 

 

Cellulose insulation is used in wall and roof cavities (attic) to separate thermally and acoustically 

the inside and outside of the building. 

 

The common standard by which insulation is measured, R-value, is the level of resistance to heat 

flow. R-value measures conductive resistance ï the ability of a material to impede the flow of heat 

along the continuous chain of matter that makes up a solid material. Most of a homeôs heat is 

typically lost through conduction. Cellulose is not unusual in this regard. Like many insulation 

materials, it provides an R-value of approximately R-3.5 per inch of thickness. The higher the R-

value, the greater the insulating effectiveness. 

 

The most common types of materials used for loose-fill insulation 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 newsprint. Most fiberglass contains 20% to 30% 

recycled glass. Mineral wool is usually produced from 75% post-industrial recycled content. These 

three materials can be compared as such
17

: 

ü Cellulose: R-value/inch = 3.2ï3.8 

ü Fiberglass: R-value/inch = 2.2ï2.7 

ü Rock Wool: R-value/inch = 3.0ï3.3 

 

Depending on insulation needs and the building, there are several methods of application: 

 

1- Spreading in the open air or blowing cellulose insulation 

Spreading the air was performed by blowing dry the fibers on an open horizontal surface. At a 

density of between 30 and 40 kg/m
3
, cellulose insulate floors and uninhabitable attics. 

 

 
Figure 3: Illustration of spreading in the attic (NrGaïa website, 2013) 

 

The use of this method requires special attention to the design of the partition to prevent dampness 

and condensation by penetration. 

 

2- Insufflation or injection of cellulose insulation 

Dry cellulose insulation can be insufflated / injected with a density between 45 and 70 kg/m
3 
under 

pressure to a closed horizontal or vertical surface. 

                                                 
17

 Source: US Department of Energy. http://energy.gov/energysaver/articles/types-insulation 
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This method has a good ability to complete and fill the empty space with a seamless insulating layer 

and without compaction. Cellulose insulation may be applied for floors, walls and partitions. 

 

 
Figure 4: Illustration of injection of cellulose insulation (NrGaïa website, 2013) 

 

3- Flocking or wet screening of tissue 

The flocking of tissue involves projecting the wetted material (with or without natural binder) at a 

density between 40 and 50 kg/m
3
 on open vertical and horizontal walls (limited thickness). 

The flocking of cellulose insulation provides a compact surface and without any subsidence. 

 

 
Figure 5: Illustration of cellulose insulation flocking (NrGaïa website, 2013) 

 

Cellulose insulation may also be used as articles (semi-rigid panels), as illustrated in the following 

figure. 
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Figure 6: Illustration of cellulose insulation panels 

 

Cellulose insulation is flammable, and prone to smoldering. In order to prevent flaming or 

smoldering combustion, cellulose insulation is treated with flame retardant additives. 

 

Ammonium salts are used as additives of such materials for their flame retardant properties. This 

use corresponds to the scope of this restriction proposal. 

The mechanism for imparting durable flame retardation to cellulose is that of increasing the 

quantity of carbon, or charcoal, formed instead of volatile products 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 effective, as are Lewis acids and bases, either by themselves or when formed in 

combustion (WHO 1997). 

 

To illustrate that property, ammonium salts such as monoammonium phosphate or ammonium 

sulphate are used in some fire extinguishing powders. 

 

Ammonium salts have 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 additives in the cellulose insulation for their flame retardant 

properties. This use corresponds to the scope of this restriction proposal. The use of ammonium 

salts as flame retardants in any other type of insulation, any other mixture or article is not covered 

by this restriction proposal. Moreover, other uses of ammonium salts, are also not covered by the 

restriction proposal.  
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B.3 Classification and labelling 

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

(CLP Regulation) 

 

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

 

CLP Classification (Table 3.1): 

Press.Gas 

Flam. Gas 2 ï H221 (Flammable gas) 

Skin Corr. 1B ï H314 (Causes severe skin burns and eye damage) 

Acute Tox. 3 ï H331 (Toxic if inhaled) 

Aquatic Acute 1 ï H400 (Very toxic to aquatic life) 

 

 B.3.2 Classification and labelling inventory: industryôs self classification(s) and 

labelling 

 

Other Hazard Classes and Hazard Statement Codes notified according to CLP criteria and 

mentioned in some of the 38 Aggregated Notifications (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 half-life 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 deposition (HSDB
18

). 

 

 

 B.4.2 Environmental distribution 

 

Not relevant in that proposal. 

 

 B 4.3 Bioaccumulation 

 

Not relevant in that proposal. 

 

 B.4.4 Secondary poisoning 

 

Not relevant in that proposal. 

 

 

                                                 
18

 Hazardous Substances Data Bank. Website consulted on November 2013. http://toxnet.nlm.nih.gov/cgi-

bin/sis/htmlgen?HSDB 

http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB
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B.5 Human health hazard assessment  
 

Ammonia (CAS No 7664-41-7) 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 endogenously-produced ammonia suggests that any NH4
+
 

absorbed 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 glutamine and urea. 

 

This section does not present a full hazard assessment of ammonia, as this substance has already 

been subject to numerous reviews and risk assessment reports (e.g. ATSDR 2004, WHO IPCS 

1986). In the following, endpoints are presented and briefly discussed only if they are relevant for 

this restriction proposal. Moreover, this section focuses on inhalation route which is the most 

appropriate route for a gas in this restriction proposal. Local airways effects are also especially of 

concern as this restriction proposal comes from toxic-vigilance data: mainly symptoms of mucosal 

irritation (nose, eyes, throat) and airways (cf section B.10 risk characterization). 

 

Most of the information presented in this section is based from the following sources: 

V Toxicological profile for ammonia, ATSDR, September 2004 

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

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

V Chemical Safety Report, Lead Registrant of ammonia (anhydrous), August 2010 

V Risks related to gaseous emissions of green algae to the health of surrounding populations, 

walkers and workers. ANSES. June 2011 (French) 

V The Nordic Expert Group for Criteria Documentation of Health Risks from Chemicals: 137. 

Ammonia. NR 2005:13 

 

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. Absorption data from human inhalation exposure support that only small amounts of 

ammonia are absorbed into the systemic circulation (Silverman et al. 1949; WHO 1986).  

 

At low concentrations, inhaled ammonia dissolves in the mucous fluid lining of the upper 

respiratory tract and little reaches the lower airways. At ammonia levels associated with ambient air 

(i.e., 1 - 200 ɛg.m
-3

), very little, if any, is absorbed through the lungs. 

Experiments with volunteers show that ammonia, regardless of its tested concentration in air (range 

= 40ï350 mg/m
3
), is almost completely retained in the nasal mucosa (83ï92%) during short-term 

exposure, i.e., up to 120 seconds (Landahl and Herrmann 1950). However, longer-term exposure 

(10ï27 minutes) to a concentration of 350 mg/m
3
 resulted in lower retention (4ï30%), with 244-279 

mg.m
-3

 eliminated in expired air by the end of the exposure period (Silverman et al. 1949), 

suggesting an adaptive capability or saturation of the absorptive process. Nasal and pharyngeal 

irritation, but not tracheal irritation, suggests that ammonia is retained in the upper respiratory tract. 

Unchanged levels of blood-urea-nitrogen (BUN), non-protein nitrogen, urinary-urea, and urinary-

ammonia are evidence of low absorption into the blood. 
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Absorption (through the eye) 

Ammonia is readily absorbed into the eye; it was 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 absorption into 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 transformed into urea and glutamine. 

Information on the distribution of endogenously-produced ammonia suggests that any NH4
+
 

absorbed 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 glutamine and urea. If present in quantities that 

overtax these organs, NH4
+
 is distributed to other tissues and is known to be detoxified in the brain 

(Takagaki et al. 1961; Warren and Schenker 1964). 

 

Metabolism and elimination 

Ammonia and ammonium ion are metabolized to urea and glutamine mainly in the liver (Fürst et al. 

1969; Pitts 1971). However, it can be rapidly converted to glutamine in the brain and other tissues 

as well (Takagaki et al. 1961; Warren and Schenker 1964). Studies using low levels 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 released back into the expired air. 

Absorbed ammonia into the systemic circulation is 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 et al. 1975), and as components of sweat (Guyton 1981; Wands 

1981), but quantitative data are lacking.  

 

B 5.2 Acute toxicity 

 

There are many cases of human deaths resulting from inhalation of ammonia reported in the 

literature (as reviewed in ATSDR 2004). Most of these reports relate acute accidental exposure to 

ammonia gas. A review of the old literature on ammonia toxicity cites acute exposure to 5,000ï

10,000 ppm as being rapidly fatal in humans (Henderson and Haggard 1927; Mulder and Van der 

Zalm 1967) and exposure to 2,500ï4,500 ppm as being fatal in about 30 minutes (Helmers et al. 

1971; Millea et al. 1989). Immediate deaths resulting from acute exposure to ammonia appear to be 

caused by airway obstruction while infections and other secondary complications are lethal factors 

among those who survive for several days or weeks. 

 

Several studies on human acute toxicity are also available. 

In an inhalation exposure study (Silverman 1949), 7 male human volunteers were exposed to 

ammonia at a concentration of 500 ppm for 30 minutes using an oral-nasal 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 by oro-nasal mask. No coughing 

was noted. 

In an inhalation exposure study, six humans were exposed to 30 and 50 ppm for 10 minutes (Mac 

Ewen et al. 1970). Four out of six human subjects described moderate irritation of the nose and eyes 

when exposed to 50 ppm (but not 30 ppm). All of the subjects rated the odor as ñhighly penetratingò 

at 50 ppm and 3 subjects gave the same rating to 30 ppm. 
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In another study, ten human subjects were exposed for 5 minutes to concentrations of 32, 50, 72 or 

134 ppm in a dynamic chamber. 3 subjects exposed to 72 ppm of ammonia gas for 5 minutes 

experienced eye, nasal, and throat irritation (Industrial Bio-Test Laboratories 1973). 

 

More recently, a study investigated the acute respiratory effects of low ammonia exposure on 

healthy persons (Sundblad B-M 2004). Twelve 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 were registered repeatedly before, during, and after the exposure 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 lavage was performed, 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 of exhaled 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 ammonia some of the ratings (discomfort of the eyes, solvent 

smell, headache, dizziness, and feeling of intoxication) were significantly increased. Furthermore, 

for all the ratings except ñfatigueò and ñfeeling of intoxicationò, there was a clear and significant 

doseïresponse relationship. 

 

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 nearly 64% lethality in rats, whereas 

intermittent exposure (5 days/week, 8 hours/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 ammonia (Appelman et al. 1982; Stupfel et al. 1971). Animals 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 that acute-duration exposure to 

ammonia can result in site-of-contact lesions primarily of the eyes and the respiratory tract. Even 

fairly ñlowò airborne concentrations (35 mg.m
-3

, i.e. 50 ppm) of ammonia produce rapid onset of 

eye, nose, and throat irritation, coughing, 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 be more vulnerable 

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

 

Ammonia is classified Acute Tox. 3 ï H331: Toxic if inhaled. 

 

 

B 5.3 Irritation  

 

The irritant properties of ammonia have been 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 damage caused 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, and eyes, forming ammonium hydroxide, which causes liquefaction necrosis of 

the tissues (Jarudi and 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 the exposed, moist epithelial surfaces 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 cases of accidental 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 most persons for 30ï60 minutes. Acute exposure to higher levels (500 

ppm) has been 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 hydroxyl ions (ATSDR 2004).  

 

The epidemiological study 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 parameters (FVC, FEV1, FEV1/FVC, FEF50, and FEF75)
19

 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 of their workweek (they completed a questionnaire on their work history and their 

symptoms and underwent spirometry at start and end of their position). Spirometry was performed 

at the beginning and end of each work shift, so that each worker had four tests done. To 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 average) exposure concentration was 9.2 ppm (6.4 mg.m
-3

) and is 

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

(see construction methods below). 

 

In (Verberk 1977) study, sixteen volunteers - 8 experts (20-53 yr) and 8 non-experts (students, 18-

30 yr) - were exposed for 2 h to ammonia. Eight 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 non-science faculty and were not familiar with ammonia 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 inspiratory response 1s 

(FIV1) were determined. Before leaving the test chamber, every subject described at least one 

symptom as ñunbearableò; three times this was irritation of throat, two times urge to cough, and one 

time each for smell, irritation of eyes, nose or breast, headache, and general discomfort. All subjects 

perceived a hypo-esthesia 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) were recorded every 15 minutes and appeared more pronounced in the non-expert group; 140 

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

                                                 
19

 FVC: forced vital capacity. FEV1: forced expiratory volume in 1 sec. FEF: forced expiratory flow (50/75 = fraction 

remains of the forced vital capacity). 
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ppm ammonia is not tolerable by those not acclimated to exposure, due to irritant effects. It is noted 

that at the lowest concentration, no significant deterioration of lung function appears. Only eye 

irritations are present. The threshold of 50 ppm can be considered a LOAEC that protects the most 

important effects in the airways, despite the choice of tests used to characterize the pulmonary 

effects. 

 

Since ammonia is a respiratory tract irritant, persons who are hyperreactive to other respiratory 

irritants, or who are asthmatic, would be expected to be more susceptible to ammonia inhalation 

effects. The results 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 irritation, throat discomfort, and skin irritation (Ballal et al. 

1998). 

 

B 5.4 Corrosivity 

 

Ammonia has corrosive properties and is classified Skin Corr. 1B H314: Causes severe skin burns 

and eye damage. 

Dermal Corrosion is the production of irreversible damage of the skin; 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 properties, massive exposure to ammonia can cause eye damage, skin burns, severe 

inflammation of the respiratory tract (laryngitis, tracheobronchitis, and pulmonary oedema), and 

death. 

 

B 5.5 Sensitisation 

 

There is no data on skin sensitisation provided by the lead registrant of ammonia: no in vivo testing 

is indeed required if the substance is classified for corrosivity (REACH Regulation No 

1907/2006/EC, annex VII, 8.3). No data has been identified in the literature. 

 

Ammonia is not known to be a respiratory sensitizer. Several case reports describe occupational 

asthma that developed due to exposure to aerosols that contained ammonium compounds (Ballal et 

al. 1998; Lee et al. 1993; Weir et al. 1989). 

 

Exposure to ammonia may also result in an exacerbation of preexisting asthma. Shim and Williams 

(1986) surveyed 60 patients with a history of asthma worsened by certain odors. Nearly 80% 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 read-across compounds provide information on the systemic toxicity of ammonia and 

its salts (via oral route). 

A 4-week screening study in the rat with diammonium phosphate (confidential study report, 2002) 

revealed only minor effects on weight gain and clinical chemistry parameters. A NOAEL of 250 

mg/kg bw/d can be determined for this study, equivalent to 68 mg/kg bw/ammonia. A 90-day study 

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 225 mg/kg bw/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 (which results in an increased H+ concentration) rather than from a direct effect 

of ammonium ion on the kidney. Renal enlargement, increased blood ammonia content, and 

increased urinary ammonia have been reported in rats exposed to 180ï433 mg/kg/day for 3ï7 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 non-standard studies of various duration and in different 

species are available in the literature. The data indicate that the primary effect of exposure to 

inhaled anhydrous ammonia is local irritation of the respiratory tract. 

In (Broderson 1976) Sherman and Fischer rats were exposed to environmental ammonia, derived 

from natural sources for 75 days, or to purified 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.m
-3

 (148 ppm) for 75 days and 175 mg.m
-3

 (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 with M. pulmonis). 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. The LOEC was an average exposure level of 105 mg.m
-3

 for 75 days. 

 

In a 50-day study (Stolpe & Sedlag, 1976), male Wistar rats were exposed to two concentrations of 

ammonia gas (35 or 63 mg.m
-3

), continuously for 50 days. Concurrent controls remained untreated. 

There was no mortality at either concentration, and no treatment-related clinical effects were 

observed. No information on any local effects. Body weight gain and food intake, as compared to 

control values, were not significantly affected by ammonia exposure. At 63 mg.m
-3

 rats showed 

increased haemoglobin and haematocrit levels compared to controls. The NOAEC was 35 mg.m
-3

 

(50 ppm). 

 

B 5.7 Mutagenicity 

 

In vitro 

The mutagenicity of anydrous ammonia was investigated in a Ames test in S. typhimurium TA98, 

TA100, TA1535, TA1537 and TA1538) and in E. coli WP2 uvrA (Shimizu 1985). The test method 

(OECD Guideline 471) was modified appropriately to investigate a volatile test substance. Studies 

were performed in duplicate in the presence and absence of an exogenous metabolic activation 

system (Aroclor 1254 -induced male Sprague-Dawley rat liver S9 fraction). No evidence of 

mutagenicity was seen under the conditions of this assay: ammonia was negative for genotoxicity in 

S. typhimurium and E. coli with and without metabolic activation. 

 

Visek et al. (1972) noted reduced cell division in mouse fibroblasts cultured in media to which 

ammonia and ammonium 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 mice (OECD 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 chloride was determined by pilot experiments using 

the multisampling at multi-dose 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 stained. 1000 PCEs per animal were scored using a light microscope and the 

number of micronucleated erythrocytes (MnPCEs) recorded. No evidence of genotoxicity was seen 

under the conditions of this assay. 

 

Human data 

A single study examined the genotoxic effect of ammonia in humans (Yadav and Kaushik 1997). 

Analysis of blood samples from 22 workers exposed to ammonia in a fertilizer factory and 42 

control workers not exposed to ammonia showed increased frequency of chromosomal aberrations 

(CAs) and sister chromatid exchanges (SCEs), increased mitotic index (MI). Moroever, the 

frequency of CAs and SCEs increased with exposure duration. 

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 levels of ambient 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 properties of ammonia. 

 

B 5.8 Carcinogenicity 

 

One of 10 adult male mice exposed to a vapor of 12% ammonia solution for 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 adenocarcinoma 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, 1992) investigated the promoting activity of ammonia on stomach 

cancer in rats. No guideline was followed. The test material was administered as a 0.01% solution 

in water (i.e. aqueous ammonia) by oral route. After the rats were treated with 0.01% ammonia 

solution for 24 weeks there was a significantly higher incidence 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 the control 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 irritant and may consequently act as a promoter of gastric 

carcinogenesis. 

 

Carcinogenic effects would not be expected from exposures insufficient to cause irritant effects. 

There is no conclusive evidence that ammonia is carcinogenic, though it can produce inflammatory 

lesions of the colon and cellular proliferation, which could increase susceptibility to malignant 

change (JRC, 2005). 

Ammonia has not been evaluated and thus not classified for carcinogenic effects by the 

International Agency for Research on Cancer (IARC). 

 

B 5.9 Toxicity for reproduction 

 

A guideline-comparable two-generation study (equivalent to OECD 416) with ammonium 

perchlorate did not identify any effects on reproductive parameters (York et al, 2001). This study 

examines the effects of ammonium perchlorate on the male and female reproductive systems in rats, 

and on the growth and development of offspring. Adult Sprague-Dawley rats (30/sex/group) were 

given continuous access to ammonium perchlorate in their drinking water at doses of 0, 0.3, 3, and 

30 mg/kg/day. A read-across is proposed by the lead registrant of ammonia as ammonium 

perchlorate will dissociate in aqueous solutions to give ammonium and perchlorate ions.  

The study did identify effects on the parental thyroid associated with perchlorate 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 non-guideline farm animal reproduction study, no statistically 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 was identified regarding reproductive effects of ammonia in humans following 

inhalation exposure. 

 

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

 

B 5.10 Other effects 

 

Immunological effects 

Secondary infections often complicate the clinical outcome of burns and respiratory lesions related 

to exposure to highly concentrated aerosols derived from anhydrous ammonia (Sobonya 1977; 

Taplin et al. 1976). However, there is no evidence that the decreased immunological resistance 

represents a primary impairment of the immune system in humans following exposure to ammonia. 

 

Nevertheless, studies in animals have shown that acute and long-term exposure to ammonia can 

decrease the resistance to bacterial infection and decrease immune response to infection. A 

significant increase in mortality was observed in mice exposed to ammonia for 168 hours followed 

by exposure to the LD50 of Pasteurella multocida (Richard et al. 1978). Exposure of rats to 

ammonia at Ó25 ppm for 4ï6 weeks following inoculation with Mycoplasma pulmonis intranasally 

significantly increased the severity of respiratory signs characteristic of murine respiratory 

mycoplasmosis (Broderson et al. 1976). Guinea pigs exposed to 90 ppm ammonia for 3 weeks 

developed a significant decrease in the cell-mediated immune response to challenge with a 

derivative of tuberculin (Targowski et al. 1984). 
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Furthermore, the response of blood and bronchial lymphocytes to mitogens (phytohemagglutinin, 

concanavalin A, purified protein derivative of tuberculin) was markedly reduced. The 

hemodynamic response (increased total pulmonary blood flow resistance) to E. coli endotoxins in 

the lungs of pigs was eliminated by exposure to up to 100 ppm ammonia for 6 days, which may 

affect the ability of the lungs to resist bacterial infection (Gustin et al. 1994). Also, a reduction in 

gamma globulin concentration was reported in pigs exposed to 100 ppm ammonia for 31ï45 days 

(Neumann et al. 1987). 

 

Odour perception 

Odour is characterized as sharp, pungent and intensely irritating. 

Reported odour threshold values range from 0.03 to 37.5 mg/m
3
 (0.041 to 53 ppm) with a geometric 

mean of 11.8 mg/m
3
 (17 ppm) (AIHA, 1989) 

 

Other estimates of odor thresholds for ammonia widely vary from 0.03-72 mg/m³ (Ferguson et al., 

1977; Henderson and Haggard, 1943; Ruth, 1986). Near the odor threshold, persons exposed to 

ammonia can experience annoyance and believe the odor to be a nuisance.  

 

Odor and lateralization (irritation) thresholds (LTs) for ammonia vapor were measured using static 

and dynamic olfactometry by (Smeets et al. 2006). The purpose of the study was to explore the testï

retest reliability and comparability of dynamic olfactometry methodology, generally used to 

determine odor thresholds following European Committee for Standardization guidelines in the 

context of odor regulations to outside emissions, with static olfactometry. Within a 2-week period, 

odor and LTs for ammonia were obtained twice for each method for 24 females. No significant 

differences between methods were found: mean odor detection thresholds (ODTs) were 2.6 ppm for 

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 disease may be susceptible to ammonia intoxication, 

as NH4
+
 is biotransformed and excreted primarily by these organs (Córdoba et al. 1998; Gilbert 

1988; Jeffers et al. 1988). Individuals with hereditary urea cycle disorders are also at risk 

(Schubiger et al. 1991). Levels that are likely to be encountered in the environment, with the 

exception of those resulting from high-level accidental exposures, are insignificant, due to the low 

absorption rate, in comparison with levels produced within the body (WHO 1986). 

 

Furthermore persons who are hyperreactive to other respiratory irritants, or who are asthmatic, 

would be expected to be more susceptible to ammonia inhalation effects. 

 

Dose-effect relationships in man after exposure to ammonia via inhalation 

The Nordic Senior Executive Committee for Occupational Environmental Matters initiated 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 occupational exposure limits. 

The document aims at establishing dose-response/dose-effect relationships and defining a critical 

effect based only on the scientific literature. For ammonia, the final version was accepted by the 

Nordic Expert Group in September 2005 with irritation as critical effect. 

 

The table below summarizes dose-effects relationships. 

 
Concentration 

(ppm) 

Duration No. of 

exposed 

Effect 
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Concentration 

(ppm) 

Duration No. of 

exposed 

Effect 

5 180 min 12 No upper-airway inflammation or increased bronchial 

responsiveness. Increased symptom ratings for discomfort in 

the eyes, solvent smell, headache, dizziness, and feeling of 

intoxication. Ratings correspond to ñHardly at allò 

9.2 (time-

weighted 

average) 

Chronic 

exposure 

58 No effects on respiratory or cutaneous symptoms, pulmonary 

function, or odour sensitivity 

0.03-9.8 Chronic 

exposure 

77 No effects on respiratory symptoms 

10-20 240 min 43 Increased symptom ratings in 33 non-habituated volunteers for: 

sum of symptom scores, and olfactory symptoms 

12 2 min 1 Asthma, rhonchi in both lungs 

16-25 30 min 6+8 Neither healthy subjects nor asthmatics showed significant 

change in pulmonary function or bronchial hyperreactivity 

25 180 min 12 No upper-airway inflammation or increased bronchial 

responsiveness. Increased rating for all symptoms: discomfort 

in the eyes, nose, throat and airways, breathing difficulty, 

solvent smell, headache, fatigue, nausea, dizziness and feeling 

of intoxication. Irritation ratings correspond to ñSomewhatò 

<=25 

(geometric 

mean) 

Chronic 

exposure 

138 Increased relative risk (95% CI) for wheezing 2.26 (1.32-3.88) 

>25 (geometric 

mean, maximal 

exposure level 

185 ppm) 

Chronic 

exposure 

17 Increased relative risk (95% CI) for cough 3.48 (1.84-6.57), 

wheezing 5.01 (2.38-10.57), phlegm 3.75 (1.97-7.11), 

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

20 and 40 240 min 

and 2x30 

min 

43 Increased symptom ratings in 33 non-habituated volunteers for 

sum of symptom scores, olfactory symptoms, irritative 

symptoms 

30 10 min 5 No irritation in 3/5 and ñjust perceptibleò irritation of eyes and 

nose in 2/5 

50 10 min 6 ñModerateò irritation of eyes and nose in 4/6 

50 240 min 43 Increased symptom ratings for sum of symptom scores, 

olfactory symptoms, irritative symptoms. Conjunctival 

hyperaemia in 3 of 33 (9%) non-habituated 

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 periods. 

Nasal irritation in 11/23 

110 120 min 16 VC, FEV, and FIV did not decrease more than 10%. Irritation 

in eyes and throat, cough 

140 <=120 

min 

16 VC, FEV, and FIV did not decrease more than 10%. 

Intolerable for 8/16 

>150  6 All subjects experienced lachrymation accompanied by dryness 

of the nose and throat during occasional excursions above 150 

ppm in semi-controlled exposures to ammonia in an 

ammonium bicarbonate plant 

1700 

(retrospective 

estimates) 

Accident  Coughing and laryngospasm along with oedema of the glottic 

region 

2500-4500 Accident  Fatal in approximately 30 min 
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Concentration 

(ppm) 

Duration No. of 

exposed 

Effect 

(retrospective 

estimates) 

10,000 

(retrospective 

estimates) 

Accident  Rapid respiratory arrest. Anhydrous ammonia in 

concentrations of 10 000 ppm sufficient to evoke skin damage 

Abbreviations: CI: confidence interval, VC: vital capacity, FEV: forced expiratory volume, FIV: forced inspiratory 

volume. 

 

Table 6: Dose-effect relationships in man after exposure to ammonia via inhalation (The Nordic 

Expert Group, 2005) 

 

 

RACôs Assessment  

 

 

Information on hazard(s) (as assessed by RAC on the basis of the dossier and additional 

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 treated 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.  

 

Exposed people from the sites insulated with cellulose insulation treated with inorganic ammonium 

salts were  examined in two studies (CCTV
20

, 2013a,b, Annex 3, 4). The French poison control 

centres (CCTV) found  respectively 15 (of 19 exposed) people and 22 (of 43 exposed) people had 

complaints (mainly mild or moderate symptoms of irritation of mucous membranes). The residents 

complained about irritation of the eyes, cough, nasal irritation, irritation of the pharynx, other 

respiratory signs (difficulty in breathing, bronchiolitis) and bronchospasm (listed in almost the same 

order of frequency in both studies).  

 

CCTV has considered in the majority of cases the causality of ammonia as likely to be caused by 

the cellulose insulation material that was treated with inorganic ammonium salts.  In some cases 

symptoms were reported to start 2-3 days after installation and persisted for up to 16 days after 

cessation of exposure. Symptoms disappeared following  removal of the insulation material. 

 

The dossier also reported that the ECIMA
21

 recorded 115 reports of complaints in France while 

many complaints were made on Internet forums. As the information given on the nature of the 

symptoms (either smell or/and irritation) and the likelihood of a link was not assessed, these records 

do not add to the overall evidence of residents suffering from irritation symptoms. The dossier 

submitter proposed that this information may support the number of cases being underestimated.  

 

The toxicity of gaseous ammonia related to the observed clinical signs was characterised as 

irritation to the respiratory tract and eyes following acute and sub-acute inhalation exposure (for 

days or some weeks). Summaries of other hazards resulting from systemically available ammonia 

                                                 
20  French committee of toxic vigilance . 
21  European Cellulose Insulation Manufacturers Association . 
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and from dermal and oral exposure are reported in the dossier. They were not considered for the risk 

assessment of this proposal as other hazards do not correspond to the local irritation effects on the 

mucous membranes. In this opinion the description of the hazards is targeted to the endpoint 

óirritation to the respiratory tract (and eyes)ô.  

 

There is no evidence from the observed occupational cases and from those residents making 

complaints, and living in houses that were recently insulated with cellulose insulation, that 

ammonia emissions were related to other health effects including de-novo generation of asthma. 

Asthma-like symptoms were observed in two out of five workers of a plumping company who 

experienced irritation symptoms after cellulose wadding insulation had been laid down at the 

construction sites (Annex 4 of the Background Document). The follow-up visit to a physician did 

not confirm that the asthma was related to the wadding material (negative challenge test) in one 

case, and in the other case the symptoms disappeared in a few weeks (which contradicts the 

diagnosis of asthma). Other studies mentioned in the dossier that referred to case reports of 

occupational asthma were of limited validity as individuals were not exclusively exposed to 

ammonia, provocation testing (confirming that ammonia was the monocause) by a physician is 

lacking (Lee et al., 1993, Weir et al. 1989), and in the study of Ballal et al. 1998, a higher risk of 

asthma was reported for smokers only. 

 

The odour of ammonia gas is pungent. Exposed people may feel affected by the unpleasant odour 

(smell was recorded in CCTV 2013a,b), but the odour alone does not cause any harm. RAC shares 

the view of the dossier submitter that the unpleasant odour of ammonia or the  general discomfort 

from the pungent odour it causes, is not considered for the hazard assessment.   

 

For the irritation effects on the respiratory tract and eyes, the dossier proposes a LOAEC of 50 

ppmV (35 mg/l) using the Verbek et al. study (1977) as a key study. In that study, self-reporting of 

symptom ratings for the sum of symptom scores were increased and mild eye and throat irritation 

occurred at 50 ppmV following 30, 60 or 120 min of exposure.  

 

In addition, RAC finds the study of Smeets et al. (2006) informative. It estimated the intranasal 

lateralization threshold (LT) of ammonia vapour which is an objective measure of sensory irritation. 

Within a 2-week period the odour threshold and the LT was obtained twice in 24 healthy, non-

smoking volunteers using a static and a dynamic test method (airflow 20 l/min). In this study mean 

LTs for ammonia were found at 31.7 (static) and 60.9 ppmV (dynamic). In the same range Wise et 

al. 2005 reported LTs of 37-67 ppmV ammonia. 

Smeets and co-authors noted that in individuals, some fluctuations in LT (as well as in odour 

threshold) is reported to occur due to differences in nasal patency, time of day, health conditions. 

The mean on the results of static and dynamic methods (46.44 ppmV) is similar to the 50 ppmV of 

the Verbek study.  

 

The summarised data on the dose-response effectiveness of ammonia vapour (Table 6 of the 

Background Document, on studies evaluated by the Nordic Expert Group (2005) indicated that 

symptoms of irritation could occur even at lower concentration than 50 ppmV ammonia.  

Increased ratings for symptom scores and olfactory symptoms at 10-20 ppmV were reported in 33 

volunteers. The original publication (No. 80 in the Nordic Expert Group document, which is only an 

abstract (Hoffmann et al., 2004)) concluded that the ratings were relatively low (without details at 

10 and 20 ppmV ammonia). The corresponding full publication of Ihrig et al., published in 2006, 

stated that the mean intensity of respiratory and irritative symptoms lies between ónot at allô and 

óhardly at allô even at 50 ppmV. Unfortunately the eye irritation reported in 9% of volunteers at 50 
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ppmV in the abstract was not documented as a separate effect by Ihrig et al. (2006). RAC takes this 

study as supportive for the LOAEC of 50 ppmV. 

 

Increased average ratings of eye discomfort (burning, irritated or running eyes) were recorded for 

12 healthy volunteers exposed to 5 and 25 ppmV during 3 hours of exposure (Sundblad et al., 

2004). Three participants experienced secretion from the nose, and two reported increased cough 

after exposure to 25 ppmV. Sundblad et al. found that significantly higher discomfort of the eyes 

was already self-reported at 5 ppmV ammonia. These were estimated as an average pre/post 

exposure increase of 3.6 mm in a 0-100 mm visual analogue scale (VAS). Although the effect was 

concentration-related (14.8 mm reported at 25 ppmV), the levels of severity gained were minor. Six 

mm in the self-rating corresponded to óhardly at all, while ósomewhatô corresponded to 26 mm on 

the 100 mm VAS scale. Other irritation effects observed at 25 ppmV ammonia were also in this 

scale. Nose burning, irritation or runny nose reached 15.3 mm and throat or airway discomfort 

reached 14.2 mm on the VAS scale.   

 

RAC is aware of some degree of variability in the irritation threshold. Based on the available 

information RAC chose 50 ppmV as a robust LOAEC. This value is mainly based on the Verbek 

study and the recent studies of Smeets et al. that use the objective lateralization threshold method to 

estimate the irritation threshold.   

 

 

 

B 5.11 Derivation of (ANSES) subacute DNEL for irritation  

 

Acute and chronic toxicity of ammonia via the inhalation route is mainly due to the irritating effects 

of the substance, in the airway or ocular mucosa. The different selected human health risk values 

(HRV) found in the literature and the DNELs derived by the lead registrant for the general 

population are all based on these effects. 

 

Acute exposure 

Two acute human health risk values (HRV) were identified in a collective expertise report (ANSES 

2011), based on human data: 
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Office of Environmental Health Hazard Assessment (OEHHA ) - 1999 

HRV Acute reference exposure level: 

RELA = 3.2 mg.m
-3

 (4.5 ppm) 

Key studies Industrial Biotest Laboratories, 1973 

MacEwen et al., 1970 

Silverman et al., 1949 

Verberk, 1977 

Exposure route Inhalation 

Tested 

concentrations 

No information 

Exposure 

duration 

1 hour 

Study population Human 

Critical effect Moderate ocular and respiratory irritation 

Critical 

concentration 

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

equation C
4.6 

x t = k. The coefficient 4.6 was calculated from a log-normal 

probit analysis of all data from the four studies (the value of 4.6 was finally 

adopted after a ɉ² analysis). 

A BMC5L95
22

 of 9.5 mg.m
-3

 (13.6 ppm) was calculated from the log-normal 

probit model.  

Assessment 

factor 

AF = 3 (interindividual)  

 

                                                 
22

 BMCL: A statistical lower confidence limit (here 95%) on the concentration at the BMC. A BMC is a concentration 

that produces a predetermined change in response rate of an adverse effect (here the benchmark response is 5 %). 
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Agency for Toxic Substances and Disease Registry (ATSDR) - 2004 

HRV Acute minimal risk level: 

MRL A = 1.19 mg.m
-3

 (1.69 ppm) 

Key studies Verbek et al. (1977) 

Exposure route Inhalation : 1 exposure at Day 1 + 1 new exposure at Day 8, at one of the 

tested concentrations 

Tested 

concentrations 

50, 80, 110 or 140 ppm (35 ; 57 ; 78 or 99 mg.m
-3

) 

Exposure 

duration 

2 hours 

Study population 16 volunteers: 

8 "experts" knowing, by the scientific literature, the toxic effects of ammonia 

but had never been in contact 

8 "non-experts" with no scientific knowledge on this subject neither on 

controlled studies 

Critical effect Mild irritation of eyes, nose and throat in 8 subjects 'non-experts' 

(concentration-dependent increase in the number of complaints of nuisance 

odor, irritation of eyes and throat, coughing and general discomfort) 

Critical 

concentration 

LOAEC = 35 mg.m
-3

 = 50 ppm 

Assessment 

factors 

AF = 30 

     10 to protect sensitive sub-groups 

     3 for the use of a LOAEC 

Comments Several limitations have been identified in the key study: 

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

- Subjective response rate is higher in patients 'non-experts'; 

- No statistical analysis of results was performed. 

However, this study highlights events of discomfort among healthy individuals 

at concentrations of 50 ppm (35 mg.m
-3

), an effect thought to be harmful and 

to be avoided. 

 

MRLA proposed by ATSDR is based only on the study Verbek et al. (1977), unlike the OEHHA 

which compiles the results of four different studies, including also that of Verbek. As indicated by 

the ATSDR, this study includes a number of important limitations on the characterization of 

adverse effects and their statistical interpretation. 

 

The OEHHA has compiled the results of several different studies (including Verbek et al., 1977) by 

means of a benchmark dose modeling, whose main interest is to have a confidence interval for each 

of the values describing the dose-response relationship. The OEHHA has finally chosen the lower 

limit of the confidence interval of 95% associated with a 5% increase in the incidence of respiratory 

and eye irritation compared to control concentration (BMC5L95). However, this approach raises the 

question of the relevance of the meta-analysis and compilation of different experimental data 

(different experimental protocols, access to personal data etc.). 

 

In the REACH registration dossier
23

, the same LOAEC (50 ppm or 36 mg/m
3
) was used by the lead 

registrant but with an assessment factor of 5 to cover intraspecies (general public). No assessement 

                                                 
23

 Chemical Safety Report, Lead Registrant of ammonia (anhydrous), August 2010. 
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factor for LOAEC/NOAEC extrapolation is proposed. The resulted short-term inhalation DNEL is 

7.2 mg/m
3
.  

 

 

Chronic exposure 

The three chronic HRV found in the literature (scientific reports) for ammonia are all based on the 

same key study (epidemiological study in the workplace, Holness et al. 1989).  

 

US-EPA - 1991 

HRV Reference Concentration: 

RfC = 0.1 mg.m
-3 

 (0.14 ppm) 

Key studies Holness et al. (1989) strengthened by Broderson et al. (1976)  

Exposure route Inhalation 

Tested 

concentrations 

A time-weighted average (TWA) was defined from the exposure 

concentrations in exposed subjects and control group, on an average of 8.4 

hours 

Exposure 

duration 

12.2 years on average 

Study population 52 men working in a factory manufacturing sodium carbonate 

Control group: 35 subjects 

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

Critical 

concentration 

NOAEC = 6.4 mg.m
-3

 (TWA) 

Time adjustment: NOAECADJ = NOAEC x 5/7 x 10/20 = 2.3 mg m
-3

. The time 

adjustment is based here on the number of days worked per week (5 days out 

of 7) and on the capacity of ventilation between days worked or not (10 vs. 20 

m
3
/day). 

Assessment 

factors 

AF=30 

     10 to protect sensitive individuals; 

     3 to account for the lack of data on chronic toxicity and reproductive 

toxicity as well as the small difference between the calculated NOAEC in 

humans and the LOAEC identified in animals.  

Comments The proposed RfC is supported by the results of a study conducted in animals 

(Broderson et al., 1976). This study shows an increase in the severity of 

rhinitis and pneumonia with observation of respiratory inhalation injury in rats. 

For this study, a LOAEC is determined at 17.4 mg.m
-3

. Allometric adjustment 

is applied to the LOAEC taking into account a RGDRET (regional gas dose 

ratio, extrathoracic) of 0.1068. This factor takes into account the rate of 

ventilation in rats and humans and saturation data. LOAECHEC is calculated as 

follows: 

LOAECHEC = LOAEC x RGDRET = 1.9 mg.m
-3

.  

This value is considered little different from the NOAELADJ determined from 

human data. However, the approach of calculating the HRV from Holness et al 

(1989) study has two advantages: 

- using human data overcomes uncertainties on inter-species; 

- the critical concentration corresponds to a no-effect threshold, unlike the 

adverse effects observed with threshold defined from the animal study. 

 

OEHHA - 1999 

HRV Chronic reference exposure level: 
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RELC = 0.2 mg.m
-3

 (0.28 ppm) 

Key studies Holness et al. (1989) strengthened by Broderson et al. (1976)  

Exposure route Inhalation 

Tested 

concentrations 

A time-weighted average (TWA) was defined from the exposure 

concentrations in exposed subjects and control group, on an average of 8.4 

hours 

Exposure 

duration 

12.2 years on average 

Study population 52 men working in a factory manufacturing sodium carbonate 

Control group: 31 subjects 

Critical effect Respiratory symptoms, eye and nasal irritation 

Critical 

concentration 

NOAEL = 6.4 mg.m
-3

 (TWA) 

Time adjustment: NOAECADJ = NOAEC x 5/7 x 10/20 = 2.3 mg.m
-3

. The time 

adjustment is based here on the number of days worked per week (5 days out 

of 7) and on the capacity of ventilation between days worked or not (10 vs. 20 

m
3
/day). 

Assessment 

factors 

AF = 10 

 10 for interindividual variability 

Comments The key study is the only study evaluating chronic toxicity of ammonia, 

driving in humans and published in a scientific peer-reviewed journal. 

 

ATSDR - 2004 

HRV Chronic minimal risk level: 

MRL C = 0.07 mg.m
-3

 

Key studies Holness et al. (1989) 

Exposure route Inhalation (occupational exposure) 

Tested 

concentrations 

A time-weighted average (TWA) was defined from the exposure 

concentrations in exposed subjects and control group, on an average of 8.4 

hours 

Exposure 

duration 

12.2 years on average 

Study population 52 men working in a factory manufacturing sodium carbonate 

Control group: 35 subjects 

Critical effect Olfactory perception, worsening of respiratory symptoms (cough, bronchitis, 

wheezing, dyspnea, etc.), irritation of the eyes and throat and changing 

parameters of pulmonary function.  

Critical 

concentration 

NOAEC = 6.4 mg.m
-3

 (TWA) 

Time adjustment: NOAECADJ = NOAEC x 8/24 x 5/7 = 1.5 mg m
-3

. The time 

adjustment is based here on the number of days worked per week (5 days out 

of 7). 

Assessment 

factors 

AF = 30 

     10 to protect sensitive individuals 

     3 for the lack of studies of reproductive toxicity 

Comments The subjects of the study population have been analyzed in the first and last 

days of the work week. 

No association was observed between increased duration of exposure to 

ammonia and the severity or frequency of respiratory symptoms. However, 

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: 

Á The time adjustment: ATSDR considers a daily and hourly adjustment, while the US-EPA 

and OEHHA consider a daily and respiratory adjustment considering a higher respiratory 

volume during the professional activity. 

Á The application of an assessment factor for the lack of data: in addition to the interindividual 

assessment factor of 10, ATSDR adds a factor of 3 to account for the lack of data on 

reproductive toxicity. The US-EPA also applies this factor, which includes the uncertainty 

associated with the lack of data on reproductive toxicity and chronic toxicity, as well as the 

small difference between the NOAEC derived from human data and the LOAEC derived 

from animal data. 

Á The analysis of animal data confirming the choice of the key study: the US-EPA and 

OEHHA propose to confirm the results obtained by data from a study conducted in rats 

(Broderson et al., 1976.). This study provides a detailed description regarding its non-

standardized operating mode, report the US-EPA and OEHHA. 

 

In the REACH registration dossier
24

, the starting point used to derive the long-term inhalation 

DNEL (NOAEC of 20 ppm, 14 mg.m
-3

) is derived from the weight of evidence from the human 

studies, based on the results of the human volunteer studies (not cited in the discussion part of the 

CSR for the DNEL derivation). An assessment factor of 5 is used to cover intraspecies (general 

public): the resulted long-term inhalation DNEL is 2.8 mg.m
-3

. To support that choice, a threshold 

of 18 mg.m
-3

 (25 ppm) for respiratory irritation is given, based on the results of the human 

volunteer studies.  

 

GESTIS - International limit values for chemical agents
25

  

This database contains a collection of occupational limit values for hazardous substances gathered 

from various EU member states, Australia, 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/m³ 

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 ammonia (anhydrous), August 2010. 
25

 http://www.dguv.de/ifa/Gefahrstoffdatenbanken/GESTIS-Internationale-Grenzwerte-f%C3%BCr-chemische-

Substanzen-limit -values-for-chemical-agents/index-2.jsp. Website consulted in March 2014. 

http://www.dguv.de/webcode/e786784
http://www.dguv.de/webcode/e786786
http://www.dguv.de/webcode/e786788
http://www.dguv.de/webcode/e786790
http://www.dguv.de/webcode/e786792
http://www.dguv.de/webcode/e786795
http://www.dguv.de/webcode/e786797
http://www.dguv.de/webcode/e786799
http://www.dguv.de/ifa/Gefahrstoffdatenbanken/GESTIS-Internationale-Grenzwerte-f%C3%BCr-chemische-Substanzen-limit-values-for-chemical-agents/index-2.jsp
http://www.dguv.de/ifa/Gefahrstoffdatenbanken/GESTIS-Internationale-Grenzwerte-f%C3%BCr-chemische-Substanzen-limit-values-for-chemical-agents/index-2.jsp
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 Limit value - Eight hours Limit value - Short term 

  ppm mg/m³ ppm mg/m³ 

Germany (DFG) 20 14 40 28 

Hungary  14  36 

Ireland 20 14 50 36 

Italy 20 14 50 36 

Latvia 20 14 50 36 

New Zealand 25 17 35 24 

Poland / 14 / 28 

Singapore 25 17 35 24 

South Korea 25 18 35 27 

Spain 20 14 50 36 

Sweden 20 14 50 36 

Switzerland 20 14 40 28 

The Netherlands / 14 / 36 

USA - NIOSH 25 18 35 27 

USA - OSHA 50 35 / / 

United Kingdom 25 18 35 25 

Table 7: Occupational limit values according GESTIS database (March 2014) 

 
Remark: 

European Union : Indicative Occupational Exposure Limit Values and Limit Values for Occupational Exposure 

France: Restrictive statutory limit values 

Germany (AGS): 15 Minutes average value 

Germany (DFG): STV 15 minutes average value 

Ireland: 15 minutes reference period 

Latvia: 15 minutes average value 

Sweden: Ceiling limit value, refers to a 5 minutes period. 

USA ï NIOSH: 15 minutes average value 

 

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

Emission tests performed with EN ISO 16000 standards show an increase of ammonia 

concentrations in the first 2 weeks of testing (14 days), passing through a maximum value and then 

slower decrease emissions. Considering that these tests were performed in a worst-case situation - 

relative humidity of 90% which maximizes the emission of ammonia during the first two weeks, the 

exposure is considered as subacute (defined here as between 1 and 14 days of exposure).  

 

Similarly to ATSDR and the lead registrant of ammonia, ANSES proposed the LOAEC of 50 ppm 

from the epidemiological study of Verbek et al. (1977) as a starting point. This value corresponds to 

the identification of moderate irritative symptoms as stated in the dose-effect relationship for 

ammonia (see Table 6). Perception, odour or general discomfort are not covered. 

An assessment factor of 3 is used due to the use of a LOAEC. 

 

http://www.dguv.de/webcode/e786801
http://www.dguv.de/webcode/e786803
http://www.dguv.de/webcode/e786805
http://www.dguv.de/webcode/e786809
http://www.dguv.de/webcode/e786811
http://www.dguv.de/webcode/e786813
http://www.dguv.de/webcode/e786815
http://www.dguv.de/webcode/e786817
http://www.dguv.de/webcode/e786819
http://www.dguv.de/webcode/e786821
http://www.dguv.de/webcode/e786823
http://www.dguv.de/webcode/e786825
http://www.dguv.de/webcode/e786827
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Considering people that are unusually susceptible, especially asthmatics, an additional assessment 

factor of 10 to cover intraspecies (general public) is used. 

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

1.3 mg.m
-3 

(1.7 ppm). 

This value is similar to the acute minimal risk level (MRLA) defined by ASTDR. It is lower than 

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

ammonia. 

 

RACôs Assessment  

 

Calculation of the DNEL 

 

Based on the LOAEC of 50 ppmV, a short-term DNEL was calculated by the dossier submitter. An 

assessment factor of 3 was 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 following exposure to 

household cleaners containing ammonia.  

Among the cases reports (Annex 4 of the Background Document) there was one case of asthma 

decompensation of a known asthmatic, a 6-year old child. Although other causes were not 

addressed, the data may provide some indication that there is a potential of a more severe course of 

the asthmatic symptoms. This case could be related to the observation that known asthmatics are 

expected to be particularly vulnerable to respiratory irritants. In contrast, the study 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 16-25 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 apply an assessment factor of 10 (default value for consumers) to sufficiently protect all 

parts of the population including children, elderly and asthmatics. 

 

Table 1: Short-term DNEL for the general public 

 

 
 

 

LOAEC  

Correction for 

lack of NOAEC  
AF  

Intraspecies 

differences  
AF  

DNEL  
LOAEC/ (3 x 10)  

50 ppmV (35 mg/m³)  3 10  1.7 ppmV (1.3 mg/m³)  
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Conclusion: RAC concluded that the description of the hazards should be targeted to the endpoint 

óirritation to the respiratory tract (and eyes)ô. RAC have considered the degree of variability in the 

irritation threshold, and based on the available information RAC have chosen 50 ppmV as a robust 

LOAEC. RAC concurs with the calculation of a short-term DNEL and considers the assessment 

factor of 3 as appropriate to adjust the LOAEC to a NOAEC. 

 

B.6 Human health hazard assessment of physico-chemical properties  
 

Not relevant for this proposal. 

 

B.7 Environmental hazard assessment  
 

Not relevant for this proposal. 

 

B.8 PBT and vPvB assessment 
 

Not relevant for this proposal. 

 

B.9 Exposure assessment 

B.9.1 General discussion on releases and exposure 

 

Summary of the existing legal requirements 

In the building construction sector, certain legal requirements are relating to products and processes 

(e.g. CE marking for construction products), others apply to structures built (e.g. regulations 

accessibility, acoustics, fire, earthquake, thermal...). It is difficult to avoid the confusion between 

mandatory texts and voluntary texts. The confusion is all the greater when the regulator uses the 

standard as a reference. 

The CE marking is the only regulatory requirement on construction products, provided that the 

product is described by a harmonized European standard. 

 

Loose-fill cellulose insulation (LFCI) products are concerned by the following recent European 

standards: 

EN 15101-1:2013 

This European Standard specifies requirements for loose-fill 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 loose-fill cellulose insulation (LFCI) products before 

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: 2014-03-31) 

EN 15101-2:2013 

This European Standard specifies requirements for in-situ formed loose-fill 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 checks for the installed 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 fitness for purpose in a particular application. 

(Date of publication: 2014-03-31) 
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These standards focused on thermal/corrosion/mould fungi resistance, reaction to fire, and 

durability of the construction product. 

Concerning hazardous substances, the standard EN 15101-1:2013 refers to national regulations. A 

database hold by DG Enterprise and Industry (Construction Unit) is cited: the CP-DS database
26

, 

designed to help all interested parties to identify all relevant regulations in the field of dangerous 

substances in construction products (in particular for the emission of dangerous substances from 

construction products into indoor air, soil and ground water). Under the Construction Products 

Regulation n° 305/2011 common assessment methods are developed by the European Committee 

for Standardization (CEN), and are used in European harmonised standards and European Approval 

Documents. The information in the database regarding the European and notified national 

regulations and national contact points has been provided by the regulators of the countries 

involved. Unfortunately no information is available from numerous Member States. 

In particular there is no information regarding the regulation of ammonia emission, which depends 

of several cofactors as explained below. 

 

Factors influencing ammonia exposure and effectiveness of the implemented risk management 

measures 

 

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

cellulose insulation. 

Under humid atmospheric conditions, ammonium salts might react with water molecules to off gas 

ammonia, under normal ambient conditions (temperature and pressure). This factor is considered as 

major and has been demonstrated by CSTB tests (at 50%, 70% and 90% RH). 

Other potential cofactors have been cited by stakeholders (French 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 ventilation 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 limit/prevent indoor ammonia emissions (e.g. on an airtightness floor, with 

waterproof structural elements / roof, and avoid material wetting by water penetration or 

condensation). 

V Physical means such as vapour barrier
27

 may also influence ammonia emission. In some 

countries such as Germany these barriers are sometimes used by the installers to avoid 

blown cellulose insulation installed inside building cavities from migrating into the living 

space. Vapour barriers should also prevent cellulose insulation from humidity. According to 

the CSTB, vapour barriers are meant to have two main effects: they limit the transfer of 

water vapor for the cellulose insulation (limiting the contribution of the "H2O" reagent for 

the reaction of the ammonium 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 the living space of 

buildings. So this type 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. 

                                                 
26

 http://ec.europa.eu/enterprise/construction/cpd-ds/ 
27

 A vapour barrier refers to any high-density material for damp proofing (typically a plastic or foil sheet but sometimes 

a paint-like coating) used to prevent water vapour from moving from one area to another. 
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V Ammonium salts might be absorbed and then released by other surfaces such as plaster 

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 to have completely 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 of the cellulose insulation. 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 this installation 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 from the type and the quantity 

of ammonium salts used. As discovered during the stakeholdersô consultation, many 

manufacturers (namely members of ECIMA) seem to prefer to use more additives than 

strictly necessary and pay more in order to be sure that their products would have a better 

Euroclass
28

. This is used as a commercial tool and it might have implications in terms of 

stability of the formulations. As reported by CSTB concerning the results of the tests on 

emissions carried out after the French cases, it seems likely 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, based on available data, to make 

any relationship between the emission profile in the standard conditions with the type of 

salts used, nor the concentration of ammonium in the blend.  

 

Measures to reduce the ammonia emission rates from cellulose insulation without substituting 

ammonium salts as flame retardants were considered. The existing alternative techniques in order to 

reduce the ammonia emissions have been explored (see details in section C.1.2): 

 

- Degassing prior to use 

A longer period of storage and/or the degassing of the cellulose insulation materials following the 

production and prior to its installation would not necessarily result in ammonia emission unless the 

storage takes place under high humidity conditions. Indeed, tests chamber emission profiles (see 

section B. 9.3) demonstrate that most cellulose insulation do not emit ammonia in low humidity rate 

but strongly emits ammonia under high 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 instead of reducing the emissions. 

 

- Vapour barriers  

According to the CSTB, vapour barriers are meant to have two main effects: on one hand, they 

should prevent cellulose insulation from entering into contact with water and taking humidity by 

limit ing the amount of water vapour passing through walls, ceilings and floor assemblies of 

buildings and, on the other hand, where there is ammonia emission, they might limit the proportion 

of the ammonia released into the living space of buildings. So this type of installation could limit 

                                                 
28

 In France, there is a strong competition in terms of image on the level of reaction to fire (Euroclass) of products. 

Some manufacturers have strengthened the content of fire retardants in their products for reaching very good levels of 

Euroclass 
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problems with ammonia emissions but also with moisture, mould, rot, odours, bugs and the 

associated health issues to the occupants. Technically, according to their degree of permeability, 

some of these materials are only vapour retarders. 

 

- Liquid or spray impregnation method  

According to some formulators, a liquid impregnation method for adding the blends 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 patterns. Nevertheless, according to the cellulose insulation 

manufacturers and formulators taking part to the French substitution group, adding such a liquid 

blend seems to create excessive moisture to the cellulose insulation and to lower the thermal 

performances of the product. Moreover, such production change would imply that the 

manufacturers change the whole process and replace the machineries.  

 

- Improvement of the packaging 

This option refers to the possibility of improving the packaging (water proof) of the cellulose 

insulation in order to avoid it to become humid before being placed into the market in order to avoid 

ammonia emissions once installed. However, cellulose insulation can take humidity also during and 

after its installation, retailers selling cellulose insulation containing ammonium salts cannot know if 

once installed the cellulose insulation that they are selling would emit or not ammonia.  

 

- Stabilization of the currently used powder formulations 

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

seems feasible.  
 

To conclude, in terms of suitability only a better stabilisation of ammonium-based cellulose 

insulation seems to be a good technique, in the respect of the conditions described in this restriction 

proposal. 

 

B.9.2 Manufacturing  

 

Not relevant for this proposal. 

 

B.9.3 Emission tests performed on cellulose insulation 

 

Based on reported cases, several experiments were conducted to evaluate, in controlled conditions, 

the emission of different cellulose insulation (Maupetit 2013a, b). The samples all came from 

insulations materials present in the French market. 

 

These experiments were based on EN ISO 16000 standards for the characterization of volatile 

pollutants from construction products: EN ISO 16000-9: Indoor air - Part 9: Determination of the 

emission of volatile organic compounds from building products and furnishing - method of the 

emission test room (AFNOR, 2006). This standard has been included in horizontal EU testing 

method CEN/TC 16516 (see annex 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 conventionally (volume, ceiling 

area, air exchange rate, see details in the annex 2). The temperature during the emission test shall be 

23 ± 2 °C 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 conditions. As wet conditions (rain, fog, etc.) were considered 

as conditions favoring the appearance of odors, tests were also carried out at 70 % RH and 90% RH 

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

measured. 

 

The amount of cellulose insulation implemented, was established from data communicated by 

ECIMA
29

 (dated 12/11/2012). The ECIMA set up a watch group intended to collect information in a 

database on work sites that had received complaints and where the cellulose insulation treated with 

ammonium salts may have been replaced. This database was sent to the French Scientific and 

Technical Centre for Building (CSTB) for analysis. The aim of CSTB study was to characterise the 

ammonia emissions from cellulose insulation present on the French market and attempt to 

understand the emission mechanisms. 

The very large majority of use of cellulose insulation was attic insulation by spreading the cellulose 

insulation on an open horizontal surface. The use by injection into the walls seems exceptional. On 

construction sites where complaints were observed (in France), the average quantity of cellulose 

insulation implemented was 12 kg.m
-2

 with an average thickness of 30 cm, giving a density of 40 

kg.m
-3

.  

The test samples have been prepared in accordance with these parameters. 

 

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

 

 

ñWorst-caseò scenario (Maupetit 2013a,b) 

 

The tests were performed by placing a sample directly in the emission test chamber, which is to 

make the assumption that the attic was insulated with 12 kg.m
-2

 of cellulose insulation and is in 

direct contact with the indoor air. This hypothesis represents an upper bound approach to 

reality : the air in the attic is a priori more ventilated than the reference room (the 0.5 h
-1

 exchange 

rate is more representative of living rooms) and a partition (at least, plasterboard) separates 

cellulose insulation of the living rooms, which is expected to limit NH3 emissions.  

 

 
 

                                                 
29

 European Cellulose Insulation Manufacturers Association 

Ammoniaconcentration (ppm)

Volume = 30 m3

Cellulose insulation(12 kg.m-2)

Relative humidity
= 50-90 %

Air exchange 
rate = 0.5 h-1

Surface = 12 m2
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Figure 7: ñWorst-caseò emission scenario test for cellulose insulation (Maupetit, 2013a) 

 

The reference room and test chamber parameters are shown in Table 8. A reference room is needed 

since it is not possible to evaluate emissions by testing in all possible use scenarios. This reference 

room is no test chamber; it only serves as reference value for evaluation of test results in terms of 

their impact on the indoor air concentration. The test chamber simulates the parameters of the 

reference room in a smaller scale. The key point here is the respect of the area specific air flow rate 

and the loading rate which must be the same to compare measured ammonia concentrations to the 

proposed threshold. 

 

 

 

« Worst case » scenario 
Reference room  

(CEN/TS 16516) 

Test chamber 

(CSTB 2013) 
Units 

Qa (Airflow) 15 0.06 m
3
.h

-1
 

Volume 30 0.051 m
3
 

n=Q/V (Air exchange rate) 0.5 1.176 h
-1
 

S 12 0.048 m
2
 

L=S/V 0.4 0.941 m
2
/m

3
 

Area specific air flow  rate 1.25 (ceiling) 1.25 m
3
/(m

2
.h) 

Loading rate 12 12 kg/m
2
 

Cellulose mass 144 0.576 Kg 

Table 8: ñWorst-caseò emission scenario test parameters 

 

The scenario used for these tests (12 kg.m
-2

 of cellulose insulation) has been translated into mass of 

cellulose insulation introduced into the test chamber. The mass of cellulose insulation required for 

each test (576 g) was placed in a stainless steel container and then placed in an emission test 

chamber, as illustrated below. Cellulose insulation has been spread in the container as performed by 

professional installers in order to simulate as closely as possible the implementation of the product 

blown into the attic, the test specimens were prepared using a ñpowered blowerò, as used by 

professionals.  
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Figure 8: Cellulose insulation test specimen in a test chamber (CSTB 2013) 

 

Ammonia concentrations were measured with a photoacoustic monitor INNOVA 1412 LumaSense, 

which has a detection limit of 0.2 ppm. 

The tests were conducted in parallel in several emission test chambers: measurements of ammonia 

concentration in each of the test chambers were performed for 30 to 60 minutes at least every day. 

The analyzer performed a measurement every 90 seconds and ammonia concentrations measured 

over the 30-60 minutes period were averaged each day. 

 

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

In a first series of experiments, eleven samples of ammonium-based cellulose insulations materials 

were studied. These products were either sent for testing to the CSTB by their respective 

manufacturers or were taken from the available supply of products at CSTB for thermal resistance 

tests: 

Series of tests at 50% and 90% RH were conducted on these products. In parallel with the ammonia 

emission tests, the cellulose insulation test specimens were 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 impregnation has also 

been tested. 

 

The tests at 50% RH for more than 28 days of 4 cellulose insulation materials treated with 

ammonium salts rose relatively low ammonia emissions (concentrations < 2 ppm).  

The tests were then performed at 90% RH on eleven products (including the four previous ones).  

 

During the tests at 90% RH, the whole 11 cellulose insulation products tested showed the similar 

emission profile of ammonia concentration: an increase - in the first 2 weeks of testing, passing 

through a maximum value and then a slower decrease of emissions.  

The products tested were divided into three groups with different ammonia emission to 90% RH 

profiles (see Figure 9 below): 

ü For one product, emissions remained low (about 6 ppm max), compared to other products. 
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ü For 3 products of 11, ammonia emissions rapidly increased from the first test week, then 

reached a maximum concentration in the range of 60 to 100 ppm after about 2 weeks of test, 

which was followed by slow decline in these concentrations. 

ü For the 7 remaining products the same type of profile was observed (rapid increase in 

concentrations of ammonia and slower decrease) but the maximum concentrations achieved 

were much higher (150 to 350 ppm). 

 

On the contrary, the insulating wool and hemp wood treated with ammonium salts by liquid 

impregnation (IBSA in Figure 9) did not show the same ammonia emission profile during the 28 

days of testing at 90% RH. A residual concentration ammonia (around 1 ppm), however, was 

measured. 

 

The water content in the material appears to play a significant role in ammonia emissions from the 

cellulose insulation treated with ammonium salts: 

- Release of emissions when the water content in the material (estimated through the 

increase of material mass) reaches 4 to 5% by mass; 

- Slow reduction in emissions if the water content decreases. 

 

It should be noted that for one product (sample E), emissions started from the first day of testing (40 

ppm), suggesting that initial water content in the product facilitates the release of ammonia. Indeed, 

this product has a water initial content greater than the 10 others.  
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Figure 9: Average ammonia concentrations in the tests chamber (ppm) 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 conditions, all French cellulose 

insulation materials tested showed ammonia emission profile of a greater or lesser intensity, 

contrary to another type of insulation material (IBSA), treated with ammonium salts. After passing 

through a maximum value, ammonia levels then decrease more slowly than they have increased. 

This can be explained by the water saturation of the product. Ammonia emission peaks have always 

occurred before 14 days. 

It should be noted that this protocol, especially with the extreme conditions of relative humidity (air 

renewal to 90% RH continuously for 28 days), allow to thoroughly test the stability of the adjuvant 

(ammonium salts) used in the insulation (ammonia release or not). 

 

Second study (Maupetit, 2013b, see confidential annex) 

In a second series of experiments, additional studies at 50% and 70% relative humidity were 

performed. 4 previously tested products that had rather different ammonia emission profiles were 

selected for this new study. The 70% level of RH corresponds to the maximum mean values 

measured inside French housing (value above the 95th percentile)
30

.  

In addition, 2 biobased insulation materials treated with ammonium salts (IBSA) were also tested 

for comparison with the cellulose insulation products: 

- 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: 

ü An increase in ammonia emissions from the product A (40 to 60 ppm) and product B (4 to 

10 ppm).  

ü Ammonia emissions from the product C and product D at 70% RH remained at about 1 ppm 

or less. 

ü No ammonia emission profile for the IBSA 1 and IBSA 2 products during the 28 days, but a 

residual ammonia concentration of less than 1 ppm. 

 

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

 

                                                 
30

 The statistical distribution of the levels of relative humidity (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 products: A, B and D. This test series 

comprised two phases: 

V 28 days at 50% RH 

V 7 days at 90% RH 

 

Days RH (%) Product A Product B Product D 

1 50 15.2 0.9 0.7 

2 50 9.7     

4 50 6.2 0.8 0.4 

5 50 5.4 0.5 0.3 

6 50 5 0.9 0.4 

7 50 5.8 0.9 0.5 

8 50 4.9 0.9 0.5 

10 50   1.2   

11 50 5.3   0.6 

12 50 4 1 0.5 

13 50 4.1 1.2 0.6 

14 50 3.7 0.9 0.4 

15 50 3.8 0.9 0.5 

19 50 3.6 0.8 0.4 

20 50 3.6 0.9 0.4 

21 50 3.8 0.7 0.3 

22 50 3.8 1 0.4 

25 50 3.8 0.7 0.3 

26 50 4 0.7 0.3 

27 50 4.4     

28 50 3.8 0.7 0.3 

29 90 26.6   0.5 

32 90 101.1 7.5 0.8 

33 90 138.7 13.6 0.8 

34 90 135.6 25.7 1.1 

35 90 166.6 28.3 0.6 

 

Days RH (%) Product C 

1 50 0.3 

4 50 0.2 

5 50 0.2 

6 50 0.3 

7 50 0.2 

8 50 0.2 

11 50 0.3 

12 50 0.3 

13 50 0.3 
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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 products: A, B, C and D. This test series 

comprised two phases: 

V 28 days at 70% RH 

V 7 days at 90% RH 

 

 

Days RH (%) Product A Product B Product C Product D 

1 70 16.7 0.9 0.6 0.6 

2 70 37.6 1.4 0.5 0.6 

4 70 44.1 2.5 0.6 0.7 

5 70 40.8 2.7 0.7 0.7 

6 70 42.1 2.7 0.5 0.7 

7 70 52.8 3.6 0.6 0.8 

8 70 46 3.9 0.6 0.8 

9 70 45.8       

10 70 45.2       

11 70 41.8 5.2 0.6   

12 70 39.6 5.8 0.6 0.7 

13 70 40.8 6.6 0.6 0.7 

14 70 42.7 6.6 1.3 0.9 

15 70 42.4 7 0.7 0.9 

16 70   7.3     

17 70   8.4     

18 70   9.7     

19 70 48.2 8.3 0.6 0.4 

20 70 44.8 7.7 0.8 0.4 

21 70 44.8 8.5 0.8 0.6 

22 70 45 8.8 0.8 0.4 

25 70 70.2 9.9 0.9 0.7 
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26 70 66.9 10.9 1 0.8 

27 70 63 10.8 0.9 0.6 

28 90 86.6 19.9 1 0.6 

29 90 174.8 25.5 3.5 0.6 

30 90 211.3       

31 90 236.7       

32 90 257.1 61.4 53.2 1.1 

33 90 266.7 64.8 62.2 0.8 

34 90 268 70 70 1.3 

35 90 261.2   64.9 0.7 

 

These tests confirm the several products emit ammonia even in less humid conditions. However, the 

tests at 70% RH are therefore not stringent enough for testing the stability of the additives in such 

products treated with ammonium salts, compared to tests performed at 90% HR with the same 

products. 

 

 

ñAttic insulationò scenario (Maupetit 2013b, see confidential annex) 

 

The second study explored a new scenario. This scenario used for the previous tests mimicking a 

ñworst caseò emission scenario (insulation in direct contact with the indoor air) is an upper bound 

approach which strongly favors ammonia emissions. Thus, the ammonia concentrations measured 

in the emission test chambers are not representative of the concentration in the living rooms. 

Emission measurements couldnôt be directly compared with human health reference values 

(DNEL). 

 

In order to get a protocol more representative of real emission, another test scenario was proposed 

(ñAttic insulationò scenario).  

Two test chambers were used and were separated by a plasterboard. The sample is placed in a first 

test chamber (which simulated the attic) and the second one is empty and simulates the living room 

located near the attic. The main differences between the two test chambers representing the attic and 

the closest living area are the following:  

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

ü Mass of cellulose insulation present: attic = 0.572 kg, living area = 0 kg 

 

The volume of the attic is equivalent to that of the living area below (30 m
3
). 
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Figure 10: ñAttic insulationò emission scenario test for cellulose insulation (Maupetit, 2013b) 

 

 

 
Figure 11: ñAttic scenarioò experimental test chamber (CSTB 2013) 

 

For this test, a product that was recovered at the end of its first series of tests was used. This 

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 emission rate (mg.h
-1

) at the end of dynamic test at 70% RH and 90 % RH and 

at the beginning of the ñattic insulationò scenario (product A) are: 

 

 Dynamic test Attic insulation scenario test Units 

Living room Attic 

Volume = 30 m3

Cellulose insulation (12 kg.m-2)  

Air exchange 
rate = 0.5 h-1

Surface = 12 m2
Air exchange 
rate >1 h-1

HR = 90 %

HR = 50 %

Ammonia concentration (ppm)

plasterboard





































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/



































































