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General Comments and answers to specific information requests
Specific information requests:
1. Types of product and content: Please provide any relevant information on impregnation sprays for consumers currently placed on the EU market containing TDFAs and organic solvents. More specifically, please indicate:
a. whether the product is used for absorbing (leather, textiles, plaster, brick etc.) or non-absorbing substrates (e.g. glass, metal, tiles, ceramics) and to which quantities in the EU;
b. which TDFA and which organic solvent is used in these products and what are the risk management measures in place for the products identified (e.g. labelling);
c. if the product is currently available on the EU market please clarify when the product has been placed on the EU market, (if the product has been removed from the market, which period in the past was it available?).
2. Information on adverse effects and respirable fractions: For those products referred to in question 1, please provide information on:
a. reports of adverse health effects (potentially) linked with TDFAs and organic solvents (e.g. incident and study reports);
b. studies that tested aerosol/pump sprays, containing organic solvents, to estimate the percentage of the inhalable fraction of the resulting aerosol and the percentage of the solvent that is inhaled? Please also specify the type of spray nozzle. Priority should be given to studies that looked at the inhalable fraction in the primary aerosol and following rebound effects from a hard surface (non-absorbing);
c. how the properties of the spray container “nozzle” can be modified to reduce the % of inhalable fraction or the rebound effect from spray products containing organic solvents.
3. Alternatives to TDFAs in impregnation sprays: The following questions relate to the alternative substances (to TDFAs with organic solvents) used as impregnation spray products for consumers (or mixtures to be used for this purpose) currently available in the EU market, including water-based TDFAs products. 
Please provide the following information for each alternative mentioned: i) product name, ii) their ingredients (and concentrations thereof) , iii) the scope of application (absorbing or non-absorbing materials and intended uses with examples), iv) the type of application (aerosol, pump or trigger spraying) and v) if possible, specify the type of spray nozzle.
a. Do you have information on the risk profile (health/environmental risks) of the alternatives? This information could include particle size distributions of the primary aerosol atmosphere (generated during the spray process) and if relevant for non-absorbing uses, the particle size distribution that is generated as a rebound effect from the non-absorbing surface. In addition any knowledge of health effects (pulmonary diseases or any others) and reported incidents caused by the use of polyfluorooctyl (or polyfluorohexyl) trilalkoxysilanes in spray products or by the use of alternative spray products. 
b. Do you have information on the technical and economic feasibility of those alternatives?
4. Please provide information on the potential socioeconomic effects for companies due to a potential restriction of TDFAs (with organic solvents) in impregnation sprays. These effects could include:
a. costs to businesses (e.g. due to reformulation, adaptation of production process, higher cost price of ingredients), 
b. information on societal costs (e.g. loss of employment), in particular to SMEs, and
c. benefits to human health (e.g. avoidance of health costs).


	Ref.
	Date/type/Org.
	Comments

	1465
	Date: 2016/07/25 16:25

Content: Hazard or exposure

Type: MemberState

Country:
Slovenia
	Comment:
Slovenian Poison Control Centre informed us, that NO POISON CASES for this substances were reported.


	
	
	Dossier submitter response:
Thank you for your comment.



	
	
	RAC Rapporteurs comments:
Thank you for your comment.



	
	
	SEAC Rapporteurs comments:

Thank you for this information.

	1469
	Date: 2016/08/26 08:49

Content: Scope or restriction option analysis;
Hazard or exposure;
Request for exemption

Type: BehalfOfAnOrganisation

Org. type: Industry or trade association

Org. name: xx

Org. country: Germany

Company name confidential: Yes 

Attachment:

confidential

Privacy comment: In the dossier you can find information on toxicological properties. This Information is of Commercial interest.  The dossier contains Information on the composition of 2  products.We considers this as intelectual properties and is of high commercial interest.

	Comment:
1) To our opinion a restriction of these substances would not be appropriate to avoid future incidents with spray applications as the cause of incidents is not only the substance as such but also the additional used additives (anti-corrosives, emulgators, solvens etc.) in combination with the spray equipment used.
The most important precondition for a health concern is the generation of very small droplets: "Without fine droplets, no risk".
Reasons, evidence and relevant references are given in the attached dossier.


	
	
	Answer to specific info request 1:
1) xx is a producer of this substance, but no manufacturer of spray application products for consumer market. We have not very much direct customers using this substance within formulations for use in consumer sprays. All interested parties would buy this product via distributor or formulators and they are very reluctant in given detailed informations.
This material is a very active ingredient only necessary in low amounts.
Because of this we only can answer in general statements: To use TDFAs you NEED solvents (or solving supporting substances) as the F-containing material is insoluble in water. You have to adapt all formulations to the forseen material. In general aquaous systems are not suitable for non-absorbing materials and very smoth surfaces (more details: s. Dossier attached)
2) Basically all polar solvents are suitable. Details have to be provided by formulators for spray applications
3) The substance is >15 years on the market (globally).

	
	
	Answer to specific info request 2:
1) By now we have got no hints or information of cases with pulmonary effects with these substances. To our best knowledge published data on effects of commercially available proofing sprays show no evidence that effects observed are caused by these substances mentioned under “substance name” (we checked this in evaluating with our Marketing and sales team and my literature research).
2) We evaluated for one of our product thr resp, trach, and alveol. fraction including rebound effects with commercial available spray applicators (with a typical Trigger spray we measured: R(inh)=0,063%, R(respirable)=0,007%). We are willing to share this information with relevant authorities (but not via internet). Spraying towards a surface lowers the exposure!!
3) This is a question to the contructor of spray application. But we could show for "typical" trigger pumps produce coarse enough droplets. We made tests with commercial available spray applicators (low pressure, foam former). We are willing to share this information with relevant authorities (but not via internet).


	
	
	Answer to specific info request 3:
1) The particle size distribution is not dependant on the F-silane, but from application pressure, nozzle, overall composition. To our best knowledge water-solved TDFAs are not existing as they insoluble in water; hydrolysed substances could be solved in aqueous systems. Solvent solved TDFAs are able to create very thin layers (10-20nm) on very smoth or hard surfaces, like glas, ceramic, metall.
Waterbased F-compounds are used for coarse and/or high absorbing surfaces. We also investigated the rebound effect: This effect is lowering the exposure (we are willing to shar this information, but not via internet)
2) We have no economic information got from this type of application, but F-chemicals are very expensive (and very active) and higher derivatives or more complex F-compounds are even much more expensive


	
	
	Answer to specific info request 4:
1) As written before: This type of substance are already very expensive and higher F-compounds are even more expensive as they are complete different products. This product is a very important niche product. A restriction would stigmatize this substance. To our experience: customers try avoid substances in new products which are listed in any restriction list independent on the type of restriction (see also our dossier attached). As a possible hazard of the substance is not the cause on any incident it would not appropriate to restrict this substance. Additionaly: As one of the most important factors for inhal tox (in this context) is the droplet distributution it WOULD NOT AVOID incidents in future. Because of this this a restriction would not be appropiate.


	
	
	Dossier submitter response:
Response to comment 1): The purpose of the restriction is to prevent future incidents of intoxication in consumers from spray products containing TDFAs and organic solvents. Since very little information is generally available on the chemical identity of the active ingredients of the spray products involved in the identified incidents and since documentation from animal studies is not available for other combinations than TDFAs and organic solvents the scope is limited to mixtures of TDFAs and organic solvents. This is described in section A.2.1 of the background document (BD). If future studies of spray products show that effects in human incidents can be related to other substances or mixtures, a new restriction proposal should be considered. 

As described in section A.2.1 of the BD toxicity depends both on the combination of TDFAs and organic solvent and on the particle size distribution (application method).   

Response to answer to specific info request 1: 
1) The answer from the respondent supports the description in section A.3 (main uncertainties) of the BD that when the substances are sold via a distributor the information flow in the supply chain is broken – that is the downstream users do not inform the supplier of the exact use of the substance. 
2) The answer from the respondent supports the description in section B.1.2 of the BD: volatile organic solvents like ethanol and 2-propanol enhance cross linking and make a good wetting of the substrate. Ethanol is able to penetrate into the material (stone, wood) and infiltrate the material. This means that ethanol will make TDFAs go deeper into the material and the material/substrate will therefore be protected for a longer time even if the material will be changed by abrasion on the surface. In Nørgaard et al. (2014) seven commercially available water-based TDFAs spray products were studied. The products were all products for absorbing surfaces. According to a formulator, a surface modifier (surfactant) has to be added to water-based formulations containing TDFAs to enhance stability.
3) Thank you. This information has been added to section B.2.1.2.

Response to answer to specific info request 2:
1) Thank you for the information. In general poison centres do not know the chemical identity of the substances/mixtures of spray products, which makes it difficult for them to relate incidents to specific substances – it takes hours and hours of laboratory analysis to make this relation when no information on active substances is available on the label or in the SDS.
2) DS agrees that the overall exposure lowers when spraying towards a surface. However, when spraying towards a wall particles with diameters <10µm are generated which is relevant for depletion of the SP-B proteins in the deeper parts of the lungs. The generation of small particles from spraying towards a surface has been studied by among others Vernez et al. (2004) and Nørgaard et al. (2010d). Using the same type of trigger spray Vernez et al. (2004) found toxic relevant concentrations in the <10µm fraction in both a 12 m3 and a 43m3 room from spraying with two different proofing/impregnation formulations (fluorocarbon resin and polyfluoro-acrylat copolymer in combination with organic solvents). When Nørgaard et al. (2010d) extrapolated test data for NFP1 applied by a trigger spray to a 17.4 m3 room, they found concentrations in the <10µm fraction to be 1.4 mg/m3. This concentration is considered relevant for pulmonary toxicity when compared to the DNEL. Of the total amount used 0.0081% were in the relevant <10µm fraction.   
3) Thank you for the information, please also see response under 2)

Response to answer to specific info request 3:
1) We note that the respondent supports the statement in e.g. section B.1.2 of the BD that solvent based TDFAs are used on non-absorbing surfaces like glass, ceramic, metal etc.   Nørgaard et al. (2014) studied seven commercially available water-based spray products containing hydrolysed TDFAs representing products to be applied on absorbing surfaces. 
2) We note that the respondent supports the statement in the BD that prices increase with increasing chain length, but as shown in table 9 of the BD this is not always the case. 

Response to answer to specific info request 4:
1) The statement by the respondent suggests that the effect of the restriction on this very narrow scope of a restriction (TDFAs, organic solvents, spray products, consumers) would be broader than just that use of TDFAs (less than 10% of the volume) as a restriction would stigmatise the substances as such and giving incitement of the customers to avoid the substance. However, we have not seen any evidence of that should be the case. In general, some consumers might avoid using fluorinated substances due to the risk for environment, but no information is available showing that listing of a substance on annex XVII is perceived broader than the actual listing. In some cases derogations in restrictions are introduced due to broader societal considerations, lack of alternatives and in these cases some customers would probably try to avoid the substance. To some extent the same might be relevant for TDFAs in combination with solvents in spray products for professionals, where avoidance of this combination would be the first step in the risk reduction hierarchy of control.  However for other uses, the targeting of the restriction is based on risk considerations and therefore DS consider this as a matter of communication, also bearing in mind the large number of substances restricted under different types of legislation.



	
	
	RAC Rapporteurs comments:
Thank you for your comment. RAC agrees with the Dossier submitter responses. 

RAC acknowledges that the health concern is dependent on the generation of very small droplets (<10µm) this is why the restriction is only targetted at spray products. The restriction will not apply to formulations of TDFAs and organic solvents that are applied using alternative techniques such as brush, roller or cloth.
  
RAC agrees that the purpose of the restriction is to prevent future incidents of intoxication in consumers from spray products containing TDFAs and organic solvents as well as to ensure that professional users are also aware of the risks if the formulation is applied in aerosol form to ensure adequate workplace risk management measures are in place.



	
	
	SEAC Rapporteurs comments:
Thank you for this information. Regarding the prices of alternative f-compounds, SEAC supports the DS statement that the chain length might not be the only endpoint that set the prices of the F-compounds.
Rapporteurs noted the claim for the possible stigmatisation of the TDFAs as a result of the restriction, however SEAC has no information on how this can impact the TDFAs’ sales for the other TDFAs’ uses.

	1479
	Date: 2016/09/01 12:01

Type: MemberState

Country:
Sweden

	Comment:
Sweden supports the proposal from Denmark to ban the use of TDFAs in mixtures containing organic solvents placed on the market or used in spray products for consumers. Sweden agrees that the identified risk is severe and that this should be handled on a Union-wide basis. From a socio-economic point of view the negative effects are minor – there are readily available alternatives and negative effects on the market appears negligible.
Sweden understands that it has been difficult to obtain information on occurrence and use, this is not surprising. According to a survey from 2015 lack of available information is substantial for the whole PFAS-group (KEMI report 7/15, http://www.kemi.se/global/rapporter/2015/report-7-15-occurrence-and-use-of-highly-fluorinated-substances-and-alternatives.pdf). Hopefully more information will be obtained during the public consultation.
Sweden also agrees that if future studies show that effects seen in human incidents can be related to animal studies of other mixtures of impregnation spray products, a new restriction proposal should be considered.


	
	
	Dossier submitter response:
Thank you for your support.


	
	
	RAC Rapporteurs comments:
RAC notes SE support.


	
	
	SEAC Rapporteurs comments:
Thank you for your comment.

	1482
	Date: 2016/09/02 08:58

Content: Other socio economic analysis (SEA) issues

Type: MemberState

Country:
Finland

	Comment:
Comments on the socio-economic assessment (chapter F):
Basically, the socio-economic assessment is quite marginal and therefore it’s difficult to draw conclusions based on it. For example the dossier is lacking any sort of benefit-cost comparison and even the dossier authors don’t highlight that the benefits would be higher than the costs. Anyhow, we do not exclude that the proposed restriction might be an appropriate measure in this regard, and we suppose that the health effects might be undervalued because in severe incidents the symptoms can possibly last longer than 2-4 days. In addition, all (mild) incidents are surely not reported by the public.
From the technical point of view there are few things to mention. Firstly, presented health costs (table 13) are obviously from different years and therefore cannot be directly summed up. Actually, discounting is entirely missing and there’s neither clarification about when the benefits (and costs) start to realize. There are also a lot of uncertainties in the dossier, and it could’ve been purposeful to address them by a wider sensitivity analysis.
On page 86 it reads that “For the mild incidents the costs have been assumed to 10€”. Where does this amount come from? And what are these costs exactly?
Chapter F.2.1, what has the annual turnover to do with the compliance costs? This could’ve been explained more precisely. Even though it does, the scale of it (54 000€ to 1 200 000€) is so large that it doesn’t seem to be very informative (taking into account that benefits are estimated to 160-460 t€).
Comments on other chapters:
Chapter B.1.2 is lacking information on the exact composition of substances. These compositions would be essential to obtain.
Concerning the estimated incidents, we propose that the uncertainty regarding the extrapolation would be properly stressed out because it’s questionable whether the Danish cases can represent all the cases in the EU. According the information from the Poison Information Centre in Finland there are no reported incidents in Finland.
Overall, we acknowledge that it has been very difficult to sketch a baseline (or any) scenario since there’s significant uncertainty regarding the manufactured and imported amounts let alone the use of TDFAs in different products. However, the dossier is based on limited knowledge and it is a pity that it remains uncertain whether the products on the market include TDFAs or if it’s the TDFAs that causes the health problems. 
Other remarks:
The table of tables is missing which complicates a little bit the familiarization with the document. Remark regarding the table of contents is that chapter C.2.3 is listed two times. 
Chapter B.5.2.1 is a little bit confusing because there are a lot of “conclusions” without any subheadings. Table 5 on page 38 also confused because there’s an explanation for the sign “+++” but none of the points is classified according to this. On page 71 row 28, the sentence starting “Since it at the same time looks--“ doesn’t seem to make any sense.
Furthermore, here are a couple of comments concerning the links referred. On page 85 the two links (Stationære DRG takster 2015 and PPP) under the footnote 16 are broken. On the same page there’s a reference to the study “RICARDO-AEA 2014” (footnote no. 18) which should be including the referenced page numbers. It’s very inconvenient for reader to search for the information from the long document. Lastly a tiny remark about the labor cost survey (footnote no. 17); there would’ve been a more recent version of it (2012).
http://ec.europa.eu/eurostat/documents/2995521/6313539/3-15122014-AP-EN.pdf/36ae8443-6a22-429a-8e05-6b59088e3155


	
	
	Dossier submitter response:
Thank you for the comments. We agree that a comprehensive traditional benefit-cost comparison is carried out. This is due to lack of information on the actual use (if any) and therefore also lacking information from industry on possible costs. However, in section C, E and F we have introduced a number of building stones in the dossier in case further information should be submitted during the scrutiny of the dossier. Our main argument is risk identified on testing of specific mixtures similar to mixtures which have been withdrawn from the market. On the technical elements:
Health cost baseline year: It is correct that presented health costs (table 13) are from different years and therefore cannot be directly summed up. However, the high estimate for hospitalisation is from 2014 (the low estimate from 2008, (The consumer price index shows 10 % increase in prices from 2008 to 2013)), loss of production from 2013 and the welfare loss estimate from 2010. However, all figures were rounded (e.g. the figure for wellfare loss is estimated to €50, while the two underlying studies showed values of 46 and 57). (The consumer price index shows 10 % increase in prices from 2008 to 2013).
Discounting is missing and unclear when the benefits (and costs) start to realize. Discounting is of minor relevance as the effects are acute and are considered to be closely related to the actual outbreak and the following treatment to be finalised within a short period. Should the information be combined with the estimation of reformulation costs discounting of health cost in the years to come would be relevant.
Estimate of mild incidents – why 10€  – This is DS own estimate. To be compared to the estimate for costs if moderate incidents of 49 €, taken from the French dossier on ammonium salts (which does not include the welfare loss). 
What has the annual turnover to do with the compliance costs? We do not have specific information on products on the market which are covered by the proposed restriction. Turnover is the upper bound of profits. Agree, that the information is not very usefull, but it might be considered as a building stone, if more information is submitted by industry.
Chapter B.1.2 is lacking information on the exact composition of substances. See revised BD
Thank you for the editorials. The sub-conclusions in section 5.2.1 refer to the studies described above each sub-conclusion. This has now been clarified in the BD. In Table 5 “+++” is for spray products that are known to be containing mixtures of TDFAs and organic solvents for the general public. It has not been possible to link human incidents with products containing TDFAs with a 100% certainty. According to Koch et al. (2009) it is likely that the 3 Magic Nano products contained a fluorosilane. Since polyfluorooctyl triethoxysilane and polyfluorooctyl trimethoxysilane that belong to the group of TDFAs are commercially available and known to be used in impregnation products like Magic Nano, it is assumed that the 3 Magic Nano products contained TDFAs. Magic Nano is therefore rated as “++” (Most likely to be spray product(s) containing mixtures of TDFAs and organic solvents for the general public). This has now been clarified in the BD.

Regarding the sentence at page 71, the wording has been updated to reflect that we do not think that an amendment to CLP Annex II part 3 on specials rules on packaging is relevant as stand-alone RMO, but that it could be relevant as a supplementary RMO to avoid that products for professionals and industry by mistake are submitted to the general public.

Regarding the updated labor cost survey, this was finalised at the end of 2014, at which time our consultant had delivered the background material. We propose to revise the reference end the text – the figures are not changed as the 2008 figures were already price adjusted by 10% (up to 2013), quite close to the 11% increase in the labor cost survey (EU28) (2012). Actually, as a secondary source https://www.destatis.de/EN/PressServices/Press/pr/2014/05/PE14_164_624.html - the average labor cost in EU(27) is estimated to €24 per hour which with the assumed numbers of working hours per day of 7.5, makes an estimate of a working day to be 180 €, exactly the value mentioned in table 15. This information is included in the footnote.

Repaired link to Stationære DRG takster 2015 and PPP:

 http://sundhedsdatastyrelsen.dk/-/media/sds/filer/finansiering-og-afregning/takster/2015/stationaere-drgt2015.xlsx
 and 
http://ec.europa.eu/eurostat/tgm/table.do?tab=table&init=1&language=en&pcode=tec00120&plugin=1
Regarding the comment to footnote 18 on whether or not always to include page numbers in references, you could also just use the search function (CTR-F) and e.g. in this case search for “Restricted activity days” 


	
	
	RAC Rapporteurs comments:

N/A

	
	
	SEAC Rapporteurs comments:
Thank you for this comment. We refer to the Dossier submitter answer above, and to the costs and benefits assessment in the opinion.

	1485
	Date: 2016/09/07 10:15

Content: Scope or restriction option analysis;
Hazard or exposure

Type: BehalfOfAnOrganisation

Org. type: Industry or trade association

Org. name: xx Industries

Org. country: Germany

Attachment:



	Comment:
Pressure spraying applications and impregnating agents for end users can represent a risk of inhalation toxicity if not used properly. Although it has already become clear in the last 10 years that the hazard is created not just by a single substance or another individual factor.  The risk is determined by the following factors: spray nozzle technology, propellant pressure, solvent used, additives, active substance. All these factors together played a clear role as shown after evaluation of the "Magic Nano case" in Germany. In fact there is the need for legal requirements to establish the necessity to investigate these factors and prescribe robust and pragmatic testing procedures for the inhalation-toxic characteristics of the ready-for-sale sprays.
A very good summary of the situation discussed here (Status 2008), including supporting analyses, can be found in a survey study by the Danish Ministry for the Environment in cooperation with the Danish Technological Institute. It also proposes further steps designed to reach the goal.
In this study it became clear that a restriction for the substances listed would not Support the goal to avoid future incidents, because the influences of the spraying equipment used and the overall composition are not taken into consideration


	
	
	Dossier submitter response:
As described in section E.1., a restriction is considered the most appropriate risk management option. The suggested pragmatic testing procedures for the inhalation-toxic characteristics of the ready-for-sale sprays would most likely lead to more products being properly classified under CLP. However, no such requirement currently exists under CLP and no such in vitro test currently available and it is expected that it will take several years before such test will be available. When a test becomes available it will most likely take several years before such a pragmatic testing procedure would be implemented in the legislation.We focus on restricting products were a risk that is not adequately controlled exists. We see no discrepancy between this and the introduction of a pragmatic testing procedure. 


	
	
	RAC Rapporteurs comments:

There is currently no legal requirement to test spray formulations before they are placed on the market. RAC agrees that if such testing were undertaken it would have demonstrated a risk. The need to establish legal requirements to test spray formulations before they are placed on the market is a matter for COM & MS consideration however RAC agrees with the dossier submitter that currently no such in vitro test is currently available and it is expected that it will take several years before such test will be available. Therefore the proposal to use REACH to manage the risks is considered by RAC as an appropriate legislative instrument.


	
	
	SEAC Rapporteurs comments:
Thank you for the information. SEAC shares your view that this restriction would only avoid potential incidents with proofing/impregnation sprays based on mixtures of TDFAs and organic solvents, when it is clear that exposure to sprays with different composition could also lead to human incidents. We refer to the Dossier submitter answer above, and to the most appropriate risk management option discussion in the opinion.

	1486
	Date: 2016/09/08 17:58

Content: Baseline

Type: BehalfOfAnOrganisation

Org. type: Company

Org. name: xxx Industries

Org. country: Germany

Attachment:



	Comment:
It is the experience of the last 30 years that was not be helpful to avoid future problems with spraying application for consumers to restrict a substance. Because a restriction of a substance do not remove the root cause problem of the accidents.
The essence of the literature cited above and attached:
1)There is a need for EU-wide regulation on spraying products for consumers
2)There is a need for a regulated & enlarged approach for risk assessment on spraying products for consumers
It is highly recommended to perform inhalation testing of the formulated product rather than the individual components.
However, all incidences so far were triggered either by introducing a new spray or by changing one of the parameters in previously safe sprays (e.g. exchange of solvent or physical property of the nozzle). Further re-search in this area is needed and a preventive strategy needs to be developed in order to better evaluate the toxicology of waterproofing sprays to ensure safety of the consumers.
Understanding of particle size distribution is essential for risk assessment.
There is no European-wide safety guidance for the manufacturing of such products.
It is further eligible that a set of information should be deposited at the national appointed body (bodies) according to Art. 45 of the new European Regulation on the Classification, Labelling and Packaging of Chemical Products including at least a complete list of the ingredients of a given formulated product. This will help to improve risk management.


	
	
	Dossier submitter response:
Model calculations precented in Appendix 2 of the BD shows that a risk that is not adequately controlled exists for aerosol dispensers. The model calculations and Nørgaard et al. (2009), furthermore, indicates that a risk that is not adequately controlled also exists for trigger and pump sprays containing mixtures of TDFAs and organic solvent. The calculated risk characterisation ratios for aerosol dispensers, trigger- and pump spray drops in the order: aerosol dispensers > trigger spray > pump spray, which indicates the highest risk for application by aerosol dispenser and the lowest for application by pump spray. To handle this risk a restriction is considered the most appropriate instead of waiting for more testing and/or new/updated legislation. 

Since very little information is generally available on the chemical identity of the active ingredients of the spray products involved in the identified human incidents and since documentation from animal studies is not available for other combinations than TDFAs and organic solvents the scope of the restriction is limited to mixtures of TDFAs and organic solvents were a risk that is not adequately controlled exists. 

In general we support the suggestions for EU-wide regulation on spraying products.

	
	
	RAC Rapporteurs comments:

Thank you for your comment. RAC agrees with the Dossier submitter response.


	
	
	SEAC Rapporteurs comments:
SEAC notes that the proposed restriction addresses part of the registered human incidents related to the use of proofing/impregnation spray products. However, the narrow scope of the restriction is grounded on scientific arguments and RAC concluded that there is a risk that is not adequately controlled for the targeted products. From a socioeconomic point of view, unless there are easier and cheaper inhalation tests than the OECD 403 test, that might classify the products regarding its acute inhalation toxicity, a demand for testing each formulated product (the costs for the companies would be around €8 000 per formulated product (www.productsafetylabs.com)) could be disproportionate, taking into account that the major part of the affected companies are SMEs that share an estimated annual turnover between €54 000 and €1 200 000, in accordance of the DS estimation.


	1488
	Date: 2016/10/06 15:20

Content: Hazard or exposure;
Description of analytical methods

Type: BehalfOfAnOrganisation

Org. type: Company

Org. name: xxx Industries

Org. country: Germany

Attachment:




Privacy comment: Evonik prepared parts this analytical report together with an 2nd german Company and the german VCI on request of the german BfR. We have the mandate to send these informations to european authorities.

	Comment:
We are presenting all analytical results prepared on request of the german BfR showing that there is no scientific link between the such called MAGIC-NANO-Case and the TDFAs proposed to be restricted in future


	
	
	Answer to specific info request 2:
By now there is no scientific link between the such called MAGIC-NANO-Case or other proofing sprays and the TDFAs proposed to be restricted. Because of the a restriction of this substance Family would not be an appropriate nor an adequate measure. The following can be concluded in summary from the studies presented here:
While the aerosol spray was found to contain only traces of Si and F, it contained relatively large amounts of tin (Sn). None of the studies revealed the presence of a TDFA.
10-40 times more Sn (Sn-organyl?) could be found, raising the question of organo-tin compounds.


	
	
	Answer to specific info request 4:
By now there is no scientific link between the such called MAGIC-NANO-Case or other proofing sprays and the TDFAs proposed to be restricted. Because of the a restriction of this substance family would not be an appropriate nor an adequate measure.


	
	
	Dossier submitter response:
Based on a Fraunhofer ITEM ICP-MS (Inductively coupled plasma mass spectrometry) test presented in Koch et al. (2009) Industry raises the question of toxicity of organotin compounds that may potentially be present. Koch et al., on the other hand, indicates that the presence of tin in the analysis is due to small amounts of tin persent in the spray can. The Magic Nano Bath & WC pump spray did not contain any tin (Koch et al., 2009). In the XPS analysis (Industry report, 2016) tin oxide and approximately 30 % metallic tin were detected, but no reference are made to organotin compounds.  
DS considers the question on the presence of organotin compounds speculative.
According to Koch et al. the low silicon content found by the ICP-MS could be caused by:
The silane compounds are not within the specified scope of the formulation of the distributor
The silane compounds are volatile and quantitatively lost during sample preparation for ICP-MS analysis
It should be noted that only small amounts of fluorosilanes/TDFAs is needed in impregnation products.

None-hydrolysed fluorosilanes are (semi-)volatile and hydrolysed fluorosilanes in impregnation products are highly reactive which complicate an exact quantification of the substances. 

According to Nørgaard none of the five ionisation techniques tested in Nørgaard et al. (2010b and 2010c in the background document) can be designated as being universal for detection of reactive fluorosilanes since each of them is somewhat biased, thus suggesting the use of more than one ionization technique in future analyses of similar reactive samples (Nørgaard et al., 2010c). Furthermore, besides using more than one ionization technique an extra analytical technique has to be added for quantification. This could e.g. be elemental determination of the total amount of silicon Nørgaard (personal communication).   

In the Industry report (2016) no silanes are detected by GC/MS (Gas chromatography mass spectrometry). 
GC/MS has been tested for identification of TDFAs by Nørgaard et al., and the MS-spectrum only showed the non-hydrolyzed silanes of the products NFP 1 and 2 (personal communication with Nørgaard). He further adds that under the assumption the product doesn’t contain water or that the fluorosilanes can be shaken to an organic solvent it might be possible to get the hydrolysed fluorosilane through the GC column if derivatized with TMS reagent. Only limited information is available on sample preparation in the Industry report (2016), but the sample does not seem to be handled as described by Nørgaard. 

If a TDFAs containing product is dominated by hydrolysates and condensates of TDFAs (i.e. no none-hydrolysed TDFAs left in the sample), TDFAs content cannot be detected by GC/MS.

Overall comment to the Industry report 
In the Industry report (2016) it was not possible to identify the active substance in Magic Nano by any of the analytical methods used. Reactive (fluoro)silanes are known to be difficult to detect. Based on Nørgaard et al. (2010b and 2010c in the background document) Nørgaard suggested to use of more than one ionization technique in combination with MS in analyses of reactive (fluoro)silanes. None of the ionization technique teste by Nørgaard was included in the Industry report. 

The key evidence for concluding that Magic Nano doesn’t contain TDFAs in the Industry report (2016) is that the F:Si ratio that does not match that of TDFAs. This would, however, also be the case if Magic Nano, besides TDFAs, contained a non-fluorinated silane. 

The Industry report (2016) does, furthermore, not include the SEM-EDX study by Fraunhofer ITEM presented in Koch et al. (2009). This study is the key study in Koch et al (2009) for the assumption that Magic Nano contained a fluorosilane. In 2009 the BfR-commission, who at that time had the 2006 Industry report and Koch et al. (2009) available, agreed with Koch et al. in this assumption.

In the Industry report (2016) the 19F-NMR study indicates the presence of a perfluorinated alkyl-group in the non-volatile Magic Nano residue and the 1H-NMR and IR studies indicates the presence of silane/siloxan. This can be seen as an indication of that Magic Nano might contain a fluorosilane.

The Industry report (2016) indicates that organotin and acrylat could be present in the Magic Nano formulation. This is, however, not justified by the available studies and according to Koch et al. it is likely that the presence of tin in the analysis is due to small amounts of tin percent in the spray can.

Overall, DS does not consider the Industry report (2016) a strong report for the identification of the active substances in Magic Nano and it is highly questionable if it can be used for concluding that Magic Nano does not contain TDFAs. DS agrees with Koch et al. (2009) and the BfR-commission (2009) that it is likely that the active substance in Magic Nano is a fluorosilane. In the Background Document it is furthermore assumed that this fluorosilane belongs to the group of TDFAs. This assumption is based on the fact that polyfluorooctyl trimethoxysilane and polyfluorooctyl triethoxysilane are commercially available and their use is described in several patents on coating/proofing/impregnation products for non-absorbing surfaces like glass and tiles.                

	
	
	RAC Rapporteurs comments:

Thank you for your comment. RAC agrees with the Dossier submitter responses. Furthermore the Industry representative at the RAC-39 meeting agreed that the presence of organotin compounds in the formulation is questionable. Thus the lung injury of the Magic Nano incidents are unlikely to be associated with organotin compounds. 


	
	
	SEAC Rapporteurs comments:
Thank you for your information. We refer to the answers provided above.

	1490
	Date: 2016/10/24 16:23

Type: MemberState

Country:
Lithuania

	Comment:
According Lithuania Poison Center not any cases of poisoning or incidents (calls or registered) related with TDFAs substances in spray product.


	
	
	Dossier submitter response:
Thank you for your answer.


	
	
	RAC Rapporteurs comments:
RAC notes the information from the Lithuania poison centre.


	
	
	SEAC Rapporteurs comments:
Thank you for this information.


	1492
	Date: 2016/11/11 11:47

Type: MemberState

Country:
Sweden

Attachment:



	Comment:


	
	
	Answer to specific info request 1:
For the period 2010-2015 four products containing TDFAs, and which are intended for consumer use, were registered in the Swedish Product Registry, all from the same company. The products contained less than 10% TDFAs. Three of them were based on organic solvents. For 2014 and 2015 the reported quantity for import was zero for all products, showing that there currently are no TDFA-products on the Swedish market for consumers. According to the company this is due to a change in business strategy, from wholesaling of impregnation products to actual performing the impregnation activities. Thus, the substitution of the products was not due to health concerns related to TDFAs. 
For more information, please refer to the table submitted as attachment.


	
	
	Dossier submitter response:
Thank you for your answer. This supports that not all spray products containing TDFAs and organic solvents was removed from the marked due to the Magic Nano case or the removal of NanoCover (called NFP 1 in the BD) following the animal studies by Nørgaard et al. The removal of the two product (series) was reported in RAPEX in 2006 and 2009 for Magic Nano and NFP 1, respectively. 


	
	
	RAC Rapporteurs comments:
Thank you for the information. RAC agrees with the dossier submitter response and also notes that since 2014 the product is no longer on the SE market however the purpose of the restriction is to prevent future incidences and ensure workers are alerted to the health concerns when the formulation is applied in spray form.



	
	
	SEAC Rapporteurs comments:
Thank you for the information. It is clear now that at least until 2013 there were proofing/impregnation spray products based on mixtures of TDFAs and organic solvents intended for use by the general public, in the EU.   


	1495
	Date: 2016/11/29 11:03

Content: Hazard or exposure

Type: MemberState

Country:
Cyprus

	Comment:
In Cyprus we dont have any incidents or study reports related to the use or effects of TDFAs and organic solvents in sprays. In addition, there is no information submitted in the Cyprus Chemicals Registry (article 45 CLP)related to such sprays.


	
	
	Dossier submitter response:
Thank you for your answer.


	
	
	RAC Rapporteurs comments:
RAC notes the response from Cyprus.


	
	
	SEAC Rapporteurs comments:
Thank you for this information.

	1496
	Date: 2016/11/29 13:55

Content: Scope or restriction option analysis
Hazard or exposure
Environmental emissions
Information on alternatives

Type: MemberState

Country:
Germany

Attachment:



	Comment:
Experiments with mice show acute toxic effects when exposed to TDFAs with organic solvents. Similar acute pulmonary effects have also been observed for 8:2 fluorotelomer acrylates. Acute toxic effects (pulmonary distress) have been reported in humans because of the use of impregnation sprays. The compositions of the sprays are more or less unknown, it is however known that fluorinated substances are contained in most of the sprays. From 713 incidents reported only 154 cases are based on the use of TDFAs. Human incidents have also been reported for sprays containing 8:2 fluorotelomer acrylates. The use of 8:2 fluorotelomer substances will most likely be covered by the restriction of PFOA and its related substances.In section C.4.2 it is stated that polyfluorinated triethoxysilanes with a polyfluoroalkychain length different from octyl may have similar toxic effects when aerosolized. If this condensed information is right it seems like the scope of the proposed restriction may be too narrow to prevent further incidents. The restriction only focusses on the 6:2 silanes. It seems however possible (or even most likely) that industry may use even shorter chain polyfluorinated triethoxysilanes which may have similar unwanted toxic effects. Some polyfluorinated triethoxysilanes other than the target TDFAs are manufactured outside of the EU and might be imported in articles (e.g. heptadecafluoredecyl triethoxysilane or nonafluorohexyl triethoxysilane); these compounds might also show unwanted toxic effects when combined with organic solvents.
DE noted that the Dossier Submitter has considered the possibility of a broader restriction covering additional fluorinated substances (other than TDFAs only) in combination with or-ganic solvents and appreciates these activities.
Further comments
B.2: There are inconsistent numbers used for the tonnage of the sprays (or it is not clear how the volumes have been derived: P 21: less than 2-10t/a; page 20: as a maximum 1-10 t/a
Page: 23: conclusion: 20-200 kg TDFA: It is not clear how this number has been calculated/estimated.
B.4 Environmental Fate properties/B7 Environmental hazard assessment and PBT and vPvB assessment:
It is stated that environmental releases are considered neglibible. However, we know especially from the PFOA case that the binding of the polyfluorinated side chains to the polymer backbone (as shown in the figure on page 17) is not complete. That means that unbound residues are still present. Those residues are released easily to the environment. The polyfluorinated fluorosilanes will be degraded to perfluorianted substances in the environment and in biota. Those degradation products will persist for decades and will enrich in the environment. Thus, even small amounts of the released substance may lead to elevated concentrations in the environment. The assessment of short chain PFAS is ongoing by several MS (e.g. ongoing SeV of 6:2 fluorotelomer acrylate and methacrylate). There are hints that short chain PFAS may act as EDs, a subject which is discussed currently in the ED-expert group. Moreover, short chain PFAS enrich in plants (e.g. Krippner et al., 2015 J.AgricFoodChem 63(14)).
Short chain PFAS are very mobile and once emitted into the environment may easily enter water bodies. Studies already show the presence of short chain PFAS in groundwater, which may be a concern for drinking water (e.g. Eschauzier et al., 2013. Science of the Total Environment 458-460; p477-485). Due to their low adsorption potential, it is difficult to remove them from drinking water, even with advances techniques. Occurrence of short chain perfluoroalkyl carboxylic acids has been reported for tap water (e.g. Llorca et al., 2012. Sci Total Environ 431, 139-150).
Interestingly, substances, which can degrade to PFOA, are considered as a major source of PFOA in the environment. The same situation is most likely true for the short chain PFAS, especially because of the use of the substances in sprays emissions into the environment is likely. Moreover, to our knowledge, the manufacturing of PFAS always leads to broad range of substances with different chain lengths. This means that in the sprays not only C6-PFAS are present, but also substances with shorter and longer perfluorinated chain lengths are present as impurities which are released into the environment as well. This fact is stated on page 60 (C4.3) but should maybe already be covered in chapter B.4. and B7.
Thus, we strongly recommend to revise chapter B.4, B.7 and the assessment of the alternatives in chapter C.
B.8.2.2: although there might be no information on TDFA available, other information (see PFOA restriction proposal) could be used to at least state, that a release into the environment during manufacturing is highly expected.
B.8.3.3/4 B.91.1.3: Are you really sure, that during curing polymerisation is 100%? Unbound residues may be released into the air and may be inhaled by humans.
B.9.1.2: reference to the non-existing section B.2.4
Chapter C: There is a reference to the environmental risks described earlier, but the environmental risk and hazard have not been discussed somewhere earlier in the dossier.
C.5.2: please include the environmental concerns for short chain PFAS (see comments under B4)


	
	
	Dossier submitter response:
Thank you for your comments.
We agree that 8:2 fluorotelomer acrylates (and side-chain polymers with 8:2 fluorotelomer acrylate derivatives as side-chain) will be covered by the restriction on PFOA and PFOA related substances. Little or no information has been identified on possible inhalatory toxicity of fluorotelomer acrylates with a different chain length (e.g. 6:2 fluorotelomer acrylate). The same is true for fluorosilanes with a different chain length than TDFAs (e.g. heptadecafluoredecyl triethoxysilane or nonafluorohexyl triethoxysilane). However, given the structural similarity with TDFAs it is not unlikely that these substances in mixtures with organic solvents would have some effect on lung surfactants if aerosolised (as it says in C.4.2). As we have no proof of this it is not possible to extend the scope. 

Further comments B2:
B.2.2.1: The “…less than 2-20 t/y” refers to the sum of polyfluorooctyl triethoxysilane and polyfluorooctyl trimethoxysilane that are used in spray products. (The number 2-10  t/y is not mentioned in the report)
B.2.1.1: The “…maximum, 1-10 t/y” refers only to polyfluorooctyl triethoxysilane that are used in spray products.
B.2.2.1.4: As mentioned in the report: 1% of 2-20 tons equals 20-200 kg. Each spray is in average assumed to contain 250 ml with a density of 0.79 g/ml (density of 2-propanol) and the average concentration of polyfluorooctyl triethoxysilane is 1.0-1.5%.
The figure 6 800 units is derived by the following equation: 20/0.79*4/(1.5/100): 6751 = rounded 6800.  – 100 000 units is derived by 200/0.79*4/(1/100): 101265 = rounded 100.000. 

Section B.4, B.7, B.8.2.2, B.8.3.3, B.8.3.4, B.9.1.1.3 and C.4.3 of the BD, all related to environmental issues, has been updated. Reference in section B.9.1.2 has been changed to B.4.
Section C.5.2 refers to section B.7 in the updated BD.



	
	
	RAC Rapporteurs comments:
RAC notes the questions and agrees with the Dossier submitter responses. 


	
	
	SEAC Rapporteurs comments:
Thank you for your comment. Regarding the tonnage of TDFAs considered in the proposal we refer to the Dossier submitter answer above.


	1497
	Date: 2016/12/07 16:37

Content: Hazard or exposure

Type: MemberState

Country:
Ireland

Company name confidential: Yes 

Attachment:




	Comment:
Please note your weblink to Reg 1049/2001 link is still not working to check Art 4. The names of spray products is being withheld until this can be addressed. As NPIC confirmed this information should be treated as confidential.


	
	
	Answer to specific info request 1:
yes

	
	
	Answer to specific info request 2:
yes


	
	
	Answer to specific info request 3:
no

	
	
	Answer to specific info request 4:
no

	
	
	Dossier submitter response:
Thank you for the information.


	
	
	RAC Rapporteurs comments:
RAC notes the cases involving impregnating sprays in IE and health effects observed following inhalation of some impregnating spray. RAC also notes the lack of available information confirming the presence of TDFAs in those products. 


	
	
	SEAC Rapporteurs comments:
Thank you for the information.

	1498
	Date: 2016/12/13 12:32

Content: Scope or restriction option analysis;
Information on alternatives

Type: BehalfOfAnOrganisation

Org. type: International NGO

Org. name: ChemSec

Org. country: Sweden

	Comment:
We highly support this restriction proposal even if we find it worrying that not also other fluorinated substances with slightly longer/shorter fluorinated tails are included. Also the non-inclusion of condensates (-di, -tri, -tetra) should possibly be revised to be included in the restriction as well.
This form did not accept any additional information to be submitted in the specific questions below! Hence this part is intended to be inserted in question nr 3.
In the assessment of available alternatives, it should be considered the necessity of using the products affected by this restriction. In this case it is indeed highly questionable if consumers would need such sprays hence there is no need of requiring alternatives to be available to implement this restriction.


	
	
	Dossier submitter response:
Thanks for your comment. 
Since very little information is generally available on the chemical identity of the active ingredients of the spray products involved in the identified human incidents and since documentation from animal studies is not available for other combinations than TDFAs and organic solvents the scope of the restriction is limited to mixtures of TDFAs and organic solvents where a risk that is not adequately controlled exists. 

It is important to consider possible alternatives in order to evaluate the impacts. In principle we agree, that even if alternatives might not be available a restriction could be justified. In this case, we have also pointed to the possibility to require assistance from professionals who might access to the spray products containing TDFAs and organic solvents.  


	
	
	RAC Rapporteurs comments:
Thank you for the comments. RAC agrees with the Dossier submitter response, unfortunately a lack of information on active ingredients has meant the scope of the proposal is only focused on TDFAs and organic solvents. 


	
	
	SEAC Rapporteurs comments:
Thank you for your comment.  Regarding your concern about the alternatives, SEAC considers that alternatives is not a key issue in the SEAC assessment of the restriction proposal once it is clear that there are alternative substances or alternatives application methods available. SEAC does not have any information on consumers’ needs related to the use of these type of products.
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Preface 


The project ”Survey and Health Assessment of Possible Health Hazardous 
Compounds in Proofing Sprays” was carried out from April 2007 till 
November 2007.  
 
This report describes the project results, comprising a literature retrieval and 
information search about cases of toxification from proofing agents, survey of 
products and chemical analyses and a health assessment of a number of 
selected products. 
 
As a starting point, registered information was collected about toxification of 
consumers who had used proofing sprays.  
 
In addition, it was examined which products exist on the Danish market 
within the category textile proofing sprays.  
 
Subsequently, a plan was drawn up for analyses and experimental 
investigations in co-operation with the Danish Environmental Protection 
Agency. When the plan had been accepted, chemical and aerosol analyses of 
selected products as well as a health assessment of selected compounds were 
carried out.  
 
The project was carried out by Danish Technological Institute with M.Sc., 
Ph.D. Anders Feilberg as project manager and cand. arch. Kathe Tønning, 
M.Sc., Ph.D. Anne-Gry Hemmersam and laboratory manager Eva Jacobsen 
as project co-workers. The health assessment was carried out by graduate in 
pharmacology Inge Søborg and M.Sc., Karl-Heinz Cohr from DHI. 
 
In addition, the Danish Poison Information Centre at the Bispebjerg Hospital 
(Danish Clinic for Occupational and Environmental Medicine) contributed 
with an outline of Danish cases of toxification in connection with textile 
proofing agents. The outline can be seen in enclosure 1. 
 
The project was followed by a reference group consisting of the following 
persons: 
Anette Ejersted the Danish Environmental Protection Agency 


(chairman of the reference group) 
Magnus Løfstedt the Danish Environmental Protection Agency 
Bettina Ørsnæs Andersen the Danish Environmental Protection Agency 
Anders Feilberg Danish Technological Institute 
 
The project was financed by the Danish Environmental Protection Agency. 
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Summary and conclusions 


Many different types of proofing sprays are sold directly to the consumers as 
agents for aftertreatment of different types of textiles especially in order to 
obtain a water- and dirt-repellant effect.  
 
In recent years, it has been observed internationally and in Denmark that 
spray products for proofing of textiles in certain cases result in acute 
respiratory illness and similar acute poisoning symptoms. During the period 
from 1991 to 2007, 84 cases of varying degrees of poisoning in connection 
with the use of textile proofing were identified in Denmark. It has not been 
possible to find any unambiguous reason for the cases of poisoning on the 
basis of the information about the compounds. 
 
Therefore, this project has been implemented in order to investigate textile 
proofing sprays on the Danish market.  
 
The starting point of the project was a need for greater knowlege about the 
compounds in this type of product and the size of the aerosols humans are 
exposed to. 
 
The following elements form part of the project:  


• Literature retrieval and information search 
• Survey of products on the market 
• Investigation of chemical composition of substances 
• Investigation of liberation of small aerosols during use 
• Health assessment of the products. 


 
The most important project results will be exmined in the following. 
 
Literature and information search 
By means of systematic searches in scientific data bases information has been 
collected about toxic effects in connection with spray proofing and about the 
composition of the proofing sprays with regard to proofing agent, solvent and 
possible propellant. 
 
Many of the cases of poisoning that have been reported for proofing sprays 
have in common that a previous rewording has taken place of the products in 
connection with substitution of the solvents used.  
Some proofing sprays that have caused acute toxicity in humans have 
subsequently been tested on animals. No information exists about the 
toxicological impact mechanism of particular proofing sprays but is must be 
assumed that the proofing agents influence the surface conditions in the lungs 
e.g. the surface tension and thus the lung function and might hamper the 
passage of oxygene across the alveolars. 
 
The spray proofing agents involved in the reported cases of toxification most 
often contain some type of fluorcarbon polymer (15 out of 17 products). The 
manufacturers keep the chemical structure secret to avoid product copying. 
Please note that a few products in addition to fluorine compounds also 
contain silicone compounds. 
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In general, it is easier to procure information about which solvents and 
propellants form part of the product, whereas amount specifications rarely are 
stated.  
 
Only limited information exists about the size distribution of the aerosols 
consumers are exposed to when using proofing spray. This project uses the 
term aerosols about material and substances that are not gaseous and that are 
suspended in air. As a starting point, liquid aerosols are in question but it 
cannot be ruled out that these subsequently will assume a solid or amorphous 
physical structure.1 
 
The type of the solvent as well as the appearance of specific fluorcarbon 
compounds and the aerosol size can be of importance to the observed cases of 
poisoning but a more precise reason cannot be concluded from literature.  
 
Survey 
The survey comprised the following activities: 


• Contact to the retail trade. 21 of the procured products were 
purchased in physical shops.  


• Search on the internet. Many homepages with internet shops were 
visited and 5 of the products were purchased on the internet.   


• Contact to distributors/importers. Approaching importers of the 
products that form part of the survey resulted in information about the 
substances in the products whereas information on sale of the 
products in Denmark only has been received from few importers. 


 
Products have been purchased for textile proofing within the product groups: 


• Products for proofing of shoes 
• Products for proofing of tents and the like 
• Products for proofing of furniture 
• Products for proofing of clothes for outdoor use, e.g. jackets or the 


like. 
 
The main selection criteria for purchase of products have been that the 
products have to be sold to a certain degree. It has especially been possible to 
use that criterion when visiting physical shops and the staff was asked which 
products are “best selling”, but it has not been possible to use that criterion in 
connection with internet trade.   


 
Consumption of sprays for textile proofing 
It has not been possible to procure information from any of the contacted 
importers about their sale on the Danish market and therefore it has not been 
possible to estimate the extent of products sold for textile proofing.  
 
Selection of products for further investigation 
The survey resulted in the registration of 29 products (17 spray products with 
propellant and 12 spray products with pump) and in co-operation with the 
Danish Environmental Protection Agency 16 products were selected for 
further investigation. 
 


                                                  
1 In literature, the terms aerosol and particle are often used without an unambiguous 
definition of the difference between the terms. In some cases, aerosol is used as term 
for liquid materials and particle as term for solid materials.  
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Chemical analyses 
16 products were chosen for analysis and the principle was that spray as well 
as pump products should be represented, that fluorine as well as silicone 
based products should be investigated and that products with known as well 
as unkown substances should be examined. 
 
Subsequently, the following screening analyses were carried out: 


1. Element analyses for content of fluorine or silicone in the surface 
coating of proofed textile by x-ray.  


2. Screening for content of volatile and semi-volatile organic substances 
in the aerosol mist that appears when the products are used, by means 
of gas chromatography with mass spectrometric detection (GC/MS). 


 
The screening analyses showed that nearly all products contained varied 
amounts of fluorine (0.1-15 %). Fluorine was not detected in 2 out of the 16 
analysed products. Silicium was measured in 11 products.  
 
Summarised, the results show that 13 of the 16 products probably are based 
on a fluorcarbon coating. One single sample contained only a small amount of 
fluorine and substantially more silicium. 
 
The screening analyses for volatile and semi-volatile organic substances 
showed content of a wide range of solvents and propellants. However, in two 
products it was not possible to demonstrate content of volatile or semi-volatile 
organic substances. 10 of the 14 other products contained large amounts of 
hydrocarbons in the form of hydrocarbon mixtures that function as organic 
solvents. Most products contained varying amounts of polar organic solvents. 
Some products also contained aromatic compounds and one single product 
contained chlorinated solvents.  
 
In addition, the screening analyses showed the appearance of one fluorine 
compound and silicone/siloxane compounds. From the chemical analyses, the 
assumed fluorine substances turned out to be structurally related to the so-
called fluortelomers, meaning substances with the structure 
CF3(CF2)nCH2CH2OH. An example is 1H,1H,2H,2H-perfluoroctanol.  
 
In the light of the screening analyses, 10 products were chosen for quantitative 
chemical analyses. The quantitative analyses were carried out on 14 
substances in the chosen products. For some products, the concentration in 
the products was below the detection limit but most substances could be 
analysed in one or several products.  
 
When comparing with an analysis of a standard it could be ruled out that 
some of the products contained 1H,1H,2H,2H perfluoroctanol. Additional 
analyses could not uncover the exact chemical structure of the detected 
fluorine compounds. The concentrations of detected fluorine compounds 
were low compared with the x-ray analyses and therefore it must be assumed 
that the main part of the fluorine compounds is polymerised during the 
analysis and therefore they cannot be detected. That might be because the 
active ingredient is designed to polymerise on contact with air and in that way 
create a proofing coating.   
 
Aerosol analyses 
All 16 products that were chosen for analyses were analysed for liberation of 
small aerosols in the size interval of 6-650 nm. As far as it is known, it is the 
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first time systematic measurements were carried out on small aerosols and 
nanoaerosols which the consumer is exposed to when using spray proofing.  
The results unambiguously show that middle-sized aerosols in the interval of 
50-200 nm are liberated when propellant based spray products are used. The 
measured aerosol concentrations are in the area of 105-106 cm-3 at an exposure 
time of 10 s. When using pump products the amount of liberated small 
aerosols is very small or insignificant.  
 
The reason for the difference between pump products and propellants is that 
pump products give larger primary aerosols that are deposited more efficiently 
on the textile surface than the smaller aerosols from propellants. In the case of 
non-deposited aerosols a quick evaporation of solvents will take place and 
then aerosols consisting of non-volotile substances will remian in the air.  
 
As part of the project, a test rig was developed for investigation of proofing 
products with regard to liberation of small aerosols and determination of the 
aerosol size distribution.  
 
Health assessment 
In the project, health assessments were carried out on 6 substances found 
either in the semi-quantitative screenings or the quantitative analyses of 
chemical substances in spray products intended for textile proofing. The 
assessments of the health conditions were carried out on the basis of worst 
worst case scenarios. The 6 investigated substances were cyclohexane, butan-
2-on, 1-Butanol and butyl acetate which are solvents and perfluoroctan-1-ol 
and dodecamethylpentasiloxane. 
 
The assessments showed that the procured textile sprays only contained 
substances that were listed in the Danish Ministry of the Environment’s 
Regulation on propellants and solvents to be used in aerosol products (the 
Danish Environmental Protection Agency, 1984). However, the organic 
solvent butyl acetate must not appear in products for indoor household use. 
The content of organic solvents is not a health related problem in these spray 
products assessed in relation to substance limit values of the Danish Working 
Environment Authority. 
 
In connection with the assessed substances the rule is that margin of safety 
(MOS) has to be at least 100 compared to the NOAEL value (no observed 
adverse effect level) in the critical effect in a relevant animal study. A factor 10 
is used for extrapolation from animals to humans and an additional factor 10 
is used to protect the particularly sensitive groups or individuals. That 
criterion is normally used to protect users of consumer products.  
   
On the basis of that criterion, the content of a polydimethyl siloxane that was 
found in one single spray product will not be a health hazardous risk.  
 
Substances that structurally are similar to 1H,1H,2H,2H-perfluoroctanol were 
estimated to have MOS values of approx. 10, that is 1/10 of the protection 
level that normally is used for consumer products. In addition, it has only 
been possible to account for a small part of the total amount of fluorine 
compounds in the products and it is only that small part that forms part of the 
health assessment. This type of substance gives another reason for 
cautiousness as the available literature shows that fluorine compounds exist in 
most of the cases of poisoning where information about the chemical 
composition is available.   
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Aerosols from proofing products consist of small drops of proofing agent 
dissolved in solvents. The proofing agents are solid or liquid with extremely 
low vapour pressure. The solvents have a rather high vapour pressure and will 
evaporate quickly and leave liquid or solid particles of the proofing substances 
floating in the air – the smaller the aerosol particles the quicker the 
evaporation. In practice, the aerosols that are inhaled mainly consist of heavy 
volatile proofing substances. In concentrated form that can influence the 
surface tension in the lungs and result in changed lung function. No 
information exists about the combined influence of solvent vapours and 
aerosols on the respiratory system (possibly with a small solvent content). 
 
Conclusion 
Most ascertained cases of poisoning that arise when textile proofing has been 
used involve products that are based on fluorcarbon compounds. 
 
It has not been possible to determine the exact chemical structure of the 
fluorcarbon compounds that exist in textile proofing agents and therefore it 
has not been possible to carry out a final health assessment of the products. 
However, in the light of the project results that prove the appearance of 
fluorine in most products it must be assessed as possible that exposure to non-
polymerised or partly polymerised fluorcarbon compounds in rather high 
concentrations is possible.  
 
The use of textile proofing agents sprayed with propellant results in a 
considerable exposure to fine (< 1 µm) and ultra fine aerosols (nanoaerosols) 
(< 100 nm). The toxicological effect from inhaling nanoaerosols is not yet 
known. Existing information in the field cannot document that small aerosols 
in themselves are harmful. However, many international research activities are 
being carried out on the toxicology of nanoaerosols and in a couple of years 
they will hopefully be able to shed more light on this problem. Aerosols can be 
carriers of (re)active chemical substances, e.g. fluorcarbon monomers but the 
importance is not known as the chemical structure of the substances could not 
be detected or procured in this project.  
 
The classic toxicological assessments of the individual substances in a product 
are apparently insufficient when the product is sprayed by means of 
propellant. Physical properties, e.g. aerosol size, are determining factors that 
show if and which toxic effect might arise in the respiratory system. Toxic 
effects can arise when the solvents in aerosols evaporate after inhalation and 
result in a high local concentration in lungs/alveolars. When the solvent is 
evaporated small, solid or liquid aerosols are created. Respiratory symptoms 
could also be due to possible depositing of insoluble substances, e.g. 
fluorcarbon compounds on the surfaces of the respiratory passages. In that 
way, the proofing substances can affect the surface conditions in the lungs 
and thus the lung function and possibly restrain the passage of oxygen across 
the alveolars.  
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Sammenfatning og konklusioner 


Der findes en lang række forskellige imprægneringsmidler, der sælges direkte 
til forbrugerne som midler til efterbehandling af forskellige typer tekstiler for 
primært at opnå en vand- og smudsafvisende effekt.  
 
Gennem de seneste år er det observeret både internationalt og i Danmark, at 
sprayprodukter til imprægnering af tekstiler i visse tilfælde medfører akutte 
luftvejslidelser og lignende akutte forgiftningssymptomer. I Danmark er der 
således i perioden 1991 til 2007 registreret 84 tilfælde af varierende grad af 
forgiftning i forbindelse med anvendelse af tekstilimprægnering. Der har ikke 
ud fra viden om indholdsstoffer kunnet udledes nogen entydig årsag til 
forgiftningstilfældene. 
 
Nærværende projekt er på den baggrund iværksat med henblik på at 
undersøge spraymidler til tekstilimprægnering på det danske marked.  
 
Projektets udgangspunkt er, at der er behov for mere viden om denne type 
produkters indholdsstoffer samt størrelsen af de aerosoler, man eksponeres 
for. 
 
Følgende elementer indgår i projektet:  


• Litteratur- og informationssøgning 
• Kortlægning af produkter på markedet 
• Undersøgelser af kemisk sammensætning af indholdsstoffer 
• Undersøgelse af frigivelse af små aerosoler under anvendelse 
• Vurdering af den sundhedsmæssige risiko ved produkterne. 


 
De væsentligste resultater af projektet er gennemgået i det følgende. 
 
Litteratur- og informationssøgning 
Ved hjælp af systematiske søgninger i videnskabelige databaser er der 
indsamlet information om toksiske effekter i forbindelse med 
sprayimprægnering samt om imprægneringsmidlernes sammensætning med 
hensyn til imprægneringsmiddel, opløsningsmiddel og eventuel drivgas. 
 
Mange af de forgiftningstilfælde, der er rapporteret for imprægneringsspray, 
har til fælles, at der forudgående er sket en omformulering af produkterne i 
forbindelse med substitution af de anvendte opløsningsmidler.  
Enkelte imprægneringssprays, der har forårsaget akut toksicitet i mennesker, 
har efterfølgende været testet i dyremodeller. Der findes ingen oplysninger om 
den toksikologiske virkningsmekanisme af partikulære imprægneringsstoffer, 
men det må formodes, at imprægneringsstofferne påvirker 
overfladeforholdene i lungerne, fx overfladespændingen og dermed 
lungefunktionen, og eventuelt hæmmer passagen af oxygen over alveolerne.  
 
Sprayimprægneringsmidler, der er involveret i rapporterede 
forgiftningstilfælde, indeholder oftest en form for fluorcarbon-polymer (15 ud 
af 17 produkter). De kemiske strukturer hemmeligholdes af producenterne for 
at undgå kopiering af produkterne. Det skal bemærkes, at enkelte produkter 
ud over fluorforbindelser også indeholder silikoneforbindelser. 
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Det er generelt nemmere at få oplysninger om, hvilke opløsningsmidler og 
drivmidler der indgår i produkterne, men der er sjældent tale om 
mængdeangivelser. 
 
Der foreligger kun begrænset information om størrelsesfordelingen af de 
aerosoler, man udsættes for ved anvendelse af tekstilimprægnering. I dette 
projekt anvendes betegnelsen aerosoler om materialer og stoffer, der ikke er på 
gasform, og som er suspenderet i luft. I udgangspunktet er der tale om 
væskeformige aerosoler, men det kan ikke udelukkes, at disse efterfølgende 
antager en fast eller amorf fysisk struktur.2 
 
Såvel typen af opløsningsmiddel som forekomsten af specifikke fluorcarbon-
forbindelser og aerosolstørrelsen kan have betydning for de observerede 
forgiftningstilfælde, men en nærmere årsag kan ikke udledes fra litteraturen. 
 
Kortlægning 
I kortlægningen er indgået følgende aktiviteter: 


• Kontakt til detailhandel. 21 af de anskaffede produkter er indkøbt i 
fysiske butikker.  


• Søgning på internettet. En lang række hjemmesider med 
internetbutikker er besøgt, og 5 af de indkøbte produkter er købt i 
internetbutikker.  


• Kontakt til producenter/importører. Henvendelserne til importørerne 
for de produkter, der indgår i kortlægningen, har resulteret i 
oplysninger om indholdsstoffer i produkterne, hvorimod oplysninger 
om omfanget af solgte produkter i Danmark kun er modtaget fra 
enkelte importører. 


 
Der er indkøbt produkter til tekstilimprægnering inden for produktgrupperne: 


• Produkter til imprægnering af fodtøj 
• Produkter til imprægnering af telte og lignende 
• Produkter til imprægnering af møbler 
• Produkter til imprægnering af beklædning til udendørs brug, som fx 


jakker eller lignende. 
 
Udvælgelseskriterierne for indkøb af produkter har primært været, at det 
skulle være produkter, der sælges i et vist omfang. Dette kriterium har primært 
kunnet anvendes, hvor der har været tale om besøg i fysiske butikker, hvor 
personalet er blevet spurgt om, hvilke af deres produkter der ”går bedst”, 
mens det ikke har kunnet anvendes ved handel på internettet.  


 
Forbrug af spraymidler til tekstilimprægnering 
Det har ikke været muligt at få oplysninger fra samtlige kontaktede importører 
om omfanget af deres salg på det danske marked, og det har således ikke været 
muligt at estimere omfanget af solgte produkter til tekstilimprægnering. 
 
Udvælgelse af produkter til videre undersøgelse 
Kortlægningen resulterede i registrering af 29 produkter (17 sprayprodukter 
med drivgas og 12 sprayprodukter med pumpe), og i samråd med 
Miljøstyrelsen blev der udvalgt 16 produkter til videre undersøgelse. 


                                                  
2 I litteraturen anvendes begreberne aerosoler og partikler ofte uden en entydig 
definition af forskellen mellem begreberne. I nogle tilfælde anvendes aerosoler som 
betegnelse for væskeformige materialer og partikler som betegnelse for faste 
materialer.  
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Kemiske analyser 
De 16 produkter til analyser blev valgt ud fra, at både spray- og 
pumpeprodukter skulle være repræsenteret, at både fluor- og silikonebaserede 
produkter undersøges, samt at både produkter med kendt og ukendt 
virkningsstof undersøges. 
 
Der er herefter foretaget følgende screeningsanalyser: 


3. Grundstofanalyser for indhold af fluor eller silikone i 
overfladebelægningen på imprægneret tekstil ved røntgen 


4. Screening for indhold af flygtige og semiflygtige organiske stoffer i 
aerosoltågen, som fremkommer ved brug af produkterne, ved hjælp af 
gaschromatografi med massespektrometrisk detektion (GC/MS). 


 
Screeningsanalyserne viste, at næsten samtlige produkter indeholdt varierende 
mængder af fluor (0,1-15 %). Kun i 2 ud af de 16 analyserede produkter 
kunne fluor ikke detekteres. Silicium blev målt i 11 produkter.  
 
Resultaterne viser sammenfattende, at 13 af de 16 produkter efter al 
sandsynlighed er baseret på en fluorcarbon-belægning. En enkelt prøve 
indeholdt kun en lille mængde fluor og væsentligt mere silicium. 
 
Screeningsanalyserne for flygtige og semiflygtige organiske stoffer viste 
indhold af en lang række opløsningsmidler og drivgasser. I to produkter kunne 
der dog ikke konstateres indhold af flygtige og semiflygtige organiske stoffer. 
10 af de 14 øvrige produkter indeholdt store mængder af kulbrinter i form af 
kulbrinteblandinger, der fungerer som organisk opløsningsmiddel. De fleste 
produkter indeholdt varierende mængder af polære organiske 
opløsningsmidler. Enkelte produkter indeholdt tillige aromatiske forbindelser, 
og et enkelt produkt indeholdt klorerede opløsningsmidler. 
 
Screeningsanalyserne viste endvidere forekomst af enkelte fluorforbindelser og 
silikone/siloxan-forbindelser. De formodet fluorholdige stoffer viste sig ud fra 
de kemiske analyser at være strukturelt beslægtede med såkaldte 
fluortelomerer, dvs. stoffer med strukturen CF3(CF2)nCH2CH2OH. Et 
eksempel herpå er 1H,1H,2H,2H-perfluoroctanol.  
 
På baggrund af screeningsanalyserne blev 10 produkter udvalgt til kvantitative 
kemiske analyser. De kvantitative analyser blev udført for 14 stoffer i de valgte 
produkter. For enkelte stoffer var koncentrationen i produkterne under 
detektionsgrænsen, men de fleste stoffer kunne analyseres i et eller flere 
produkter.  
 
Ved sammenligning med analyse af en standard kunne det udelukkes, at 
nogen af produkterne indeholdt 1H,1H,2H,2H-perfluoroctanol. Supplerende 
analyser kunne ikke afdække de nøjagtige kemiske strukturer af de detekterede 
fluorforbindelser. Koncentrationerne af detekterede fluorforbindelser var lave 
sammenlignet med røntgenanalyserne, og det må derfor formodes, at 
hovedbestanddelen af fluorforbindelser polymeriseres under analysen og 
derfor ikke kan detekteres. Dette kan skyldes, at den aktive ingrediens er 
designet til at polymerisere ved kontakt med luft og dermed danne en 
imprægneringsbelægning.  
 
Aerosolanalyser 
Alle 16 produkter, der blev udvalgt til analyser, blev analyseret for afgivelse af 
små aerosoler i størrelsesintervallet 6-650 nm. Såvidt vides er det første gang 
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der er udført systematiske målinger af de små aerosoler og nanoaerosoler, man 
udsættes for ved brug af sprayimprægneringsmidler.  
 
Resultaterne viser entydigt, at der ved anvendelse af drivgasbaserede 
sprayprodukter sker en frigivelse af aerosoler med middelstørrelse i intervallet 
50-200 nm. De målte aerosolkoncentrationer er i niveauet 105-106 cm-3 ved en 
eksponeringstid på 10 sekunder. Ved anvendelse af pumpeprodukter er 
mængden af frigivne små aerosoler meget lille eller insignifikant. 
 
Forklaringen på forskellen mellem pumpeprodukter og drivgasprodukter er, at 
pumpeprodukter giver større primære aerosoler, der deponeres mere effektivt 
på tekstiloverfladen end de mindre aerosoler fra drivgasprodukter. For ikke-
deponerede aerosoler vil der ske en hurtig fordampning af 
opløsningsmidlerne, hvorefter der i luften vil restere aerosoler bestående af 
ikke-flygtige stoffer.  
 
Som en del af projektet er der udviklet en testopstilling til undersøgelse af 
imprægneringsprodukter mht. afgivelse af små aerosoler og bestemmelse af 
aerosolernes størrelsesfordeling. 
 
Sundhedsvurdering 
Der er i projektet gennemført sundhedsvurderinger for 6 stoffer, fundet enten 
ved de semikvantitative screeninger eller ved de kvantitative analyser af 
kemiske stoffer i sprayprodukter beregnet til tekstilimprægnering. Vurderinger 
af de sundhedsmæssige forhold er foretaget ud fra opstillede worst case-
scenarier. De 6 undersøgte stoffer er cyclohexan, butan-2-on, 1-butanol og 
butylacetat, der alle er opløsningsmidler, samt perfluoroctan-1-ol og 
dodecamethylpentasiloxan. 
 
Vurderingerne viste, at de anskaffede tekstilsprays kun indeholdt stoffer, som 
var listet i Miljøministeriets bekendtgørelse om driv- og opløsningsmidler til 
brug i aerosolprodukter (Miljøstyrelsen, 1984). Derimod må det organiske 
opløsningsmiddel butylacetat ikke forekomme i produkter til indendørs 
husholdningsbrug. Indholdet af organiske opløsningsmidler er imidlertid ikke 
et sundhedsmæssigt problem i disse sprayprodukter vurderet i forhold til 
Arbejdstilsynets grænseværdier for stofferne. 
 
For de vurderede stoffer er anvendt den regel, at margin of safety (MOS) skal 
være mindst 100 i forhold til NOAEL-værdien (no observed adverse effect level) 
i den kritiske effekt i et relevant dyrestudie. Der anvendes en 10-faktor for 
ekstrapolation fra dyr til menneske og yderligere en 10-faktor for at beskytte 
de særligt følsomme grupper eller individer. Dette kriterium er det normalt 
anvendte for at beskytte brugerne af forbrugerprodukter. 
   
Ud fra dette kriterie vil heller ikke indholdet af en polydimethylsiloxan, der 
blev fundet i et enkelt sprayprodukt, udgøre en sundhedsmæssig risiko.  
 
For stoffer, der strukturelt minder om 1H,1H,2H,2H-perfluoroctanol, blev 
estimeret MOS-værdier på ca. 10, altså 1/10 af det beskyttelsesniveau, som 
normalt anvendes ved forbrugerprodukter. Hertil kommer, at det kun har 
været muligt at redegøre for en mindre del af den totale mængde af 
fluorforbindelser i produkterne, og at det kun er denne mindre del, der indgår 
i sundhedsvurderingen. For denne type stoffer er der yderligere grund til 
forsigtighed, idet den foreliggende litteratur viser, at fluorforbindelser 
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optræder i langt de fleste forgiftningstilfælde, hvor der foreligger information 
om den kemiske sammensætning af produktet.  
 
Aerosoler af imprægneringsprodukter består af små dråber af 
imprægneringsstof opløst i opløsningsmidler. Imprægneringsstofferne er faste 
eller flydende stoffer med ekstremt lave damptryk. Opløsningsmidler har 
forholdssvis høje damptryk og vil hurtigt fordampe og efterlade flydende eller 
faste partikler af imprægneringsstofferne svævende i luften - jo mindre 
aerosolpartiklerne er, desto hurtigere fordampning. I praksis vil de aerosoler, 
der indåndes, hovedsaglig bestå af det tungtflygtige imprægneringsstoffer. 
Dette vil i koncentreret form kunne påvirke overfladespændingsforholdene i 
lungerne og derved medføre en forandring af lungefunktionen. Der findes 
ingen viden om den kombinerede virkning på luftvejene af 
opløsningsmiddeldampe og aerosoler (eventuelt med et lille indhold af 
opløsningsmiddel). 
 
Konklusion 
De fleste konstaterede forgiftningstilfælde efter anvendelse af 
tekstilimprægnering involverer produkter, der er baserede på fluorcarbon-
forbindelser. 
 
De nøjagtige kemiske strukturer af de fluorcarbon-forbindelser, der indgår i 
tekstilimprægneringsmidler, har ikke kunnet fastlægges, og en endegyldig 
sundhedsvurdering af produkterne kan derfor ikke foretages. Ud fra projektets 
resultater, der påviser forekomst af fluor i de fleste produkter, må det dog 
vurderes som sandsynligt, at eksponering for ikke-polymeriserede eller delvist 
polymeriserede fluorcarbon-forbindelser i relativt høje koncentrationer kan 
forekomme.  
 
Anvendelse af tekstilimprægneringsmidler, der sprayes med drivgas, medfører 
en betydelig udsættelse for fine (< 1 µm) og ultrafine aerosoler 
(nanoaerosoler) (< 100 nm). Den toksikologiske betydning af indånding af 
nanoaerosoler er endnu ikke kendt. Den eksisterende viden på området kan 
ikke dokumentere, at små aerosoler i sig selv er skadelige. Aerosolerne kan 
være bærere af (re)aktive kemiske stoffer, fx fluorcarbon-monomerer, men 
betydningen heraf er ikke kendt, da stoffernes kemiske strukturer ikke har 
kunnet detekteres eller været tilgængelige i dette projekt.  
 
Klassiske toksikologiske vurderinger af de enkelte indholdsstoffer i et produkt 
er tilsyneladende utilstrækkelige, når produktet sprayes ved hjælp af et drivgas. 
Fysiske karakteristika, fx aerosolens størrelse er en bestemmende faktor for om 
og hvilken toksisk effekt, der vil kunne opstå i luftvejene. Toksiske effekter kan 
opstå ved, at opløsningsmidlerne i aerosoler fordamper efter indånding og 
medfører en høj lokal koncentration i lunger/alveoler. Ved fordampningen af 
opløsningsmidlet dannes små, faste eller væskeformige aerosoler. 
Luftvejssymptomer kan også skyldes eventuel deponering af uopløselige 
stoffer, fx fluorcarbon-forbindelser på overfladerne i luftvejene. Derved kan 
imprægneringsstofferne påvirke overfladeforholdene i lungerne, og dermed 
lungefunktionen, og eventuelt hæmme passagen af oxygen over alveolerne.  
 
Det tilbagestår endnu at blive vist om toksiciteten af stoffer på aerosolform 
stiger yderligere, når aerosolstørrelsen i tågerne aftager til nanostørrelser (< 
100 nm). Der foregår dog adskillige internationale forskningsaktiviteter 
vedrørende nanoaerosolers toksikologi, som i løbet af nogle år forhåbentlig 
kan kaste mere lys over denne problemstilling. 
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1 Introduction 


1.1 Background 


A wide range of different proofing agents exist and they are sold directly to 
the consumers as agents for restorative treatment of different types of textiles 
most often to obtain water and stain repellency. Frequently, cases of 
toxification in connection with the use of these products have been reported. 
In a case from 2005, 10 people for instance became ill within two months as a 
result of using a certain product.   
 
The main part of the products is sold as sprays. During use, consumers will 
therefore be exposed to aerosols from the chemical substances. That is why, it 
is relevant to assess if there might be a health hazard involved when inhaling 
the substances.   
 
The chemical composition of the proofing agents differs. The products can 
e.g. be based on emulsions of wax or paraffin, on polysiloxanes or fluorine 
compounds. In addition, the products contain various solvents and aerosol 
propellants that in themselves can be problematic. In recent years, more so-
called nanotechnological proofing agents have entered the market. Neither the 
chemical composition nor the nanotechnical characters of the products have 
been stated.  
 
A possible health hazard from using the products is expected to depend on 
the chemical substances as well as on the size of the aerosols that are created 
in the spray products. Products using a pump mechanism typically result in 
aerosols with a size of approx. 100 µm whereas propellant sprays also result in 
aerosols below 10 µm. Ultra fine aerosols (< 100 nm) potentially pose a 
particular health hazard due to their extremely small size. In scientific 
literature, examples exist of ultra fine particles that are not hazardous in the 
same way as larger units, but they have toxic effects merely because of their 
size. However, it is unclear if that goes for all types of ultra fine particles. At 
the same time, ultra fine particles have a large capacity with regard to sorption 
of other substances due to the rather large specific area of surface (area of 
surface per volume or mass unit). In addition, the size of the particles might 
influence the exposure/bio accessibility as very small particles hypothetically 
can penetrate further into the finely branched alveolars.  
 
As the number of aerosols and perhaps the specific area of surface of the 
aerosols can be of importance to the health effect it is important to know the 
size distribution and the aerosol concentration (amount per volume) rather 
than merely the mass per volume concentration when the potential health 
effect is to be assessed.  
 
In general, it should be emphasized that there still is some uncertainty as to 
which extent ultra fine particles always pose health hazards or if the toxicity 
presupposes certain physical and/or chemical properties including the ability 
to sorb toxic substances. 
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In the light of the above, the Danish Environmental Protection Agency 
implemented the project Survey and Health Assessment of Possible Health 
Hazardous Compounds in Proofing Sprays. 
 


1.2 Objective 


Objectives of the project: 
 


1. On the basis of existing knowledge (i.a. scientific literature) as far as 
possible to investigate if health hazards exist either due to the 
chemical substances of the products or due to the size of the aerosols 
created during use. 


2. To identify possible problematic substances in such products. 
3. To investigate the size distribution of the aerosols the consumer is 


exposed to when using spray products for textile proofing.  
4. To determine which textile proofing sprays exist on the Danish 


market, to investigate them and determine if they have a content of 
problematic substances and to investigate the type of aerosol creating 
mechanism. 
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2 Literature retrieval and information 
search 


2.1 Introduction 


The first phase of the project comprised the collection of literature data with 
regard to known registered information about toxification of consumers 
during the use of proofing spray. 
 
In addition to human cases of toxification this report also includes a number 
of studies on animals during the use of as a rule commercial proofing sprays 
with a more or less well-known composition. There are two reasons for that: 
1) to procure more information about ingredients in spraying products that 
have been involved in human cases of toxification, and 2) to get the 
opportunity to explain certain effects through pathological investigations. 
 
A wide range of different proofing agents exist and they are sold directly to 
the consumers as agents for restorative treatment of different types of textiles, 
most often to obtain water and stain repellency. The main part of the 
products is sold as sprays. 
 
Cases of poisoning have often been reported in connection with the use of 
these types of products. In the newest, larger case from Denmark, 10 people 
became ill within two months in 2005 as a result of using a certain product. 
 
The first phase of the project has the following objective: 


• To clarify the reasons for the registered cases of poisoning when 
using this type of products, including specifically if they mainly are 
due to certain chemical substances or if the size of the aerosols 
created during use have a decisive influence.  


 


2.2 Preliminary searches 


In order to create an outline of which substances and/or substance groups it 
would be relevant to target the payment database literature survey against, a 
number of preliminary internet searches on relevant Danish and foreign 
homepages were carried out.  
 
The internet searches were carried out by means of the search machine 
Google and in one particular case it was subsequently chosen to use the same 
search word in Google Scholar which focuses on scientific references.  
 
2.2.1 Google searches 


A number of Danish cases of toxification have been registered in connection 
with using different types of proofing sprays and therefore a Danish keyword 
was initially used for the searches.  
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For this preliminary screening the following Danish words were used: spray 
forgiftning imprægnering, as the word tekstilspray combined with forgiftning did 
not give any search results. 
 
That only resulted in few interesting results. 
  
The English search combination was: fluor resin textile spray pulmonary poison, 
and the advanced search strategy - that all words had to be found - was 
employed. That combined with results in English gave a total of 14.100 results. 
 
2.2.1.1 Selected search results in Google 
The Danish search localised a scientific article from the Danish magazine 
Ugeskrift for Læger from 1999 (Jacobsen et al., 1999). That reference contains a 
summary of the chemical composition of a number of proofing products. The 
examination of the compositions was instituted by Giftinformationen (Danish 
Poison Information Centre at Bispebjerg Hospital: Clinic for Occupational and 
Environmental Medicine) and it was carried out by the Danish Emergency 
Management Agency (Beredskabsstyrelsen). 
 
It is appropriate to divide the substances found in the investigated products 
into 3 main groups: 


1. Propellants (however, not in sprays with a pump) 
2. Proofing agents 
3. Solvents. 


 
The propellants consist of low molecular hydrocarbons such as propane, 
butane and isobutane. Earlier, the so-called CFC gases (fluorine and chlorine 
containing hydrocarbons) were used. The proofing agents can be siloxane 
compounds, fluorcarbons, urethanes, esters/wax or phthalates. 
 
The solvents are typically mixtures of aliphatic hydrocarbons (e.g. heptane 
isomers) and cyclic hydrocarbons (e.g. cyclohexane) and chlorinated 
hydrocarbons (e.g. 1,1,1-trichloroethane) and esters (e.g. butylated acetate). 
Butylated acetate is forbidden in products for indoor household use and 1,1,1-
trichloroethane is forbidden in spray cans as it is ozone layer decomposing. 
Therefore, these two solvents are forbidden in spray cans intended for indoor 
household use. 
  
The searches in English gave two usable results. One Japanese article (Jinn et 
al., 1998) reports the following content of spray cans: 1,1,1-trichloroethane, 
liquid petroleum gas (low molecular alkanes) and fluorine based polymers 
(fluoride resin). In this case, it is a proofing spray that has caused lung injury. 
 
The other article (Lazor-Blanchet et al., 2004) does not mention a textile 
spray but an agent to treat floors (tiles) so discoloration is prevented. The 
proofing substance in this agent is stated to be: < 1 % acrylic ester 
fluorpolymers dissolved in a > 90 % mixture of isoalkanes (C9-C12). This 
product does not exist in a spray can with propellant but is intended for 
application with a brush. However, the professional tiling company that was 
mentioned in the article had chosen to fill the liquid into a container with 
pump spray and apply the agent in that way resulting in toxification. The 
same acrylate fluorpolymer as in this product (and from the same manufac-







 


25


turer) is in article3 stated to have caused a number of respiratory problems in 
connection with household proofing of leather and textiles.  
 


2.3 Bibliographical database searches 


In order to involve knowledge about international experience, a goal-oriented 
search was carried out in a suited cluster of literature databases 
(TOXCENTER) and at the same time in a couple of the large databases 
EMBASE and SCISEARCH that do not form part of this cluster at the 
database host STN (see description under 2.3.1.2).  
 
The search was carried out on the combination of textile proofing and/or the 
identified chemical substances in relation to the registered symptoms 
including the word toxification.  
 
2.3.1 Goal-oriented literature searches 


2.3.1.1 Preparation of search profile 
On the basis of keywords from Vernez et al. (2006) and literature references 
in that article, it was chosen to search for cases of toxification where the 
following words and word combinations appeared: 


• Acute Respiratory Syndrome 
• Lung Injury 
• Pulmonary Toxicity 
• Pulmonary Collapse 
• Pneumonia 
• Respiratory Disease. 


 
The search terms for these parameters are: Acute Respiratory Syndrome OR 
Lung Injury OR Pulmonary Toxicity OR Pulmonary collapse OR Pneumonia OR 
Respiratory disease. 
 
The mentioned cases of toxification can occur by exposure to the following: 


• Proofing spray 
• Waterproofing spray 
• Spray impregnation 
• Fluor resin 
• (Airborne particle) 


 
as it was established that the term "textile" had a limiting effect on the number 
of search results:


                                                  
3 Quotation: Interestingly, during the winter 2002-2003, the Swiss Toxicological 
Information Centre had also recorded an unusual increase in respiratory troubles 
following household exposure to proofing sprays for conditioning of leather and 
textiles. After the occurrence of more than 150 such cases, three incriminated aerosols 
were removed from stores and distribution channels. Investigations by Public Health 
authorities showed that this outbreak of domestic cases also occurred after a 
formulation change of the proofing agent. The same new acrylate fluorpolymer 
produced by the same manufacturer was found as the common component in both 
our occupational cases and the domestic cases (4). It has not been possible to procure 
the reference: Office Fédéral de la Santé Publique from 2003. 
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Search term: Proofing Spray OR Waterproofing spray OR Spray Impregnation. 
 
Other conditions that might manifest themselves are: 


• Particle size 
• Orifice spraying pressure. 


 
2.3.1.2 Payment database searches 
The above search profile was used to search in the below databases.  
 
TOXCENTER (Toxicology Center) is a bibliographical database that covers 
the pharmacological, biochemical, physiological and toxicological effects from 
medicines and drugs and other chemicals. 
  
EMBASE (Excerpta Medica) is a bibliographical database covering literature 
within the biomedical and pharmaceutical field.  
Science Citation Index (SciSearch®) contains all recordings published in 
Science Citation Index ExpandedTM.  
 
The search resulted in 9 references, see chapter 8. 
 
2.3.1.3 No cost bibliographical database searches  
The complete search term: 
((Acute AND Respiratory AND Syndrome) OR (Lung AND Injury) OR 
(Pulmonary AND Toxicity) OR (Pulmonary AND collapse) OR Pneumonia 
OR (Respiratory AND disease)) AND ((Proofing AND Spray) OR 
(Waterproofing AND spray) OR (Spray AND Impregnation)) 
was also used in PubMed and on Scirus.com. 
 
This very specific search gave 8 search results in PubMed and 11 results in 
Scirus related to lung effects arising after having used proofing spray. There 
was a certain overlapping between the references from the payment databases 
and the no cost databases. The entire reference list can be seen in chapter 8. 
 
2.3.2 Articles and references referred to 


Vernez et al. (2006) and several of the procured articles contain a number of 
references to additional literature. The complete bibliography of the project 
comprises a score of references to scientific investigations; see the reference 
list (chapter 9). However, several of the references relate to proofing products 
to be used on other materials than textiles. 
 
The identified relevant literature was purchased with a couple of exceptions 
where repeated attempts to place an order gave no result. In addition, three of 
the identified articles were commented on from the English abstract as the 
original article was in Japanese.  
 
The literature has been investigated in order to identify possible cause and 
effect relationships between toxifications/symptoms and exposure to chemical 
substances (isolated substances or combinations) and/or the physical 
characteristics of aerosols, also including the special conditions for 
nanoaerosols. Only one of the scientific articles dealt with measurements of 
the aerosol diameter. In addition, Vernez et al., (2006) have a rather rough 
measurement of the size distribution on mass basis. Most of the articles 
discuss the creation of very fine aerosols when spraying liquids from 
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propellant cans and mention that this condition can contribute to the 
registered lung effects.  


2.4 Results 


2.4.1 Data from referred to articles 


2.4.1.1 Product composition 
The collected information is presented in Table 2.1. 
 
Table 2.1 Complete outline of accessible composition data from procured literature.  
Reported toxicity Proofing agent/ active 


substance 
Solvent Propellant Reference 


Coughing, respiratory 
distress, headache, 
fever, shivers (Does 
not specifically refer 
to one single 
substance mixture.) 
 


Fluorcarbons, silicone 
compounds, urethanes, 
esters/wax, phthalics 


Aliphatic 
hydrocarbons 
(heptane, 
methylhexane) - 
also cyclohexane. 
Possibly e.g.  butyl 
acetate 


Propane, butane 
and/or isobutane 


(1) 


Immediate lung 
injuries 


Fluorpolymers 1,1,1-
Trichlorethane 


Propane and 
butane 


(3) 


Lung reactions  
 


Mixture of fluor-acrylate 
polymer and isoparaffin 
hydrocarbons 


Changed – not 
stated from what 
to what 


Not informed (5) 


Lung reactions Fluor resin (fluorcarbon 
resins) 


Petroleum 
hydrocarbons 


Butane/propane (6) 


Immediate 
respiratory 
symptoms.  
Fever 


Fluorpolymer resin and 
a co-polymer, 1 % 
silicone resin and 1 % 
polymerised C10-
alkenes 


95 % Soltrol-10, 
consisting of 70 % 
2,2,4-trimethyl-
pentane and 30 % 
C7- and other C8-
isoparaffines. 
The 5 % have not 
been informed 


Pump spray (7) 


Serious respiratory 
problems 


Nanospray with very 
fine atomisation - has 
later turned out not to 
be nanoaerosols, 
combination otherwise 
not stated 


 Propellant is used, 
but the 
combination is not 
informed 


(8)/(9) 


Respiratory problems Aliphatic fluorine 
compounds 


n-Heptane; ethyl 
acetate 


Isobutane (10) 


Immediate lung 
injuries in test 
animals 


Perfluoralkyethylacrylate
/n-alkyl acrylate 
copolymer 1 % 


Naphta 95 %  
heptane 3 % 
ethyl acetate 1 % 


Carbon dioxide (11) 


Leather spray. 
Quick breathing, 
pulmonary edema 
and haemorrhage 
from the lungs and 
some deaths. 
Examined in rats and 
guinea pigs.  


Fluoralkenes, 
fluorphenyl and/or fluor 
alcohol 


C7-C8-alkanes and 
traces of ethyl 
acetate and 2-
butoxy ethanol, 
dipropylenglycol 
methyl ether and 
C10-C12-alkanes 


Propane (12) 


Not textile spray 
Acute lung toxicity 


Acrylate-fluorpolymer C9 - C12-
isoalkanes   


Atomised with  
pumping device 


(4) 


Serious lung change Fluorine resin and 
silicone 


 Liquid petroleum 
gas 


(13) 


Respiratory problems Fluorcarbon component 
(fluorpolymer) 


  (14) 


Morphological 
changes in lung 
tissue in test animals 


Fluorine resin 
with/without silicone 


Ethyl acetate, 
mineral 
turpentine,  
n-heptane 


Propane (15) 


Lung collapse at 
aerosol diameter of 
up to 90 µm (mice) 


Fluorine resin n-Heptane, ethyl 
acetate 


Liquid petroleum 
gas 


(16) 
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Serious lung toxicity 
- very old article 


Melamine resin, 
Organic methyl soap. 


Petroleum, petrol,  
Methylene 
chloride,  
freon 
(trichlorofluor-
methane; 
dichlorofluor-
methane) 


Propane 
Butane 


(17) 


Coughing for a long 
time, short of breath, 
chest pains as during 
pleurisy 


1.2 % fluoralkylpolymer 
(FC-3537) 


Isooctane Propane (17) 


Short of breath, 
coughing and weight 
on the chest 


Fluorpolymer  
(FS-4565) 


Hexane Isobutane (18) 


 
 
Liquid petroleum gas is a mixture of low molecular hydrocarbons – 
presumably most propane, butane and isobutane.  
 
Some of the studies that were found do not contain information about the 
proofing liquid composition and therefore they have not been included in the 
table. 
 
2.4.2 Assessment of reported cases of toxification 


All the cases of toxification, reported for proofing spray in the found 
references, have in common that the products previously have been used 
without reported lung injuries, often for several years. It is also a common trait 
that a formulation change of the product has taken place immediately before 
the observed cases of toxification. That has often taken place with reference to 
the solvents or propellants being harmful to the environment, and therefore 
they had to be replaced.  
 
The solvents less harmful to the environment and subsequently allowed have 
often not been able to dissolve a sufficient amount of the originally used water 
repelling proofing agents and therefore they have been replaced with other 
substances. That has i.a. been reported in investigations from Switzerland, 
France, Denmark and the USA (Vermez et al., 2006; BfR, 2006a; Gregersen 
et al., 2006; Smilkstein et al., 1992; Kulig et al., 1993). 
 
On the whole, respiratory injuries connected with the use of proofing spray 
were observed in a number of cases (Burkardt et al., 1996; Tagawa et al., 
2003). Many of the other references describe individual cases (Tanino et al., 
1999; Kobayashi et al., 2006). Several of the references stress that tobacco 
was smoked at the same time as spraying took place or that cigarettes were 
held between the fingers which still had surplus proofing liquid on them. This 
is with reference to Teflon compounds (being fluorcarbon polymers) are 
known to cause ”polymer fume fever” when heated and cases of pulmonary 
edema owing to pyrolytic products from these polymers  (Jinn et al., 1998) 
have been reported. 
 
In two issues of Morbidity and Mortality Weekly Report from 1993, there is 
reference to poisoning with leather proofing spray in Oregon (Smilkstein et 
al., 1992) and an "epidemiological note" from Colorado concerning three 
cases (Kulig et al., 1993). However, in the editorial comment after the actual 
reports at least 157 cases of consultations to doctors were registered 
concerning toxification with the same product in the USA. In both cases, the 
editorial states that a formulation change of the product had taken place 
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shortly before, as the use of 1,1,1-trichloroethane was to be phased-out before 
1994 according to the change in the Clean Air Act in 1990. The composition 
of the leather spray liquids involved in the cases of toxification appears from 
Table 2.1. The reported composition of spray liquid corresponds to the 
combination of several textile spray liquids and has therefore been included 
here. 
 
Through questionnaires used as follow-up on a Swiss collection of reported 
cases of toxification (approx. 200 cases), Vernez et al. (2006) retrospectively 
investigated to which degree the exposure concentration had influenced 
various parameters e.g. with regard to consultations at doctors/casualty wards. 
In the cases where the hospital had been visited the results of the clinical 
investigations and analyses carried out at the hospital have been further 
investigated. 
 
On the basis of the questionnaires, individual exposure data was generated 
from a classic 2 zone model for aerosol dispersing in the community and in 
the distance during use. The resulting evaluated dosage and exposure data 
were spread over several sizes. A connection was not found between exposure 
and indicators of health effects (own perception of the seriousness and clinical 
indicators). A minor connection was found between unspecified inflammation 
indicators e.g. leucocytes and C reactive protein (a test that measures the 
blood’s content of a protein that indicates an immediate inflammation) and 
the maximum exposure concentration.  
 
The found results demonstrated that there was considerable individual 
variation indicating that one or more indirect mechanisms determine the 
development of the respiratory problems. No threshold value was found for 
safe exposure. That indicates that increased requirements to the surroundings 
(ventilation, through draught, room size) during use are not enough to 
prevent future outbreaks of toxification with proofing spray. The authors 
conclude that additional precautions have to be taken when marketing new 
spray products. 
 
2.4.3 Other information from procured literature 


Yamashita and Tanaka (1995) investigated the administration of aerosols in a 
number of female mice from the CD-1 strand. They found that prescriptions 
containing fluor resin caused immediate respiratory disease but none of the 
other ingredients worked that way. They refer to recent preceding cases of 
toxification and discuss that changes in solvents ease the creation of aerosols 
and give a smaller drop size. That could explain the increased toxicity of the 
reworded spray liquid.  
 
A couple of years later, Yamashita et al. (1997) in CD-1 female mice again 
investigated the toxicity of a spray liquid that had been made water-repellent 
with fluorcarbon resin. This time different average aerosol diameters in the 
spray mist were tested. The article demonstrates that the aerosol size is of 
great importance. When the aerosol diameter increased to 89.1 µm with 0.2 % 
of particles with a diameter less than or equal to 10 µm, there was no toxicity 
of the fluorcarbon resin. When the average aerosol diameter in the spray mist 
was 62.0 µm with 1.6 % of aerosols with a diameter less than or equal to 10 
µm there were on the contrary many toxic lung changes in the mice. 
 
Tashiro et al., (1997) investigated the effect of a textile spray containing 
perfluoralkylethylacrylate/n-alkylacrylat copolymer as proofing agent on rats. 
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A sample was taken of the severally damaged surface mucus in the lungs of 
the rats. Then the group investigated if it was possible to administrate new 
surface mucus.  
 
The objective of the test was to investigate if it was possible to treat damaged 
lungs through inhalation of an aerosol of lung surface mucus (from pigs). At 
the same time, the test demonstrates that a commercially available textile 
spray is very damaging to rat lungs. 
 
Hubbs et al. (1997) partly investigated the product composition and partly 
investigated how a proofing agent (for leather) effects guinea pig and rat 
lungs. After rewording, the product had been the cause of many respiratory 
diseases in humans. The previous product caused no toxic changes in guinea 
pig or rat lungs. The new spray product caused quick breathing, pulmonary 
edema, haemorrhage from the lung and one death in the exposed guinea pigs 
and rats. The electro microscopic samples showed direct cytotoxicity in the 
lungs with alveolar necrosis in type 1 cells and interstitial edemata certain 
places in the lungs and no effects in other samples. The test demonstrated that 
the old product with fluoralkenes did not show lung toxicity, but the new 
product that also contained fluoralkenes demonstrated toxicity in guinea pigs 
as well as in rats. The change in the composition of the product took place in 
connection with the phasing-out of 1,1,1-trichloroethane (Clean Air Act 
amendment from 1990). 
 
2.4.4 Nanoaerosols  


Here, nanoaerosols are used as the term for small (<100 nm) units of 
substances or material that are suspended in air and that are not gaseous. 
Liquid or solid materials can be in question, including amorphous structures. 
 
As already mentioned, it was not possible to find information about possible 
health effects from spray with nanoaerosols – apart from the press release 
mentioned below.   
 
At an expert meeting on 7 April 2006, the German federal agency for Risk 
Assessment (BfR) discussed if they could find the reason for 97 cases of 
toxification, of which some were serious, caused by two new sealing spray 
products that contained nanoparticles (BfR, 2006a). The expert meeting 
analysed to which extent respiratory problems and pulmonary edema could 
have been caused by the nanoparticles in the 2 products or if other dangerous 
substances from traditional proofing agents could be responsible. As the 
suppliers of the 2 products were unable to supply complete product 
declarations, it was not possible to carry out a discussion on a sufficiently 
scientific basis. However, it was agreed that a classic toxiological weighing-out 
of the individual compound in a mixture is not enough when the product is 
applied from an aerosol spray with propellant. Here, physical factors such as 
e.g. drop size play a decisive role for toxic effects in the respiratory passages.  
 
The health effects of products from a propellant spray can only be determined 
with a test strategy that imitates the actual indoor application conditions. 
 
Subsequently, (26 May 2006) BfR sent a press release (BfR, 2006b) stating 
that the two  sealing sprays did not contain nanoaerosols (aerosols < 100 
nanometer). The reference to "nano" in the marketing of the products was 
supposed to underline the very thin layer of sealing that was necessary. The 
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cause of the 110 cases of health injuries - of which some were serious - has not 
yet been established.  
 
Therefore, there are for the time being no examples of directly proven toxic 
lung injuries due to nanoaerosols in spray products.  


2.5 Summary of results and conclusion  


A number of articles were found with information partly about toxic effects in 
connection with spray proofing and partly about the proofing agents 
composition with regard to proofing agent, solvent and possible propellant. 
 
Some few proofing sprays that caused toxicity in humans were subsequently 
tested in animals.  
 
Many cases of reported toxification from proofing spray have in common that 
products with the same name previously were used without reported cases of 
lung injuries. Immediately before the observed cases of toxification a 
rewording of the product had taken place often in connection with more 
rigorous environmental laws where the original solvent or propellant was 
regarded as dangerous to the environment and therefore had to be replaced.  
 
The more environmentally friendly solvents that subsequently were used have 
not been able to dissolve a sufficient amount of the originally used proofing 
agents which therefore have been replaced by other chemical compounds.  
 
In Vernez et al., 2006 there is a rough measurement of the aerosol size 
distribution on mass basis. In several products that have caused respiratory 
problems among the users the size of 90% of the aerosol drops was approx. 2-
10 µm (Vernex et al, 2006). Most articles that are referred to, discuss why it is 
important that propellants in aerosols lower the average aerosol diameter in 
the spray mist.  
 
Spray proofing agents involved in reported cases of toxification often contain 
one or other type of fluorcarbon polymers. There is no actual description of 
the compounds e.g. in the form of a CAS no. However, in some few 
American reports there are some chemical describing letter/number references 
so it should be possible to find detailed descriptions of the chemical 
structures. On the other hand, solvents and propellants are in general 
unambiguously described, but amount specifications are rarely in question.  
 
Generally speaking and after having gone through the many references, it is 
still not clear if the registered lung injuries are caused by a kind of immediate 
chemical pneumonia or if it could be the reaction of the lungs to a fine 
vaporized hydrophobic mist that penetrates down to the finest bronchioles. 
Literature lacks data about the aerosol size as well as the chemical 
composition. When such data has been procured experimental toxicological 
investigations of the demonstrated substances, including the substances on 
aerosol basis and the importance of the aerosol size will be necessary. 
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3 Survey 


3.1 Introduction 


3.1.1 Objective 


The objective of the survey was to: 
• Identify which products within the category of textile proofing sprays 


have been used the most. 
• Procure products for chemical analyses. 
• Try to procure information about the material (including substances) 


in the products in question. 
 
The investigation of which products within the category exist in the market 
has been the condition for the further assessment of the products. 
 
3.1.2 Delimitation 


As described in chapter 1, a wide range of proofing agents are sold directly to 
the consumers as agents for restorative treatment of various types of textiles 
primarily to achieve water and stain repellency. 
 
The Danish Environment Protection Agency chose to focus on the product 
category spray agents4 for textile proofing. That means, that textile proofing 
agents to be used when washing textiles or intended for application on textiles 
have not been included in the project. 
 
3.1.3 Procedure 


The following activities form part of the survey (including purchase of 
products): 


• Internet search 
• Contact to the retail trade 
• Contact to manufacturers and suppliers. 


 
The survey has aimed at including expensive as well as inexpensive products. 
  
It has not been possible through Statistics Denmark to carry out a quantitative 
survey of the consumption of textile proofing sprays. Skat (Danish Tax and 
Customs Administration) has informed that there is no KN code5 that solely 
deals with these products.  


                                                  
4 With and without propellant, respectively  
5 The KN code is an 8 digit product code number (KN ~ combined nomenclature) 
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3.2 Purchase 


The part of the survey dealing with purchase of products comprised: 
• Internet search – purchase in internet shops and contact to distributors 
• Shop visits – purchase in physical shops 


Products were purchased for textile proofing within the product groups: 
• Products for shoe proofing 
• Products for proofing of tents and the like 
• Products for furniture proofing 
• Products for proofing of clothes for outdoor use such as jackets or the 


like. 
 
The main selection criteria for purchase of products have been that the 
products have to be sold to a certain degree. It has especially been possible to 
use that criterion when visiting physical shops and the staff was asked which 
products are “best selling” but it has not been possible to use that criterion in 
connection with internet trade.   
 
3.2.1 Internet search and trade 


Searches mainly took place through Google.dk with the word combination 
textile proofing and spray. In addition, homepages registered in catalogues, 
daily papers and magazines have been visited.  
 
3.2.1.1 Contact to distributors  
In the light of the internet searches, a number of the companies behind the 
internet shops, selling spray agents for textile proofing, have been contacted. 
 
Contact to distributors/importers concerned information about substances 
(safety data sheets) in each product and enquiries about amounts sold.  
 
The far majority of the distributors/importors have sent information about the 
substances in the form of safety data sheets whereas the request for 
information about amounts sold has been met to a very limited degree and 
therefore it is not possible to estimate total sales/consumption in Denmark of 
the product type ”Spray products for textile proofing”.  
 
3.2.2 Shop visits 


A wide range of shops have been visited, including: 
• Furniture dealers 
• Chemist’s shops 
• Shoe shops 
• Sports goods shops/”outdoor” shops 
• Supermarkets 
• Department stores 
• DIY markets 
• Auto detailing shops. 
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When visiting shops, it was asked which products are sold the most and also 
to which degree the customers ask for directions when purchasing the 
products. Only few of the visited shops said that the consumers ask for 
directions when purchasing the products and those few cases the requests for 
directions mainly concerned which product was the ”best”. 


3.3 Products 


All products were purchased through national chain of shops or on the 
internet. 
 
The survey resulted in the registration of 26 products, of them 5 on the 
internet. 
 
Some of the specialist shops (e.g. the furniture dealers and shoe shops) 
typically only sell one product, while other shops (e.g. chemist’s shops, sports 
goods shops, DIY centres etc.) in some cases sell several products. In the 
latter case, it was asked which products are best selling and mainly those 
products were the ones that were purchased. 
 
Regarding contact to importers, several importers have said that ”private 
labelling” is used to a certain degree within the product category, meaning 
that the dealers import (or purchase from an importer) identical products and 
then give the products different names. 
 
3.3.1 Product outline 


Table 3.1 states the declared substances in each product of the registered 
spray agents for textile proofing. The information partly originates from the 
packaging and partly from the safety data sheets (MSDS) of the individual 
product.  
 


Table 3.1 Outline of products. Information originates from packaging and safety data sheets, respectively.  
Lab no. Spray/ 


pump 
Danger -
symbols 


Substances CAS no. R- and S- 
sentences 


1 
 
 


Spray E.g. No safety data sheet. The product has 
been deleted from the product range.  
Dimethylether 
Heptane 
Ethyl acetate 
Sec-butylacetate 
Fluor polymer 


 
 
115-10-6 
142-82-5 
141-78-6 
105-46-4 


- 


2 Pump -
spray is 
available 


  - No R- or S-
sentences 


Low boiling hydrogenated nafta 64742-49-0 3 Spray Fx, Xi,  
N 
(MSDS) 


Butyl acetate 123-86-4 
R11, R38, 
R51/53, R67 
S2, S23, S24, 
S51, S61 


4 Pump  Modified organo functional siloxane 
polymer 


Not informed No R- or S-
sentences 


Propan-1-ol  71-23-8 
Silicone  


5 Spray Fx, Xi 
 


2-propanol  67-63-0 


R11, R41, R67  
S(2), S7, S16, 
S26, S24/25 


3M Fluortensid - 


Butane (content < 0.1 % 1.3 Butadien)  106-97-8 


6 Spray Fx, Xi, 
N 
(MSDS) 


Propane  74-98-6 


R12, R38, 
R51/53, R67  
S23, S51, S61 
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Lab no. Spray/ 
pump 


Danger -
symbols 


Substances CAS no. R- and S- 
sentences 


Low boiling hydrogenated nafta, naphta 
(crude oil), hydrotreated light (<0.1 % 
benzene) 


64742-49-0 


Propan-2-ol; isopropylalcohol 67-63-0 


Isopropyl acetate 203-561-1 


7 Pump  Propan-2-ol 67-63-0 S26, S61 
Low boiling hydrogenated nafta, naphta 
(crude oil), hydrotreated light (<0.1% 
benzene) 


64742-49-0 


Isopropyl alcohol, propan-2-ol 67-63-0 


8 Spray Fx, Xn, N 


Isopropyl acetate 108-21-4 


R11, R36/38, 
R51/53, R67 
S-sentences 
only as text. 


Naphta (crude oil), hydrotreated light 64742-49-0 
2-Propanol 67-63-0 
Naphta (crude oil), hydrotreated heavy 64742-48-9 
Propane as liquid 74-98-6 


9 
 
 


Spray Fx, Xi, N 
 


Butane, chemically clean 106-97-8 


R12, R38, 
R51/53, R67  
S2, S3, S9, 
S16, S51, S56 


Propan-2-ol   67-63-0 


Paraffines  


10 Pump  


Wax  


None 


Fluorcarbon resin Not informed 
Cationic tensides Not informed 
Non-ionic tensides Not informed 


11 Pump  


Propan-2-ol 67-63-0 


R52/53 
S7, S16, 
S24/25, S26, 
S61 


Naphta (crude oil), hydro treated light 64742-49-0 
2-Propanol 67-63-0 
Naphta (crude oil), hydrotreated heavy 64742-48-9 
Propane as liquid 74-98-6 


12 
 
 


Spray Fx, Xi, N 
 
 


Butane, chemically clean 106-97-8 


R12, R38, 
R51/53, R67  
S2, S3, S9, 
S16, S51, S56 


No safety data sheet. The product has 
been discontinued.  
 


- 


Dimethylether 115-10-6 
Heptane 142-82-5 
Ethyl acetate 141-78-6 
Sec-butyl acetate 105-46-4 


13 
 
 


Spray Fx 


Fluor polymer  


 


Naphta (petroleum), hydrotreated light 64742-49-0 
Isobutane 75-28-5 
Propane 74-98-6 
Butane 106-97-8 


14 Spray Fx, Xi, 
N 
(MSDS) 


n-Butyl acetate 123-86-4 


R12, R38, 
R51/53, R67 
S2, S16, S23, 
S29, S51 


Mixture of organic solvents with special 
additives 


- 


Iso-Alkane 90622-57-4 
n-Butyl acetate 123-86-4 


15 Pump F* Xn 
(MSDS) 


Isopropyl acetate 108-21-4 


R10, R65, R67 
S2, S7, S16, 
S24/25, S33, 
S62 


16 Pump  Perfluoralkylacrylcopolymerised Not informed No R-
sentences. 
S2, S23,  
S24/25, S26, 
S36/37/39, 
S46 


Aquous mixture of potassium salts  - 17 Pump  
Acetic acid 64-19-7 


No R-
sentences. 
S2, S25 


Propane 74-98-6 
Butane 106-97-8 


18 Spray Fx 


Hydrocarbons, C4, 1,3-butadiene-free, 
polymerised 


Not informed 


R12, R66 
S2, S46 
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Lab no. Spray/ 
pump 


Danger -
symbols 


Substances CAS no. R- and S- 
sentences 


19 Spray Fx, Xi 
 


Isopropanol  67-63-0 R11, R36, R67 
S2, S16, S26, 
S51  


No safety data sheet  


Contains petroleum distillates  


20 Spray  


Contains CO2  as propellant 124-38-9 


 


No safety data sheet   


Contains petroleum distillates  


21 Spray  


Contains CO2 as propellant 124-38-9 


 


22 Spray Xi, N, Fx Mixture of heptane-isomers 
2-Propanol 
Non-aromatic gas 
propane as liquid 
Butane chemically clean 


 
67-63-0 
 
74-98-6 
106-97-8 


R12, R38, 
R51/53 


23 Pump  Formic acid 
Methanol 


64-18-6 
67-56-1 


 


24 Pump  Methanol 
 


 S2 


25 Spray Fx, Xi 
 


Dimethyl ether 
Ethyl acetate 
Ethanol 
Propan-2-ol 


115-10-6 
141-78-6 
64-17-5 
67-63-0 


R12, R36, R67 
S2, S23-a, 
S26, S46, S51 


Naphta (crude oil), hydrodesulphurized 
heavy (<0.1 % benzene) 


Not informed R10, R12, R65 
S2, S16, S23, 
S24, S46, S51 


26 Spray Fx 


Crude oil gases, liquefied (<0.1 % 1.3 
butadien) 


Not informed  


Heptane 142-82-5 
2-Propanol 67-63-0 
Isopropyl acetate 108-21-4 


Not 
purcha
sed 


Spray  


Butane (propellant) 106-97-8 


R38, R67, 
R50/53 
S2, S29, S51, 
S61 


Not 
purcha
sed 


Pump  No safety data sheet the product is water 
based.  


  


Not 
purcha
sed 


Pump  No safety data sheet the product is water 
based.  


  


* Error in the supplier manual, the right marking is stated. 
 
 


3.3.2 Legislative conditions 


Consumer products intended for textile proofing have to follow the ordinary 
rules in accordance with Regulation no. 329 dated 16 May 2002 of the 
Danish Ministry of the Environment concerning classification, packaging, 
marking, sale and storage of chemical substances and products (Danish 
Environmental Protection Agency). 
 
If the products contain substances that are included in the list of hazardous 
substances in Regulation no. 923 dated 28 September 2005 of the Danish 
Ministry of the Environment they have to be marked in accordance with the 
classifications in the regulation (Danish Environmental Protection Agency, 
2007). In addition, there might be a prohibition against use in aerosol cans 
(AE marking). 
 
Furthermore, new obligations have been imposed on companies that produce, 
import, use or distribute chemical substances and products in connection with 
the implementation of the EU chemical regulation REACH ((EC) No. 
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1907/2006). REACH came into force on 1 June 2007, but will be 
implemented gradually in the course of 15 years. REACH i.a. imposes 
producers and importers to register chemical substances and in that 
connection to report data about the properties of the substances to a central 
chemical agency. In addition, producers and importers of substances 
requiring a safety data sheet have to give detailed information to their 
customers about how the substances can be handled properly.  
 
Finally, propellants and solvents in products intended for textile proofing and 
sold in aerosol cans have to be in accordance with regulation no. 571 dated 29 
November 1984 concerning the use of propellants and solvents in aerosol 
cans (Danish Environmental Protection Agency). Aerosol cans are defined as 
cans with a volume of max. 1.0 litre, containing a liquid or nebulized gas 
intended for discharge through a device so the content is emptied in the form 
of solid or liquid aerosols or as foam. 
 
Only propellants and solvents stated in enclosure 1 of the regulation are 
allowed in concentrations exceeding 1%, unless they are comprised by other 
legislation. In this connection, all chemical substances contained in aerosol 
cans with a boiling point below 168ºC (Danish Environmental Protection 
Agency) are characterised as propellants or solvents. As this regulation is old, 
the positive list in enclosure 1 does contain substances that no longer are 
allowed in spray cans due to other legislation. That goes for substances with 
AE marking in the list of hazardous substances and substances that are 
controlled via the regulation on certain ozone layer destroying substances. 
 
In special cases, where neither health related nor environmental conditions 
speak against it, the Danish Environmental Protection Agency can allow the 
rules of the regulation to be departed from. The Danish Environmental 
Protection Agency has to deal with requests concerning deviations from the 
rules in the course of 45 days. 
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4 Experimental investigations 


4.1 Background. Summary of literature retrieval and survey 


As it appears from Table 3.1, 29 products were registered of which 26 were 
purchased. To a certain degree, we succeeded in obtaining information about 
the solvent and propellant content especially from the procured safety data 
sheets. That information also appears from Table 3.1. For some products it 
also appears which type of coating (fluorpolymer, silicone based or the like) 
was used.  
 
The information has been collected in Table 4.1. 
 
Table 4.1 Outline of advance knowledge about substances distributed on spray and 
pump products. 
 No. of spray products No. of pump products Total 
Total 17 12 29 
    
Active substance:    
Fluorpolymer based 4 2 6 
Silicone based 3 1 4 
Wax 0 1 1 
Not informed 10 8 18 
    
Solvent:    
Organic solvent1 16 6 22 
Water 0 3 3 
Not informed 1 3 4 
1Alcohols, ketones, esters, oil fractions (”nafta”, petroleum distillates). In some cases, mixtures 
of water and solvents are in question. 
 
In connection with products where the active substance (coating type) was 
informed, either fluorine based products or silicone/siloxane based products 
are in question. In addition, one single product is based on wax. The exact 
chemical structure of the applied coating has not been informed in any of the 
cases. 
 
The vast majority of the products contain organic solvents and they either 
constitute the main part in the product or are found in a mixture with water. 
A few pump products are declared as purely water based and it is not clear 
which type of coating is in question in connection with these products. 
 
The literature searches show that products that have caused health effects 
mainly contain fluorine containing polymers (15 out of 17 products). In 
connection with 1 product the content is not stated and the last product that is 
described in an older article contains melamine. It should be noted that some 
products in addition to fluorine compounds also contain silicone compounds. 
 
It is most likely that products with fluorpolymers in certain cases can give 
unwanted health effects in the respiratory passages. In principle, the health 
effects can be due to the following effects or a combination: 
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1. The applied fluorine compounds are directly toxic to respiratory 
passages/ lung tissue. 


2. During use small particles are created that can penetrate into the lung 
tissue and e.g. give rise to harmful inflammatory conditions. 


3. The solvents that are used for fluorine compounds are injurious in the 
resulting concentration. 


 
In literature (Yamahita et al, 1995), there are indications that aerosol size 
plays an important part. It is known from other connections that certain 
materials are non-toxic when they exist as larger aerosols, but they can be 
toxic when they exist as nanoaerosols (diameter < 100 nm). It has not been 
possible to find accessible information that indicates that solid or non-aerosol 
fluorpolymers in general are toxic.  
 
Proofing agents that are used as spray (under pressure and with propellant) or 
by means of a pump are applied to the exposed material as aerosols in varying 
sizes that deposit on the material. Spray agents give rise to smaller aerosols 
(~10 µm) than pumped agents (~100 µm). However, the main drops will 
nevertheless mainly consist of very volatile organic solvents or water that 
quickly evaporate and therefore can leave substantially smaller aerosols 
consisting of non-volatile material behind.  
 
In the light of the above, the following experimental investigations were 
carried out: 


• Determination of size distribution of liberated aerosols during use and 
for a well-defined period of time after use. 


• Screening for possible content of fluorine and/or silicium (as the 
proofing agent in many cases is unknown). 


• Investigation of the compostion of the applied solvent, including 
content of other organic additives and microcompounds and the 
content of monomers or oligomers in the used proofing material. 


 


4.2 Selection of products 


16 products were chosen for analysis and the principle was that spray as well 
as pump products should be represented, that fluorine as well as silicone 
based products should be investigated and that products with known as well 
as unkown substances should be examined. The selected products appear 
from Table 4.2. 
 
Table 4.2 Products selected for analysis. 
No. Active substance Aerosol mechanism 
1 Fluorpolymer Spray 
3 Unknown Spray 
4 Siloxane polymer Pump 
6 Fluorpolymer Spray 
8 Unknown Spray 
9 Unknown Spray 
11 Fluorpolymer Pump 
14 Unknown Spray 
15 Unknown Pump 
16 Unknown Pump 
18 Silicone Spray 
20 Silicone Spray 
21 Fluorpolymer Spray 
24 Unknown Pump 
25 Unknown Spray 
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No. Active substance Aerosol mechanism 
26 Unknown Spray 


 


4.3 Analysis programme 


4.3.1 Screening analyses 


X-ray 
Screening was carried out to determine the content of the elements fluorine 
and silicium by means of wavelength dispersive x-ray spectroscopy. That is a 
quick method used to determine if the proofing agent is based on fluorine 
compounds, silicone compounds or others.  
 
Undyed cotton fabric was spray proofed with the product for 10 s. The 
samples were analysed directly with the proofed side turned towards the x-ray 
pipe after evaporation of the solvent. The result gives a quantitative 
measurement of the fluorine and silicium content. Elements with atom 
numbers larger than fluorine are also detected by this method if they are 
present in significant amounts.   
 
Table 4.3 Parameters for x-ray measurements 


X-ray equipment 
Wavelength dispersive x-ray equipment with 
model Philips PW 2400 with UNIQUANT 
calculation programme ver 5.49 


Counting time 6-20 sec. per element 
Power pipe 2400 W 


 
The achieved knowledge about content of elements has created the basis for 
applying subsequent GC/MS analyses so the greatest possible amount of 
information about substances and coating type has been obtained. 
 
Aerosol measurements 
In connection with the aerosol analyses it has not been necessary to carry out 
a separation of qualitative and quantitative measurements as the 
measurements always are quantitative and as a result state the amount of 
aerosols per volume unit. Please also see 4.3.2.6. 
 
Semi-quantitative GC/MS screening 
A subsample, approx. 2-3 g, was weighed and a known amount of 
dichloromethane containing internal standards was added. Internal standard 
was added in order to obtain semi-quantitative results. The product was 
sprayed directly into a calibrated flask and dissolved in dichloromethane. The 
extracts were subsequently analysed by means of gas chromatography 
(GC/MS).  
 
The results from this analysis cover the semi-volatile compounds and not 
propellants or the most volatile organic solvents. In connection with the 
screening that was carried out, the detected compounds were merely 
identified by comparison with the NIST MS library (NIST02 Version 2.0).  
 
The detection limit of the analysis method is estimated to be 0.01 mg/g and 
the measuring uncertainty is estimated to be ± 20 %, however, it is higher for 
some compounds as semi-quantification only has been carried out against an 
internal standard, bromobenzene. In some cases, another internal standard 
was used, o-terphenyl, due to interference in relation to bromobenzene. 
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Table 4.4 GC/MS analysis parameters 
GC/MS instrument Agilent HP 5973 ALS 
GC parameters Column: Zebron ZB-1, 20 m x 0,18 mm id., 0.18 µm film 


thickness 
Carrier gas: Helium, constant flow at 0.8 ml/min.  
Oven programme: 40ºC for 2 min., 15ºC/min. up to 300ºC 
Injection: 275ºC, split 1:10. 


MS parameters Scan mode: 35-550 m/z 
Solvent delay: 2 min 


 
In addition, the samples were screened for volatile compounds by means of 
fixed-time microextraction (SPME) which makes it possible to detect very 
volatile substances as no solvents are used that can interfer with these 
substances.  
 
A subsample, approx. 0,2 g, was weighed directly in headspace glass. The gas 
phase was subsequently analysed by means of SPME-GC/MS. 
 
The results of this analysis mainly cover the content of propellants and 
organic solvents. In connection with the screening that was carried out, the 
detected compounds were merely identified by comparison with the NIST 
MS library (NIST02 Version 2.0).  
 
The detection limit of the analysis method is estimated to be 0.001-0.1 mg/g, 
but will depend on the vapour pressure and affinity against the applied SPME 
fibre of the individual component. No assessment of the amount of the 
identified substances in the product was carried out, as the results only are 
qualitative and therefore no analysis uncertainty is stated. 
 
Table 4.5 SPME-GC/MS analysis parameters 
GC/MS instrument Finnigan Focus GC-DSQ 
GC parameters Column: Zebron ZB-1, 30 m x 0.25 mm id., 1.0 µm film thickness 


Carrier gas: Helium, constant flow at 0.8 ml/min.  
Oven programme: 40ºC for 1 min., 10ºC/min. up to 275ºC, 275ºC 
for 10 min. 
Injection: 275ºC, split 20 ml/min. 


SPME parameters Fiber: 85 µm Carboxen/PDMS 
Absorption: 35ºC, 15 min. 
Desorption: 3 min. 


MS parameters Scan mode: 35-450 m/z 
Ion source 225ºC 


 
The combination of x-ray and GC/MS analyses can give information about 
which type of proofing can be obtained from the different products and which 
chemical compounds form part of the structure. However, it should be 
stressed that the finished surface/proofing typically will be a polymerized 
material and it can be difficult to finally determine the exact structure of that 
material. 
 
4.3.2 Quantitative analyses 


In the light of the screening analyses, 10 products were selected for 
quantitative analyses in co-operation with the Danish Environmental 
Protection Agency. However, aerosol analyses were carried out on all 16 
products from the screening phase. 
 
With a starting point in which substances were identified during the screening 
analyses and an evaluation of the relevance of the different substances to a 
health assessment, a number of organic compounds in the 10 products were 
selected for quantification. In order to quantify the selected organic 
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compounds it was necessary to use three different analysis methods due to the 
difference of the substances with regard to volatility. From the screening 
analyses it was assessed that it is not relevant to analyse all products with all 
methods and for all compounds. External standards were used to identify and 
quantify the organic compounds. Analyses in duplicate were carried out. The 
detection limits are estimated from analysis of external standards and they 
appear from the result tables. The analysis uncertainty of the analysis methods 
was estimated to be 10 % while uncertainty on analyses in duplicate appears 
from the result tables.  
 
4.3.2.1 GC/MS analysis of dichloromethane solution 
A sub sample (2-3 gram) was weighed and a known amount of 
dichloromethane (50 ml) containing internal standards was added. The 
samples were subsequently analysed by means of GC/MS, see Table 4.6.  
 
By using that method, it was possible to quantify the following compounds: n-
butyl acetate, n-propylacetat, 2-butoxyethyl acetate, d-limonene, toluene, 
ethylbenzene, xylene, dodecamethylpentasiloxane, 1-perfluoroctan-1-ol and 
other fluorine compounds. The following products were analysed: 1, 3, 4, 8, 
14, 16, 18, 21 and 25. 
 
Table 4.6 GC/MS analysis parameters 
GC/MS instrument Agilent HP 5973 ALS 
GC parameters Column: Zebron ZB-1, 20 m x 0.18 mm id., 0.18 µm film 


thickness 
Carrier gas: Helium, constant flow at 0.8 ml/min.  
Oven programme: 40ºC for 2 min., 15ºC/min. up to 300ºC 
Injection: 275ºC, split 1:10. 


MS parameters Scan mode: 35-550 m/z 
Solvent delay: 2 min 


 
4.3.2.2 GC/MS analysis of carbon disulphide solutions 
A sub sample (approx. 1 g) was weighed and a known amount of carbon 
disulphide (25 ml) containing an internal standard was added. The samples 
were subsequently analysed by means of GC/MS.  
 
By using that method it was possible to quantify the following compounds: 
cyclohexane, heptane and 1-butanol. The following products were analysed: 
1, 3, 4, 8, 18, 21, 25 and 26. 
 
Table 4.7 GC/MS analysis parameters 
GC/MS instrument Finnigan Focus GC-DSQ 
GC parameters Column: Zebron ZB-1, 30 m x 0.25 mm id., 1.0 µm film thickness 


Carrier gas: Helium, constant pressure, 0.8 psi. 
Oven programme: 40ºC for 2 min., 10ºC/min. up to 130ºC, 
120ºC/min. up to 270ºC, 270ºC for 10 min. 
Injection: 275ºC 


MS parameters Scan mode: 40-400 m/z 
 Solvent delay: 3.8 min 


 
4.3.2.3 GC/MS analysis of xylene solutions 
A sub sample (approx. 1 g) was weighed and a known amount of xylene (25 
ml) containing an internal standard was added. The samples were 
subsequently analysed by means of GC/MS. 
 
By using that method it was possible to quantify the following compounds: 
1,1-dichloroethane, methylene chloride, 1,2-dichloroethene and 2-butanon. 
The following products were analysed: 8 and 4. 
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Table 4.8 GC/MS analysis parameters 
GC/MS instrument Finnigan Focus GC-DSQ 
GC parameters Column: Zebron ZB-1, 30 m x 0.25 mm id., 1.0 µm film thickness 


Carrier gas: Helium, constant pressure, 0.8 psi.  
Oven programme: 100ºC for 2,5 min., 30ºC/min. up to 250ºC, 
250ºC/min. for 1 min. 
Injection: 225ºC 


MS parameters Scan mode: 40-400 m/z 


 
4.3.2.4 Analysis of fluorinated organic compounds 
Samples that in the screening analyses turned out to contain substantial 
amounts of fluorine were analysed by means of GC/MS with negative 
chemical ionisation (NCI), see Table 4.9. This method is specific for organic 
substances that contain halogen atoms, including fluorine. In addition, this 
method can give information about the melocular mass of the substances 
which with advantage can be combined with the knowledge about the 
structure of the substances obtained by normal GC/MS. A subsample was 
weighed and acetone was added.  
 
The following products were analysed: 4, 8, 14, 21 and 25. 
  
Table 4.9 GC/MS analysis parameters 
GC/MS instrument Agilent HP 5973 ALS 
GC parameters Column: Zebron ZB-1, 20 m x 0.18 mm id., 0,18 µm film 


thickness 
Carrier gas: Helium, constant flow at 0.8 ml/min.  
Oven programme: 40ºC, 10ºC/min. up to 300ºC, 300ºC for 5 
min. 
Injection: 280ºC 


MS parameters Scan mode: 50-650 m/z 


 
4.3.2.5 Analyses of product no. 4 
No organic substances were detected during the screening analyses of product 
no. 4. Therefore, it was attempted to dissolve product no. 4 in various 
solvents and they were analysed by means of GC/MS to determine if the 
solvent had any influence on this.  The following solvents were tested: 
dichloromethane, acetone, carbon disulphide and xylene. 
 
The content and concentration of the solvents were analysed by means of 
GC/MS. Similar to the screening analyses the products were injected directly 
into a calibrated flask and diluted.  
 
4.3.2.6 Aerosols 
All 16 products were analysed for liberation of aerosols of up to 1 µm in 
aerodynamic diameter during use on a piece of textile. Exposure took place in 
a purpose-built pipe system where it is possible to carry out dynamic 
measurements during use and measurement after maintaining the air for a 
shorter period of time. Measuring took place 1 min. and 7 min. , respectively, 
after application.  
 
The objective of the analysis carried out after 7 min.  was to investigate if the 
size distribution changed in the period immediately after use due to solvent 
evaporation.  
 
The suggested times are not necessarily representative of typical application 
patterns but the results can from the knowledge of the applied product 
amount be immediately scaled to more or less comprehensive use. This 
procedure was chosen because it is not possible to state a standardised 
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application pattern as the products are used for small and large items where 
exposure time and amount vary substantially.  
 
By determining the applied product amount gravimetrically, a measure for the 
aerosol concentration per mass unit was obtained. 
 
Undyed cotton fabric with a pore size of 200-300 µm (Figure 4.1) covered the 
purpose-built semi-closed experimental chamber (Figure 4.2 and Figure 4.3) 
and the distance from the spraying can to the fabric was 24 cm.  
 


 
 
Figure 4.1 Optical microskope image of the undyed cotton fabric.  
 
Fabric proofing was carried out by applying the product through a small 
cylinder at the top of the experimental chamber. Spraying took 10 s as it 
appeared that enough proofing liquid was liberated in that amount of time to 
carry out particle measurements. If proofing takes longer time e.g. 1-2 min.  
very large amounts of proofing liquid is liberated compared to the volume of 
the experimental chamber (7.5 litres). All products with propellant for 
spraying of the content were kept horizontal during proofing, and all produts 
with a pump mechanism for spraying of the content were kept vertical during 
proofing. After proofing the experimental chamber was closed with a plug so 
the time-related development in size and number of aerosols could be 
determined. There was no sign of condensation in the chamber. 
 


 
 
Figure 4.2 Schematic drawing of the experimental setup.  
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Figure 4.3 Experimental setup in plexiglass which is shown schematically in figure 4.2.  
 
Aerosols created by the spray products were measured behind the product 
corresponding to the ordinary application situation where the user directs the 
spraying away from the body. That means that spraying does not take place 
directly into the measuring device, but measuring takes place on aerosols 
liberated to the air during use of the products.  
 
Aerosol size distribution of the aerosols was measured with a Scanning 
Mobility Particle Sizer (TSI SMPS 3934 equipped with Differential Mobility 
Analyzer (DMA model 3081) and ultra fine Condensation Particle Counter 
(CPC model 3776)). Aerosols are drawn into the device and pass a 
radioactive source by means of which the aerosols obtain a known charge 
distribution. Then the aerosols are led to a laminar air flow through an electric 
field that separates the aerosols according to size. The aerosols are counted by 
a condensation particle counter. 
 
Depending on the configuration, the instrument can measure particles in the 
interval of 2.5-1000 nm. In this project, measuring initially took place in the 
interval of 6-650 nm. In certain products, larger aerosols were suspected and 
in those cases the products were analysed for particles of between 650 nm and 
1000 nm. The aerosols were sucked into a measuring instrument with a flow 
of 0.3 L/min. or 1.5 L/min. through a purpose-built silicone tube. Significant 
amounts of aerosols were not deposited in this tube. Each measurement of 
size distribution lasted 60 s. 
 
Figure 4.4 gives a schematic presentation of the experimental course. After 10 
s of proofing, the experimental setup was closed with a plug. After 60 s, 
aerosols were measured in the order of magnitude of 20-650 nm. This 
measurement took 60 s. Then another 5 min.  passed and the measurement 
was repeated. The aerosol flow was then increased to 1.5 L/min. in order to 
measure particles down to 6 nm. Measurements took place at two different 
points of time to see if there was a time-related change in the size and the 
amount of the liberated aerosols.  
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Figure 4.4 Schematic presentation of the experimental course. 
 
Before each measurement, a measurement of the background level of aerosols 
was carried out and it showed that the number of background aerosols varied 
from 500-4000 aerosols/cm3 per minute, corresponding to the expected level 
of background aerosols in an indoor environment.  
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5 Results of screening of 
compounds 


The selected products were examined to find out which substances they 
contain in order to assess if they consist of health hazardous substances that 
require closer investigation through quantitative analyses. All products were 
analysed quantitatively with regard to aerosol liberation and size distribution 
and the results are shown in chapter 6: Results of quantitative analyses and 
aerosol analyses. 
 


5.1 Results of the chemical screening 


The substances that were identified in connection with the effectuated 
screenings are summed up in the following tables. They are divided according 
to analysis method.  
 
5.1.1 Results before x-ray measurements 


Table 5.1 states the results of the fluorine and silicium analysis. The content 
of silicium in product no. 6, 8, 9, 14, 15 and 16 might be an expression of a 
background value from the used fabric on which the proofing product was 
applied. The results are based on the condition that the samples are 
homogeneous, meaning that the product was applied in a uniform layer on the 
fabric. 
 
Table 5.1 Results of x-ray measurements, weight% 


Product no.    F , %    Si , % 


Information 
from 
declaration 
or data 
sheet 


Textile (Blind) < 0.05  0.011  


1              0.43 0.081 F 


3              0.61 0.092 Unknown 


4             15 0.76 Si 


6              0.59  0.013 F 


8              3.1 0.0069 Unknown 


9              0.90  0.0057 Unknown 


11             7.3   0.020 F 


14             2.0   0.0083 Unknown 


15             1.4   0.012 Unknown 


16             3.1   0.0075 Unknown 


18             0.069  0.19 Si 


20            < 0.05 1.6 Si 


21             4.2 0.23 F 


24             5.4 0.26 Unknown 


25             0.67 0.024 Unknown 


26            < 0.05 0.26 Unknown 
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Results of the semi-quantitative GC/MS screening 
Table 5.2 shows the results of the GC/MS screening and the calculated 
estimated content (mg/g). All identified substances are stated with a CAS no. 
 
Organic compounds were not detected in product no. 4 and 24 during 
extraction with dichloromethane. 
 
Table 5.2 Results of the semi-quantitative GC/MS screening, mg/g 
  Product no. 
Name CAS no. 1 3 6 8 9 11 14 


Hydrocarbons *  - 360 360 310 320 160 - 250 


Norbonane ** 
(Bicyclo[2.2.1]heptane) 279-23-2 - 2.2 - - - - - 


Butyl acetate 123-86-4 50 21 - - 23 - 63 


D-Limonene 5989-27-5 1.7 - - - - - - 


Decahydronaphthalene ** 493-02-7 - - - - 1,0 - - 


Sum of fluorine 
compounds ** - - - 0.05 0.10 - 0.04 0.06 


1H,1H,2H2H-
perfluoroctan-1-ol ** 


647-42-7 - - 0.17 0.29 - - 0.03 


Diisooctyl 1,2-
benzendicarboxyl acid ** 


27554-26-3 - - 0.25 - - - - 


* This result covers a sum of several hydrocarbons 
** It has not been possible to identify these compounds with reasonable probability by means of 
the NIST library. The component can be a similar compound. 
 
Table 5.2 Results of the semi-quantitative GC/MS screening, mg/g continued 
  Product no. 


Name CAS no. 15 16 18 20 21 25 26 


Hydrocarbons *  - 500 - 500 640 - - 780 


Alcohol  - - - - - - 0.44 - 


n-propyl acetate ** 109-60-4 - - - - - 0.08 - 


Bromnitromethane ** - - 0.03 - - - - - 


Butoxytrimethylsilan 1825-65-6 - - - 0.42 - - - 


Butyl acetate 123-86-4 39 0.04 - - - 0.05 - 


Toluene 108-88-3 - - 0.80 0.10 - 0.06 - 


Ethyl benzene 100-41-4 - - 1.4 - - - - 


Xylenes 
95-47-6, 
108-38-3, 
106-42-3 


- - 5.5 - - 0.05 - 


3,5-dimethyl-1H-pyrazole ** - - 0.12 - - - - - 


1-(2-methoxy-1-
methylethoxy)-2-propanol, 
2-(2-hydroxyproxy)-1-
propanol, 1-(2-
methoxypropoxy)-2-
propanol and similar 
compounds 


20324-32-
7, 106-62-
7, 13429-
07-7 etc. 


- - - - 4.8 - - 


Decahydro-naphthalen e** 493-02-7 - - - 1.7 - - - 


decahydro-naphthalene ** 91-17-8 - - - - - - 21 


2-Methyl-trans-decalin or 
decahydro-2-methyl-
naphthalene ** 


1000152-
47-3, 2958-


76-1 
- - - 1.2 - - 36 


Sum of fluorine compounds 
** 


- - - - - 0.03 0.17 - 


Dodecamethylpentasiloxane 141-63-9 - - 1.1 - - - - 
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  Product no. 


Name CAS no. 15 16 18 20 21 25 26 


2,5,8,11,14-
Pentaoxapentadecan ** 


143-24-8 - 1.6 - - - - - 


Siloxane compounds ** - - - 0.53 1.8 - - 0.37


Octadecan acid ** - - - - - - 0.02 - 


Piperonylbutoxid 51-03-6 - - - - - 0.05 - 
* This result covers a sum of several hydrocarbons 
** It has not been possible to identify these compounds with reasonable probability by means of 
the NIST library. The component can be a similar compound. 
”-”: not detected 
 
5.1.2 Results of the SPME-GC/MS screening 


Table 5.3 shows the results of the SPME-GC/MS screening that was carried 
out. The identified substances are marked with ”X”. The substances are 
shown according to their retention time which is an expression for their 
boiling point and thus their ability to evaporate. Therefore, substances with 
the lowest boiling point are stated first in the table. All identified substances 
are stated with a CAS no. 
 
Volatile organic compounds were not identified in product no. 4 and 24 of 
this analysis method.  
 
Table 5.3 Results of SPME-GC/MS screening 


Product no. 
Identification CAS no. 


1 3 6 8 9 11 14 15 16 18 20 21 25 26 


Propane 74-98-6   x    x        


Isobutane 75-28-5   x  x         x 


Dimethyl ether 115-10-6 x            x  


Butane 106-97-8   x    x   x    x 


Acetone 67-64-1   x x     x   X   


Isopropyl alcohol 67-63-0   x x x x x x     x x 


1,1-Dichlorethane 75-34-3    x           


Methylenchloride 75-09-2    x           


1-Propanol 71,23-8             x  


1,2-Dichlorethene 156-60-5    x           


Acetic acid 64-19-7   x            


2-Butanone 78-93-3    x        X   


2-Butanol 78-92-2             x  


Ethyl acetate 141-78-6 x x  x         x x 


Isopropyl acetate 108-21-41   x x x   x x      


1-Butanol 71-36-3          x x  x x 
3,3-Dimethyl-
pentane, 2,3-
dimethylpentane 


562-49-2, 
565-59-3 


x x x x x          


Cyclohexane 110-82-7 x x x x x          


2-Methylhexane, 3-
methylhexane 


591-76-4, 
589-34-4 x x x x x  x        


Alcohol              x  
Dimethylcyclo-
pentane 


1638-26-2 x x x x x  x        


Heptane 142-82-5 x x x x x   x       
Methyl-
cyclohexane 


108-87-2 x x x x x          
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Product no. 
Identification CAS no. 


1 3 6 8 9 11 14 15 16 18 20 21 25 26 


Ethyl cyclopentane 1678-91-7 x x x x           


Pentane, 3-ethyl- 617-78-7  x             
Trimethylcyclo-
pentane 15890-40-1 x  x x           


2-Methylheptane, 
3-methylheptane 


592-27-8 x              


Butyl acetate 123-86-4 x x   x  x x x      


Octane 111-65-9 x    x  x        
Dimethyl 
cyclohexane 


638-04-0 x              


Ethyl benzene 100-41-4          x     


Hydrocarbons*  x  x x x x x x  x x X  x 


Alcohols or cyclic 
alkanes             X   


Xylene 
95-47-6, 
108-38-3, 
106-42-3 


  x x      x     


Trimethylcyclo-
hexane 


1839-63-0 x          x    


Trimethylcyclo-
heptane            x    


Hexylen glycol 107-41-5          x     


Nonane 111-84-2 x          x   X 


3-Methylnonane, 
2-methylnonane 


06-04-
5911 


          x    


Dipropylene glycol 
monomethyl ether 
** 


20324-32-7            x   


Decan 124-18-5     x    x  x   X 
5-Ethyl-2-methyl-
heptane 13475-78-0           x    


D-limonene ** 5989-27-5 x              
2-Butoxyethyl 
acetate 112-07-2         x      


Undecane 1120-21-4     x   x x  x   X 


Dodecane 112-40-3              X 
* This result covers a sum of several hydrocarbons 
** It has not been possible to identify these compounds with reasonable probability by means of 
the NIST library. The component can be a similar compound. 
”-”: not detected 
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6 Results of quantitative analyses 
and aerosol analyses 


In co-operation with the Danish Environmental Protection Agency, 10 
products were selected for quantitative analyses and investigation for content 
of possible perfluoralcohols. The selection took a starting point in the 
screening analyses results by x-ray and GC/MS.  
 
The 10 selected products appear from Table 6.1. 
 
Table 6.1 Outline of selected products 
Product 
no. 


1 3 4 8 14 16 18 21 25 26 


Type Spray Spray Pump Spray Spray Pump Spray Spray Spray Spray 
 
9 of the products (no. 1, 3, 8, 14, 16, 18, 21, 25, 26) were analysed to 
quantify selected organic compounds that might constitute a health risk.  
 
Analyses were carried out on the selected products (no. 4, 8, 14, 21, 25) 
where x-ray measurements either detected a content of fluorine or where 
GC/MS screening analyses detected content of fluorinated alcohols related to 
1H,1H,2H,2H-perfluoroctane-1-ol, in order to examine if it was possible to 
identify these compounds and quantify them against 1H,1H,2H,2H-
perfluoroctan-1-ol. 
 
In connection with the initial analyses, product no. 4 showed a high content of 
fluorine but it was not possible by means of GC/MS analysis to detect content 
of organic compounds. In agreement with the Danish Environmental 
Protection Agency it was therefore decided to investigate if it was possible to 
find another analysis method for determination of the substances in this 
product. 
 


6.1 RESULTS OF ANALYSES 


In the following, the results of the quantitative analyses, investigations of 
fluorinated compounds and analyses of product no. 4 will be presented. The 
results are discussed closer in chapter 7, Discussion of analysis results. 
 
6.1.1 Results of quantitative analyses of organic compounds 


The tables below show the results of the quantitative GC/MS analyses of the 
selected products and the selected organic compounds that are considered to 
be relevant in relation to the health assessment. The results are the averages of 
the analyses in duplicate and the standard deviation is stated.  
 
Table 6.2 Results of quantitative analyses, mg/g 


Sample no. Identification CAS no. 
1 3 4 8 14 Det.lim


it 
1,1-Dichlorethane 75-34-3 i.a. i.a. - 0.06 ± 


0.01 
i.a. 0.02 
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Sample no. Identification CAS no. 
1 3 4 8 14 Det.lim


it 
1,2-Dichlorethene 156-60-5 i.a. i.a. - - i.a. 0.02 
Methylene chloride 75-09-2 i.a. i.a. - - i.a. 0.02 
2-Butanone 78-93-3 i.a. i.a. - - i.a. 0.02 
1-Butanol 78-92-2 - - - - i.a. 0.2 
Cyclohexane 110-82-7 6.5 ± 


0.3 
0.29 ± 
0.02 


- 6.0 ± 
0,2 


i.a. 0.01 


Heptane 142-82-5 105 ± 4 267 ± 
11 


- 210 ± 
24 


i.a. 0.01 


Toluene 108-88-3 - - - - - 0.02 
Ethyl benzene 100-41-4 - - - - - 0.02 
p-Xylene 95-47-6 - - - - - 0.02 
m- and o-xylene 108-38-3, 


106-42-3 
- - - - - 0.02 


n-Butyl acetate 123-86-4 98 ± 3 20 ± 2 - - 80 ± 3 0.03 
d-Limonene 5989-27-5 0.50 ± 


0.01 
- - - - 0.02 


2-Butoxyethyl 
acetate 


112-07-2 - - - - - 0.02 


Dodecamethyl-
penta siloxane 


141-63-9 - - - - - 0.03 


1H,1H,2H2H-
perfluoroctane-1-ol 


647-42-7 i.a. i.a. - - - 0.06 


Other fluorine 
containing 
compounds* 


 i.a. i.a. - 0.61 ± 
0.04 


0.68 ± 
0.01 


0.1 


”-” Means that the component was not identified or below the detection limit 
”i.a.” Means that analysis has not been carried out for this component 
* Calculated against 1H,1H,2H2H-perfluoroctane-1-ol 
Det. limit: Detection limit 
 
Table 6.2 Results of quantitative analyses, mg/g, continued… 


Sample no. Identification CAS no. 
16 18 21 25 26 Det.lim


it 
1-Butanol 78-92-2 - 3.8 ± 


0.5   
- - 0.44 ± 


0.01 
0.2 


Cyclohexane 110-82-7 - - - - - 0.01 
Heptane 142-82-5 - 0.048 ± 


0.002 
- - - 0.01 


Toluene 108-88-3 - 0.78 ± 
0.01 


- 0.065 ± 
0.003 


0.020 
± 0.001 


0.02 


Ethyl benzene 100-41-4 - 0.97 ± 
0.01 


- 0.027 ± 
0.001 


- 0.02 


p-Xylene 95-47-6 - 2.4 ± 
0.1 


- 0.046 
± 0.001 


- 0.02 


m- g o-xylene 108-38-3, 
106-42-3 


- 0.84 ± 
0.01 


- 0.032 ± 
0.001 


- 0.02 


n-Butyl acetate 123-86-4 0.058 ± 
0.009 


- - 0.065 ± 
0.03 


- 0.03 


d-Limonene 5989-27-5 - - - - - 0.02 
2-Butoxyethyl 
acetate 


112-07-2 0.037 ± 
0.002 


- - - - 0.02 


Dodecamethyl-
penta siloxane 


141-63-9 - 0.66 ± 
0.01 


- - - 0.03 


1H,1H,2H2H-
Perfluoroctane-1-ol 


647-42-7 i.a. i.a. - - i.a. 0.06 


Other fluorine 
containing  
compounds* 


 i.a. i.a. 0.33 ± 
0.01 


- i.a. 0.1 


”-” Means that the component was not identified or below the detection limit 
”i.a.” Means that analysis has not been carried out for this component. 
* Calculated against 1H,1H,2H2H-perfluoroctane-1-ol 
Det. limit: Detection limit 
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6.1.2 Results of analyses of fluorine containing compounds 


The analysis of product 4, 8, 14, 21 and 25 together with the analysis of an 
external standard showed that none of the products contain 1H,1H,2H2H-
perooctane-1-ol. In product 8, 14, 21 and 25 a number of compounds were 
detected that cannot be identified. From the mass spectrum of the substances 
it was assessed that they are related to 1H,1H,2H2H-perfluoroctane-1-ol. 
 
Through analysis by means of NCI-GC/MS it was also confirmed that 
fluorine compounds are in question, please also see chapter 7. 
 
6.1.3 Results of analyses of product no. 4 


It was not possible to find a suited solvent for product no. 4 that makes a 
screening analysis for volatile and semi-volatile organic compounds by 
GC/MS possible. 
 
6.1.4 Results of aerosol analyses 


The measured aerosol concentrations and average sizes have been summed 
up in Table 6.4 and are also shown in Figure 6.1. The aerosol size distribution 
of the 16 selected products appears from table 6.4. The largest uncertainty on 
the measurement results is found in the reproducibility of the amount and the 
way the proofing liquid leaves the product at 10 s of continuous use. For 
products with a pump, continuous use means that pumping takes place 
continuously for 10 s at a frequency that is as high as possible in order to 
obtain maximum liberation of a product. The variation in the amount of 
liberated aerosols is ± 40 %. Please also refer to table 6.3 for liberated 
substances from pump and spray products. The variation in the mean value 
of the aerosol diameter is ± 20%. Figure 6.2 shows the product amount that 
was liberated during 10 s of proofing and it was measured by weighing the 
can before and after proofing.  
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Figure 6.1 Total number of aerosoles (#) liberated during 10 s of proofing with spray 
or pump products measured at two different times after proofing. 
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Table 6,3. Measured aerosol concentrations and average sizes. 
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4 5.0 4    2     
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 0 
510 330 110 


8 14.6 230 230 8 38 170 67 170 4 36 
9 7.3 3100 2200 890 98 930 0 470 460 125 
11 17.0 2    1     
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15 4.3 17 13 3.4 79 13 4 11 2 70 
16 16.7 1    1     
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21 5.9 26 14 12 136 12 7 8 4 120 
24 2.6 1    1     
25 12.0 170 120 57 99 76 21 63 13 68 
26 12.7 3400 2800 620 74 950 0 720 230 89 
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Table 6.4. Number (#) of measured aerosols per cm3 as function of aerosol diameter in the 
interval of 10-1000 nm after 7 min. 
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Figure 6.2 Product liberated (g) after 10 s of proofing.  
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7 Discussion of analysis results 


7.1 Chemical analyses 


The chemical analyses that were carried out demonstrated and quantified a 
number of organic chemical compounds that either were on the List of 
Hazardous Substances or comprised by Regulation no. 571 concerning the 
use of propellants and solvents in aerosol cans. The importance of these 
results is also mentioned in Chapter 8. 
 


7.2 Fluorinated compounds 


As expected, a content of the element fluorine was demonstrated in a number 
of the investigated products. However, it has only been possible to detect a 
limited number of fluorine compounds and on the basis of the estimated 
concentrations it must be ascertained that the main part of the fluorine 
compounds contained in the fluorine based products cannot be detected. 
Most likely because the substances are developed or intended to polymerize 
rather quickly and create a water-repellent surface. The substances are 
expected to consist of short fluorinated carbon strings of the type (-CF2-)n or 
similar, terminated with an active component which leads to polymerisation. 
The main component is presumably designed to polymerize easily when in 
contact with air (oxygen and/or water vapour) which therefore also will 
happen in connection with the analytical procedure. That makes it very 
difficult to isolate and analyse monomers.  
 
The detected fluorine compounds appear in concentrations of less than 1 
mg/g in products where the fluorine content determined by x-ray analysis is 
more than 20 mg/g.  That means that the main part of the fluorine amount 
exists as a substance that cannot immediately be analysed by means of 
GC/MS. The reason is most probably that the non-detectable fluorine 
compounds exist in complete or partly polymerized form. Analysis methods 
taking this problem into account have not been published and a more 
complete fluorine mass balance therefore requires the development of 
completely new analysis methods.  
 
The mass spectra of the detected fluorine compounds are related to known 
mass spectra for substances of the type CF3(CF2)nCH2CH2OH, for instance 
1H,1H,2H,2H-perfluoroctane-1-ol (FTOH 6:2). Such substances are called 
fluortelomer alcohols (FTOH). However, none of the detected substances 
have the same chromatographic retention time or a mass spectrum identical to 
FTOH 6:2. In addition, the mass spectra do not indicate that the nucleus in 
the substances is fluortelomer aldehydes, fluortelomer acids or unsaturated 
fluortelomer alcohols. Several of the detected substances have mass spectra 
that are very similar to FTOH 6:2, however, with the decisive difference that 
the mass fragment m/z 95 has been replaced by m/z 77. M/z 95 corresponds 
to –CF2CH2CH2OH and is the same for all fluortelomer alcohols. M/z 77 can 
correspond to -CFHCH2CH2OH where one single fluorine atom has been 
replaced with a hydrogen atom. Therefore, it must tentatively be said that 
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several products contain substances of the type CF3-(CF2)n- 
CFHCH2CH2OH.  
 
On the basis of the chromatographic retention times on the chosen non-polar 
column it is possible to estimate the boiling point intervals of the detected 
substances by comparing with hydrocarbon standards.  
 
Product no. 8 contains 3 fluorine compounds with estimated boiling points in 
the interval of 450-520K. 
 
Product no. 14 contains 6 fluorine compounds with estimated boiling points 
in the interval of 430-480K. 
 
Product no. 21 contains 4 compounds with estimated boiling points in the 
interval of 390-470K. 
 
In comparison, FTOH 6:2 has a boiling point of 368K. With the above 
method a boiling point of 407K is estimated which indicates that this simple 
method has a tendency to overestimate the boiling point.  
 
As it appears, substances much less volatile than FTOH 6:2 were detected in 
most cases and therefore they must be assumed to have a longer string length. 
 


7.3 Aerosol analyses 


The aerosol analyses that were carried out show that the consumer can be 
exposed to rather large amounts of small aerosols (6-650 nm) when using 
textile proofing agents. The concentration of aerosols (propellant products) in 
the can that was used was in several cases larger than 106 per cm3 at 10 s of 
exposure. In comparison, the exhaust from diesel vehicles contains 107-108 
per cm3 (at the exhaust pipe without dilution from the surroundings). In 
polluted town air the aerosol concentration is in the order of magnitued of 105 
per cm3. 
 
In general, spray products with propellant liberated more aerosols in the 
interval 20-650 nm compared to other products without propellant. The 
amount of liberated aerosols from products without propellants was in most 
cases comparable to the background level. In connection with spray products, 
there was a great difference between the number of aerosols and aerosols per 
weight unit that the different products create. No clear connection can be 
made between the chemical composition and number or aerosol size. Aerosol 
exposure is first and foremost determined by whether spray or pump products 
are in question. 
 
The reason why pump based products do not cause exposure to aerosols to 
an appreciable extent is probably that the pump mechanism gives larger 
primary aerosols which are deposited much more efficiently on textiles than 
the smaller aerosols generated from propellant products.  
In several of the investigated products, the word ”nano” appears in the 
product name. However, all those products have a pump mechanism and do 
not give rise to the liberation of small aerosols as mentioned above.  
The obtained results do not indicate that the products contain actual 
nanoaerosols and the “nano” description presumably refers to the coating that 
is obtained. In principle, it cannot be ruled out that the products contain 
nanoparticles in solid form suspended in liquid, but neither the chemical 
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analyses nor the aerosol analyses indicate that. In any case, it can be 
ascertained that products with pump mechanisms do not expose the user to 
small aerosols. 
Whether or not a nanostructured coating, a coating with nanothickness or 
added nanoparticles (in solid form) actually are in question has not been 
investigated in this project.  
 
These results are in agreement with German investigations that concluded 
that a certain ”nanoproduct” did not contain nanomaterials (BfR, 2006b). 
 
Figure 7.1 shows how fine and ultra fine aerosols are created when a 
propellant based product is used. 
 
 


 
Figure 7.1  Flow diagramme of the creation of fine and ultra fine (nano) aerosols 
after evaporation of solvent from the fraction of the primary aerosols that are not 
deposited on the textile surface.  
 
The measurement of aerosols in the interval of 6-650 nm seems to cover the 
entire relevant measuring area for all products, however, the aerosol 
distribution of product 3 has a smaller fraction the exceeds 650 nm and for 
product 8 it seems that few aerosols are liberated with a diameter under 6 nm. 
The aerosol distribution of product 3 was measured up to 1000 nm. The 
amount of aerosols in the interval of 650-1000 nm declined evenly. From the 
obtained size distributions it can be ruled out that there will be significant 
amounts of aerosols > 1000 nm because then a gradual increase in the 
number of aerosols in the high end of the size interval would have been 
observed.  
 
That demonstrates that the solvents (all volatile) evaporate very quickly 
(within 1 minute) and leave small aerosols. Otherwise, a pronounced change 
in size would have been observed in the period after 1 minute.  
 
The mean size of the liberated aerosols from the products is shown in Figure 
7.2. In connection with spray products, the aerosol size general increased with 
time after proofing except for product 8 and 20 where the aerosol size was 
constant and product 21 and 25 where the aerosol size declined. After 
liberation of spray products, the aerosol size increased as a function of time 
and that might be because the concentration of aerosols is very high and 
therefore the collision rate between the aerosols is high. During collision, the 
aerosols can aggregate and in that way create larger aerosols in time. A decline 
in aerosol size can be due to additional evaporation of small volatile 
compounds.  
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Figure 7.2 Mean particle size (nm), measured 1 minute and 7 min.  after proofing. 
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8 Health Assessment 


In consultation with the Danish Environmental Protection Agency the 
following substances were selected for health assessment: cyclohexane, butan-
2-on, 1-butanol, butyl acetate, perfluoroctane-1-ol and 
dodecamethylpentasiloxane. In this chapter, the toxicological profiles of the 6 
chemical substances have been set up. The four first mentioned substances 
are assumed to be used in spray products in their capacity of propellants and 
solvents and therefore they are subject to special control in Regulation 571 
dated 29/11/1984 (the Danish Environmental Protection Agency). All four 
substances are included on the list of permitted propellants and solvents in 
enclosure 1 of the Regulation, but all four substances are forbidden (in 
concentrations exceeding 1 %) in products intended for indoor use (all tested 
spray products) with propellant. The two last-mentioned are the two actual 
proofing substances where the occurrence has been best documented in the 
spray products selected for analysis. 
 
All the substances were found in products that are sprayed from aerosol cans 
with propellant. None of the below assessments deal with the fact that the 
substances also appear as very fine aerosol mists. That is because it has not 
been possible to find experimental toxicological data for these substances in 
the form of aerosols. The end of this chapter examines the importance of the 
very fine aerosol mists that have been measured for all aerosol products with 
propellants in this investigation. 
 


8.1 Butyl acetate 


 
8.1.1 Application 


Butyl acetate is mainly used as solvent in varnish, artificial leather, 
photographic film and plastics. To a minor degree, butyl acetate is used in the 
perfume industry and for the production of artificial aromatic compounds 
(HSDB, 2007). 
 
8.1.2 Identification 


At room temperature, butyl acetate is a clear, colourless liquid with a pleasant 
smell that often is described as banana-like. It is not easily soluble in water, 
but it is miscible with most hydrocarbons and very easily soluble in ethanol 
and ether and soluble in acetone (HSDB, 2007). The odour limit in water is 
0.066 mg/m3 (HSDB, 2007). Butyl acetate is included on the list of organic 
solvents of the Danish Working Environment Authority. 
 
Identification:  
Substance name: Butyl acetate 
Synonyms: 1-Butyl acetate; n-Butyl acetate; 1-Butyl acetate; 


Acetic acid, butyl ester (ECB, 2007) 
Butyl ethanoate (HSDB, 2007) 


CAS no.: 123-86-4 
EINECS No.: 204-658-4 
Molecule formula C6H16O2 
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Molecule structure 


 
Legislation: 
Classification according to the list of 
hazardous substances (Danish Environment 
Protection Agency, 2005) 
 
Regulation no. 571 dated 29/11/1984 on the 
use of propellants and solvents in aerosol 
cans. 
 
Limit value of the Danish Working 
Environment Authority (ppm, mg/m3) 


 
R10; R66; R67 
 
 
 
 
The substance is stated in enclosure 1 of the 
Regulation. Must not be used in aerosols intended 
for indoor use. 
 
150 ppm; (710 mg/m3)  
for all butyl acetates 


8.1.3 Physical-chemical data 
Physical-chemical properties  
State of matter Colourless liquid (HSDB, 2007) 
Molar weight 116.16 (HSDB, 2007) 
Density  0.8826 g/cm3 at 25°C (HSDB, 2007) 
Melting point -78°C (HSDB, 2007) 
Boiling point 126.1°C (HSDB, 2007) 
Vapour pressure at 25 ◦C 11.5 mm Hg (HADB, 2007) 
Octanol water (logPow) 1.78 (HSDB, 2007) 
Solubility in water 14 g/L at 20°C; 5 g/L at 25°C (HSDB, 2007) 
Odour limit in water 0.066 mg/m3 (HSDB, 2007) 


8.1.4 Toxicological data 


8.1.4.1 Absorption 
Butyl acetate is quickly absorbed in the blood by inhalation. No 
measurements exist of gastrointestinal or dermal absorption, but effectuated 
oral and dermal LD50 studies indicate that the substance also is absorbed 
through these routes. 
 
8.1.4.2 Acute effects, humans 
Butyl acetate has a low systemic effect (HSDB, 2007). The lowest toxic 
concentration on inhalation was found to be 200 ppm (920 mg/m3), and 
changes were found on the sensory organs and especially the olfactory sense, 
on eyes (irritation) and on lungs, on chest and respiration (other changes) 
(ChemIDPlus, 2007). 
 
Possible toxic symptoms are central nervous system (CNS) effects: headache, 
muscular weakness, dizziness, stiffness, confusion, delirium and coma. 
Gastrointestinal tract effects are: nausea, vomiting, and diarrhea (with smell of 
the alcohol from the faeces); irritation in eyes and neck from vapour as well as 
liquid, coughing and dyspnoea; ictus disturbance; death due to respiratory 
failure. (HSDB, 2007). 
 
Butyl acetate is described as a mildly irritating substance, but more irritating 
than ethyl acetate, and as a CNS depressor. These effects are considered to 
originate from the physical properties of the substance (HSDB, 2007)). 
 
Skin exposure: prolonged or frequently repeated exposure can lead to drying 
of the skin.  
 
Butyl acetate vapours lead to eye irritation and inhalation irritates the 
respiratory passages. 
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Occupational inhalation has led to effects on the liver (HSDB, 2007). 
 
8.1.4.3 Acute effects, animals 
In connection with oral administration, the LD50 values are between 3200 
mg/kg bw (rabbit) and >10.000 mg/kg bw (rat). Dermal LD50 17.600 mg/kg 
bw (rabbit); LD50 values by direct administration in the abdominal cavity was 
1230 and 1500 mg/kg bw in guinea pigs and mice, respectively. LC50 was 
6000 mg/m3 after 2 hours of inhalation in mice and 390 ppm corresponding 
to 1850 mg/m3 after 4 hours of inhalation in rats (ChemIDPlus, 2007). 
 
8.1.4.4 Subchronic effects  
No studies have been found with repeated dosage in animals apart from one 
single study in cats where no local changes were found in the cornea or the 
conjunctival sac of cats dosed either with 500 ppm for 20 days or with 1000 
ppm for 4 days. However, according to ACGIH, animals (species of animal 
not informed) exposed 6 hours a day for 6 days to 3100 ppm showed blood 
changes (HSDB, 2007).  
 
8.1.4.5 Mutagenicity 
Butyl acetate showed no mutagenic properties in Ames' test (Salmonella 
typhimurium strands TA98, TA100, TA1535, TA1537, TA1538 and 
Escherichia coli (WP2uvrA strand)) during testing with and without activation 
with rat microsomal fraction. 
 
8.1.4.6 Chronic effects  
No long-term tests with butyl acetate have been carried out in any species of 
animal.  IARC has not considered the carcinogenic properties of butyl 
acetates. On the other hand, ACGIH in the USA has decided that within a 
two-year period the substance shall be transferred to an approval list: Cannot 
be classified as a human carcinogen (HSDB, 2007). 
 
8.1.4.7 Summary 
Butyl acetate is not acute toxic on intake or inhalation or during exposure of 
the skin. Due to the physical/chemical properties – solvent with large vapour 
pressure – the substance has irritating effects on skin and mucous membrane 
(eyes and upper respiratory passages) and a number of effects on the CNS 
after inhalation. No information has been found stating that butyl acetate 
should be sensitizing.  
 
It is assessed that people working in the chemical industry who have skin 
diseases, nephropathy, chronic respiratory diseases or hepatic diseases can 
have increased risk in connection with exposure to butyl acetate. 
      
Toxicological data (animals)  
LD50, mg/kg, oral, rat 10768 (ChemIDPlus, 2007) 
LD50, mg/kg, oral, guinea pig 4700 (ChemIDPlus, 2007) 
LD50, mg/kg, oral, mouse 6000 (ChemIDPlus, 2007) 
LD50, mg/kg, oral, rabbit 3200 (ChemIDPlus, 2007) 
LD50, mg/kg, dermal, rabbit >17600 (ChemIDPlus, 2007) 
LC50, mg/m3, inhalation, 2 hours, mouse 6000 (ChemIDPlus, 2007) 
LC50, mg/m3, inhalation, 4 timer, rat 1846 (corresponding to 390 


ppm) (ChemIDPlus, 2007) 
  
Toxicological data (humans)  
LCLo mg/m3, inhalation (time not informed) 947 (corresponding to 200 


ppm) (ChemIDPlus, 2007) 
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8.1.5 Health assessment of butyl acetate 


Occurrence in investigated spray products:  
 


Product no. Butyl acetate 
measured in 
analysed 
products 


1 3 9 14 15 16 25 


Semi-quantitative 
g/kg (%) 


  23  
(2.3) 


 39  
(3.9) 


  


Quantitative g/kg 
(%) 


98 
(9.8) 


20 
(2.0) 


 80  
(8.0) 


 0.058 
(0.58) 


0.065 
(0.65) 


Butyl acetate 
declared (other 
remarks)  


 No  
 
(discontinued 
product)  


Yes No Yes Yes No No 


  
The absolute worst case scenario is that 1 spray can is emptied into a 20 m3 
room and that the person stays in the same room for 8 hours without airing.  
 
The aerosol product with the highest concentration of butyl acetate is product 
no. 1 that true enough has been discontinued, but product no. 14 contains 
almost as much. The calculation was most logically carried out in product no. 
14 which still is marketed. 
 
Product no. 14 is sold in Denmark in 200 ml spray cans but in other countries 
it is marketed in 400 ml cans. 
 
The density of the spray liquid is not known but a conservative estimate is a 
density of 1 g/cm3 which means that 200 ml weighs 200 g.  
 
Therefore, a spray can will contain 16 g of butyl acetate and distributed in a 
20 m3 large room that will give a concentration of 800 mg/m3.  
That is 12 % above the limit value of the Danish Working Environment 
Authority which is 710 mg/m3 (150 ppm). 
 
The limit value is a “time weighted average” determined according to 
extensive toxicological estimates as the value to which a worker may be 
exposed 8 hours daily in an entire working life.  
 
As the product is a consumer product where exposure only will take place 
now and then, the calculated value can instead be compared with the ceiling 
value of the Danish Working Environment Authority, at the double of the 
ordinary limit value. 
 
Therefore, it must be assessed that the use of spray no. 14 is not injurious to 
health even during the absolute worst case scenario. Presumably, passing and 
acute sickness can arise (irritation of the eyes and respiratory passages).  


8.1.6 Conclusion on butyl acetate (n-butyl acetate) 


The content of butyl acetate in the examined spray products for textile 
proofing is not in itself a health hazard to the consumers.  
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8.2 Butanone 


8.2.1 Application 


Is mainly used as solvent in surface coating industries, paint and varnish 
industries, for polymer and glue production and as an intermediate for 
chemical syntheses in the chemical and pharmaceutical industry. In addition, 
it is used to some extent in the aromatics industry. 
 
The Food and Drug Administration (FDA) in the USA has set an acceptable 
daily intake value (ADI) of 3.2 mg/day (oral intake) (HSDB, 2007). 


8.2.2 Identification 


Butanone is a clear liquid with a sweet, pleasant, lightly pricking, acetone-like 
odour. Butanone is easily soluble in water at low temperatures, but the 
solubility declines with increasing temperatures. The substance is soluble in 
alcohol, ether, acetone and benzene. (HSDB, 2007). 
 
The substance is included on the list of organic substances of the Danish 
Working Environment Authority. 
 
Identification:  
Substance name: Butanone 
Synonyms: Methyl ethyl ketone; butan-2-on; 2- butanone; 


methyl ethyl ketone 
CAS no.: 78-93-3 
EINECS No.: 210-159-0 
Molecule formula C4H8O 
Molecule structure 


 
Legislation: 
Classification according to the list of 
hazardous substances (Danish 
Environmental Protection Agency, 2005) 
 
Regulation no. 571 dated 29/11/1984 on the 
use of propellants and solvents in aerosol 
cans. 
 
Limit value (ppm, mg/m3) (The Danish 
Working Environment Authority, 2007) 


 
F;R11 XI;R36 R66 R67 
 
 
 
 
The substance is stated in enclosure 1 of the 
Regulation. Must not be used in aerosols intended 
for indoor use. 
 
50 ppm; 145 mg/m3 (H, can be absorbed through 
the skin) 
 


8.2.3 Physical-chemical data 
Physical-chemical properties  
State of matter Colourless liquid (HSDB, 2007) 
Molar weight 77.11 (HSDB, 2007)  
Density 0.805 g/cm3 at 20°C  (HSDB, 2007)  
Melting point -86°C (HSDB, 2007) 
Boiling point 79.6°C (HSDB, 2007) 
Vapour pressure at 25°C 90 mm Hg (HSDB, 2007) 
Octanol water (logPow) 0.29 (HSDB, 2007) 


Solubility in water 353 g/L at 10°C (HSDB, 2007); 27.1 g/L at 20°C 
(IUCLID)(IPCS, 1992) 


Odour limit low: 0.7375 mg/m3; high = 147.5 mg/m3 (HSDB, 
2007) 
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8.2.4 Toxicological data 


8.2.4.1 Absorption 
Butanone is absorbed quickly in the body no matter if oral or dermal exposure 
is in question or if absorption takes place on inhalation. Butanone seems to be 
distributed on all tissue. Butanone and its metabolites are eliminated 
completely in the course of 24 hours. Elimination especially takes place with 
the expiratory air even though small amounts are eliminated in transformed 
form via the kidneys (IPCS, 1992). 
 
8.2.4.2 Acute effects, humans 
Exposure to 590 mg/m3 (200 ppm) did not cause changes in different 
behaviour or psychological tests. Nor did experimental exposure to 794 
mg/m3 (270 ppm) 4 hours/day have greater effect on behaviour and 5 min.  
contact with liquid butanone only caused passing bleaching of the skin (IPCS, 
1992). 
 
8.2.4.3 Acute effects, animals 
Very low acute toxicity was present in the tested species of animals for all 
routes of administration. The LD50 values for oral studies are 2700 and 5520 
mg/kg bw in rats and 34140 mg/kg bw in mice. The inhalation studies carried 
out on mice and rats are all very old and were not carried out in accordance 
with the current guidelines but the lethal concentration for 50 % of the 
animals (LC50) in mice after 45 min.  of exposure can be calculated to 205025 
mg/m3 (69500 ppm) and in rats after 4 hours of exposure to 23600 mg/m3 
(8000 ppm). A dermal LD50 value was found in rabbits at 8000 mg/kg bw 
with 24 hours of exposure (IPCS, 1992). 
 
Minor to moderate irritation of the skin and moderate to serious irritation of 
rabbit eyes were observed. Other skin studies did not show irritation (IPCS, 
1992). 
 
8.2.4.4 Subchronic effects 
Most studies with repeated dosage were carried out on rats with exposure on 
inhalation. Only doses of 5000 ppm (14750 mg/m3) in the one and 5041 ppm 
(14870 mg/m3) in the other given 6 hours/day 5 days a week for 90 days had 
effects. Reduced body weight, brain and spleen weight and increased liver 
weight and changed blood parameters were found and females were more 
sensitive than males. No histopathological changes or influence on the 
reproductive organs or morphological changes in CNS or peripheral nervous 
systems (PNS) were found (IPCS, 1992). 
 
In a test, mice were exposed to increasing concentrations of butanone from 
300 to 10000 ppm (total of 5 levels). The dosage time of each concentration 
was 30 min.  and the number of mice that did not react to visual stimuli was 
counted. The dose at which 50 % of the animals no longer reacted could be 
calculated to 8528 mg/m3 corresponding to  2891 ppm (IPCS, 1992). 
 
In a teratogenic test in mice, a no observed adverse effect concentration 
(NOAEC) of 2980 mg/m3 (1010 ppm) given on day 6-15 of the gestation 
period, 7 hours/day could be determined. No significant toxicity signs were 
found in the dam, but there was a minor increase in the relative liver weight in 
the highest dosed group. In the same group, lower foetal body weight was 
observed and it was significant for the males. Lowest observed adverse effect 
concentration (LOAEC) was set to 3000 ppm (IPCS, 1992) due to the 
developmental effects. 
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8.2.4.5 Mutagenicity 
Butanone was not found mutagenic in a number of Ames' tests that were 
carried out and in vivo micronucleus studies in mice or Chinese guinea pigs 
showed no positive effects. However, some studies showed that butanone and 
a number of similar substances induce aneuplodi in yeast cells; an effect that 
was significantly strengthened by simultaneous exposure to ethyl acetate 
(IPCS, 1992). 
 
In the light of this, butanone cannot be assessed to be genotoxic in short-term 
tests in vitro and in vivo. 
 
8.2.4.6 Chronic effects 
The only longer study that has been carried out is a one-year dermal study in 
male mice with application twice weekly of 8 mg (50 mg of a 17 % solution). 
No papilloma were found after 1 year (7). 
 
Butanone cannot be classified with regard to carcinogenic effect in humans as 
no information exists about the substance concerning cancer in humans and 
sufficient data from experiments on animals does not exist. 
 
8.2.4.7 Summary    
Butanone is easily absorbed in the body after exposure via the gastrointestinal 
tract, the skin or the lungs. Absorbed butanone is eliminated in the course of 
24 hours. Butanone has a very low acute toxicity in humans as well as in 
animals.  
 
The results from testing butanone for irritation of skin and mucous 
membrane conflict a bit, but some irritation was found in most studies. 
Exposure of human skin to undiluted butanone results in passing bleaching of 
the skin. Butanone is classified with regard to eye irritation (R36) but not with 
regard to irritation of skin although repeated exposure can give dry or cracked 
skin (R66), In addition, a product should be marked, stating that vapours can 
cause lethargy and dizziness (R67) if it contains 15% or more butanone plus 
possibly other chemical substances with the same effect. 
 
The critical effect is found to be lower foetal body weight in a teratogenic test 
with mice with a NOAEC of approx. 3000 mg/m3 corresponding to a bit more 
than 1000 ppm, treatment time was 7 hours/day on gestation day 6-15. 
  
Toxicological data (animals)  
LD50, mg/kg bw, oral, rat 2737 (ChemIDPlus, 2007) 
LD50, mg/kg bw, oral, mouse 4050 (ChemIDPlus, 2007) 
LD50, mg/kg bw, dermal, rabbit 6480 (ChemIDPlus, 2007) 
LD50, mg/kg bw, dermal, rabbit 8000 (IPCS, 1992) 
LC50, mg/m3, inhalation, 8 hours, rat 23500 (ChemIDPlus, 2007) 
LC50, mg/m3, inhalation, 4 hours, mouse 32000 (ChemIDPlus, 2007) 
NOAEC, mg/m3, inhalation, day 6-15 of gestation period, 7 
hours/day, mouse  


2980 


  
Toxicological data (humans)  
NOAEC, mg/m3, inhalation, (time not stated) 590 (IPCS, 1992) 
NOAEC, mg/m3, inhalation, 4 hours 794(IPCS, 1992) 


8.2.5 Health assessment of butanone 


The semi-quantitative screening of all products for textile proofing showed no 
results stating the content of butanone. 
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The more sensitive SPME-GC/MS screening of all products registered the 
occurrence of butanone in product no. 8 and 21, but without measured 
concentrations. 
 
In connection with the quantitative analyses, butanone was not found in 
amounts exceeding the detection limit in any of the products – and not in 
product no. 8 and 21. 


8.2.6 Conclusion on butanone in textile proofing sprays 


Butanone has been identified in product no. 8 and 21. However, in the 
quantitative analyses of spray products, butanone was not found in amounts 
exceeding the detection limit of 0.02 mg/g. 
 
Therefore, butanone is not in itself hazardous to health for consumers in the 
investigated spray products for textile proofing.  
 


8.3 1-Butanol 


8.3.1 Application 


1-Butanol is used as solvent in the dyestuff and the varnish industry when 
making natural and synthetic resins, vegetable oils, dyes and alkaloids. It is 
used as an intermediate when making medicine and chemicals and is used in 
industries that make artificial leather, textiles, rubber adhesives, photographic 
film and perfume (HSDB, 2007). 1-Butanol is included on the list of organic 
solvents of the Danish Working Environment Authority. 
 
8.3.2 Identification 


1-Butanol is a clear colourless liquid with a very characteristic (rancid and 
sweet) faint smell of alcohol. The substance is rather soluble is water, miscible 
with ethanol and ether and very easily soluble in acetone. The solubility in 
benzene exceeds 10 % (HSDB, 2007). 
 
Identification:  
Substance name: 1-Butanol 
Synonyms: 1-Butanol; n-butanol 
CAS no.: 71-36-3 
EINECS No.: 200-751-6 
Molecule formula C4H10O 
Molecule structure 


 
Legislation: 
Classification according to the list of 
hazardous substances (Danish 
Environmental Protection Agency, 2005) 
 
Regulation no. 571 dated 29/11/1984 on 
the use of propellants and solvents in 
aerosol cans. 
 
Limit value (ppm/mg/m3) (Danish 
Working Environment Authority, 2007) 


 


R10 XN;R22 XI;R37/38-41 R67 
 
 
 
 
The substance is stated in enclosure 1 of the 
Regulation. Must not be used in aerosols intended 
for indoor use. 
 
 
50 ppm; 150 mg/m3 for all butanol-isomers (L, ceiling 
value; H, absorbed through the skin) 
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8.3.3 Physical-chemical data 
Physical-chemical properties  
State of matter Colourless liquid 
Molar weight 74.1(HSDB, 2007) 
Density 0.8098 at 20°C (HSDB, 2007) 
Melting point -89°C(HSDB, 2007) 
Boiling point 117.7°C (HSDB, 2007) 
Vapour pressure at 25 ◦C 7.0 mmHg (HSDB, 2007) 


Octanol water (logPow) 0.88 (HSDB, 2007) 
Solubility in water 63.2 g/L (HSDB, 2007); 74 g/L (IUCLID (ECB, 


2007)) both at  25°C 
Odour limit In water 7.1 mg/L; in air 0.83 ppm (HSDB, 


2007) 


8.3.4 Toxicological data 


8.3.4.1 Absorption 
1-Butanol is absorbed in the body via the lungs, the gastrointestinal tract and 
the skin. Absorbed substance is quickly distributed to the tissue where the 
substance is transformed considerably. The main part of absorbed substance 
is eliminated as CO2 via the lungs; but only a minor part is eliminated via the 
kidneys (HSDB, 2007).  
 
8.3.4.2 Acute effects, humans 
High concentrations in the air cause inhibition of CNS (tiredness, headache, 
muscular weakness, dizziness, stiffness, confusion, delirium, coma) (HSDB, 
2007; IPCS, 1992). In addition, there might be gastrointestinal effects such as 
nausea, vomiting and diarrhea. Possible lethal toxification would be due to 
respiratory failure (HSDB, 2007). 
 
1-Butanol is very irritating on the mucous membrane. Irritation of skin, eyes 
and neck has been observed during exposure to the liquid and vapours. In 
addition, coughing and difficulty in breathing have been observed.  
 
8.3.4.3 Acute effects, animals 
The oral LD50 values of 1-Butanol in rats vary between 700 mg and 2100 
mg/kg bw. 
 
The main effects from exposure to the vapour for a shorter time consist of 
different degrees of irritation of the mucous membrane and inhibition of 
CNS. Several sources state that it is believed to be approx. 6 times as toxic as 
ethanol (IPCS, 1987). 
 
The substance seems distinctly irritating during testing with liquid in the eyes 
and moderately irritating on the skin (HSDB, 2007). 
The skin sensitizing potential of 1-Butanol (IUCLID (ECB, 2007)) has not 
been tested. 
 
8.3.4.4 Subchronic effects, animals 
The effect of repeated inhalation comprises pathological changes in lung 
tissue and degenerative injuries in liver and kidneys (IPCS, 1987).  
That was found in a number of inhalation studies carried out on rodents with 
different dosages (from 0.03 to approx. 40 ppm) and set ups varied from 
dosage in measured hours/day in a certain number of days to continuous 
exposure for 30 days, 4 months or 92 days (IUCLID).  
 
The available animal studies are not suited for determining a no observed 
adverse effect level (NOAEL) to be used in risk assessments.  
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An inhalation study with exposure of pregnant female rats from day 1 to day 
19 during gestation periods 7 hours a day with 3500, 6000 or 8000 ppm, 
revealed a NOAEC in the dam of 3500, but there was a minor increase in the 
number of rudimentary cervical vertebra in the offspring in the highest dosed 
group, and therefore NOAEC for development/teratogenecity was 6000 ppm 
(corresponding to 18000 mg/m3) (IUCLID from (ECB, 2007)).  
 
No other reproduction toxicity studies are suited for determination of 
NOAEL. 
 
8.3.4.5 Chronic effects 
A wide range of short-term studies especially in vitro, showed no signs of 
mutagenic or genotoxic properties in 1-Butanol. 
  
Environmental Health Criteria no. 65: Butanols - four isomers, 1987, as well 
as IUCLID from (ECB, 2007) refer to the fact that 2 long-term studies of 
very poor quality are supposed to exist, but it has not been possible to find 
further reference to these studies. 
 
No studies exist with a route of administration that makes it possible to 
evaluate the chronic effects – not to mention the carcinogenic potential of 1-
Butanol in humans. 
 
IARC has not assessed 1-Butanol with regard to carcinogenicity in animals or 
humans. 
 
8.3.4.6 Summary 
1-Butanol is an ignitable colourless liquid that is used as organic solvent in 
many industrial connections. It has a low acute toxicity regardless of the 
exposure method. The substance is easily absorbed with the inhaled air, after 
intake or via the skin and it is distributed very quickly and evenly to all tissue. 
 
High concentrations with the inhaled air induce signs of inhibition of CNS 
such as drowsiness, headache (in humans) and dizziness in animals as well as 
in humans.  
 
Pathological changes in the lung tissue and degenerative changes in liver and 
kidneys appear in animals after repeated dosage via inhalation and anaesthesia 
is constantly developed.  
 
Another predominating effect of 1-Butanol is skin and especially mucous 
membrane irritation, so irritation of eyes, nose and throat are effects that are 
registered at low exposures. 
 
Sensitizing potential tests have not been carried out. 
 
No trustworthy long-term studies have been found in any species of animal 
but the substance has proved to be non-mutagenic after substantial testing in 
vitro. 
 
A minor occurrence of developmental disturbance was found at doses where 
toxic effect on the dam also was observed in a development/teratogenic test. 
 







 


73


One of the very sensitive effects is eye irritation on exposure to vapour from 
1-Butanol. In that connection, the effect level is 153.9 mg/m3 corresponding 
to 50 ppm in humans.  
 
Toxicological data (animals)  
LC50, ppm, inhalation, rat, 4 hours  8000 (ChemIDPlus, 2007) 
LD50, mg/kg bw, oral, rat 700 (IPCS, 1987) 
LD50, mg/kg bw, oral, rat 800-2000 (IPCS, 1987) 
LD50, mg/kg bw, oral, rat 2100 (IPCS, 1987) 
LD50, mg/kg bw, oral, mouse 2680 (IPCS, 1987) 
LD50, mg/kg bw, oral, rabbit 3500 (IPCS, 1987) 
LD50, mg/kg bw, dermal, rabbit 4200 (IPCS, 1987) 
LD50, mg/kg bw, dermal, rabbit 5300 (IPCS, 1987) 
NOAEC1,ppm, 7 hours/day, gd 1-19, female rat  3500 (IPCS, 1987) 
NOAEC2,ppm, 7 hours/day, gd 1-19, female rat 8000 (IPCS, 1987) 
  
Toxicological data (humans)  
NOAEC3


, ppm inhalation – time not stated 50 (IPCS, 1987) 
gd = gestation day 
1General toxic effects 
2Developmental toxic effects  
3Eye irritation 


8.3.5 Health assessment of 1-Butanol 


No results were found for content of 1-Butanol during the semi-quantitative 
screening of all products for textile proofing. 
The more sensitive SPME-GC/MS screening of all products registered the 
occurrence of 1-Butanol in product no. 18, 20, 25 and 26. 
The quantitative analyses did not show 1-Butanol in amounts exceeding the 
detection limit in any product – and not in product no.18, 25 and 26 that 
were analysed quantitatively.   


8.3.6 Conclusion on 1-Butanol in textile proofing spray 


1-Butanol was not found in amounts exceeding the detection limit (0.2 mg/g) 
in the quantitative analyses in any spray. 
 
1-Butanol in the investigated spray products for textile proofing is therefore in 
itself not a health hazard to consumers. 
 


8.4 Cyclohexane 


8.4.1 Application 


The main application is as solvent for varnishes and resins, as paint and 
varnish remover, for extraction of "essential oils" in the analytic chemistry for 
determination of molar weight, for making adipic acid, benzene, 
cyclohexanon, cyclohexanol, cyclohexyl chloride, nitrocyclohexane, solid fuel, 
for industrial re-crystallization of steroids and in fungicides (HDSB, 2007). 


8.4.2 Identification 


Cyclohexane is a colourless, easily flowing liquid with a mild, sweet petroleum 
or chloroform-like odour. It is very flammable. Cyclohexane is practically 
insoluble in water but is soluble in ethanol, ether and acetone and is miscible 
with olive oil (HDSB, 2007). The odour limit is approx. 25 ppm in air. 
Cyclohexane is included on the list of organic solvents of the Danish Working 
Environment Authority. 
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Identification:  
Substance name: Cyclohexane 
Synonyms: Cyclohexane (IUPAC) from (8) 


Hexahydrobenzene, hexamethylene,  
CAS no.: 110-82-7 
EINECS No.: 203-806-2 
Molecule formula C6H6 
Molecule structure  


 
 
 
 


Legislation: 
Classification according to the list of 
hazardous substances (Danish Environmental 
Protection Agency, 2005) 
 
Regulation no. 571 dated 29/11/1984 on the use 
of propellants and solvents in aerosol cans. 
Limit value of the Danish Working 
Environment Authority (ppm, mg/m3) (Danish 
Working Environment Authority, 2007) 


 
F;R11 Xi;R38 Xn;R65 R67 N;R50/53 
 
 
 
 
The substance is stated in enclosure 1 of the 
Regulation. Must not be used in aerosols 
intended for indoor use. 
50 ppm; 172 mg/m3  


8.4.3 Physical-chemical data 
Physical-chemical properties  
State of matter Clear liquid 
Molar weight 84.16 (ECB, 2004) 
Density 0.778 g/cm3 at 20°C (HSDB, 2007) 
Melting point 6.47°C (HSDB, 2007) 
Boiling point 80.7°C (ECB, 2004) 
Vapour pressure at 25 ◦C 96.9 mm Hg (HSDB, 2007) (103 hPa at 20°C 


(ECB, 2004) 
Octanol water (logPow) 3.44 


Solubility in water 58 mg/L at 25°C (ECB, 2004) 
Odour limit Approx. 25 ppm (HSDB, 2007) 


8.4.4 Toxicological data 


8.4.4.1 Absorption 
Cyclohexane is almost completely absorbed via the gastrointestinal tract and 
after inhalation. Approx. 50% absorption via the skin has been measured of 
small doses in the form of vapour, but substantially lower absorption has to be 
expected from liquid cyclohexane placed directly on undamaged skin (ECB, 
2004). 
 
Cyclohexane is distributed in the body with highest concentrations in fatty 
tissue. Elimination mainly takes place via the lungs either unchanged or as 
CO2 (ECB, 2004). 
 
8.4.4.2 Acute toxic effects, humans 
In a recent study, human volunteers were exposed to 25 or 250 ppm 
cyclohexane for a 4-hour period. No neuro behaviour effects were found in 
connection with any of the doses. The 250 ppm (corresponding to 860 
mg/m3) is therefore assessed to be a no observed adverse effect concentration 
(NOAEC) for neuro behaviour toxicity (ECB, 2004). 
 
Skin irritation appears after repeated dermal exposure. That is because 
cyclohexane has degreasing properties. 
 
Skin sensitizing properties are not expected (ECB, 2004). 
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8.4.4.3 Acute toxic effects, animals 
Oral LD50 values of more than 5000 mg/kg, 29800 mg/kg and 8000-39000 
mg/kg were found for cyclohexane in rats. The lowest lethal oral dose in 
rabbits is 6000 mg/kg; the study showed that toxicity involved the CNS 
(narcotic effect and cramps). 
 
The dermal LD50 in rabbits is larger than 2000 mg/kg which is the highest 
dose that has been tested (ECB, 2004). 
 
Exposure of rabbits to cyclohexane vapour for 1 hour gave CNS effects 
(cramps, shaking, quick respiration, cyanosis and diarrhea). All animals 
exposed to 26000 ppm (89600 mg/m3) died. LC50 for exposure of rats for 4 
hours exceeded 9500 ppm (32800 mg/m3) as no death occurred (ECB, 
2004). 
 
NOAEC was 2000 ppm (6880 mg/m3) for neuro toxicity in rats after 6 hours 
of wholebody exposure  (ECB, 2004). A NOAEC of 400 ppm (1400 mg/m3) 
was found for neuro toxic effects in a sub-acute rat study with 8 hours of 
exposure daily for 6 days (ECB, 2004).  
 
8.4.4.4 Subchronic effects 
After repeated dosage on inhalation, the systematic effects in both mice and 
rats in the course of the 28 and 90 day studies were limited to effects on the 
liver: increase in absolute and relative liver weight, increase in mitotic index 
figures and centrolobular hypertrophy. The study lead to a no observed adverse 
effect concentration (NOAEC) of 2000 ppm (6880 mg/m3) (ECB, 2004). 
 
It is true that an older study showed a NOAEC of 425 ppm, but the study is 
very insufficient and therefore this value cannot be used for health 
assessments (ECB, 2004). 
 
No studies of subchronic effects from oral exposure exist.  
 
An old study exists for rabbits of subcronic effects from dermal exposure but 
it was not possible to derive a NOAEL value (ECB, 2004). 
 
In a 2-generation rat study (inhalation) no effects were found on fertility and 
only small weight reductions were found in the newly born offspring at 7000 
ppm and toxicity in the dam also appeared. In the study, there was NOAEC 
of 500 ppm (1720 mg/m3) for systematic toxicity (sedation) and of 2000 
ppm (6880 mg/m3) for reproduction. 
 
2 inhalation studies were carried out for toxicity on the development 
(teratogenecity studies) – one in rats and one in rabbits. Concentrations of up 
to 7000 ppm, 6 hours a day on gestation day 7-16 (in rats) or on gestation 
day 7-19 (in rabbits) were used. In rats, there was systematic toxicity in the 
form of reduced number of implantations and the dam showed reduced body 
weight and feed consumption at 2000 and 7000 ppm, but no effects were 
seen in the development of the foetuses. In rabbits, no toxicity was seen in the 
dam or in the foetuses. Therefore, there is a NOAEC of 500 ppm (1.720 
mg/m3) for systematic effects in rats, but with regard to the development of 
the foetuses there is a NOAEC of 7000 ppm (24.080 mg/m3). In the rabbit 
study, both NOAEC values are 7000 ppm (24.080 mg/m3) (ECB, 2004). 
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8.4.4.5 Mutagenicity 
Cyclohexane neither appeared genotoxic in short-term in vitro nor in vivo 
studies (ECB, 2004). 
 
8.4.4.6 Chronic effects 
In a doubtful study it appeared that cyclohexane might have a weak cancer 
promoter potential (ECB, 2004). However, no conventional 2-year 
carcinogenic study exists, but the EU believes it is unlikely that the substance 
should be carcinogenic.  
 
IARC has not assessed cyclohexane with regard to carcinogenic potential. 
 
8.4.4.7 Summary  
Cyclohexane is absorbed easily via the gastrointestinal tract and on inhalation 
and it to some degree it is also absorbed via the skin.  
There is low acute toxicity from all routes of exposure. The acute effects as 
well as the effects after repeated dosage are mainly effects from the CNS. In 
addition, liver effects appear as increased weight and growth of central cells in 
the liver in subchronic studies in rodents. Cyclohexane has no toxic effects on 
reproduction.  
 
The critical study is an acute human study with 4-hour exposure to 250 ppm 
corresponding to 860 mg/m3 for neuro behaviour effect. No effects were seen 
with this concentration. The critical effect is general toxicity in the dam in the 
rat teratogenic test. Effects are seen at 500 ppm. 
 
Cyclohexane is not mutagenic and even though no regular carcinogenic study 
exists it is assessed to be unlikely that cyclohexane should have carcinogenic 
potential. The substance has not been assessed by IARC. 
   
Toxicological data (animals)  
LC50, ppm, inhalation, rat, 4 hours  >9500 (ECB, 2004) 
LD50, mg/kg bw, oral, rat 29820 (HSDB, 2007) 
LD50, mg/kg bw, oral, rat 8000 (HSDB, 2007) 
LD50, mg/kg bw, oral, rat 12705 (ChemlDPlus, 


2007) 
LD50, mg/kg bw, oral, mouse 1300 (HSDB, 2007) 
LD50, mg/kg bw, oral, mouse 813 (ChemlDPlus, 2007) 
LD50, mg/kg bw, oral, rabbit 6000 (ECB, 2004) 
LD50, mg/kg bw, dermal, rabbit 18000 (ChemlDPlus, 


2007) 
LD50, mg/kg bw, dermal, rabbit >2000 (ECB, 2004 
NOAEC1,ppm, 6 hours/day, gd 7-16, rat  500 
NOAEC2,ppm, 6 hours/day, gd 7-16, rat 7000 
NOAEC3,ppm, 6 hours/day, gd 7-19, rabbit 7000 
Toxicological data (humans)  
NOAEC, ppm, inhalation, 4 hours  250 
gd = gestation day 
1General systematic toxic effects 
2Developmental toxic effects  
3Both general and developmental toxic effects 


8.4.5 Health assessment of cyclohexane 


8.4.5.1 Exposure and health assessment 
Occurrence in investigated sprays:  
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Product no. Cyclohexane 


measured in 
analysed products  


1 3 6 8 9 


Identified in SPME-
GC/MS screening 


X X X X X 


Quantitative g/kg 
(%) 


6.5 
(0.65) 


0.29 
0.029 


Not analysed 6.0 
(0.60) 


Not analysed 


 
The absolute worst case scenario is that 1 spray can is emptied into a 20 m3 
room and that the person stays in the same room for 8 hours without airing.  
 
The aerosol product with the highest concentration is product no. 1 that true 
enough has been discontinued but product no. 8 contains almost as much. 
The calculation was most logically carried out in product no. 8 that still is 
marketed. 
 
An aerosol can filled with product no. 8 can hold 500 ml. If the density of the 
product is fixed at 1 g/cm3, then the spray container can liberate 3.0 g 
cyclohexane at the most, which distributed in the 20 m3 gives a maximum 
concentration of 150mg/m3.  
 
Cyclohexane has a limit value determined by the Danish Working 
Environment Authority of 172 mg/ m3. The obtained concentration in the 
absolute worst case scenario amounts to approx. 87% of the limit value of the 
Danish Working Environment Authority. 
 
The limit value is a ”time weighted average” that has been determined 
according to extensive toxicological estimates as the value to which a worker 
may be exposed 8 hours daily in an entire working life.   
 
As the product is a consumer product where exposure only will take place 
now and then, the calculated value can instead be compared with the ceiling 
value of the Danish Working Environment Authority, at the double of the 
“ordinary” limit value. 
 
Therefore, it must be assessed that the use of spray no. 8 is not injurious to 
health compared to exposure to cyclohexane. Even the absolute worst case 
scenario where 500 ml aerosol liquid is sprayed into a room of only 20 m3 will 
not lead to passing, acute sickness.  


8.4.6 Conclusion on cyclohexane in aerosol products for textile proofing 


The content of cyclohexane in the investigated spray products for textile 
proofing on the Danish market is in itself not a health hazard to the 
consumers. 
 


8.5 Perfluoroctane-1-ol 


8.5.1 Application 


Perfluoroctane-1-ol forms part of several goods marked with "Fluortelomer 
Intermediate”, of which perfluoroctane-1-ol amounts to 27 - 34 %. The rest is 
formed by homologous substances of which approx. 1 % has fewer -CF2 – and 
the rest has more -CF2  links (always an equal number C atoms in the 
substances). These so-called fluortelomer alcohols are used in the production 
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of products that require protective surface properties within the surface 
coating, pressure, textile and chemical industry. 


8.5.2 Identification 


telomer alcohols consist of an equal number of fluoridised carbon atoms 
connected to an ethanol part. Perfluoroctane-1-ol is a wax-like solid substance 
with a light to yellowish brown colour. The substance has a wax-like smell. It 
is almost insoluble in water, but soluble in acetone, butanone and isobutanol. 
The melting point is between 55 and 65°C.  
  
Identification:  
Substance name: Perfluoroctane-1-ol 
Synonyms: 1,1,2,2-Tetrahydroperfluor-1-octanol; 1H,1H,2H,2H-perfluoroctanol; 1-


Octanol, 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluor- (systematic name) 
(ChemlDPlus): 6:2 FTOH or fluortelomer alcohol 6-2 


CAS no.: 647-42-1 
EINECS No.: 211-477-1 
Molecule formula C8H4F13O 
Molecule structure 


Legislation: 
Classification according 
to the list of hazardous 
substances (Danish 
Environmental 
Protection Agency, 2005) 
 
Limit value of the Danish 
Working Environment 
Authority (ppm, mg/m3) 
(Danish Working 
Environment Authority) 


Not on the list 
 
 
 
 
 
 
 
Not on the list 


8.5.3 Physical-chemical data 
Physical-chemical properties  
State of matter Solid wax-like yellowish brown substance 
Molar weight Approx. 370 
Density Approx. 1.7 g/cm2 
Melting point 55-65°C 
Boiling point 145 - 245°C 
Vapour pressure at 25 ◦C - 
Octanol water (logPow) - 


Solubility in water Insignificant 
Odour limit No accessible information 


8.5.4 Toxicological data 


As (hardly) any information was found for the substance perfluoroctane-1-ol 
itself, most data originates from investigations on the immediately higher 
homolog – the substance with 8 perfluoridised carbon atoms in addition to the 
2 surrounded by hydrogen atoms. The terminology in English is often 
fluortelomer alcohol 6-2 (octanol compound), while the compound on which 
much data was found is called fluortelomer alcohol 8-2 (possibly 8:2) 
(decanol compound). These substances are generally written as 6:2 FTOH or 
8:2 FTOH, respectively, in scientific literature.  
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It has been chosen to generalise in the light of the specific substance 8:2 
FTOH and the term fluortelomer alcohols will also be used. 
 
8.5.4.1 Absorption 
Fluortelomer alcohols (8:2 FTOH) are absorbed quickly after oral intake, but 
the systematic concentration after 6 hours of skin exposure is insignificant. 
After oral intake, the plasma concentration is maximal when 1 hour has 
passed. The half-life period in the blood is 5 hours. The largest part of 8-2 
FTOH is eliminated with faeces; the main part in unchanged form. Less than 
4 % of an administered dose is eliminated with the urine. Of this, a small 
amount is oxidized to perfluoroctanoate (PFOA). Absorption is the same in 
male and female rats (Fasano et al, 2006). 
 
8.5.4.2 Acute toxic effects, humans 
No information has been found with regard to the acute effects of 
fluortelomer alcohols on humans. 
 
An estrogenic effect of fluortelomer alcohols appeared on some human 
estrogenic receptor isoforms (in a test carried out on yeast cells) (Ishibashi et 
al, 2007) but neither perfluoroctanoate (PFOA) or perfluoroctane sulphonate 
(PFOS) had that effect. It is uncertain, what the specific biological importance 
of this is. 
 
8.5.4.3 Acute toxic effects, animals 
No information was found with regard to the acute effects of fluortelomer 
alcohols on animals (Herzke et al., 2007).   
 
8.5.4.4 Subchronic effects 
In a 90-day oral rat study, with 8-2 FTOH with daily doses of 1, 5, 25 and 
125 mg/kg bw a no observed adverse effect level (NOAEL) was found on 5 
mg/kg bw for male rates and 25 mg/kg bw for female rats. The effects at 
higher doses were liver necrosis and kidney injuries. There were signs of 
peroxisom proliferation in females at 25 mg/kg bw/day and in both sexes at 
125 mg/kg bw/day (Fasano et al., 2006).  
 
In a test concerning the toxic effects on development/teratogenecity it 
appeared that 8-2 FTOH does not effect the foetus development selectively 
(Fasano et al., 2006). 
 
8.5.4.5 Mutagenicity  
No information was found that could shed light on the mutagenic potential of 
fluortelomer alcohols. 
 
8.5.4.6 Chronic effects 
No studies of longer duration that could illustrate the chronic effects or 
carcinogenic potential of fluortelomer alcohols were found. 
 
8.5.4.7 Summary  
Nearly all accessible data on fluortelomer alcohols with 8 or with 10 carbon 
atoms was found as short background information in a larger investigation 
about absorption, distribution, metabolism and elimination (ADME study) of 
perfluordecan-1-ol. The background information originates from non-
publicised studies. 
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Fluortelomer alcohols are absorbed in rats after oral administration but not 
after dermal exposure to the substance. ADME is the same in male and 
female rats. 
No information was found about acute human effects. 
 
After 90 days of oral administration effects were found in rodents on liver and 
kidneys. No observed adverse effect level (NOAEL) was found at 5 mg/kg bw in 
male rats and 25 mg/kg bw in female rats. That is in accordance with the 
demonstration that the substances give peroxisom proliferation in rodents. 
 
Toxicological data (animals)  
NOEL, mg/kg bw/day, oral, 90 days, female rat  25 
NOEL, mg/kg bw/day, oral, 90 days, male rat 5 


8.5.5 Health assessment of perfluoroctane-1-ol 


In the semi-quantitative analyses a substance that is expected to be 
perfluoroctane-1-ol (called 1H,1H,2H,2H–perfluoroctane-1-ol) (6:2 FTOH) 
was found in 3 products. On analysis of the procured standard it appeared 
that another substance was in question that is closely related to 
perfluoroctane-1-ol. In 2 additional products a sum of fluorine compounds 
was measured. 
 
The quantitative analyses showed no 6:2 FTOH in the analysed products, but 
substances similar to this were measured in 3 products. 
 


Product no. Different fluorine compounds 
measured in analysed products 6 8 14 21 25 
Semi-quantitative screening results 
6:2 FTOH g/kg 0.17 0.29 0.03   
Sum of fluorine compounds (g/kg)    0.03 0.17 
Quantitative analysis results 
Other fluorine compounds (g/kg)  Not analysed 0.61 0.68 0.33 Not found 


 
As the other quantitatively determined fluorine containing substances are very 
similar to 6:2 FTOH it was chosen to assess the content in these products as if 
fluortelomer alcohols were in question. 
 
The absolute worst case scenario is that 1 spray can is emptied into a 20 m3 
room and that the person stays in the same room for 8 hours without airing.  
 
The highest concentration is found in product no. 14 where 1 kg spray liquid 
contains 680 mg. Product no. 14 is sold in Denmark in spray cans with a 
content of 200 ml, but in other European countries it is sold in 400 ml spray 
cans. 
 
If a spray can of 200 ml (200 g) is emptied completely into the 20 m3, an 
average concentration of fluortelomer alcohol of (680 x 0.2/20 mg/m3) = 6.8 
mg/m3 per m3 air is obtained.  


In Technical Guidance Document on Risk Assessment (TGD, part 1), 
European Chemicals Bureau (European Commission, 2003), the inhalation 
rate for adults has been determined to an average of 0.83 m3/hour. And if we 
anticipate that the person remains in the small room non-stop (and without 
ventilation) for 8 hours, then the inhaled amount is 6.8 x 0.83 x 8 mg = 45 
mg. 
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We have no data of how much of the substance will be absorbed in the body 
from the inhalation air. Therefore, absorption must be set to 100 %. 


In TGD, part 1, the standard average weight is 60 kg for females and 70 kg 
for males.  


Exposure can be calculated to 0.75 mg/kg bw for a female and 0.64 mg/kg bw 
for a male.   


In connection with an aerosol for household use it can be anticipated that 
spray treatment corresponding to worst case scenario only happens at long 
intervals between treatments and therefore it would be relevant to compare 
the actual exposure with a no effect level from an acute study. However, that 
is not possible as only few data exist for flurotelomer alcohols.  


In the toxicological data there is no observable effect level (NOEL) for male 
rats of 5 mg/kg bw in a 90-day test.   
 
If that value is compared with the calculated exposure for a female, then there 
is a margin of safety (MOS) of 5/0.75 = 6.7. 
MOS becomes a bit higher for a male: 5/0.64 = 7.8. 
 
For chemical substances in consumer products a MOS of at least 100 is 
required and a factor 10 is used to extrapolate from animal studies to 
exposure of humans and another factor 10 is used to take particularly sensitive 
groups or individuals into account. 
 
8.5.5.1 Discussion 
The calculated margin of safety (MOS) that is less than 10 does not give 
sufficient safety in connection with use of spray product no. 14 in accordance 
with the scenario set up for spray proofing. 
 
The analysis results of the fluorine compounds in product no. 8 are only 
approx. 10 % lower than for product no. 14. For this product, the margin of 
safety is also below 10. 
 
It should also be considered that neither of the two products state a content of 
fluorine compounds on the label (product no. 8) or in the safety data sheet 
(product no. 14), respectively. The low content and the fact that these 
fluorine compounds are not included on the list of hazardous substances (the 
Danish Environmental Protection Agency, 2005) of the Danish 
Environmental Protection Agency result in no absolute demand for 
declaration, but the impression easily arises from the given declarations that 
they are exhaustive.  
 
The consumer might get the impression that the proofing agent itself in both 
cases is low-boiling, hydrogenated naphta-fractions.  
 
In connection with the screening investigations a high content of fluorine was 
found in more products than in which fluortelomer alcohols were analysed. 
Therefore, only a small part of this fluorine has been accounted for. A 
polymerisation might have taken place in connection with the analysis. 
However, it is possible that the consumer could be exposed to non-
polymerised fluorine compounds in rather high concentrations. The problem 
is especially that we do not know the identity of the substances but if it is 
assumed that they can be compared to FTOH 6:2 then they might constitute 
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a substantial problem that we cannot include in our conclusion because it only 
considers the substances found through analyses. 


8.5.6 Conclusion on fluortelomer alcohol-like substances in proofing spray 


Based on the very small amount of data material for the industrially very 
widespread fluortelomer alcohols a no observed effect level (NOEL) can be 
determined on male rats of 5 mg/kg bw/day from a 90-day study.  
 
A quantitative analysis showed a content of similar substances of 0.61 g/kg 
(product no. 8), 0.68 g/kg (product no. 14) and 0.33 g/kg (product no. 21), 
respectively. 
 
By calculating the margin of safety (MOS) of the two products with the 
highest concentrations, values arise that are less than 10. For chemical 
substances in consumer products a MOS of at least 100 is required and a 
factor 10 is used to extrapolate from animal studies to exposure of humans 
and another factor 10 is used to take particularly sensitive groups or 
individuals into account. 
 
Data has not been found that would render an assessment of a possible 
mechanical effect of fluortelomer alcohols on the lungs possible. In aerosols 
consisting of fluortelomer alcohols (with extremely low steam pressure) and 
solvents with rather high steam pressure the solvent would quickly evaporate – 
the smaller the aerosols, the quicker the evaporation. In practice that means 
that aerosols that are inhaled mainly will consist of the heavy volatile proofing 
agent (fluortelomer alcohols). In concentrated form that could influence the 
ratio of the surface tension in the lungs and in that way result in a change in 
the lung function. 
 


8.6 Dodecamethylpentasiloxane 


8.6.1 Application 


Dodecamethylpentasiloxane is one of several linear polydimethylsiloxanes that 
when mixed often creates a group of artificial polymers that are among the 
most produced silicone substances. They are very widespread because of their 
physical-chemical properties and are used in many connections for 
production of cosmetics and foodstuffs, for surface treatment and many other 
things including the production of breast implants. In addition, they are often 
used in the textile industry and for the production of proofing liquids. 


8.6.2 Identification 


It has not been possible to find very many physical-chemical data for precisely 
dodecamethylpentasiloxane, but the substance is one of many linear 
polydimethylsiloxanes that are very similar to each other. 
Dodecamethylpentasiloxane is a viscous liquid with a low vapour pressure. 
 
As other polydimethylsiloxanes, the substance is almost insoluble in water but 
is soluble in methylene chloride, ether, xylene and methyl ethyl ketone 
(butanone). 
 
No data was found with regard to specific appearance or odour.  
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Identification:  
Substance name: Dodecamethylpentasiloxane 
Synonyms:  
CAS no.: 141-63-9 
EINECS No.: 205-492-2 
Molecule formula C12H36O4Si5 
Molecule structure 


 
Legislation: 
Classification according to the list of 
hazardous substances 
 
Limit value of the Danish Working 
Environment Authority (ppm, mg/m3) 


 
Not on the list 
 
 
Not on the list 


8.6.3 Physical-chemical data 
Physical-chemical properties  
State of matter Liquid 
Molar weight  
Density 0.940 g/cm3 at 25°C 
Melting point  
Boiling point 232°C (ChemlDPlus, 2007) 
Vapour pressure at 25 ◦C  
Octanol water (logPow) 6 


Solubility in water Almost insoluble 
Odour limit Not found 


8.6.4 Toxicological data 


 
8.6.4.1 Absorption 
The absorption, distribution and elimination of dodecamethylpentasiloxane 
after one single oral dose were measured in rats. It was calculated that approx. 
25 % of an oral dose is absorbed from the gastrointestinal tract. In the course 
of the first day, approx. 65 % of the administered dose is eliminated; most of it 
through faeces. In the course of the next 24 hours, an additional 34 % is 
eliminated. Around 23 % is eliminated with the expiratory air and approx. 2 % 
with the urine (TOXNET, 1984). 
 
8.6.4.2 Acute toxic effects, humans 
The descriptions of effects in humans is to a high degree limited to the use of 
polydimethylsiloxanes in implants of different kinds or the use of the 
substances for direct injection in the vitreuos body of the eye in connection 
with treatment of glaucoma (HSDB, 2007). These are not relevant in this 
connection. 
 
No reports were found on allergy in connection with polydimethylsiloxanes in 
cosmetic products (Fischer, 1986).  
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8.6.4.3 Acute toxic effects, animals 
One single oral dose of 600 mg/kg bw has not provoked systematic effects in 
rats (TOXNET, 1984). 
  
Polydimethylsiloxanes cause irritation in rabbit eyes but do not damage 
cornea (HSDB, 2007). 
 
8.6.4.4 Subchronic effects 
Injected doses of up to 20 mg/kg bw did not give developmental toxicity in 
rats (HSDB, 2007). 
 
8.6.4.5 Mutagenicity 
No genotoxic or mutagenic properties were found of linear 
polydimethylsiloxanes (HSDB, 2007).  
 
8.6.4.6 Chronic effects 
In a two-year investigation on rats with polydimethylsiloxane concentrations 
in the feed of up to 0.28 % there were no signs of unwanted effects (HSDB, 
2007). There is a no observed adverse effect level (NOAEL) of 0.28 % in the 
feed, corresponding to 140 mg/kg bw/day, as a rat according to OECD eats 
20 g feed a day and in average weighs 0.4 kg.  
 
In another test, mice were dosed with polydimethylsiloxane in a concentration 
of 2.35 % in the feed for 80 weeks. That did not give rise to any significant 
increase in deaths or significant increase in the number of benign or malignant 
tumours (HSDB, 2007). As mice according to OECD eat 3 g feed a day and 
weigh 0.020 kg, 2.35 % in the feed corresponds to a NOAEL of 3525 mg/kg 
bw/day. 
 
8.6.4.7 Summary  
Polydimethylsiloxanes are often referred to as practically inert (biologically 
and chemically inactive) substances. 
 
Despite the widespread use of linear polydimethylsiloxanes, including 
dodecamethylpentasiloxane in many industrial connections and consumer 
products, these substances seem to be very poorly investigated in experiments 
on animals.  
 
In the light of 2 long-term feed tests, NOAEL values of 140 mg/kg bw in rats 
and 3525 mg/kg bw in mice, respectively, were found calculated on the basis 
of the highest tested concentrations in feed. 
 
Toxicological data (animals)  
NOEL, mg/kg bw, oral, rat, acute >600 
NOAEL, mg/kg bw/day, oral, rat, 2 years >140 
NOAEL, mg/kg bw/day, oral, mouse, 18 months >3525 
  
Toxicological data (humans)  
No relevant data found  


8.6.5 Health assessment of dodecamethylpentasiloxane 


The content of dodecamethylpentasiloxane could only be determined 
quantitatively for product no. 18. The product contains 0.66 g/kg. 
 
The absolute worst case scenario is that 1 spray can is emptied in a 20 m3 
room and that the person stays in the same room for 8 hours without airing.  
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During spraying of up to 1 kg of proofing liquid, corresponding to the content 
in the largest aerosol can that is allowed for non-industrial use, an average 
concentration of 33 mg/m3 is obtained.  
 
If a human remains in the room for 8 hours 33 mg/m3 x 0.83 m3/hour x 8 
hours = 219 mg (European Commission, 2003) is inhaled. 
 
No data states to which high degree polydimethylsiloxanes are absorbed on 
inhalation, so here it is anticipated that 100 % is absorbed. 
 
A male will therefore be exposed to 219/70 mg/kg bw = 3.13 mg/kg bw and a 
female correspondingly to 219/60 mg/kg bw = 3.65 mg/kg bw. 
 
The margin of safety (MOS) is calculated in the light of it having been 
informed that no systematic effects were seen of the individual dose of 600 
mg/kg bw in connection with the investigation of absorption from the 
gastrointestinal tract. 
 
Therefore, MOS amounts to: 192 for males and 164 for females which are 
acceptable rates. For chemical substances in consumer products a MOS of at 
least 100 is required and a factor 10 is used to extrapolate from animal studies 
to exposure of humans and another factor 10 is used to take particularly 
sensitive groups or individuals into account. 


8.6.6 Conclusion on the appearance of dodecamethylpentasiloxane in proofing 
spray 


A study with oral absorption, distribution, metabolism and elimination 
(ADME) of polydimethylsiloxanes in rats has been reported and therefore an 
acute no observed effect level of 600 mg/kg bw could be determined. 
 
Compared with the worst case scenario, margins of safety (MOS) could be 
calculated of at least 192 for males and 164 for females for the only spray 
liquid in which dodecamethylpentasiloxane was measured. These safety 
margins are acceptable. 
 
Data has not been found that would render an assessment of a possible 
mechanical effect of fluortelomer alcohols on the lungs possible. In aerosols 
consisting of fluortelomer alcohols (with extremely low steam pressure) and 
solvents with rather high steam pressure the solvent would quickly evaporate – 
the smaller the aerosols, the quicker the evaporation. In practice that means 
that aerosols that are inhaled mainly will consist of the heavy volatile proofing 
agent (polydimethylsiloxanes). In concentrated form that could influence the 
ratio of the surface tension in the lungs and in that way result in a change in 
the lung function. 
 


8.7 Recapitulation on health assessment and information collection 


8.7.1 Chemical substances  


In this chapter, health assessments were carried out on 6 substances found 
either through semi-quantitative screenings or through quantitative analyses of 
chemical substances in spray products intended for textile proofing. 
Assessments of the health related conditions were carried out in the light of 
the worst case scenarios that had been set up. 
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The assessments demonstrated that the content of organic solvent in these 
spray products in itself does not compose a health hazardous problem. 
  
The content of polydimethylsiloxane found in one single spray product based 
on the calculations that were carried out cannot constitute a health hazardous 
risk.  
 
Based on measurements of substance concentrations that look like a certain 
fluortelomer alcohol and compared with the small amount of toxicological 
data that is available for this and similar substances only a very low safety 
margin was found compared to the worst case scenario that was set up. On 
the basis of the analysis data, the products should not during use in the 
present form in themselves compose a health hazardous risk, but for chemical 
substances in consumer products a margin of safety (MOS) of at least 100 is 
required and a factor 10 is used to extrapolate from animal studies to 
exposure of humans and another factor 10 is used to take particularly sensitive 
groups or individuals into account. It is believed that several of the products 
do not fulfil that requirement.  
 
In connection with these substances there are additional reasons to 
recommend cautiousness and to use a large safety margin. The literature 
study that was carried out by using available information about cases of 
poisoning caused by textile proofing agents demonstrated that the main part 
of all registered cases of poisoning precisely have occurred when using spray 
liquids containing organic perfluorinated polymers. 
 
In addition, the same obersvation was reported by Lyngenbo et al. (2007). 
That investigation specifies the cases of poisoning that were reported to the 
Danish Poison Information Centre from 1991 to 2007 and that have involved 
sprays for surface treatment of many different materials. In 84 of the cases, 
the majority of the sprays reported for cases of poisoning contained a fluorine 
compound. However, it is concluded: the cause and mechanism of the lung 
diseases is not known and prevention of the problem is not straightforward.   
 
Finally, the problem might be greater and more confusing than the analysis 
results in this project disclose. In connection with the screeing investigations a 
high content of fluorine was found in more products than in which substances 
similar to fluortelomer alcohol were analysed. Therefore, an account has only 
been given for a small part of that fluorine.  
 
However, it is possible that the consumer can be exposed to non-polymerized 
fluorine compounds in rather high concentrations. The exact identities of the 
substances are not known but if it is assumed that they can be compared to 
FTOH 6:2, then they can form a substantial problem which it has not been 
possible to include in the health assessment that was carried out.  
 
Data has not been found that would render an assessment of a possible 
mechanical effect of fluortelomer alcohols on the lungs possible. In aerosols 
consisting of fluortelomer alcohols (with extremely low steam pressure) and 
solvents with rather high steam pressure the solvent would quickly evaporate – 
the smaller the aerosols, the quicker the evaporation. In practice that means 
that aerosols that are inhaled mainly will consist of the heavy volatile proofing 
agent that in concentrated form that could influence the ratio of the surface 
tension in the lungs and in that way result in a change in the lung function. 
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8.7.2 Products 


Spray cans are only allowed to contain the propellants and solvents stated in 
the enclosure to Regulation no. 571 dated 29/11/1984 on the use of 
propellants and solvents in aerosol cans from the Danish Environmental 
Protection Agency. In addition, it appears from that enclosure that a number 
of allowed propellants or solvents must not be used in cosmetics or in 
products for indoor household use. That means that they must not appear in 
concentrations of more than 1 % unless the Danish Environmental Protection 
Agency has given their permission (§8 in the Regulation).  
 
Most of the surveyed spray products are marketed principally for indoor use 
as none of the products are marked and it has not been stated in any other 
way that the product must only be used outdoors, e.g ”only for outdoor use”. 
On other products it is stated that they have to be used in the open or only in 
places with good ventilation. Directions for use often recommend ventilation 
at the place of treatment.  
 
8.7.2.1 Butyl acetate in the investigated products  
In the enclosure of the previously mentioned Regulation the amount of butyl 
acetate is stated comprising 1-butyl acetate (n-butyl acetate), 2-butyl acetate 
and tert-butyl acetate. The 2 last mentioned were not found in any product by 
semi-quantitative screening. Therefore, butyl acetates must not be used as 
solvents in spray cans for indoor household use unless the Danish 
Environmental Protection Agency has given dispensation. 
 
In connection with product no. 3, 14 and 15 the content of butyl acetate has 
been declared on the safety data sheet. They contain 2, 8 and 3.9 %, 
respectively. On the safety data sheet of product no. 14 the content of n-butyl 
acetate has been declared to 1-5 %. 
 
In connection with product no. 1 and 9 the content of butylacetate has not 
been declared, but they contain 9.8 and 2.3 %, respectively.  
 
In connection with product no. 16 and 25 the content of butylacetate has not 
been declared. Analyses have shown 0.0058 and 0.0065 %, respectively. The 
content is very low and therefore it does not have to be declared. 
 
Compared to the rules in Regulation no. 571 dated 29/11/1984 concerning 
the use of propellants and solvents in aerosol cans product no. 1, 3, 9, 14 and 
15 exceed the allowed concentration of butyl acetate in aerosols intended for 
indoor household use.   
 
8.7.2.2 Butanone in the investigated products 
In the enclosure of the previously mentioned Regulation butanone is stated 
under the description methyl ethyl ketone.  
 
Butanone was identified in product no. 8 and 21 by SPME-GC/MS analysis. 
However, in the quantitative analyses of spray products butanone was not 
found in amounts exceeding the detection limit of 0.02 mg/g.  
 
8.7.2.3 1-Butanol in the investigated products 
In the enclosure of the previously mentioned Regulation, the amount of 
butanol is stated comprising 1-Butanol (n-Butanol), 2-Butanol and tert-
butanol. The 2 latter were not found in any product by semi-quantitative 
screening. 
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1-Butanol was identified in product no. 18, 20, 25 and 26 by SPME-GC/MS 
screening of all products. In connection with the quantitative analyses 1-
Butanol was not found in amounts exceeding the detection limit in analysed 
products (no. 18, 25 and 26). 
 
8.7.2.4 Cyclohexane in the investigated products  
Cyclohexane is stated in the enclosure of the previously mentioned 
Regulation.  
 
The three analysed products no. 1, 3 and 8 contain cyclohexane in 
concentrations of 0.65, 0.029 and 0.60 %, respectively. The content is very 
low and therefore it does not have to be declared.  
 
8.7.2.5 Perfluoroctane-1-ol in the investigated products  
Perfluoroctane-1-ol is not stated in the enclosure of the previously mentioned 
Regulation as it solely deals with propellants and solvents.   
Perfluorctane-1-ol was not found in the products. However, screening 
identified fluortelomer alcohols that are closely related to perfluoroctane-1-ol 
in product no. 6, 8, 14, 21 and 25 and quantitatively determined in product 
no. 8, 14 and 21 at 0.61, 0.68 and 0.33 mg/kg, respectively.  Based on a worst 
case scenario, MOS was calculated for product no. 14 to 7.8 for males and 
6.7 for females which is less than 1/10 of the MOS of 100 that is required for 
consumer products. The same goes for product no. 8 and 21. 
 
None of the analysed products declare the content of fluorine compounds as 
there is no requirement. The consumer could get the impression that the 
proofing agent itself is low boiling, hydrogenated naftafractions.  
 
8.7.2.6 Dodecamethylpentasiloxane in the investigated products  
Dodecamethylpentasiloxane has not been stated in the enclosure of the 
previously mentioned Regulation. 
   
Dodecamethylpentasiloxane is only identified in product no. 18 and 
determined quantitavely to 0.66 g/kg. Based on a worst case scenario, MOS is 
calcualted to 192 for males and 164 for females which is acceptable as a MOS 
of at least 100 is required for chemical substances in consumer products.  
 
8.7.3 Effects of propellants in spray cans 


Cases of toxification when using marketed proofing sprays in Germany, the 
Netherlands and Switzerland have not led to serious health problems such as 
respiratory diseases or pulmonary edema if the aerosol mists cannot reach the 
alveolar tissue in the lungs. In order to reach those parts of the lungs 
(respirable) the drop sizes have to be less than approx. 4 µm. That drop size is 
easily obtained when the product is applied when using a propellant and a 
correspondingly small nozzle in the spray head - as demonstrated in this 
investigation. When the same liquids are used when using a pump mechanism 
the drops do not become smaller than approx. 100 µm and therefore they 
cannot reach the alveolars. A new investigation shows that the registered cases 
of toxification in Denmark apparently all have comprised products with a 
propellant (see enclosure 1).  
 
This project has demonstrated that the consumer can be exposed to high local 
concentrations of aerosol mists with respirable aerosols. In connection with 
using textile proofing agents considerable concentrations of fine (<1 µm) and 
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ultra fine aerosols (nanoaerosols) (<100 nm) can be created and they must be 
regarded as being 100 % respirable.  
 
The toxicological effect from inhaling nanoaerosols is not yet known. Existing 
knowledge in the field cannot document that small aerosols in themselves are 
harmful. Aerosols can be carriers of (re)active chemical substances, e.g. 
fluorcarbon monomers, but the effect is not know either, as the chemical 
structure of the (re)active substances is not known and it has not been 
possible to determine it on the basis of the chemical analyses that were carried 
out.   
 
Cases of toxification in Germany with claimed nanoaerosol containing spray 
liquids have been discussed by a number of German experts (BfR, 2006 a). 
They could not agree on a final toxicological assessment of the effect on the 
lungs. The experts pointed out that the classic toxicological assessments of the 
individual substances in a product are not sufficient when the product is 
sprayed by means of a propellant. Physical properties, e.g. aerosol size are 
determining factors for if and which toxicological effect could arise in the 
respiratory passages. Therefore, it was not possible to disregard the possibility 
that the observed toxic effects could have arisen solely as a result of the 
aerosol use, meaning not an effect from inhalation of nanoaerosols.   
 
The experts agreed that the health effects of spray products with propellant 
only can be determined by means of a test streategy that copies the actual 
conditions of use indoors. Toxic effects are only seen when the product itself, 
meaning the complete mixture of substances in the consumer product, is 
inhaled as a fine aerosol with the corresponding small drop size. That goes for 
products with as well as without nanoaerosols.  
 
As mentioned, the toxicological effect from inhaling nanoaerosols in not yet 
known. Several international research activities are taking place concerning 
the toxicity of nanoaerosols and in a couple of years they will hopefully shed 
more light on the problem.  
 
8.7.4 Proposals for further investigations 


In order to carry out a more complete health assessment and clarify the 
reasons for the cases of illness that have been observed in Denmark and 
abroad it is necessary to have: 
  


1. an improved experimental basis to describe the toxicity of fluorcarbon 
compounds.  


2. an understanding of whether or not the toxicity of substances in 
aerosol form, including fluorcarbon compounds increases additionally 
when the aerosol size in the aerosol mists declines to nanosizes (< 0.1 
µm).  


3. develop completely new analysis methods that take the reactivity of the 
components to be analysed into account. 


 
8.7.5 Good advice to consumers when using textile proofing spray 


• As far as possible use textile proofing sprays outdoors. Avoid 
standing in the wind direction. 


• If the product has to be used indoors it is important to provide 
good ventilation in the room during and after use. 
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• Only use small amounts indoors.  
• Spray for a short period of time and avoid inhaling aerosol 


mists.  
• Keep the spray can as far away from your face as possible. 
• Read possible user instructions on the product and follow 


them carefully.  
• Max. use the amount recommended on the product. 
• Use pump spray rather than spray with propellants. 
• Do not use spray products when children are around. 
• Do not let children use spray products.  
• If possible, use a dust filter mask and rubber gloves to reduce 


inhalation and skin contact. 
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Summary 
Sprays for proofing of textile, ceramics and other surfaces can involve 


respiratory disease, ranging from slight irritation to diffuse pulmonary 


involvement with infiltrates on x-ray and reduced oxygenation. General 


malaises, non-specific symptoms from the central nervous system and 


gastro-intestinal tract are other common features.  


 


84 cases were identified retrospectively through the Danish Poison Centres 


databases from the period January 1. 1991 till May 31. 2007. Analyses 


were largely descriptive and included frequencies, time trends and 


association between product types and severity.  


 


Respiratory effect was present in most patients (92%). The majority of 


these also had general symptoms including fever, general malaise, 


gastrointestinal upset and symptoms from the central nervous system. In a 


large proportion of the patients symptoms did not start until some time after 


cessation of exposure, typically min.  up to one hour.  


 


Reduced oxygen saturation was present in 19 out of 47 cases with 


available data. Pulmonary changes on x-ray were reported in 13 of 30 


patients. The severity was estimated as moderate/severe for 58% of the 


cases, mild for 37% and as no poisoning for 4%. One case could not be 


classified. Severity was significantly associated with spraying of furniture 


(p=0,001). Follow up through hospital records was successful for 33 


patients (39%), of these 20 were graded with moderate/severe and 13 with 


mild poisoning.  


 


Conclusions: Aerosol sprays for surface coating have a potential for 


causing lung disease including severe morbidity. The cause and 


mechanism of this effect is not known and prevention of the problem is not 


straightforward. Future analytical and experimental studies should both 


consider the chemical composition and aerosol properties.  


 
Introduction  
Recommended use of ordinary consumer product does rarely cause 


serious harm. One exception is sprays for proofing of textile, ceramics and 


other surfaces, which for some decades regularly have been involved in 


outbreaks of acute pulmonary illness (1,2,3,4). Both small series and 
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outbreaks with more than 100 victims associated to a single product have 


been reported (4,5,6). From Denmark information on 3 outbreaks with 


limited numbers of victims have been published (2,7,8). 


 


Respiratory disease, ranging from slight irritation to diffuse pulmonary 


involvement with infiltrates on x-ray and reduced oxygenation has been the 


most common manifestation. General malaises, non-specific symptoms 


from the central nervous system and gastro-intestinal tract are other 


common features. Two cases with fatal course due to complicated 


respiratory illness have been reported (9,10).  


 


Fluorcarbon polymers, silicone compounds, solvents and other components 


have been suggested to cause the pulmonary effect (7,11,12,13,14). 


However, none of these components have been present in all instances 


and usually the sprays do not induce harm. Thus, the cause and 


mechanisms of the diseases remains unknown and its also unknown why 


small changes in the composition of a product may change the associated 


risk (7,11).  


 


The latest Danish outbreak involved 16 cases associated to use of a 


product based on Fluoracrylates and Cyclosiloxanes as active ingredients. 


The product had been sold for several years without apparent problems, 


and chemical analyses detected dodecyl acrylate (CAS: 2156-97-0) in high 


concentration. A component that could not be demonstrated in previous 


production series but on the other hand not has a strong potential for 


respiratory toxicity.  


 


In order to obtain more information on the risks associated with proofing 


products the Danish EPA has initiated of studies on chemical composition 


and toxicology of the products and of disease associated with them. The 


present study represents the clinical epidemiology of pulmonary injuries 


associated with the use of proofing agents sold on the Danish market. It is 


based on data from the Danish Poisons Information Centre, which has 


poisoning surveillance as one of its aims.  
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Methods and data 
Cases were identified retrospectively through the Danish Poison Centres 


databases from the period January 1. 1991 till May 31. 2007. After case 


identification the original records were retrieved and information was 


extracted from these. Additional information on clinical course and outcome 


of the poisoning was obtained through hospital discharge records when 


possible.  


 


For the last five months in 2005 and the first five months in 2007 the 


retrospective case identification was substituted by active surveillance and 


expanded data collection through the poison centres ongoing activities. The 


background for this was an outbreak of lung injuries associated with 


aerosol sprays in 2005 and an effort to get better data for the present study.  


 


Cases were defined as individuals presented to the poison centre with 


acute exposure to a product for surface proofing in an aerosol spray. 


The databases were searched with phrases expected to identify this kind of 


products and substrings of the phrases in order to catch different spelling. 


Additional searches were performed using commercial names of identified 


brands and also using substrings of these names.  


 


Information on product, exposure, demographic characteristics and clinical 


condition of the patient was extracted from the original record. Exposure 


was assessed using several parameters: Volume, number of containers 


used for proofing, object sprayed, time spraying, indoor/outdoor and 


ventilation.  


 


However, this information had not been systematically collected, why an 


additional and simple exposure measure was constructed. In this exposure 


was classified as small when the treated object was small like shoes and 


when larger objects had been treated for short time (< 2 min. ) in good 


ventilation. All other exposures were classified as moderate/large or 


unknown.  


 


The severity was classified as no poisoning when there was no indication of 


an effect, mild when symptoms were expected to disappear without 


treatment and moderate/severe when treatment was judged necessary. 


The basis for this classification was the original assessment and available 
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clinical and Para clinical data. When follow up in hospital records with facts 


about the actual course was available, outcome was classified in the same 


groups.  


   


Analyses were largely descriptive and included frequencies, time trends 


and association between product types and severity. As statistical test chi 


square test was applied with a 5% level for statistical significance.   


 


Results 
The search identified 126 potential cases. After exclusion of 42 cases with 


exposure to products not fulfilling the definition and cases that only had eye 


exposure, 84 cases remained for analyses.  


 


Characteristics of the cases are shown in table 1. The majority were middle 


aged and young adults who had been exposed by their own spraying at 


home. Only one case had been exposed during professional work. Two 


puppets – the only non-human exposures - 4 children below 10 years and 


one adult had been exposed from other peoples work (passive exposure).  


All cases were accidentally exposed, i.e. not by sniffing or other intended 


exposures. 


 


Table 1. Main attributes of 84 cases with accidental poisoning from 
proofing sprays. Number of cases with available data in ( ) 


Characteristic Statistics 


Mean age ± SD (77) 34,6 ± 14,0 years 


Male sex (81) 51% 


Animal exposure (81) 2,5% 


Brand name known (64) 76% 


Ingredients known (42) 50% 


Indoor exposure (57) 93% 


Limited exposure (60) 18,3% 


 


 


Information on the intended use of the products was available for 78 cases. 


Sprays for furniture proofing were by far most prevalent, table 2. Of these 


products 9 were meant for leather, 37 for textile surfaces and 7 were 


unclassifiable in this respect. Some information on composition was 


available for half of the products. Fluorinated carbon compounds were the 
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most common active ingredients, but also silicone compounds and in some 


products both ingredients were used.  


 


Table 2. Intended use of proofing sprays involved in accidental 
poisoning.  


Purpose Number 


Furniture proofing  54 


Clothes 9 


Shoes 4 


Ceramic surfaces 4 


Carpet 2 


Tent 2 


Riding equipment 1 


Car seat 1 


Sealing foundation for paint 1 


Unknown 6 


 


Brand names were available for 64 products. Three brands for furniture 


proofing included 47 of these products, appendix 1. 


 


The available information on quantitative exposure is presented in, table 3. 


Only for type of object and indoor/outdoor exposure was information 


available in more than 50% of cases.  


 
Table 3. Information on quantitative exposure to proofing sprays.  


Variable Information Missing data 


Volume 75 – 2200 ml 77% 


Number of cans 0,33 – 5,5 73% 


Time spraying  2-120 min 71% 


Indoor/outdoor  53/4 32% 


Ventilation present/absent 15/17 62% 


Object size 93% 7% 


 


Following the constructed measure exposure was small for 10 cases, 


typically for proofing of shoes and clothes and moderate for 50 cases. Data 


were insufficient for a realistic exposure assessment for 24 cases. 
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Clinical effects 


The clinical information is summarized in table 4. Respiratory effect was 


present in most patients (92%). The majority of these also had general 


symptoms including fever, general malaise, gastrointestinal upset and 


symptoms from the central nervous system. In a large proportion of the 


patients symptoms did not start until some time after cessation of exposure, 


typically min.  up to one hour.  


 


Reduced oxygen saturation was present in 19 out of 47 cases with 


available data. Pulmonary changes on x-ray were reported in 13 of 30 


patients, table 4.  


 
Table 4. Clinical data on 84 cases accidentally exposed to proofing sprays. 


Parameter Number of cases Percent 


Airway effects only (N=84) 27 32% 


Airways + general (N=84) 50 60% 


General effects only (N=84) 3 4% 


No symptoms (N=84) 3 4% 


Latency till effects (N=49) 31 63% 


Reduced oxygenation (N=47) 19 40% 


Pulmonary infiltrates (N=30) 13 43,4% 


 


 


The severity was estimated as moderate/severe for 58% of the cases, mild 


for 37% and as no poisoning for 4%. One case could not be classified. 


Severity was significantly associated with spraying of furniture (p=0,001). 


Follow up through hospital records was successful for 33 patients (39%), of 


these 20 were graded with moderate/severe and 13 with mild poisoning.   


 


 


 


Time trends 


Figure 1 shows a non-regular distribution over the period with clustering in 


2005 – 2007.  A smaller cluster around 1995 is also indicated. Figure 2 shows 


that the clusters largely are explained by cases associated with 3 brands. Also 


the group of other and unknown brands seems to increase in 2006 and 2007. 
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Discussion 
The present study demonstrates that a wide range of spray products for 


surface proofing can cause lung injury and other health effects with 


ordinary use. Products for furniture dominate but this may have several 


interpretations: A greater exposure when treating such object or differences 


in chemical composition or physical properties of the products.  
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Figure 1. Time trend for poisoning with proofing sprays: 
Jan 1991 - May 2007. (Note: Only 5 months in 2007)
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Figure 2. Time trend for poisoning with proofing sprays, distributed
 on brand and year: Jan. 1991- May 2007.
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A toxicological interpretation is not possible with the lacking information on 


composition of the majority of products. A Fluorinated compound as active 


ingredient was present in most products for which information was 


available, but also products based on silicones alone was implicated.  


 


Several different changes in chemical composition of spray products have 


increased the associated risk (7,11,12,13,14).  This could be interpreted in 


favour of a significant role for the products physical (aerosol) properties; 


interaction between chemical and physical properties of the sprays might 


be responsible for the increased risk. 


 


The epidemiological characteristic of outbreaks was confirmed in this study 


ranging more than 16 years. Three different brands for furniture proofing 


were responsible for 45 of sixty-four cases for which the brand name was 


known. One of the brands was associated with a small increase in 


incidence in the mid nineties. The two other brands were involved in an 


outbreak that started abruptly in 2005 and seems still to be going on. 


 


The outbreaks are related to sprays for furniture. However there may be a 


general increase in pulmonary injuries from sprays since 14 of twenty-four 


cases associated with product for other use than furniture proofing occurred 


within 2006 and 2007. Four cases caused by products for ceramic surfaces 


occurred in 2007.  


 


The total number of inquires per year to the Danish Poison Centre has 


increased through the period under study from approximately 1500 in the 


early 1990ies to a little more than 2500 in 2005. In 2006 the number 


doubled by the change of the centre from a doctors only to a centre open to 


the general public in mid August 2006.  


 


However adjusting for increase in contacts will not smooth the outbreaks 


out, especially not if particular brands are considered. The relative severity 


of the cases and their close association to the use of a consumer product 


makes contact to the poison centre likely both from the public and from 


physicians. Thus we find it reasonable to believe that the variations in 


poison centre cases represents true variations in incidence.  
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Although the occurrence in outbreaks indicates a significant role for the 


product as such other factors might also influence the incidence. Fore 


instance increase in use of the products or change in the purposes for 


which they are used. We have no information about these parameters, but 


statistics on sale of the products and information about recommended or 


suggested use from producers and dealers might help. 


 


In this study more than one fifth of all cases had reduced oxygen saturation 


and one in six had pulmonary infiltrates or other changes on x-ray. 


Although the majority of cases only had a moderate or less severe course 


this indicates potential for more severe diseases in concordance with 


reports of ARDS and even deaths from other countries (14,15,16).  


 


If prevention measures are not succeeded in short time, a shift to 


alternative forms of administration (others than spraying) must be 


considered and discussed. The non-professional use of aerosol sprays for 


surface coating of furniture must  - because of the risk for severe lung 


disease - be avoided.   


 


Conclusions 
• Aerosol sprays for surface coating have a potential for causing lung 


disease including severe morbidity.  


• The cause and mechanism of this effect is not known and prevention of 


the problem is not straightforward.  


• Future analytical and experimental studies should both consider the 


chemical composition and aerosol properties.  
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a  b  s  t  r  a  c  t



The  consumer  exposure  to the  vast  majority  of  cosmetic  products  is  limited  to dermal  contact.  Even
spray  applications  tend  to  be  topically  exposed  to  skin  or hair.  Besides  this  skin  contact,  spray  products
require  additional  considerations  in regard  to potential  inhalation  for  building  a robust  and  reliable  safety
assessment.



Over the  years,  cosmetic  industry  developed  prediction  models  for the  best  estimate  of  inhalation
exposure  combining  data  from  computer  simulation  programs  available  in  the  market,  individual  real
measured  data  and  last  but not  least  the  experience  from  the  market.  Such  attempt  is  driven  by  the
toxicological  profile  of  individual  used  ingredients.  The  focus  of  this  review  is on  the determination
of  inhalation  exposure,  and  the  derivation  of safe  exposure  levels  for  cosmetic  spray  products.  Many
of the  methods  employed  to  ensure  product  safety  of  cosmetic  sprays  in  accordance  with  the  general
requirements  of  the  EC  Cosmetics  Directive  are  based  on  industry  experience  which  are  not  necessarily
consistent  across  companies.


This  paper  presents  an approach  to compile  common  principles  for risk  assessment  and  thus  contribute
to  standardisation  of safety  assessment  methodologies  utilized  for spray  product  evaluation  without
interfering  with  the  flexibility  of the  individual  safety  assessor.  It  is  based  on  the  experience  within
the  author’s  companies  and  may  be  useful  as  a  support  document  as well  for  SME  (Small  and  Medium
Enterprises)  companies  safety  assessors.  In  this  respect  it can  be  seen  as  one  fundamental  step  in  a tiered
approach  of  cosmetic  spray  safety  evaluation.


© 2011 Elsevier Ireland Ltd. 
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. Introduction



.1. Legal framework of cosmetic spray safety evaluation



Cosmetic spray products fall under the general requirements of
he EC Cosmetics Directive 76/768 regarding the safety of cosmetic
roducts, including the obligation to conduct a safety assessment
rior to introducing products into the market. This directive will be
eplaced stepwise by the new EC Cosmetics regulation 1223/2009
so called Recast, European Parliament and Council, 2009). Under
oth regulations, the toxicological profile of all used ingredi-
nts and detailed knowledge of the product-specific exposure are
equired as fundamental for the safety assessment.



State-of-the-art concepts for the safety assessment of products
ith intentional exposure of skin, mucous membranes or the oral



avity have been described elsewhere (Mildau et al., 2007; Rossow
t al., 2005; SCCS, 2010; Mildau and Huber, 2010). Therefore, this
eview will focus on inhalation risk assessment only. Recently dis-
ussed new concepts in regulatory toxicology, such as the threshold
f toxicological concern (TTC) or the “point of departure” replacing
he no-observable-effect-level are outside of the scope of this arti-
le, but could eventually extend to safety assessment of sprays in
he future.



Based on the variability of how consumer use cosmetic spray
roducts, regulatory and scientific experts have developed a num-
er of models for quantitative exposure assessment. Several of
hese models are often based on unpublished data and are not
ormally harmonised within the cosmetics industry.



In 2010 the SCCS published a first opinion taking into account
nhalation exposure evaluating the risk of dihydroxyacetone for self
anning products applied in spray cabines (SCCS/1347/10, 2010).
n broad ranges the SCCS Opinion is in line with the approach
escribed in this manuscript and as is currently used from major
arts of the cosmetic industry.



The intention of this paper is to propose some basic methodolog-
cal approaches and procedures in order to facilitate a harmonised
nd transparent safety assessment of cosmetic sprays. This paper
s not intended to be a binding industry standard but a recom-



endation to use these tools in the sense of a Weight-of-Evidence
pproach (WoE) when conducting the safety assessment.



In order to assess the safety of cosmetic spray products, this
aper outlines the major steps that need to be followed including
1) understanding exposure either by modelling or by mea-
urement, (2) understanding systemic and local exposure of the
espiratory tract and (3) using data on local toxicity and systemic
oxicity to establish margins of safety (MoS) and/or margins of
xposure (MoE) needed for the final risk assessment.



.2. Description of cosmetic sprays



Cosmetic products used for spray applications are generally
omposed of the cosmetic product formulation, often containing
he active ingredient(s), and an appropriate solvent. Such com-
osition is filled in pressure resistant containers equipped with



roduct specific spray nozzles. For propellant driven spray applica-
ions, pressurised propellant mix  is finally added. In case of pump
prays, often creating less fine aerosols, propellants are excluded.
prayed or vaporised products generate aerosols that can result in


 . . . .  . . .  . . . . .  .  .  . .  .  . . . . .  . .  . . . . . . .  .  . . . .  . . .  .  . . .  . . .  .  .  . . . . .  .  .  .  .  .  . . . . . . . . . .  .  . .  .  . 103



potential inhalation exposure of consumers using the product. As
those products with propellant producing foam or soft gels are not
suspected to emit inhalable aerosol, they are excluded from our
further discussion.



As defined by the German MAK  commission, aerosols are mul-
tiphase systems of particulate solids or liquids dispersed in gases
such as air (Commission for the Investigation of Health Hazards of
Chemical Compounds in the Work Area (MAK  commission, 2010)).
Aerosols include dusts, fumes and mists. Dusts consist of particles of
solid matter generated by a mechanical process, or particles which
have been agitated and dispersed in gases. Fumes are dispersions of
very finely distributed solid matter in gases. They arise from ther-
mal  processes (e.g., welding fumes, metal (oxide) fumes, soot and
flue ash) or chemical processes (e.g., the reaction of ammonia with
hydrogen chloride). Mists are finely divided liquid droplets of a sub-
stance or mixture suspended in air with sizes generally ranging
from 2 �m to 100 �m.  They arise during nebulisation of liquids,
during condensation from the vapour phase and during chemical
processes (e.g., oil mist, hydrogen chloride in damp air).



2. Assessment of inhalation exposure



2.1. Measuring particle size



Due to the anatomical construction of the respiratory tract, with
a brighter lumen in the upper trachea and very small ones in the
alveolar region, particle size of aerosol is a relevant parameter for
the distribution of substances in compartments of the respiratory
tract. The final particle size of a product aerosol is determined by
the used ingredients and packaging details (e.g., spray nozzle, can
size, etc.). Aerosols can consist of a wide spectrum of particle sizes,
i.e. larger particle sizes (>10 �m),  exposure to which is limited to
the upper respiratory tract and tracheobronchial tree, but also res-
pirable particle sizes (<10 �m)  which can reach deep lung regions
(U.S. Department of Labor, MSHA, 2006).



Understanding of particle size distribution is essential for risk
assessment since there is broad consensus in the scientific com-
munity for the following assumptions:



• Significant absorption of inhaled substances can occur in all parts
of the respiratory tract.



• Only droplets/particles with an aerodynamic diameter of less
than 10 �m are considered to be respirable (Heyder et al., 1986),
i.e. reaching the deeper lung (very conservative assumption, 5 �m
often described as threshold for particles which can reach the
alveoli (Commission for the Investigation of Health Hazards of
Chemical Compounds in the Work Area, 2010).



• Droplets/particles with an aerodynamic diameter of >15 �m
are deposited almost exclusively extrathorically (nose, mouth,
throat) (Commission for the Investigation of Health Hazards
of Chemical Compounds in the Work Area, 2010), and healthy
humans will clear particles >7 �m within 24 h from the tracheo-



bronchial compartment (Phalen and Oldham, 2006; Commission
for the Investigation of Health Hazards of Chemical Compounds
in the Work Area, 2010; Heyder et al., 1986; Federal Office of
Public Health et al., 2009).











H. Rothe et al. / Toxicology Letters 205 (2011) 97– 104 99



xpos



Aerosol in facial near Farawaypor�onarea



Inhaled por�on*



Por�onRespirable



Nose, Mouth, Throat,



Tracheobronchialarea



AlveolarArea
Ex
ha
le
d



Po
r�
on



< 10 μm



All par�cle sizes, mainly < 100 μm



positi



a



r
e
d
t
d
a
c
o



s
p
g
b
c
i



l
t
t
d
s
t
s
a
m
a
m
m



g
t



2



b
c



t
M
c
e



as default data and extrapolated to other product types. Table 1
shows conservative default data on calculated daily exposure based



Table 1
Consumer application of aerosols. Results of recent studies.



Material Calculated
daily exposurea



[g/day]



Reference



Deodorant spray
(ethanol-based);
Deodorant spray
(not
ethanol-based)



1.43
0.69



SCCS (2010)



Hair spray, propellant gas 10 European Commission (1996)


*maybe swallowed, contributes to total e



Fig. 1. Exposure and de



The most important aspects of deposition of inhaled particles
re shown in Fig. 1.



Typically, propellant gas sprays may  produce proportionate
espirable particles or droplets <10 �m particle size (Bremmer
t al., 2006a; Eickmann, 2007a),  whereas pump sprays emit larger
roplets in a non-respirable range >10 �m particle size. As men-
ioned above the particle/droplet size distribution is complex and
epends on product formulation and the technical details of the
pplicator. Thus, independent of the spray category, the parti-
le/droplet size spectrum can be modified in order to generate an
ptimized particle size distribution.



Typically, the mean diameter of primary droplets of a pump
pray is in the range of 70 �m diameter while <1% is in the res-
irable range (unpublished industry data). Irrespective of the spray
eneration method, it is advisable to measure particle size distri-
ution and other aerosol characteristics and their time-dependent
hange, including agglomeration, sedimentation, and ageing effects
n order to make a thorough safety assessment.



Common methods of particle size measurement include, e.g.,
aser diffraction, use of the cascade impactor and time of flight spec-
roscopy, but droplets can change due to ageing processes during
he flight phase so care must be taken when analysing measured
ata. Droplet diameter may  decrease by evaporation of volatile con-
tituents. Droplets may  disperse after collision with solid surfaces,
hey may  aggregate, and deposit on solid surfaces. Therefore, any
pray pattern is subject to constant changes, and the interpretation
nd application of any such analytical data to the safety assessment
ust be carried out keeping in mind the limitations of accuracy and



pplicability of such data. Furthermore, the setting of product- and
ethod-specific parameters in the establishment of such analytical
ethods requires great experience and well trained personnel.
A detailed overview on particle size measurement methods is



iven in the guidance document of the European Aerosol Associa-
ion FEA (FEA European Aerosol Federation, 2009).



.2. Approaches to calculate exposure



To prepare a proper safety assessment for spray products the
est knowledge on the inhalation exposure under intended use
onditions should be available or estimated.



Real time measurements of specific product exposure represent



he gold standard, but need complex and extensive study designs.



ore simple mathematical approaches taking into account worst
ase defaults can be used as a first step in a tiered approach for
xposure assessment.


ure 



on of inhaled particles.



Easily, the concentration of any ingredient in the ambient air
can be calculated on the basis of the worst-case estimation of the
applied amount, duration of application as well as the distribution
volume, e.g., the volume of a standard bath room. By using con-
servative defaults (see below) the calculation of the exposure will
overestimate the real situation of human exposure. A clear advan-
tage of this approach is that a safety assessment may  be rapidly
performed and is independent of extensive measurements.



In those cases where a risk assessment on the basis of such an
initial conservative procedure does not yield a sufficient safety mar-
gin, a refined exposure assessment needs to be conducted. Relevant
data that reflect actual application situations may  be generated
by measuring aerosol concentration and particle size in a model
environment (for example a standard bathroom). Reality-based
mathematical models (e.g., ConsExpo 4.1 (Bremmer et al., 2006a),
BG-Spray (Eickmann, 2007a)) can also be used to quantify aerosol
concentrations over time. While the ideal situation is to have exper-
imental results, the use of exposure models and default values is
sufficient to perform an adequate safety evaluation under routine
conditions.



Data from comprehensive exposure studies as well as from
authorities are available for the most important cosmetic spray
groups – deodorants and hairsprays – such as the COLIPA study
which reviewed use data from 124.100 European households and
more than 32,470 individuals (Hall et al., 2007,2011)  and the Scien-
tific Committee for Consumer Safety (SCCS, 2010) or the European
Commission (European Commission, 1996). These data can be used


Hair spray, pump spray 3.6 Loretz et al. (2006)



a The given numbers represent the total amount leaving the spray dispenser
including the solvent and the propellant used, not taking into account the amount
of  product remaining on the target (e.g., skin/hair).
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Table 2
Parameters for the estimation of the systemic exposure via inhalation.



Parameter Unit



Concentration of the ingredient in the sprayed formulation (C) %
Proportion of non-propellant fraction in the spray (P) %
Amount sprayed per application (A) g
Airborne fraction (AF) %
Distribution volume at time point 1 (V1) m3



Exposure time1 (t1) min
Distribution volume 2 (V2) m3



Exposure time 2 (t2) min
Human breath minute volume (BR) L/min
Mean application(s) per day (DA) 1/d
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Mean body weight (BW) kg
Fraction reaching alveoli, fraction <10 �m (RF) %
Default factor substance exchange (G)



n a probabilistic approach. These values can be considered for
ategory-specific defaults.



Inhalation uptake via the airways may  be estimated from the
oncentration of ingredients in ambient air and human respira-
ory volumes. Only the proportion of the spray that distributes into
he ambient air is in the breathing zone of the consumer and rele-
ant for inhalation exposure. Bremmer et al. assumed that 85% of
prayed hairsprays will end up as intended on the hair and head
Bremmer et al., 2006a). The duration of inhalation exposure may
e assumed to be 10–20 min  in a worst-case scenario. Duration of
xposure is likely much shorter and RIVM (Dutch National Insti-
ute for Public Health and the Environment) quoted an exposure
uration of 5 min  for hair sprays and deodorants (Bremmer et al.,
006a). For hair sprays during the first 2 min  post-application, the
pray distributes in a facial/body near cloud of approximate 1–2 m3



round the user. Within the subsequent 18 min, a distribution into a
0 m3 air volume can be assumed. This volume corresponds roughly
o the size of a standard bathroom (Bremmer et al., 2006b).



For a conservative estimate of the Systemic Exposure Dose (SED)
rom a given ingredient of the spray in mg/kg b.w./d the param-
ters described in Table 2 can be applied. In Table 2 as well the
bbreviations used below are explained.



Thus, the substance amount (EA) for relevant exposure may  be
alculated according to the following Eq. (1),  taking into account
he sprayed amount (A), the concentration of the ingredient in the
nal formulation (C), the proportion of non-propellant spray in the



ormulation (P) and the airborne fraction (AF):



A [g] = A [g] × C [%] × P [%] × AF [%] (1)



The potential amount that may  be inhaled during the first 2 min
IA1) may  be estimated with the following Eq. (2),  taking into
ccount the breathing rate (BR), distribution volume (V1) at expo-
ure time (t1):



A1 [mg] = (EA [mg]/V1 [l]) × BR [l/ min] × t1 [min] (2)



The potential amount that may  be inhaled during the subse-
uent 18 min  (IA2) may  be estimated using the following Eq. (3),
aking into account the breathing rate, distribution volume (V2) at
xposure time (t2):



A2 [mg] = (EA [mg]/V2 [l]) × BR [l/ min] × t2 [min] (3)



Since a significant proportion, assumed as 25%, of the air and
irborne particles are exhaled by the lung without substance
etention, a default factor for substance exchange (G) of 0.75 can
e applied to the exposure calculations (European Commission
uidance Document, 1996).


Only particles with an aerodynamic diameter of less than 10 �m
re expected to be respirable and to reach the deep lung (respirable
raction (RF)). As particle sizes from a typical pump spray tend
o be in the range of 70 �m (Vielhaber, 1991) they tend to settle
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quickly after spraying thereby reducing their potential to be inhaled
(Eickmann, 2007a).  Upon inhalation, deposition and absorption of
large particles/droplets would occur in the upper airways depend-
ing on their physical chemical properties. Water soluble substances
are expected to be absorbed where deposited. Insoluble larger par-
ticles are eliminated from the respiratory tract by macrophage
entrapment or eliminated via the ciliary-mucosal escalator and
swallowed subsequently. These large particles are not expected to
produce deep lung effects, but may  need to be considered in terms
of oral exposure, local effects and systemic effects upon absorption.



Guidance for estimation of the systemic exposure from the swal-
lowed (non-respirable) fraction can be calculated according to the
European Chemicals Agency (ECHA, 2010).



Given that only a fraction of particles <10 �m is relevant for
deep lung exposure and effects, only the percentage of particles
<10 �m should be considered for estimates of pulmonary exposure.
Provided that a substance becomes systemically available when
reaching the alveolar region, the systemic exposure dose (SED(inhal))
in [mg/kg/day] may  be calculated with the following Eq. (4) taking
additionally into account the daily application (DA) and the body
weight (BW):



SED(inhal) [mg/kg/d] = (IA1 + IA2 [mg]) × G × RF × DA/BW [kg]



(4)



Total systemic exposure may  be calculated as given in Eq. (5):



SED(tot) = SED(inhal) + SED(dermal) + SED(swallowed) (5)



While above calculations represent a comprehensive and sim-
ple method for exposure estimation, the resulting assessment is
extremely conservative. The particle concentration in ambient air
is assumed to be constant throughout the application and exposure
period, which is an overestimation due to volatilisation, agglomera-
tion and settlement of droplets or particles. Similarly, other factors
that would reduce inhalation exposure, such as product deposi-
tion on the application area and indoor air exchange are not taken
into account. Consequently, the modelling of a spray-generated
exposure is very complicated and requires a precise description
of the application conditions. A realistic assessment of exposure
is always product-specific, takes into account many different fac-
tors that may  modify exposure conditions and requires complicated
mathematical modelling.



RIVM has developed the software “ConsExpo” which uses
descriptive parameters to estimate consumer exposure to vari-
ous products. The currently available web-based version ConsExpo
4.1 (ConsExpo, Update 2010) includes a mathematical model for
estimation of inhalation exposures. Upon inclusion of basic data
(Bremmer et al., 2006a,b) and specific product information, the
software is able to generate individual exposure scenarios tak-
ing into account temporal changes of particle concentration in the
ambient air. Table 3 lists the parameters required for exposure
calculations according to ConsExpo.



The software also allows the calculation of the combined der-
mal  and respiratory exposure during the application of cosmetic
sprays, and the estimation of the total systemic exposure to a given
substance as required for a risk assessment.



For the calculation of systemic exposure from sprays, mathe-
matical models from publicly available software packages such as



SprayExpo (Koch et al., 2004), and the model BG-Spray described
by Eickmann (2007a) can be used. The advantages and drawbacks
of the different models have been discussed elsewhere (Eickmann
et al., 2007b).
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Table 3
Data required for consumer exposure estimation using ConsExpo 4.1. software
(Delmaar et al., 2005; Bremmer et al., 2006b).



Parameter Unit



Mean number of applications per day 1/d
Mean body weight kg
Volume of application environment (room) m3



Rate of aeration 1/h
Duration of exposure min
Mass stream of the spray (sprayed amount



per unit time)
g/min



Spraying time min
Spray cloud volume cm3



Height of the application space (room) cm
Airborne fraction %
Weight ratio of the propellant gas %
Weight ratio of solvent %
Weight ratio of non-volatile constituents %
Solvent density g/cm3
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Density of non-volatile constituents g/cm3



Particle distribution normal or log normal



. Assessing inhalation toxicity



.1. Common ingredients in sprays



The basis of the safety evaluation of cosmetic products is the
omprehensive information on ingredients used, especially their
pecifications and toxicological profiles. A number of biologically
ctive ingredients have been restricted by regulations and the use of
ertain substances in sprays, such as dehydroacetic acid, have been
anned in the EU (European Commission, 1976, Annex VI Entry No.
3 EC-Cosmetics-Directive 76/768/EC).



When evaluating the safety of ingredients in sprays from the
nhalation related point of view, the assessor needs to consider



here these compounds may  come into contact with the respi-
atory tract and where possible adverse effects may  occur: e.g.,
ocal irritation of the respiratory tract, systemic effects following
nhalation exposure, respiratory sensitization and local toxicity in
he deep lung. Table 4 lists ingredients typically found in cosmetic
pray products.



For propellant gases and highly volatile solvents, a quantitative
lveolar availability should be assumed. Results from at least one
epeated dose inhalation study should be available to allow the
ssessment of the systemic toxicity and local effects in the respira-
ory tract. As a second option, the systemic load may  be estimated
n the basis of ambient air concentrations and respiratory minute
olume.



The solid compounds in hair sprays are usually polymers. The
ajority of these polymers have low biological reactivity or are



nert (Carthew et al., 2002). However, inhalation of high doses of
nert particles may  produce particle overload of the lung result-
ng in inflammatory changes in a dose-dependent manner (Greim



t al., 2001; Muhle and Mangelsdorf, 2003). Absorption and sys-
emic availability of insoluble particles after deep lung exposure is
nlikely. Especially for insoluble particles at a size below 10 �m,



nhalation toxicity data is crucial for the safety assessment. Data



able 4
ommon ingredient types used in cosmetic spray products.



Category Examples



Propellant gas Alkanes (propane, butane, t
High volatile solvents Ethanol, isopropanol, cyclo
Low/non-volatile solvents Water or oils (of mineral or
Solids Stabilisation polymers, susp
Fragrance Perfume oils
Formulation constituents Emulsifiers, neutralisation 



Active and auxiliary ingredients Stabilisers, cosmetic colour
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from a repeated dosing sub-acute, sub-chronic or chronic inhala-
tion study are ideal. If data are limited, extrapolation from studies
on a structurally related and biologically inert chemical may  be
useful. On the basis of such data a safe air concentration based on
experimental data may  be estimated.



Other ingredients in cosmetic sprays are usually present at
low levels so that exposure is likely to be low. Analogous to the
approaches described above, all ingredients need to be evaluated.
Particular attention should be given to potential human inhala-
tion exposure to fine droplets of lipophilic/oily substances, since
such formulations may  produce the so-called “acute respiratory
syndrome” in exposed humans (Vernez et al., 2006).



3.2. Evaluation of potential irritation of the respiratory tract



Mucosal irritation can be caused by reactive chemical species.
Water-soluble and hydrophilic compounds tend to remain in the
mucosa of the upper airways, while more lipophilic and less water-
soluble substances may  penetrate deeper into the lung. Two types
of irritation can be distinguished: a) irritation of nerve endings in
the upper respiratory tract without adverse changes in pulmonary
tissue (sensory irritation) or b) local toxic effects producing local
adverse changes in pulmonary tissue(s). The irritation potential of a
given chemical may  be evaluated based on standardised inhalation
toxicity studies in rodents or by employing mathematical models
which take into consideration known data on lung irritants. Also
in vitro eye or skin irritation tests may  be helpful to evaluate a
potential sensory irritation of the ingredient (Weight-of Evidence
Approach).



In the EU, known respiratory irritants are labelled with the
hazard statement H335 (former risk phrase R37); irritates res-
piratory organs/respiratory irritant (EU Regulation 1272/2008,
European Parliament and Council, 2008; former Council Directive
67/548/EEC). The majority of these chemicals are listed in ChemDat
(Merck Chemie Datenbank, Editor: Merck KGaA, 64271 Darmstadt,
2000) and in TRGS 900 (BAuA, 2006) and carry at least one other
warning label regarding irritation hazard effects on eyes, skin, etc.
(H314, H319, H318, H315; former R34, R35, R36, R41, R38). How-
ever, one may  assume that most substances which are irritant to
the skin or eyes may  also possess a potential being a respiratory
irritant. The new EU Regulation 1272/2008 (Regulation on classifi-
cation, labelling and packaging “CLP Regulation” which is currently
implemented stepwise and which uses a different nomenclature
for risk phrases has to be considered in future. This Regulation is in
line with the UN Globally Harmonized System of Classification and
Labelling of Chemicals (quoted in the EU Regulation 1272/2008).



3.3. Systemic toxicity via inhalation exposure



Due to the huge surface area of the lung significant systemic
absorption of ingredients are likely, especially when they reach



the alveoli. Gases, vapours and other soluble compounds may
be absorbed across the respiratory mucosa and epithelia upon
contact. Similarly, dissolved solids can reach alveolar regions via
aerosol portions of droplet diameters below 10 �m, where they



heir isomers or mixtures), dimethyl ether
methicone



 vegetable origin)
ension agents such as bentonite, aluminum chlorohydrate, inorganic salts



agents, preservatives
ings, complexation agents, derivatives of lanolin, plant extracts, oils
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ay  be absorbed if the suspended solid is soluble or partly sol-
ble in that environment. The total systemic dose of a cosmetic
pray ingredient is calculated from all routes of exposure (see
ection 2.2).



The systemic toxicity of a compound can be identified from
epeated-dose studies including inhalation, oral and intra venous
tudies. The toxicity data are used to derive safe human doses
ncluding Acceptable Daily Intake (ADI), Reference Doses and occu-
ational exposure limit values. A suitable TTC value or a threshold
alue may  be obtained on the basis of no adverse effect levels or
oncentrations of in vivo experiments (Kroes et al., 2007; Blackburn
t al., 2005).



.4. Respiratory sensitization



Respiratory sensitization is an immunological response that can
esult in a variety of symptoms including rhinitis, conjunctivitis,
heeze, dyspnoea and asthma. There are currently no accepted



nd validated animal models available that can be used to identify
espiratory sensitizing compounds (Boverhof et al., 2008; Pauluhn
nd Mohr, 2005). Rather, information from human exposure (usu-
lly occupational) with or without data from investigational animal
tudies are used to identify sensitizers. In the EU, chemicals
ith known respiratory sensitizing potential are labelled with



he hazard statement H334 (EU Regulation 1272/2008, European
arliament and Council, 2008; former risk phrase R42 (Council
irective 67/548/EEC)). Even if some threshold approaches exist
lso for respiratory sensitizers (Arts et al., 2006; Rijnkels et al., 2008)
t is difficult to quantify dose related effects – so the thresholds
nd the corresponding models are still under development. Res-
iratory allergens include proteins (e.g., enzymes), food extracts
e.g., soy, nuts, wheat) and certain low molecular weight chemicals.
ll known respiratory sensitizers should be limited or reduced to



hreshold below regulated threshold for occupation use (e.g., MAK
r TLV). It should be noted that not for all substances thresholds are
ased on no-effect levels on sensitization and therefore the risk of
ensitization cannot be completely excluded using the thresholds
or occupational use. Especially botanical extracts are popular in
osmetics and their protein content should be limited or eliminated
o reduce risk of allergy in general.



.5. Local toxicity in the deep respiratory tract



Local toxicity in the lower respiratory tract is usually associ-
ted with insoluble particles. For particles, a lung-specific defence
echanism exists that, under conditions of low or moderate com-



ound load, prevents insult to the organ and the organism. Particles
re taken up by lung macrophages that internalize and/or break
own particles by phagocytosis. Macrophages thus clear the lung
f inhaled particles by removing them from further interaction with
ung tissue. Due to the relatively limited capacity of macrophage-



ediated clearance of insoluble inhaled particles, exposure to
tmospheres containing very high concentrations of particulate
atter may  result in overload and at least in chronic damage.



 widely accepted hypothesis suggests that the mechanism is
ue to an immobilisation of alveolar macrophages following pro-



onged excessive phagocytosis (Oberdörster, 2002; Pauluhn, 2009).
ccording to current scientific knowledge, this phenomenon of
pulmonary overload” leads to chronic inflammation, fibrosis and,
nder conditions of long-term exposure to the noxious agent, may
e involved in lung tumour formation.



The rat is known to be more susceptible to lung overload than



rimates (Mauderly, 1997) so the question of maximal safe load
f human lungs with alveolarly available inert fine and ultrafine
articles has been the subject of intensive discussions (ILSI, Risk
cience Institute, 2000). The general particle dust threshold for


ters 205 (2011) 97– 104



occupation use is 1.5 mg/m3applies EU-wide for the alveolar frac-
tion (<10 �m)  and 4 mg/m3 for the inhalable fraction (>10 �m),
derived from inhalation toxicity studies in the rat (Commission
for the Investigation of Health Hazards of Chemical Compounds
in the Work Area, 2010). This inert dust threshold value for the
alveolar fraction of granular biopersistent dust might be consid-
erably lowered in the near future. These thresholds cover short
term exposures of 8 h, compared to EU air quality standards for
fine dust, which is intended to be the mean over a one year period.
Since the exposure to cosmetic spray products occurs only over
a significantly shorter time frame of several minutes, the occu-
pational fine dust thresholds must be seen as conservative, but
useful tool to avoid local particle overload of the deeper lung.
Furthermore, this threshold value can be viewed as conservative,
because of the above-mentioned sensitivity of the chosen animal
species.



4. Safety and risk assessment



In the safety assessment, the exposure of the consumer is gen-
erally compared to a concentration or dose causing no effect in a
relevant in vivo experiment. For inhalation, the key parameter is
the No Observed Effect Concentration (NOEC), i.e. the substance
concentration in ambient (breathable) air that produces no toxi-
cological effect. The NOEC is mainly used for the approximation
of local tolerance endpoints like irritation in the respiratory tract.
The No Observed Effect Level (NOEL) or No Observed Adverse Effect
Level (NOAEL) is the highest experimental dose at which there are
no statistically or biologically significant increases in the frequency
or severity of effects seen in the exposed population, compared
with an appropriate unexposed population (Derelanko, 2000a).
Occasionally, terms like “mass percentage” and “number of parti-
cles” are used but not recommended for the evaluation of potential
spray effects. To directly compare the exposure data with animal
study results, it is most practical to provide the concentration in
%mass. As the use of mass percentage and not particle numbers
is common practice in existing inhalation studies (see OECD TG
412/413), this parameter of particle number is not a practical tool
in risk assessment. The mass percentage can be determined in stan-
dardised methods of measurement, and thus allows a direct 1:1
comparison. Therefore, in the present document, calculations are
based on mass percentage data.



However, a relationship between the particle surface and tox-
icity is under discussion but not understood quantitatively at the
moment.



To estimate the risk of systemic toxicity, the Systemic Expo-
sure Dose can be compared to the NOEL or NOAEL obtained from a
suitable in vivo study, such as a repeated-dose inhalation study. The
assessor may  consider data from repeated-dose oral or intravenous
studies but there are concerns regarding route to route extrapola-
tion so additional guidance (European Chemicals Agency (ECHA),
2008) and judgement is needed. When extrapolating from in vivo
studies the assessor also needs to consider differences between ani-
mal  species (usually rat) used in the in vivo studies and humans. The
anatomy and physiology of the airway of rodents are significantly
different from the human respiratory tract (ECHA, 2008, Table R.8-
2), leading to an increased deposition of particles in the upper
respiratory tract (US EPA, 1997). The relative lung surface area par-
ticipating in oxygen exchange in the rat is much larger than in man
(Carthew et al., 2002). For human adults (60 kg), the respiratory
minute volume during light physical work is generally assumed



to be approximately 13 L/min or 20 m3/day (Finley et al., 1994).
The breathing minute volume of rats in relation to body weight
is approximately 4.4-fold higher than that of humans (Derelanko,
2000b).
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Today’s risk assessment schemes rely on a Margin of Safety or
argin of Exposure calculation that compares the human systemic



xposure dose with a NO(A)EL in an appropriate animal model.
The MoS/MoE should be at least 100 for systemic effect (includ-



ng dermal and oral exposure) and 25-fold for local lung effects
n order to safeguard consumer safety, based on a default of 2.5 for
nterspecies and 10 for intra-species differences (ECHA, 2008). Lists
f maximum air levels for a variety of substances have been pub-
ished by the German MAK-Commission (MAK values, Commission
or the Investigation of Health Hazards of Chemical Compounds
n the Work Area (MAK  commission, 2010)) or the American Con-
erence of Governmental Industrial Hygienists (TLV values). MAK
alues (maximum workplace concentrations) essentially corre-
pond to TLVs (threshold limit values). MAK- or TLV-values may
e used as a basis of risk assessment. However, here it should be
oted that MAK- or TLV-values have been developed in order to
rotect healthy adult workers who are occupationally exposed for



 h/day and a 5 day working week. This is an important difference
o the general population exposed to cosmetic products. For impu-
ities that occur at very low levels in sprays, a risk assessment for
ystemic toxicity can be based on the concept of the Threshold of
oxicological Concern (Kroes et al., 2007; Drew and Fraggos, 2007;
lackburn et al., 2005; Carthew et al., 2009; Escher et al., 2010).
hile there is no generally accepted TTC of local effects in the



espiratory tract, TTC values for systemic toxicity may be applied
nd after modification take into account for route to route differ-
nces between the respiratory tract and other organ systems (e.g.,
bsorption, metabolism). However, so far adequate TTC models for
nhalation route are under development (Carthew et al., 2009) and



ay  become relevant in future.



. Conclusion



The described common principles can be applied to safety
ssessment of cosmetic sprays based on classical elements of risk
ssessment. The approach described relies on understanding exter-
al, systemic and in particular respiratory tract exposure and dose,
nderstanding assessing potential toxicities and determination of
afe exposure levels. The safety assessors will benefit from having
ccess to improved exposure models and to standardized safety
ssessment methodologies utilized for spray product evaluation
ithout interfering with the flexibility of the individual safety



ssessors who are responsible for the safety of their products. This
aper is intended to provide basic elements of a tiered safety assess-
ent approach in order to increase transparency for regulators and



eliability of results to the benefit of the consumer. It provides a
ecommendation to use these tools in the sense of a Weight-of-
vidence Approach when conducting the safety assessment.
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It is the experience of the last 30 year that was not be helpful to avoid future problems with 
spraying application for consumers to restrict a substance. Because a restriction of a 
substance do not remove the root cause problem of the accidents. 
 
 
The essence of the literature cited above and attached: 



1) There is a need for EU-wide regulation on spraying products for consumers 
2) There is a need for a regulated & enlarged approach for risk assessment on spraying 



products for consumers 
 
 
 
It is highly recommended to perform inhalation testing of the formulated product rather than 
the individual components. 
 
However, all incidences so far were triggered either by introducing a new spray or by 
changing one of the parameters in previously safe sprays (e.g. exchange of solvent or 
physical property of the nozzle). Further re-search in this area is needed and a preventive 
strategy needs to be developed in order to better evaluate the toxicology of waterproofing 
sprays to ensure safety of the consumers. 
 
Understanding of particle size distribution is essential for risk assessment. 
 
There is no European-wide safety guidance for the manufacturing of such products. 
 
It is further eligible that a set of information should be deposited at the national appointed 
body (bodies) according to Art. 45 of the new European Regulation on the Classification, 
Labelling and Packaging of Chemical Products including at least a complete list of the 
ingredients of a given formulated product. This will help to improve risk management. 
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1 Introduction 
 
Waterproofing sprays are widely used in domestic and occupational settings for regeneration of the 
hydrophobic effect for textiles, leather and other surfaces. In recent years, numerous respiratory fail-
ures following the use of waterproofing spray products have been reported from all over the world. 
One has to distinguish between single case incidence of intoxication that occurs periodically and out-
break of mass respiratory disorders after use of waterproofing sprays. Occasional single case intoxica-
tion is often due to extensive and inappropriate use (e.g. spraying while smoking or in a closed room) 
of otherwise safe spray products and can be avoided by following the instructions given on the label. 
The second situation in which sudden outbreaks of mass respiratory disorder occur is more complex. 
The exact reasons for these outbreaks remain unknown, however all incidences so far were triggered 
either by new sprays or by changing one of the parameters in previously safe sprays (e.g. solvent). 
 
Therefore, careful selection and formulation of ingredients, including appropriate testing of the formu-
lated product and proper use instructions to the consumer is required before placing on the market 
new or modified waterproofing sprays. This will ensure safety of the product under normal and rea-
sonably foreseeable conditions of use. 
This document provides information and recommendations for the development of safe waterproofing 
sprays and helps to prevent unexpected sudden outbreak of mass respiratory disorders. 
The data in particular with regard to inhalation toxicity of complex formulations currently available is 
not adequate. Though, scientific advancements should be carefully considered and should be used to 
consecutively update recommendations for the development of safe waterproofing sprays. 
 
 



2 Selection of Chemical Ingredients 
 
Waterproofing sprays usually contain impregnating compounds (fluorinated polymer and/or silicone) 
as a water repellent, solvents and propellants. Typical solvents are volatile petroleum distillates and 
alcohols, typical propellants are hydrocarbons (i.e. propane, butane) and sometimes compressed air. 
 
Based on previous experiences, the preparation should not contain fragrances, reactive compounds 
such as organometallic compounds and aminoactive silicones, filming agent with high retention to the 
substrate (≥ 90% retention on cotton polyester [30/70] after one-time washing with standard washing 
procedure) or metalalcoholate (e.g. methanolate). It is also recommended that there is adequate toxic-
ity test data for all ingredients to ensure product safety. 
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The raw materials are accepted based on information given in the safety data sheet for each compo-
nent. The safety data sheet must be provided by the supplier and data on acute inhalation toxicity are 
essential. The absence of such data does not prove the substance to be harmless by inhalation. 
It is further eligible that a set of information should be deposited at the national appointed body (bod-
ies) according to Art. 45 of the new European Regulation on the Classification, Labelling and Packag-
ing of Chemical Products including at least a complete list of the ingredients of a given formulated 
product. This will help to improve risk management. 
 
 



3 Testing and Analysis of the Formulated Product 
 
3.1 Rationale for testing the Formulated Product 
 
Based on the experiences in the market of the last 25 years, it has been recognized that inhalation 
toxicity testing of each individual compound is not sufficient to assess the hazard of the formulated 
product. Indeed, the combination of some active ingredients (e.g. fluorinated polymers) with certain 
solvents or additives could be the cause of the human health effects observed. For example, active 
substances dissolved in a highly volatile solvent may penetrate to the lower respiratory tract or addi-
tives in the formulation can change the surface tension of polymers/spreading agents which in both 
cases changes toxicity. Therefore, it is highly recommended to perform inhalation testing of the formu-
lated product rather than the individual components. 
 
 
3.2 Inhalation Toxicity Test of the Formulated Product 
 
As stated before, it is difficult to define a final set of appropriate testing procedures. Instead advance-
ments in research and in development of testing strategies should be carefully considered. 
Based on our present day knowledge, acute inhalation testing of the formulated product – new or re-
formulated sprays – could be performed according to the augmented OECD TG 403. In order to imi-
tate a worst-case exposure, TNO (Netherlands Organisation for Applied Scientific Research) decided 
in cooperation with IKW (Industrieverband Körperpflege- und Waschmittel) to perform the inhalation 
test with a particle size distribution of the preparation between 0.7 to 1.5 microns MMAD (Mass Me-
dian Aerodynamic Diameter) whereas it is between 1 to 4 microns in OECD draft guidance document 
No. 39B on acute inhalation toxicity testing. The choice of the smaller particle size range was sup-
ported by some experiments performed by TNO (“Toxicity of an impregnation spray is highly depend-
ent on particle size” C. Mommers et al. 2003. Poster presentation at the 9th International Inhalation 
Symposium, Hannover.) showing that there is a higher potential of toxicity for some formulations in this 
range of particle size. Additional functional and morphological parameters were also introduced to 
monitor reversibility of effects. 
The OECD TG 403 should be augmented with the following additions: 
- The solution of the active ingredient in the solvent (formulation without propellant) should be 



tested 
- The Mass Median Aerodynamic Diameter (MMAD) of the particles in the generated test atmos-



phere should be between 0.7 and 1.5 microns and the geometric standard deviation of the distri-
bution of aerodynamic particle sizes should be between 1.5 and 3.0. Although a reasonable effort 
should be made to meet this standard, expert judgment should be provided if it cannot be 
achieved. 



- The solution of the active ingredient (formulation without propellant) in the solvent should not 
cause any lethality at 20mg/L/4h (or maximal achievable concentration). 



- Any changes of the breathing rate should be reversible 
- The solution of the active ingredient in the solvent (formulation without propellant) should not 



cause any irreversible inflammatory response 
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3.3  Measurement of the Particle Size Distribution of the Formulated Product 
 
An additional measure is the compliance with a certain minimum size for sprayed particles. Charac-
terisation of the particle size distribution of the sprayed final product is a vital parameter for risk as-
sessment, known to influence the lung exposure and therefore the health risk due to inhalation.  
 
The particle size distribution of the final product depends on both the formulation and the container 
closure system. A modification of one of the physical (e.g. nozzle) or chemical parameters (e.g. sol-
vent) can change the particle size distribution of the final product, leading to an increased fraction of 
smaller particles that will be deposited in the lower airways if inhaled (Refer to Appendix 1 for further 
details on particle size and deposition in the lung).The valve, the spray nozzle and the internal pres-
sure should be selected in such a way that the droplet particle size is as high as possible to minimize 
the production of respirable particles.  
 
The particle size distribution should be measured in accordance with industry guidance. The U.S. Sili-
cones Environmental, Health and Safety Council (SEHSC) recommends that when considering a con-
sumer aerosol application for any silicone-based material, regardless of the method of aerosol genera-
tion, the particle size MMAD should be at least 30 μm with no more than 1% of the particles having an 
aerodynamic diameter of 10 μm or less. Following this guidance ensures that virtually all aerosol parti-
cles will be trapped in the nasopharyngeal region and very few if any particles will be deposited in the 
tracheobronchial region. 
However, this recommendation should be taken with care since it does not take into account that 
spray droplets released into the air may shrink due to solvent evaporation. This leads to a consider-
able shift of the size distribution towards smaller particles and an increase of the respirable fraction. 
 
 



4 Consumer warnings 
 
Even with the measures indicated above, waterproofing sprays remain a consumer product that needs 
special attention of the user. 
Therefore it is advisable to instruct the user, in addition to mandatory labelling, to take special care 
when using the product e.g. by using the following labelling: 



CAUTION: Use only as directed. Keep out of the reach of children. Harmful to pets. Especially in 
the case of asthma avoid inhalation of vapour. Use only in well-ventilated areas. Only spray for a 
few seconds. Larger articles must preferably be sprayed outdoors, followed by thorough airing. 



 
In Germany, according to the Consumer Goods Ordinance (Bedarfsgegenständeverordnung) the fol-
lowing warning is obligatory for impregnating sprays in aerosol packaging. It is also used for products 
in pump systems: „Vorsicht! Unbedingt beachten! Gesundheitsschäden durch Einatmen möglich! Nur 
im Freien und bei guter Belüftung verwenden! Nur wenige Sekunden sprühen! Großflächige Leder- 
und Textilerzeugnisse nur im Freien besprühen und gut ablüften lassen! Von Kindern fernhalten!“ 
(Translation: Caution! Essential to observe! Inhalation can cause health damage! Only use outdoors 
and with good aeration. Spray for a few seconds only! Spray only outdoors on large-area leather and 
textile products and ensure thorough subsequent airing! Keep out of reach of children!) 
 
 
 



5 Conclusion 
 
It is highly recommended that before placement on the market, both the hazard and exposure profiles 
of new or reformulated spray products are comprehensively assessed. This will help to ensure the 
safe use of waterproofing sprays and to avoid new outbreaks of respiratory toxicity. 
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6 Glossary of Terms 
 
Inhalable diameter: The aerodynamic diameter of particles which can be inhaled through the nose 



and/or mouth of a given organism and deposited anywhere along the respira-
tory tract. 



MMAD: Mass median aerodynamic diameter: Mass median of the distribution of mass 
with respect to aerodynamic diameter. The median aerodynamic diameter and 
the geometric standard deviation are used to describe the particle size distri-
bution of an aerosol, based on the mass and size of the particles. Fifty percent 
of the particles by mass will be smaller than the median aerodynamic diame-
ter, and 50% of the particles will be larger than the median aerodynamic di-
ameter. 



OECD TG 403:  The OECD Test Guidelines Programme  for Chemicals provides the mecha-
nism for developing new Test Guidelines, and/or updating existing Guidelines. 
OECD Test Guidelines are broadly accepted by the international scientific 
community and by appropriate regulatory authorities of OECD Member coun-
tries and a number of non-Member countries. The OECD TG 403 is related to 
Acute Inhalation Toxicity. 



Respirable diameter: The aerodynamic diameter of particles which are capable of reaching the gas-
exchange region in the lungs (the alveoli) for the organism under study. 
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Appendix 1 
 
Deposition of inhaled particles in the human respiratory tract 
 
How far the particle gets in the air passages of the respiratory system, and what it provokes when it is depos-
ited, depends on several factors. Indeed, the retained dose of inhaled agents in a specific region is governed by 
the exposure concentration, by the individual species anatomy (e.g. airway size and branching pattern) and 
physiology (e.g. breathing rate and clearance mechanisms), and by the physicochemical properties (e.g. particle 
size, shape, density, solubility, reactivity) of the chemical. 
Knowing the sites where particles of different sizes deposit in the respiratory tract and the amount of deposition 
therein is necessary for understanding and interpreting the health effects associated with exposure to particles. 
Figure 1 shows the regional penetration of particles in the human respiratory tract. The curves are defined in 
international standards of CEN (European Committee for Standardization) on health related aerosol measure-
ments in occupational hygiene (EN 481). Total penetration could be partitioned into three regions of the respira-
tory tract: extrathoracic (inhalable particles), tracheobronchial (thoracic particles) and lower bronchial and alveo-
lar region (respirable particles). 
 
 



 
 
 
 
 
Figure 1: Where do particles go in the lung? 
 
Figure 2 shows the percentage of respirable particles deposited in the alveolar region of the lung. 
Diffusion and sedimentation are the two mechanisms responsible for particles deposition in the lower part of the 
lung. The larger peak represents deposition of ultrafine particles by diffusion in the alveolar region and the 
smaller peak shows deposition by sedimentation of larger particles in the peripheral part of the lung. 
 
 
                      
 
 
 
 
 
 
 
 
 
 
 
Figure 2: How many particles are deposited in the peripheral compartment of the lung? 
 
The important conclusion drawn from this information is that particles smaller than 10 micrometers (called res-
pirable particles) can penetrate the lower part of the lung, cause alveolar irritation or damage and therefore have 
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dangerous effects on human health. Consequently, the formulator should try to avoid the development of prod-
ucts that contain a significant portion of the sprayed particles smaller than 10 micrometers. 
Source: Wolfgang Koch, Fraunhofer Institute for Toxicology and Experimental Medicine (ITEM), Hannover. 
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1 INTRODUCTION 



This report is a background document to the “Guidance for Industry” concerning the toxicology of water-
proofing sprays and contains some recommendations to the manufacturers in order to improve safety 
and to minimize the risks related to the use of these products.  
 
 
Waterproofing sprays are widely used in domestic and occupational settings for regeneration of the hy-
drophobic effect of clothes, leather, and other surfaces. However, these products represent less than 1% 
of the European aerosol annual production. 
Unfortunately, numerous respiratory failures following the use of these spray products have been re-
ported from all over the world over the last 30 years. In this context, one has to distinguish between sin-
gle case incidences of intoxication that occur periodically and sudden outbreaks of mass respiratory dis-
orders after the use of waterproofing sprays.  
Occasional single case intoxications are often due to extensive and inappropriate use (e.g. spraying in a 
closed room) of otherwise safe spray products leading to toxic air concentrations. By following the in-
structions given on the label such high and dangerous concentrations can be avoided and the use of 
such sprays is safe. 
The second situation is more complex. Despite the appropriate use of certain spray products, sudden 
outbreaks of mass respiratory disorder have been observed. In combination with an inappropriate use, 
those sprays even led to fatal cases. The short-term management of such incidences was mainly based 
on the immediate withdrawal of incriminated products from the market. But this strategy did not prevent 
new outbreaks to occur later. The exact reasons for these occurrences remain still unknown. However, 
all incidences so far were triggered either by introducing a new spray or by changing one of the parame-
ters in previously safe sprays (e.g. exchange of solvent or physical property of the nozzle). Further re-
search in this area is needed and a preventive strategy needs to be developed in order to better evalu-
ate the toxicology of waterproofing sprays to ensure safety of the consumers.  
 
For the time being, there is no European-wide safety guidance for the manufacturing of such products. 
As a first step, aerosol experts, toxicologists and industrial associations were contacted and an informal 
meeting was organized by the Swiss Federal Office of Public Health in Bern in April 2007, where the 
present expertise in the field was gathered to initiate the present “Guidance for Industry” [1]. 
 
Currently, many manufacturers are not even aware of such incidences and further recommendations 
and guidance should assist them to follow appropriate safety requirements before marketing their prod-
ucts. Thus, the health risk of such spray products for consumers should be minimized in the future.  
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2 RESPIRATORY DISORDERS AFTER USE OF WATERPROOFING 
SPRAYS 



 
Sudden outbreaks of widespread occurrences of respiratory symptoms as well as isolated single inci-
dences after use of waterproofing sprays have been observed in several countries in the past 30 years. 
The following table provides an overview of observed health effects as rare single cases or as case se-
ries often with more than 100 cases. An outbreak of a sudden respiratory illness occurred in Switzerland 
in 2002-2003 with more than 180 cases, whereas 10 cases per year had been observed in the previous 
years probably related to inappropriate use or to sensitive individuals (e.g. patients with an asthmatic 
prevalence).  
 



Year Country Products / Formulations Cases Symptoms 



1979 - 83 Germany  Leather impregnation sprays: different 
formulations with fluorocarbon-polymer 224  Acute respiratory ill-



nesses 



1992 USA 
Leather, suede and fabric impregnation 
sprays: isobutane, ethyl acetate, n-
heptane, fluoroaliphatic compounds 



157  Acute respiratory ill-
nesses 



1992-96 Japan Waterproofing sprays 84 Cough, dyspnea 



1993 USA 
Leather, suede and fabric impregnation 
sprays: isobutane, ethyl acetate, n-
heptane, fluoroaliphatic compounds 



39 Acute respiratory ill-
nesses 



2002 – 03 Netherlands 



Impregnating sprays: mixture of solvents, 
especially a higher amount of n-heptane, 
propellants (propane, butane a.o.) and 
fluorocarbon resin. 



99  Acute respiratory ill-
nesses 



2002-03 Switzerland  



Waterproofing Sprays: butane, propane. 
Mixture of solvents, ethyl acetate, isopro-
panol, n-hexane, n-heptane, fluorocarbon
polymer, silicones  



ca. 200  Acute respiratory ill-
nesses 



2002-03 Japan Waterproofing spray 1 Severe dyspnea 



2003 France Extensive use of leather and cloth water-
proofing sprays 1 Fatal poisoning in a 



dry-cleaning  



2003 UK Use of an aerosol waterproofing product 
in a confined space 1 Fatal poisoning 



2004 Switzerland Waterproofing spray used as floor stain 
protectors 3 Dyspnoea, hypoxae-



mia 



2005 Denmark Waterproofing sprays 16 
Cough, dyspnea, 
chest pain, nausea, 
general malaise 



2006 Germany 
„Nano“-Sealing Sprays:  



-  Deichmann „Nano HiTech“ 
-  Kleinmann „Magic Nano“ 



  
16 
154 



Acute respiratory ill-
nesses, partly severe 



 
Table 1: Respiratory disorders caused by waterproofing sprays during the past 30 years 
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3 TOXICITY OF WATERPROOFING SPRAYS 



3.1 Toxicity of active substances 



Waterproofing sprays are widely used as coating surface applications. They usually contain impregnat-
ing compounds, solvents and propellants in a spray container. Typical impregnating compounds (active 
substances) are silicones (i.e. polysiloxanes), fluorocarbon- and melamine resins, beeswax and wool-
wax, most of them considered to be chemically inert compounds. Typical solvents are volatile petroleum 
distillates, short chain alcohols, xylene, hexane, heptane and isopropanol. Hydrocarbons (i.e. propane, 
butane) and sometimes compressed air are used as propellants.  
After spraying, the solvent vaporizes and the fluorocarbon polymer remains on the treated surface by 
forming a coating layer providing waterproofing. 
 
Systematic animal experiments (mice, birds) resulted in findings that fluorocarbons and/or polysiloxanes, 
in combination with some solvents, are harmful to health. Changes in the formulation show increasing 
toxicity in the following order [2]: 



1. fluorocarbon resins  −[CF2−CF2]− 
2. polysiloxanes  ….−Si −O−Si−O−…. 
3. melamine resins:  



 



 
 



The mechanism of toxicity of fluorocarbon polymers (the most commonly used active ingredient) remains 
unclear. Two hypotheses can be stated. 



- The damage could be due to a physical disturbance of the alveolar region: the polymer particles 
may exert their waterproofing effect on the alveolar surface, thereby increasing alveolar surface 
tension, counteracting the effect of the lung surfactant, and leading to alveolar collapse and im-
pairment in gas exchange [3]. 



- An indirect and complex mechanism requiring metabolic activation with or without interaction 
with other factors (i.e. solvents, smoking) may also take place [4]. 



 
Based on the experience in the market of the last 25 years, it has been recognized that inhalation toxicity 
testing of each individual compound contained in the formulation (as documented in the safety data 
sheets) is not sufficient to assess the hazard of the final waterproofing spray product. Inhalation toxicity 
of the marketed product must be determined by testing the total formulation. 
 
3.2 Toxicity as a function of particle size 



Depending on the route of exposure, the toxicity of a given substance may vary significantly. For exam-
ple, mineral oils and paraffins are used safely in topically applied products and sometimes in foods, but 
will produce lipid pneumonia when finely aerosolized and inhaled.  
When a material is sprayed into the air, gaseous components as well as particles with diameters be-
tween 0.5 to 16 micrometers (µm) and more can be generated. The median diameter of these particles 
is dependent on several physico-chemical parameters of the ingredients (e.g. volatility, surface tension, 
viscosity). Particles below 0.5 µm remain airborne and can be exhaled a few seconds later. Particles that 
fall within the range of approximately 0.5 to 10 µm have the greatest probability of reaching the respira-
tory bronchiole and alveolar region and remaining there. Particles larger than 16 µm generally do not 
reach the lungs. The particles in the range of 0.5 to 10 µm are of greatest concern to the formulator. In-
deed, the most important information for toxicology assessment is a measure of the deposited dose and 
its distribution in the respiratory tract (see Appendix 1 for further details on deposition of inhaled particles 
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in the human respiratory tract). The two most important parameters determining deposition are mean 
diameter and distribution of particle diameters. 
 
The causes of the respiratory failures observed could be a higher dose inhaled due to increased amount 
of respirable particles emitted. The latter could be caused by a modification of the spraying system, or by 
the use of a highly volatile solvent evaporating faster from aerosolized droplets, thereby reducing their 
size to the respirable range. Particles smaller than 10 µm can reach the lung and cause respiratory dis-
orders. Any aerosol spray releases a fraction of particles that is smaller than 10 µm. In contrast, pump 
sprays generate no or fewer respirable particles (see Appendix 2 for further details on aerosol and pump 
spray particle size). 
Thus, modification of the physical (e.g. spray nozzle) or chemical components (e.g. solvent) could 
change the particle size distribution of the final product leading to an increased fraction of smaller parti-
cles that could be deposited in the lower part of the lung if inhaled  
Substituted solvents (i.e. isopropanol replaced by n-heptane, which is more volatile) may increase the 
amount of small droplets containing fluorinated resin. In the lung they reach the alveoli where they po-
tentially induce alveolitis. Therefore particle size distribution of the spray is an important parameter influ-
encing lung exposure and health risk due to inhalation.  
 
Some studies in mice have directly shown that toxicity of waterproofing spray was influenced by the par-
ticle size distribution of the spray. Four waterproofing sprays with identical ingredients but with different 
mist particle sizes were tested and the pathological changes in the lungs of mice was described. This 
study suggests that sprays may be safe when the percentage of particles smaller than 10 micrometers is 
as low as possible (0.2% in the study) [5, 6]. 
 
 



4 RECOMMENDATIONS TO ASSESS INHALATION TOXICITY 



A collaborative expert meeting was organised by the Swiss Federal Office of Public Health in Bern in 
April 2007 where experts from authority, industry and academy from several European countries met [7]. 
The development of a suitable methodology to assess the toxicity of waterproofing spray products based 
on either physico-chemical properties and/or animal inhalation test method was discussed. 
 
4.1 Inhalation toxicity test of the individual ingredient 



The intrinsic hazardous properties of the ingredients, specifically the impregnating active ingredients, 
need to be properly assessed and well documented (safety datasheet). But recent occurrences of respi-
ratory failure have shown, that even if every chemical ingredient contained in the formulation was 
checked to be non toxic, the exposure to the finished product could still be harmful to human health.  
Thus, the risk cannot be assessed based exclusively on particle size distribution and intrinsic hazardous 
properties of the ingredients. Therefore, to predict the toxicity of the final product, it is highly recom-
mended to perform animal inhalation toxicity testing of the formulated product.  
A change in the formulation may change the exposure as well as the toxicity of the mixture. Therefore, 
after changing spray formulation, retesting the inhalation toxicity of the new products is necessary. 
 
4.2 Inhalation toxicity test of the formulated product 



Acute inhalation testing of the formulated product – new or reformulated sprays – could be performed 
according to the augmented OECD TG 403. In order to imitate a worst-case exposure, TNO (Nether-
lands Organisation for Applied Scientific Research) decided in cooperation with IKW (Industrieverband 
Körperpflege- und Waschmittel) to perform the inhalation test with a particle size distribution of the 
preparation between 0.7 to 1.5 µm Mass Median Aerodynamic Diameter (MMAD) whereas it is between 
1 to 4 µm in the OECD draft guidance document No. 39B on acute inhalation toxicity testing. The choice 
of particle size was supported by some experiments performed by TNO (in particular: “Toxicity of an im-
pregnation spray is highly dependent on particle size” C. Mommers et al. 2003 [8]) showing that there is 
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a higher potential of toxicity for some formulations in this range of particle size. Additional functional and 
morphological parameters were also introduced to monitor reversibility of effects. 
 
The OECD TG 403 should be augmented with the following additions: 
- The solution of the active ingredient in the solvent (formulation without propellant) should be tested 
- The Mass Median Aerodynamic Diameter (MMAD) of the particles in the generated test atmosphere 



should be between 0.7 and 1.5 µm and the geometric standard deviation of the distribution of aero-
dynamic particle sizes should be between 1.5 and 3.0. Although a reasonable effort should be made 
to meet this standard, expert judgment should be provided if it cannot be achieved. 



- The solution of the active ingredient (formulation without propellant) in the solvent should not cause 
any lethality at 20mg/L/4h (or maximal achievable concentration). 



- Any changes of the breathing rate should be reversible. 
- The solution of the active ingredient in the solvent (formulation without propellant) should not cause 



any irreversible inflammatory response. 
 
In inhalation studies, substances are converted to inhalable or respirable aerosols by specialized aero-
solisation systems to maximise the toxicological response. In addition the formulation is tested without 
propellant which means that the concentration of the chemical ingredients is higher than in the final 
product.  
 
One of the essential requirements of an appropriate inhalation test is that test animals are exposed to a 
steady-state concentration in a dynamic inhalation chamber for at least 4 hours. This is difficult to 
achieve with vapours released from a pressurized spray-can. As an alternative to the augmented OECD 
TG 403, the method described by Pauluhn [9] makes it possible to expose experimental animals (pref-
erably rats) in an inhalation chamber to a steady-state concentration of intermittently released spray jets 
of constant doses per jet. Animal experiments and theoretical considerations (computer simulations) 
have shown that the method presented allows an up-to-date determination of the acute inhalation toxicity 
of spray-can ingredients. In this case the inhalation test is performed with the real formulation in the can 
i.e. the finished product as it is placed on the market. The influence of the chemical ingredients concen-
tration as well as the “real” particle size of the product can be tested. However, this test alone is not suf-
ficient to determine the toxicity for human health of active ingredients (intrinsic hazardous properties of 
each ingredient are still needed). In addition, although the method is published, it is not used regularly 
because it is very expensive and time consuming. 
 
In conclusion, the inhalation test according to OECD TG 403 augmented with the additional conditions 
mentioned is considered to be sufficient to assess the intrinsic toxicity of the formulated product but does 
not strive to achieve testing conditions resembling any realistic type of human exposure. However, Pau-
luhn’s method, although expensive and time consuming, is closer to real-life exposure. 
 
4.3 Particle size distribution measurement of the formulated product 



Particle size distribution of the sprayed final product is an important parameter to know, as it reflects the 
properties of the product as it is produced, handled and used. To keep the lung exposure level as low as 
possible, the particle size distribution of the sprayed product should be measured by the manufacturer 
before marketing new or changing existing waterproofing sprays. This will ensure product safety under 
normal and reasonably foreseeable conditions of use. 
When a particle size distribution is described by counting particles, the median is called the count me-
dian diameter (CMD). However, the most commonly used measure of particle size distribution is the 
mass median aerodynamic diameter (MMAD) and current measurement techniques are primarily mass-
based [10]. Different analytical methods can be used to measure the MMAD (see Appendix 3 for details 
on the different analytical methods).  
A further issue that has to be considered, is the ageing of the particles. Indeed, the particle size distribu-
tion of a spray is not static but changes during time due to an effect called ageing and is caused primar-
ily by evaporation of the solvent. Therefore, it is well possible that primary spray droplets (as generated 
directly by the nozzle after leaving the can) with a diameter clearly above 10 µm can end up into a much 
smaller secondary aerosol particle that finally is readily respirable. The critical factor in this respect is the 
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interplay of the time the generated droplets spend “in air” before reaching the intended target and the 
evaporation characteristics of the solvent. Figure 3 shows the particle size distribution of four aerosols 
containing different solvents (see Appendix 4).  
 
4.4 Exposure measurement  



Exposure measurement can be made by measuring aerosol concentration and particle size distribution 
in a control volume under conditions simulating the spray application. Details and standardization of the 
aerosol measurement (size classes, instrumentation, points of sampling…) as well as the scenarios of 
the spray operation (free spraying versus surface spraying, ventilation…) have to be determined. 
 
The parameters determining the inhalation dose are: 
SPRAY 



• concentration of active substance 
• size spectrum of spray droplets 
• release rate 
• duration of release 
• fraction of overspray 



ENVIRONMENT 
• room volume 
• air exchange rate 



USER 
• inhalation air flow rate 
• particle lung deposition 



 
The approach used by Wolfgang Koch at the Fraunhofer Institute for Toxicology and Experimental Medi-
cine (ITEM) in Hannover is to determine the mass concentration for the particle size fractions < 5 µm 
(respirable) and < 10 µm (thoracic) while spraying against a surface from a distance of app. 30 cm. The 
size of the room volume depends on the actual task and lies between 1 and 25 m3. The room volume is 
not ventilated.  
From the measurements the fraction of the formulation that has been transferred into respirable and tho-
racic particles are calculated. These data can then be used to calculate possible exposure burdens un-
der scenarios different from those of the simulation.  
 
 



5 Technical measures to improve product safety 



Adequate toxicity test data must be provided for all ingredients to ensure product safety. The raw mate-
rials are accepted based on information given in the safety data sheet for each component. The safety 
data sheet must be provided by the supplier and data on acute inhalation toxicity are essential. The ab-
sence of such data does not prove the substance to be harmless by inhalation. 
 
The aerosol product formulator/marketer is strongly encouraged to: 
- avoid king size packaging  
- reduce number of small particles by measuring and adjusting the particle size distribution of the for-



mulated product (the percentage of particles smaller than 10 µm MMAD should be as low as possi-
ble)  



- reduce rebound effect from sprayed surfaces which accounts for a large part of users’ exposure.  
- add a wetting or foaming effect on sprayed surfaces to mark treated areas in order to avoid - exces-



sive use of product 
- employ deterrents, foul smelling additives. They trigger the consumers to use sprays outside. Avoid 



the use of fragrance, the smell should not be pleasant.  
 
Increase of exposure level by extensive and inappropriate use of the product can be avoided by follow-
ing the written instructions on the label. An appropriate use of the spray should be followed by the con-
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sumers in order to keep the lung exposure as low as possible. It is recommended to use the spray prod-
uct: 
- in outdoor environment 
- in a ventilated and large room (open door, open window) 
- with a short spraying time 
- with a short residence time (leave the room immediately after spraying). 
 
 



6 CONCLUSION 



In order to improve the assessment of the toxicity of waterproofing sprays, different recommendations 
are agreed upon: 
• Inherent inhalation toxicity of any chemical ingredient of the formulation has to be known. Well 



documented safety datasheet of active ingredients is needed. 
• Animal inhalation toxicity test (the augmented OECD TG 403) of the active ingredient in the solvent 



(formulation without propellant) is recommended for any new marketed products or after any 
changes in the formulation. 



• The particle size distribution should be measured in accordance with industry guidance. 
 
The following technical measures should be taken into consideration to minimize the risk: 
• The fraction of small particles should be as low as possible. 
• Less harmful alternatives as active ingredients should be strongly encouraged.  
• Water-based formulations should be developed. 
• Other packaging units should be used. 
 
Relevant information is presented in the “Guidance for Industry - Recommendations on Waterproofing 
Aerosols in order to Minimize Consumer Inhalation Toxicity Risks” [1]. The guidance is available for any 
company involved in the production of waterproofing sprays in order to improve its knowledge on safety 
of such products.   
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Appendix 1 
 
Deposition of inhaled particles in the human respiratory tract 
 
How far the particles get in the air passages of the respiratory system, and what it provokes when it is 
deposited, depends on several factors. Indeed, the retained dose of inhaled agents in a specific region is 
governed by the exposure concentration, by the individual species anatomy (e.g. airway size and 
branching pattern) and physiology (e.g. breathing rate and clearance mechanisms), and by the physico-
chemical properties (e.g. particle size, shape, density, solubility, reactivity) of the chemical.  
 
Knowing the sites where particles of different sizes deposit in the respiratory tract and the amount of 
deposition therein is necessary for understanding and interpreting the health effects associated with ex-
posure to particles. 
The respiratory system consists of the airways that carry the air to the alveoli, the gas-exchanging region 
of the lung, and the chest structures responsible for moving air in and out of the lungs: the respiratory 
pump. Total penetration could be partitioned into three regions of the respiratory tract: extrathoracic 
(blue), tracheobronchial (red) and lower bronchial and alveolar region (green).  
Figure 1 shows the regional penetration of particles in the human respiratory tract. 
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Figure 1: Regional penetration of particles in the human respiratory tract 
 
The extrathoracic region, especially the nasal passages, is an efficient filter for large particles. 
In general particles having an aerodynamic diameter larger than 10 µm are deposited in this region. Par-
ticles that do not deposit in the extrathoracic area enter the lungs. Smaller particles with an aerodynamic 
diameter of about 5 to 10 µm are deposited in the tracheobronchial region. Particles smaller than 5 µm 
reach the alveolar part.  
Respirable particles (smaller than 10 µm), called respirable particles, can penetrate the lower part of the 
lung and potentially cause alveolar irritation or damage. 
 
Source: Wolfgang Koch, Fraunhofer Institute for Toxicology and Experimental Medicine (ITEM), Hannover. 
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Appendix 2 
 
 



Particle size distribution of aerosols and pump sprays 
 
The particle size distribution is an important parameter to control in order to achieve an optimum per-
formance of certain spray products, to fit consumer acceptance and to assess the potential risk of such 
products. 
It is more likely that a fraction of respirable particles (≤ 10 µm) is emitted from an aerosol product than 
from a pump spray. 
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Figure 2: Mass fraction as a function of particle diameter (after complete evaporation of the solvent) 



for three types of spray 
 
 
Source: Wolfgang Koch, Fraunhofer Institute for Toxicology and Experimental Medicine (ITEM), Hannover.
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Appendix 3 



 
 



Analytical methods available to measure particle size distribution of a sprayed product  
 



• Cascade Impaction 
Particle size analysis of aerosol has traditionally been carried out using inertial impaction systems such 
as cascade impactors. This system differentiates particles according to their behaviour in an air stream, 
yielding an aerodynamic particle size. This can be directly related to the behaviour of particles within the 
respiratory system and can be used to predict the aerosol deposition site. 
Air samples are withdrawn through a device, which consists of several stages on which particles are de-
posited on e.g. glass or glass fibre. Particles will impact on a certain stage depending on their size. The 
cut-off size can be calculated from the jet velocities and the nozzle diameter at each stage by weighing 
each stage before and after sampling and the MMAD derived from these calculations. Despite the limita-
tions of this method, namely particles bouncing off, overloading and fluctuation in flow rate, it is a well 
established technique to measure the airborne size distribution of an aerosol. Size range: 0.1 – 20 and 
0.5 – 80 µm [11]. 
 
 



• Laser Diffraction 
Cascade impactor measurements can be time-consuming and they also only provide a time-average 
size distribution. Rapid data acquisition speeds of up to 2500Hz (one measurement every 0.4ms) are 
possible using laser diffraction. This allows the aerosol dynamics to be assessed for each pump actua-
tion along with the average size distribution delivered by a given device. Results can be obtained within 
a few minutes, allowing the rapid screening of different formulations. In general, the scattering of the in-
cident light gives distinct patterns which are measured by a detector. This technique is particle property 
dependent – i.e. materials have unique scattering and diffraction properties which are also particle size 
dependent. Hence it is important that the instrument be calibrated with a similar material (of the same 
size range) as the material to be measured. Laser scattering techniques are widely used for measuring 
particle sizes of droplets and powders. The method is standardized by ISO 13320-1, 1999 “Particle size 
analysis – Laser diffraction methods”. The typical measurement range of commercial laser diffraction 
instruments is of the order of 0.5 µm to 1000 µm. The result of the measurement is a volume weighted 
distribution of the geometric droplet or particle diameter. When measuring droplets, the distance to the 
nozzle/droplet generator must be reported. The measured geometric size distribution can be converted 
to an aerodynamic size distribution using Stokes law. The liquid density must be known for this conver-
sion [11]. 
 
 



• Time-of-flight spectroscopy 
 
The time-of-flight (ToF) measurement technique involves the measurement of the time taken for single 
particles to pass between two laser beams, providing information on the aerodynamic diameter as well 
as information on the light-scattering ability of the particle. Whilst some ToF systems utilise two separate 
beams, others use two partially overlapping beams which reduces the variability and error in the resul-
tant data due to coincidence, phantom particle and recirculation effects within the airstream. 
Aerosol particle populations analysed by ToF spectroscopy will be measured against three primary met-
rics – number, refraction (side scatter) and aerodynamic diameter. From these data, using standard indi-
ces, alternative particle characteristics are calculated, including: 
- particle size 
- particle mass 
- particle surface area 
- particle number 
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Appendix 4 
 
 



Ageing effects of spray droplets 
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Figure 3: Droplet evaporation 



 
Various solvents with different volatility influence the diameter of spray droplets after a defined evapora-
tion time.  
 
Source: Wolfgang Koch, Fraunhofer Institute for Toxicology and Experimental Medicine (ITEM), Han-
nover. 
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KemIs svar på följdfrågor angående DK Annex XV Report – Proposal for a restriction - TDFA 

Kommentarerna inskickade via Echas webb-sida för kommentarer i offentligt samråd 1 november 2016



For the period 2010-2015 four products containing TDFA, and which are intended for consumer use, were registered in the Swedish Product Registry, all from the same company (see Table 1). The products contained less than 10% TDFA. Three of them were based on organic solvents. For 2014 and 2015 the reported quantity for import was zero for all products, showing that there currently are no TDFA-products on the Swedish market for consumers. According to the company this is due to a change in business strategy, from wholesaling of impregnation products to actual performing the impregnation activities. Thus, the substitution of the products was not due to health concerns related to TDFA. 



Table 1. Information on impregnation products containing TDFA and intended for consumer use in Sweden. Data are from the Swedish Product Registry (except the information on application method, which is from personal communication with the company).

		

		Intended use 

		Application method

		Organic solvent based

		Year(s) of registered use (i.e. quantities are reported in the Product Registry)



		Product 1

		Sealing and impregnation of glass and tiles 

		Hand pump (product is sprayed on a towel and then applied on substrate)

		Yes 

		2010-2013



		Product 2

		Sealing and impregnation of mineral surfaces

		Low pressure pump 

		Yes

		No registered quantities



		Product 3

		Sealing and impregnation of tiles and joints 

		Hand pump (sprayed directly on substrate)

		No

		2012-2013



		Product 4

		Impregnation of steel surfaces

		High viscose liquid/oil applied using a towel. 

		Yes

		2012
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The German Product Database and the Poisoning Case Database were analysed on 2015-05-22 for cases related to exposure to water proofing agents with special respect to


• Polyfluoro octyl trialkoxysilanes.


13 products could be identified in the Product Database that contain an ingredient that can be


related to this chemically defined agent group.


Only one ingredient was notified for all 13 products, i.e.


• Triethoxy (3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro octyl) silane, CAS-No 51851-37-7


For none of the identified polyfluoro octyl trialkoxysilanes-containing products poisonings are


reported.

When retrieving the Poisoning Case Database for cases linked to impregnating sprays, 19 case records are identified. In these cases the water-proofing ingredient is not notified or is notified by chemical group in all cases.

The intended use of the product, the water-proofing ingredient known to DE, the Poisoning Severity according to the WHO/IPCS Poisoning Severity Score (http://www.who.int/ipcs/poisons/pss.pdf), the medical symptoms in detail, and the causal relationship between exposure and effect as evaluated by BfR, are compiled in the table below.
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[bookmark: _GoBack]Total cases:  N= 21

20 cases involved accidental exposure; 8 of these occurred in an occupational settingϯ, 

9 patients remained asymptomatic. 	



		Product categories

Reference Product name 

		Application  Type

		Type of applicator used

· Aerosol can

· Trigger Spray

· Pump Spray

		Ingredients 

		Exposure Route

		Features

		Year



		Footwear products 

6 cases   

		

		

		

		

		

		



		FWP 001

		Leather & suede

		N/A ingestion

		Unknown

		Ingestion. Child sprayed it into mouth

		Asymptomatic

		2015



		FWP 002

		Shoe

		Aerosol can

		Unknown 

		Inhalation. Sleeping in room where sibling was using it. ~1hr exposure

		Nausea, myalgia, fever, tachycardia

		2016



		FWP 003

		Shoe

		N/A ingestion

		Petroleum distillate

		Ingestion.

		Asymptomatic

		2006



		FWP 004

		Shoe

		Aerosol 

		Propanol & hydrocarbons

		Inhalation. During normal use; patient  used a full can in one go

		Short of breath

		2006



		FWP 004

		Shoe

		N/A ingestion

		Propanol & hydrocarbons

		 Ingestion.  unclear.  GP assessing symptoms was ruling out cause of exposure 

		Vomiting & wheeze

		2009



		FWP 005

		Shoe

		N/A ingestion

		Isopropanol on label



		Ingestion. Child sprayed liquid onto tongue and swallowed it.

		Asymptomatic

		2015



		Fabric protector   2 cases

		

		

		

		

		

		



		FP 001

		Fabric

		Aerosol

		Alcohol, isopropanol, petroleum



		Inhalation



		Chestiness, dyspnoea	



		2006



		FP 002

		Fabric

		Unknown 

		no product information

		Occupational exposure Inhalationϯ

Sprayed onto couch in in workplace. (Patient said 3 other people attended GP but we were poison centre was not contacted about them)

		Coughing, dyspnoea, tachycardia

		2015



		Construction Products

9 cases



		

		

		

		

		

		



		CP 001

4 patients	

		Concrete sealant

		Unknown

		Silanes/siloxanes for use on concrete

		Occupational exposure Inhalationϯ



Case 2: 2 people walked through room where it was being used; they weren’t wearing RPE. Exposed for few secs.

		Reduced ox sats, coughing

		2009

2010



		CP 002

		Concrete water proofer

Recommended application J cloth saturated with the solution. 

		N/A ingestion

		Sodium silicate & sodium hydroxide

		Ingestion

		Burning sensation in mouth

		2013



		CP 003 

3 patients

		Absorbing porous surfaces

Product Recommended application low pressure spray, roller or brush

		Unknown



		Fluoropolymer	

		Occupational exposure Inhalationϯ

Using it on a building site for 30minutes. Applicator unknown.

		Chest pain, coughing, Abnormal chest xray, Headache

		2013



		CP 004

		Wood sealer

Recommended application brush, roller dipping or spraying

		Unknown

		Mineral spirits

		Inhalation

		Asymptomatic

		2015



















		Car upholstery products

3 cases same product

		

		

		

		

		

		



		CU 001

		Absorbing surface

		N/A ingestion

		Mineral oil <5%



		Ingestion 

Intentional ingestion of ~100mls

		Asymptomatic

		2015



		CU 001

		Absorbing surface

		N/A- Ingestion

		Mineral oil <5%

		Ingestion 

		Asymptomatic

		2016



		CU 001

		Absorbing surface

		N/A eye contact

		Mineral oil <5%

		Eye contact. Child spilled it over himself

		Asymptomatic

		2007



		Tile sealer product

1 case

		

		

		

		

		

		



		TS 001

		Non-Absorbing

Recommended application 

 J cloth saturated with the solution.

		N/A- Ingestion

		Dipropylene glycol, 

Silane

		Ingestion

		Asymptomatic

		2009





				

					



National Poisons Information Centre, Dublin

November 2016


image1.png
CECHA

EFUROPEAN CHEMICALS AGENCY




