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April 2003 
Explanatory Notes to the Recommendation of Classification and Labelling of Surfactants as 'Dangerous for the Environment' 

1. Introduction  

Directive 67/548/EEC [1] requires that dangerous substances be classified, labelled and packaged according to certain intrinsic properties. The 12th adaptation of this Directive to Technical Progress, Directive 91/325/EEC [2], contained for the first time criteria to classify and label chemical substances as "Dangerous for the Environment". The 7th  Amendment to Directive 67/548/EEC, Directive 92/32/EEC [3], provides for the corresponding hazard symbol "N" which depicts a dead fish and a dead tree. 

In general, classification and labelling of preparations was regulated in Directive 88/379/EEC [4]. However, the criteria for the classification, labelling and packaging of preparations as ‘Dangerous for the Environment' were not provided until the publication of its revision, Directive 1999/45/EC [5], appeared. These requirements have been in force since July 30, 2002.

At present, classification criteria as ‘Dangerous for the Environment' are only available for the aquatic environment. Criteria for air and soil will be published later.  

In order to determine the classification of a chemical substance, information is needed on  

‑ ready (bio)degradability  

‑ bioaccumulation potential and  

‑ acute aquatic toxicity (fish, daphnia, algae)  

In Directive 91/325/EEC [2] as well as 1999/45/EC [5], limits are specified for the application of risk phrases and the "N" symbol. Possible combinations are as follows:  


Symbol
Risk phrase 


N
R 50/53 


N
R 50 


N
R 51/53 


-
R 52/53 


-
R 52 


-
R 53 

The risk phrases have the following meaning:  

R 50: Very toxic to aquatic organisms 

R 51: Toxic to aquatic organisms 

R 52: Harmful to aquatic organisms 

R 53: May cause long term adverse effects in the aquatic environment 

It should be noted that manufacturers of dangerous substances are not required to conduct additional tests on substances which appear in the European Inventory of Existing  Chemical Substances (EINECS) to determine their hazard, but are "obliged to carry out an investigation to make themselves aware of the relevant and accessible data which exist concerning the properties of such substances” [3]. This should not be interpreted to mean that a surfactant manufacturer needs to have data for all possible endpoints for each substance manufactured. Indeed, not only the data generated on a manufacturer’s own products are relevant for their classification and labelling. All available information should be evaluated.

The compilation and collation of available data from European surfactant manufacturers and the development of classification and labelling guidelines is believed to be the most efficient mechanism for fulfilling this requirement. These recommendations should not be ignored unless substantial reasons are given. Ultimately, the responsibility for appropriate classification and labelling lies with the manufacturer who places the surfactant on the market.

2. CESIO
 recommendations for the classification and labelling of surfactants

In 1984/85, CESIO made recommendations on the classification and labelling of surfactants based on mammalian toxicity [7] [8] [9]. In 1992, and later again in 2000 these recommendations were revised because additional data had been obtained [10] [11].  

In order to develop recommendations for the classification and labelling of surfactants as 'Dangerous for the Environment', members of AISE
 and CESIO had created a Joint Task Force to collate available data and construct a database for the major volume surfactants and important substances of lower volumes. These recommendations were distributed to CESIO members in 1994.

In 2001/2002, CESIO member companies were asked if they had developed data that are not in line with the 1994 classification recommendations. Only a few groups of surfactants were identified for which conflicting data were made available. An ad hoc Classification Task Force was established, which reviewed and assessed the new data and the potential impact on the classification and labelling of the relevant groups of surfactants.

3. Reproducibility of experimental data on biodegradation and ecotoxicity of surfactants  

In common with other experiments involving living organisms, measurements of aquatic toxicity and of biodegradation are inherently subject to variability as a consequence of natural differences in test organisms and degradation inocula. Thus, when comparing test results for surfactants, both one with another and with the regulatory threshold values, it is important to be aware of the dispersion of measured data about an actual mean.  

In order to decide the relative significance of data for classification purposes it may be appropriate to use a "weight of evidence" approach which takes account of aspects such as conformity of the study with the test protocol and whether the data are based on measured rather than nominal concentrations. Such careful scrutiny is particularly important when data lie close to the classification thresholds.  

As a consequence, the recommendations in the Annex are derived from the whole range of available information and data. In certain cases, data was  rejected when considered not to be representative (irrespective of the classification). Similarly, any isolated experimental data  which is not in line with the recommendation may not necessarily be sufficient to overrule that recommendation. 

4. Relevance of 'ready biodegradability' testing for surfactants


According to Directive 91/325/EEC [2] a chemical substance is considered readily biodegradable if, for example, in any test of the OECD 301 series [12] the required pass levels are achieved. It is important to note that the OECD Expert Group which originally agreed these test methods regarded them as screening tests. That means that only values exceeding the pass level are to be used to judge biodegradability, otherwise further investigations are required. Consequently, isolated values below the pass level do not mean that the substance is not readily biodegradable. The same obviously holds true, if a surfactant passes in one test but not another. 

4.1 Available test methods on biodegradability

The CSTEE
, a scientific advisory group of the EU Commission, assessed the suitability of the OECD 301 test methods to test ultimate biodegradability of surfactants in the context of the Detergent Regulation [13] and concluded [14]:

· The OECD ready biodegradability tests (series 301 A to F) and the ISO Headspace CO2 Standard (14593) rely on ultimate biodegradability and are at the same level of stringency. These methods have been designed to select chemicals, which are rapidly degradable in aerobic compartments including activated sludge of communal wastewater treatment

· The ISO Headspace CO2 Standard (14593) is the test of preference for surfactants

· The OECD 301B (Modified Sturm Test) and OECD 301D (Closed Bottle Test) are also suitable but have more limitations with respect to physico-chemical and toxicological properties of the tested compound.

· The OECD 301C (MITI I) and 301F (Manometric Respirometry) are based on monitoring the oxygen consumption with an automated manometric respirometer. These methods require a rather high concentration of test substance and are less suitable for surfactants, which are relatively toxic. Inhibitory effects in a biodegradability test may give a false indication of non-biodegradation.

· In the OECD 301A (DOC Die-Away Test) and 301E (Modified OECD Screening Test), the course of the biodegradation is monitored with dissolved organic carbon (DOC) analysis, which fails if the tested substance has a too low water solubility. Moreover in 301E the inoculum/compound ratio is unfavourable in view of inhibitory effects of surfactants.
The ISO Headspace CO2 Standard (14593) [15] is a new development not yet implemented into the European chemical laws. Therefore, only few results are available. But, based on the assessment above a favourable result in this test will in any case be sufficient to assume ready biodegradability. 

The concerns mentioned above for the OECD 301 B and D as well as OECD C and F address the case of false negatives, i.e. the results may show not sufficient biodegradability although the surfactants are in fact readily biodegradable. Therefore, it can be concluded that all results in these test systems which reach the pass level demonstrate ready biodegradability with no restrictions.

The conditions to be observed for OECD 301 A and E are discussed in the next chapter.
4.2 Solubility of surfactants in water

It is well known that some surfactant are not easily  soluble in water and adsorb onto the inoculum or onto the glass surface of the test system or produce degradation products with such properties. Therefore, the OECD tests 301 A and E are not appropriate for this kind of surfactant. The results may be false positive.

It is important to keep in mind that this does not mean that these methods are not suitable at all. For most of the surfactant types on the market, it can be demonstrated that favourable results in OECD 301 A and E tests should not be rejected because their disappearance in the test system is based on true biodegradation. Therefore, these test results can always be used when there is no indication of sparingly soluble starting materials or metabolites.

However there is another issue to be taken into account when water solubility is considered. Reduced solubility in water can also produce false negatives. Biodegradation can be highly influenced by the bioavailability of the surfactant to the micro​ organisms. In these cases special investigations are necessary to show ready biodegradability.

4.3 The 10 days window

A critical requirement of the OECD 301‑series methods is that the pass level has to be reached within 10 days (10 days window) after the start of the degradation process (the time when 10 % of the surfactant has been degraded). It should be recognised that the kinetics of biodegradation will be different for the different homologues present in many commercial surfactant substances. Thus, the observed biodegradation profile will be a sum of the components which may individually meet the 10‑day window but may not fulfil the requirement overall. 

This assessment was supported by the views of the CSTEE [14]. It states that, in the particular case of surfactants, the 10 days window criterion is not a requirement for the desired stringency of the OECD 301 type screening tests. They argue that 

· surfactant degradation is generally characterised by a multiphase kinetics that may inevitable with a mixed microflora and possibly a multi-component substrate

· some surfactants yield, during their degradation, intermediate metabolites which may have catabolic kinetics (rates) different from the parent product

· some metabolites interfere with the degradation process by inhibiting transformation of the parent molecule

As a consequence, the CSTEE deems it not necessary to keep the “10 days window” for assessing the ultimate biodegradability of surfactants in detergents.
It has to be recognised that the CSTEE prepared the statement above in the context of the  Detergent Regulation [13]. But, it is reasonable to conclude that the logic of arguments that lead CSTEE to reject the 10 days window should also be applicable for the classification and labelling of surfactants. 

5. Bioaccumulation potential of surfactants

The partition coefficient between n‑octanol and water (Pow) of a chemical substance was introduced as an indicator of potential bioaccumulation of a compound by aquatic organisms. At present, two methods exist for determining the Pow: the "flask shaking" method (OECD 107) [16] and the HPLC method (OECD 117) [17]. The qualifying statements of the OECD Expert Group indicate that neither  method is applicable to surface active agents.  

It is easily understood that the Pow cannot be determined for surfactants, because one part of the molecule is hydrophilic and the other is hydrophobic. Consequently, they tend to accumulate at the interface and are not extracted into one or other of the liquid phases.

Several anionic and nonionic surfactants have been investigated to evaluate their potential to bioconcentrate in fish [18] [19]. However, it must be recognised that these results were achieved using the radio labelling technique. Recent investigations [20] have shown that clear interpretation of these data is difficult. Indeed, it has been demonstrated with LAS and nonionic surfactants as examples that different surfactant homologues behave differently. In addition, there is no established procedure available to calculate a BCF
  for a complex substance like a surfactant. Since no appropriate method is currently available to measure the bioconcentration of surfactants it is not possible to use it for classification and labelling. 

Why then not use precautionary classification? In all the studies, substantial oxidative metabolism was found resulting in rapid disappearance of the surfactants through liver transformation of the parent compound and biliary excretion of the metabolised products. As a consequence, bioconcentration of surfactants is low and does not result in a risk to man or the environment by secondary poisoning [21]. Therefore, a precautionary measure is not appropriate.

In conclusion, since Pow and BCF of surfactants cannot be measured or calculated and bioconcentration is not expected to pose an unacceptable risk based on the present knowledge, surfactants should not be assumed to have bioaccumulation potential for the purpose of hazard classification. Finally, this is in line with the position of the OECD Expert Group stating that there is no need to test the bioaccumulation potential of chemicals if they are readily biodegradable [22].

6. Special remarks on certain types of surfactants

In the Annex, recommendations for labels and R‑phrases are given for the most important categories of surfactants. Initially, it was intended to recommend one particular label plus classification for each category of surfactant consisting of a range of similar individuals. In practice, several categories had to be divided into smaller groups in order to achieve conformity with the experimental data.  

For certain categories of surfactants it was not possible to make a general recommendation. One such category is the alcohol alkoxylates. The composition of these surfactants depends on several parameters, i.e. the carbon chain length, the number of ethylene oxide and propylene oxide monomers in the alkoxy chain, if manufactured by random or block polymerisation or if capped or not etc.. Since these parameters have a certain impact on biodegradability and aquatic toxicity, a structure activity‑ relationship could not be derived. Therefore, these products must be labelled and classified on an individual basis.  

Some quaternary ammonium compounds have specific characteristics concerning their ecotoxicological behaviour. These compounds often show a bactericidal action which might require a significant acclimatisation period with regard to degradation. Further, water solubility and adsorption onto the sludge might influence the outcome of environmental studies with these compounds. Therefore, most compounds should also be labelled on an individual basis.  

7. Consequences for the environmental acceptability of classified surfactants

According to the recommendations in the Annex, certain types of surfactants must be classified and labelled as 'Dangerous for the Environment'.  

The purpose of classification and labelling of chemical substances is to ensure safe handling and disposal. This means that substances which e.g. are classified 'Dangerous for the Environment' need not necessarily be a danger for the environment when handled and used correctly. Thus, classified substances may actually pose no greater environmental risk than unclassified substances.  

In spite of this, it is a cause for concern that wrong conclusions may be drawn from the classification, in particular when a surfactant is classified 'Dangerous for the Environment'.  

Environmental acceptability should be judged by using risk assessment methodologies. For this purpose, environmental concentrations must be related to concentrations causing adverse effects. Environmental concentrations depend on several facts, e.g. quantity of the surfactant used, biodegradability in sewage treatment plants or surface waters, adsorption onto sewage sludge or sediments, dilution in river water etc.. Adverse effect concentrations are preferably derived from investigations of chronic toxicity to aquatic species and not from acute toxicity as used for classification.  

Consequently, as risk assessments cannot be made only from data used for classification purposes, a classification 'Dangerous for the Environment' has little bearing on whether the use of a surfactant is environmentally acceptable.  

8. References

1. Council Directive (67/548/EEC) on the Approximation of Laws, Regulations and Administrative Provisions relating to the Classification, Packaging and Labelling of Dangerous Substances 

2. Commission Directive (91/325/EEC) adapting to Technical Progress for the twelfth time Council Directive 67/548/EEC 

3. Council Directive (92/32/EEC) amending for the seventh time Council Directive 67/548/EEC 

4. Council Directive (88/379/EEC) on the Approximation of Laws, Regulations and Administrative Provisions relating to the Classification, Packaging and Labelling of Dangerous Preparations 

5. Council Directive (1999/45/EC) on the Approximation of Laws, Regulations and Administrative Provisions relating to the Classification, Packaging and Labelling of Dangerous Preparations

6. Commission Directive (2001/60/EC) adapting to Technical Progress Council Directive 67/548/EEC

7. NN, Tenside Detergents, 21 (1984). 259‑261, Labelling of Surfactants, Part 1: Quarternary Ammonium Compounds 

8. NN, Tenside Detergents, 22, (1985), 139‑144, Labelling of Surfactants, Part 2: Fatty Amines and Derivates

9. NN, Tenside Detergents, 22, (1985), 201‑204, Labelling of Surfactants, Part 3: Anionic and Nonionic Surfactants 

10. CESIO: Classification and Labelling of Anionic, Nonionic Surfactants, Quarternary Ammonium Compounds and Fatty Amines, CESIO Report, 12 October 1990

11. CESIO, Classification and Labelling of Surfactants for human health hazards according  to the Dangerous Substances Directive, CESIO Report, January 2000 
12. OECD guidelines for testing of chemicals, OECD 1981, Section 3: Degradation and Accumulation 301A ‑ 301 E, "Ready biodegradability", adopted 12 May 1981, updated 17 July 1992 

13. Proposal for a Regulation of the European Parliament and the Council on Detergents, COM (2002) 485 final

14. Scientific Committee on Toxicity, Ecotoxicity and the Environment (CSTEE), Opinion on a proposed “ready biodegradability” approach to update detergent legislation, Opinion adopted at the 12th CSTEE plenary meeting on the 25th of November 1999

15. International Organisation for Standardization, ISO Standard 14 593 (1999) Evaluation of ultimate aerobic biodegradation of organic compounds in an aerobic medium-method by analysis of inorganic carbon in sealed vessels (CO2 headspace test), Geneva

16. OECD guidelines for testing of chemicals, OECD 1981, Section 1: Physical chemical properties 107, "Partition coefficient (n‑octanol/water)" (Flask shaking method), adopted 12 May 1981 

17. OECD guideline for testing chemicals 117, Partition coefficient (n‑octanol/water), High performance liquid chromatography (HPLC) method, adopted 30 March 1989 

18. J. Tolls and D.T.H.M. Sijm, Bioconcentration of surfactants, Report of RITOX (Research Institute of Toxicology), University of Utrecht, 9 November 1993  
19. J. Tolls, P. Kloepper-Sams and D. Sijm, Surfactant bioconcentration - a critical review of data, Chemosphere, 29, 693-717, 1994
20. J. Tolls, Bioconcentration of surfactants, PhD Thesis, RITOX, University of Utrecht, 1998

21. M.H.I. Comber, W. De Wolf, L. Cavalli, R. van Egmond, J. Steber, L. Tattersfield and R.A. Priston, Assessment of bioconcentration and secondary poisoning of surfactants, Chemosphere, in press 

22. OECD guidelines for testing of chemicals, OECD 1981, Section 3: Degradation and Accumulation, Summary of considerations in the report from the OECD Expert Group on degradation and accumulation 
Annex 

Recommendation of Classification and Labelling of Surfactants as 'Dangerous for the Environment' (valid for 100% active material)

Surfactant*
degradation
toxicity
label
R‑phrase 




[LC/EC/IC50: mg/l]

____________________________________________________________________________________________________________________________________




lin. C10‑13‑Alkylbenzene sulphonate
readily
>1
‑
‑ 

sec. C12‑18‑Alkane sulphonate
readily
>1
‑
‑ 

C8‑18‑Alcohol sulphate
readily
>1
‑
‑ 

C12‑18‑Alcohol ether (1-4 EO) sulphate
readily
>1
‑
‑ Di‑C6‑8‑alkylsulphosuccinate
readily
>10 
-
-

Sulpho‑C12‑14‑fatty acid methylester
readily
>1 
-
-

Sulpho‑C16‑18‑fatty acid methylester
readily
<1
N
R 50 

alpha‑C14‑16‑Olefin sulphonate
readily
>1
-
- 

alpha‑C14‑18‑Olefin sulphonate
readily
<1
N
R 50 

12‑18 Fatty acid (Soap)
readily
>10 
-
-

Alcohol ethoxylates 



linear
C 9‑12 
2‑12 EO
readily
>1 
-
-



linear
C12‑15
2‑10 EO
readily
<1
N
R 50 



linear
C12‑15
 >10 EO
readily
>1 
-
-



inear
C16‑18 
all EO
readily
>1 
-
-



branched** 
C10
5‑ 8 EO
readily
>10 
-
-



branched** 
C10
>8 EO
readily
>100 
-
-



branched** 
C13
3‑12 EO
readily
>1 
-
-



branched** 
C13
>12 EO
readily
>10 
-
-


Alkylphenol ethoxylates 



branched** 
C8‑9
3‑10 EO
not readily
>1
N
R 51/53 



branched** 
C8‑9
>10 EO
not readily
>10
-
R 52/53 

Di‑C16‑18‑alkyl dimethyl ammonium
not readily
<1
N
R 50/53

N‑Methyl O,O‑di‑C16‑18‑acyl triethanolammonium
readily
>1 
-
-

Di‑C16‑18‑alkyl methyl amine
readily
>1 
-
-

C 12‑18‑Alkyl dimethyl (or dihydroxyethyl) amine oxide
readily
<1
N
R 50 

C12‑18‑Alkylamino (or amido)propyl (or ethyl) betaine 
readily
>1 
-
-

___________________________________________________________________________________________________________________________________

*
If a carbon chain is given, all surfactants are covered falling into the range 

**
In this report a branched alkyl chain is defined as a linear alkyl chain with more than one tertiary carbon atom to which an alkyl group is attached 

�





Chemistry making a world of difference





European Chemical Industry Council


Avenue E. van Nieuwenhuyse 4   B - 1160 Brussels   Belgium   


Tel: +32 2 676 72 11   Fax: +32 2 676 73 01   mail@cefic.be   www.cefic.org





�





�





Chemistry making a world of difference





European Chemical Industry Council


Avenue E. van Nieuwenhuyse 4   B - 1160 Brussels   Belgium   


Tel: +32 2 676 72 11   Fax: +32 2 676 73 01   mail@cefic.be   www.cefic.org





�








� CESIO: Comité Européen des Agents de Surface et leurs Intermédiaires Organiques


� AISE: Association Internationale de la Savonnerie, de la Détergence et des Produits d’ Entretien


� CSTEE: Scientific Committee on Toxicity, Ecotoxicity and the Environment


� BCF: Bioconcentration factor
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