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Summary 

 

In this CADASTER report an overview is given of the non-testing options given under REACH 

to either replace experimental testing, or to strengthen confidence in experimental results. The 

latter is needed as the (in general scarcely available) experimental data for specific (SIDS) 

endpoints and for specific chemicals, might on their own not be sufficiently convincing as a 

proper reflection of the actual value of specific endpoints. The non-testing options available 

under REACH are: Quantitative Structure Activity Relationships (QSARs), read-across, 

category approaches, and exposure based waiving. 

In other CADASTER reports attention has already been given in detail on the use of QSAR 

techniques to generate data for chemical risk assessment (Deliverable 2.2: Overview of 

(Q)SAR models and their specific features for assessing fate and effects – December 2009). 

Therefore, in this report the focus is on the possibilities to apply read-across and category 

approaches to the CADASTER selection of substances, and an overview of tools as well as 

guidance for the application of read across and category approaches is given. 

The focus of CADASTER is on exemplifying the integration of information, models and 

strategies for carrying out safety-, hazard- and risk assessments for large numbers of 

substances. The integration will be performed on the basis of standard emission scenarios for 

specific compound classes. This implies that detailed quantitative information on the (multiple) 

uses of substances and the exposure scenario’s that is required to conclude that exposure 

based waiving is possible, will in general be lacking for most (if not all) substances of interest. 

Discussion of possibilities of exposure based waiving within CADASTER are therefore 

restricted to considerations on the basis of substance properties, most notably limited to lack 

of bioavailability of the chemicals in specific environmental compartments. 
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1 - Introduction  

 

CADASTER aims at providing the practical guidance to integrated risk assessment by carrying out a 

full hazard and risk assessment for chemicals belonging to four compound classes. QSAR models will 

be developed and validated, also externally, according to the OECD principles for the validation of 

QSAR. Prediction of data for chemicals of four selected classes will be performed for hazard and risk 

assessment, when experimental data are lacking. The main goal is to exemplify the integration of 

information, models and strategies for carrying out safety-, hazard- and risk assessments for large 

numbers of substances. An increase of the use of non-testing information for regulatory decisions, whilst 

meeting the main challenge of quantifying and reducing uncertainty, is stimulated by showing how this 

non-testing information is integrated for application within risk assessment. 

 

In this report an overview is given of all options for using non-testing information under REACH. 

Especially the possibilities to apply read-across and category approaches for filling data gaps present in 

the selected substance classes in CADASTER are discussed in some more detail. Read-across and 

category approaches are mentioned in the REACH text as separate options from QSAR, and in the 

guidance the criteria for a “good” read-across or category approach are not as well defined as for 

QSARs. However, both read-across and category approaches can be thought of as simplified or limited 

(in numbers of substances) versions of a QSAR. Therefore, evaluation and validation of results 

generated by these methodologies can often be achieved using the same criteria and approaches as 

developed for QSARs. 

 

1.1 Regulatory background - REACH 

 

Around 100,000 different substances are registered as existing chemicals in the EU, of which an 

estimated 30,000 are manufactured or imported in quantities above 1 tonne. The previous regulatory 

system in EU policy for dealing with the majority of these chemicals - known as ‘existing’ substances - 

has been in place since 1993 and has prioritised 140 chemicals of high concern up to 2008. Although a 

programme of work has been drawn up, this EU legislation on chemicals had several drawbacks. Firstly, 

a substantial number of existing chemicals which are marketed in the EU have not been adequately 

tested. Information related to their hazard potential is minimal (less than base-set), and they may be 

harmful to human health or the environment. This contrasts sharply with new chemicals which had to be 

notified and tested starting from volumes as low as 10 kg per year, discouraging research and invention 

of new substances. Secondly, there is a lack of knowledge on (mainly downstream) use and exposure. 
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Thirdly, the process of risk assessment and chemical management in general was relatively slow, and 

certainly too ineffective and inefficient to take care of the problem raised by the huge data gap in the 

field of the existing chemicals. And last but not least, the allocation of responsibilities is not appropriate: 

public authorities were responsible for the risk assessment of substances, rather than the enterprises that 

produce or import them [JRC, 2005]. 

For this reason, the Commission proposed a new EU regulatory framework for the Registration, 

Evaluation, Authorisation and restriction of Chemicals (REACH) [EC 2006a, b] which covers both new 

and existing chemicals, and replaces approximately forty existing Community Directives and 

Regulations by one single regulation. This new legislation (REACH) came into force June 2008. The 

ultimate aim of REACH is to improve the protection of human health and the environment through a 

better and earlier identification of the properties of chemical substances. The basic elements of REACH 

are as follows: 

 

Registration - In principle REACH covers all substances, but some classes of substances are exempted 

(e.g. radioactive substances, polymers and substances for research and development). The safety of 

substances is the responsibility of industry. Manufacturers and importers of chemicals are therefore 

required to obtain information on their substances in order to be able to manage them safely. The extent 

of the obligations depends upon the quantity of the substances manufactured or imported. For quantities 

of 1 tonne or more per year a complete registration has to be submitted. For substances of 10 tonnes or 

more per year, a chemical safety report (CSR) has to be included. Since one of the goals of REACH is to 

limit vertebrate testing and reduce costs, sharing of data derived from in vivo testing is mandatory. 

The information on hazards and risks and how to manage them is passed up and down the supply chain. 

The main tool for downstream information is the safety data sheet (SDS), for dangerous substances 

only. A SDS contains information which is consistent with the chemical safety assessment. Relevant 

exposure scenarios are annexed to the SDS. The downstream user is required to apply appropriate 

measures to control risks as identified in the SDS. 

 

Evaluation - Evaluation will be performed on registration dossiers, to check the testing proposals and 

the compliance with the requirements of registration. In addition, substances which are suspicious of 

being a threat to human health or the environment can be evaluated by a Member State. 

 

Authorisation - Authorisation of use and placing on the market is required for all substances of very 

high concern (CMR substances = substances classified as carcinogenic, mutagenic, reprotoxic: category 

1 and 2 according to Directive 67/548/EEC; PBT substances = substances which are persistent, 

bioaccumulative, and toxic according to REACH criteria; or vPvB substances = very persistent, very 

bioaccumulative substances according to REACH criteria), regardless of tonnage level. 
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Restrictions - Restrictions may apply to all substances, regardless of tonnage level. 

 

Classification and Labelling inventory - Directives 67/548/EEC on Classification and Labelling of 

substances and 1999/45/EC on Classification and Labelling of preparations will be amended to align 

them with REACH. 

 

1.2 The use of alternatives for testing under REACH  

 

One of the consequences of REACH is that in a relative short time period the risks of large groups of 

chemicals need to be assessed. This implies that also a large amount of information on the fate and 

effects of chemicals has to become available. In principle, this can be achieved by conducting a large 

number of human toxicity and ecotoxicity studies, as well environmental fate and behaviour studies. 

However, not only in REACH but in the OECD as well, there is an understanding that for reasons of 

animal welfare, costs and logistics, it is important to limit as much as possible the number of tests to be 

conducted. Annex XI of the REACH text states a number of options to replace or adapt the required 

testing that is set out in Annexes VII to X for the different tonnage levels. The generation of a 

comprehensive test dataset for every chemical will not be needed if these test data can be replaced by 

any of the following methods (for definitions of the non-testing methods: see sections 2.1 – 2.3): 

    

• Non-testing methods: 

- The application of grouping (categories) and read-across 

- Computational methods (SARs, QSARs and biokinetic models) 

- Exposure based waiving 

- The use of existing experimental and historical data (including human data) 

• Testing methods: 

- In vitro tests 

- Optimised in vivo tests 

• Weight-of-evidence (WoE) using several independent sources of information, possibly 

combining results from both testing and non-testing methods. 

 

This means that alternative methods (non-testing methods and in vitro tests) have to be developed as 

well as weight-of-evidence schemes that allow regulatory decisions to be made [Pedersen, 2003; Van 

der Jagt, 2004]. These alternative methods have up till now been used only to a limited degree and in 
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different ways for risk assessment, classification and labelling, and PBT assessment of chemicals. The 

benefits of using such non-testing methods can be claimed to include: 

 

• Avoiding the need for (further) testing, i.e. information from non-testing methods has been used 

to replace test results. 

• Filling information gaps, also where no test would be required according to current legislation 

• Improving the evaluation of existing test data as regards data quality and for choosing valid and 

representative test data for regulatory use.  

 

Furthermore, use of non-testing data in addition to test data employing weight-of-evidence could 

increase the confidence in the assessments. 

 

Thus, the use of non-testing information may improve the basis for taking more appropriate regulatory 

decisions (as well as for voluntary non-regulatory decisions taken by industry). In fact, use of non-

testing information may decrease uncertainty, or even make it possible to conclude on a classification or 

the need for more information in relation to hazard, risk and PBT assessment.  
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2 – Non-testing methods (QSARs, read-across,  categories, 

Exposure Based Waiving) under REACH 

 
The principles of development and use of non-testing methods are based on the expectation that 

structurally similar chemicals will have similar physical attributes and/or biological effects. This 

underlying premise of similarity could be used in hazard and risk assessment when there are inadequate 

test data to estimate missing values. These non-testing methods include SARs and QSARs, and grouping 

approaches including read-across and chemical category approaches (i.e. approaches in which chemicals 

are assigned to specific chemical classes on the basis of the presence of specific chemical moieties). A 

separate (non-testing) way to avoid testing of substances is exposure based waiving, i.e. if it can be 

argued that no risk will possible based on exposure scenario(s) developed in the Chemical Safety 

Report, no additional (toxicity) testing is required.  

 

2.1 (Q)SARs 

 

Within CADASTER much attention is given to application of existing QSARs and development of new 

QSAR models. We refer to CADASTER Deliverable 2.2 “Overview of (Q)SAR models and their 

specific features for assessing fate and effects” for a detailed description of the principles of QSAR 

models and the possibilities for application under REACH. 

 

Validation of (Q)SAR models is essential for their regulatory use. The OECD Principles for validation 

of QSAR models (OECD, 2004) are indispensable for the assessment of the validation status and its 

regulatory applicability. These principles are listed in Table 2.1. 

 

Table 2.1: OECD Principles for validation of (Q)SAR models (OECD, 2004) 

    Principle      Explanation 

1. A defined endpoint    Endpoint refers to any physico-chemical property, 

biological effect, environmental fate parameter 

2. An unambiguous algorithm   Ensures transparency in the description of the model 

algorithm 

3. A defined domain of applicability  Defines limitations in terms of types of chemical 

structures, physico-chemical properties and 

mechanisms of action for which models can generate 

reliable predictions 
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4. Appropriate measures of goodness-of-fit, Information needed on 1) the internal performance of 

   robustness and predictivity   the model determined by using a training set, and 2) 

the predictivity of the model, using an appropriate test 

set 

5. A mechanistic interpretation, if possible Assessment of mechanistic associations between the 

descriptors used in the model and the endpoint being 

predicted  

 

Although these principles were developed in order to guide the evaluation/validation of (Q)SAR models, 

they can be applied equally to read-across and chemical category approaches. Specifically for read-

across, and to a lesser extent for chemical category approaches, it is not feasible or meaningful, to 

address principle 4 in the same way as normally done for QSAR models as the statistical measures used 

in QSAR are not meaningful for e.g. a read across case. However, the principle states that appropriate 

measures of model performance should be given, and this is doable for read across and category 

approaches as well. The same can be argued for the criteria developed for reporting QSAR results under 

REACH. In order to facilitate the reporting and the assessment of QSAR generated predictions, a QSAR 

Model Reporting Format (QMRF) and a QSAR Prediction Reporting Format (QPRF) have been 

developed [Rorije 2007, ECB 2007]. These reporting formats serve as check lists of information which 

is considered minimally necessary to be able to assess the reliability of a (QSAR) prediction. The Model 

Reporting Format should document the model characteristics, performance and mechanistical 

interpretation. This is very much in line with the OECD principles for the validation of QSARs. The 

Prediction Reporting Format should address the substance specific issues which might make an actual 

prediction more or less reliable, e.g. one of the questions to be answered is whether the substance for 

which a property is to predicted is part of the domain of applicability of the model. 

 

 

2.2 Read-across and chemical category 

 

Grouping approaches are strongly linked to SAR concepts. Annex XI of the REACH regulation [EC 

2006a,b] defines grouping approaches as follows: 

”Substances whose physicochemical, toxicological and ecotoxicological properties are likely to be 

similar or follow a regular pattern as a result of structural similarity may be considered as a group, or 

‘category’ of substances. Application of the group concept requires that physico-chemical properties, 

human health effects and environmental effects or environmental fate may be predicted from data 

for a reference substance(s) within the group by interpolation to other substances in the group (read-
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across approach). This avoids the need to test every substance for every endpoint. The similarities 

may be based on: 

• a common functional group, 

• the common precursors and/or the likelihood of common breakdown products via physical and 

biological processes, which result in structurally similar chemicals; or 

• a constant pattern in the changing of the potency of the properties across the category. 

 

If the group concept applies, substances shall be classified and labelled on this basis. 

In all cases results should: 

• be adequate for the purpose of classification and labelling and/or risk assessment, 

• have adequate and reliable coverage of the key parameters addressed in the corresponding test 

method, 

• cover an exposure duration comparable to or longer than the corresponding test method, if 

exposure is a relevant parameter, and 

• adequate and reliable documentation of the applied method shall be provided.” 

 

Qualitative read-across involves the identification of a chemical substructure that is common to the two 

substances and the assumption that the presence or absence of a property for a substance can be inferred 

from the presence or absence of the same property for an analogous substance. Quantitative read-across 

involves the identification of a chemical substructure that is common to the two substances and the 

assumption that the known value of a property for one substance can be used to estimate the unknown 

value of the same property for another substance [TAPIR, 2005]. 

The main distinction between read-across and chemical category is that the former approach will 

normally be performed between one data-rich substance and a substance for which limited data are 

available. In the category approach, similarity of a pattern for several chemicals will be evaluated. Read-

across can be one tool to do this, but interpolation and extrapolation and (Q)SARs will also be 

considered to do this trend-analysis [Rila et al., 2006]. Both approaches can be used to assess 

physicochemical properties, (eco)toxicity and environmental fate. In a recent RIVM project [Rila et al., 

2006], guidance documents on read across and category approaches have been applied on groups of 

chemicals (phthalates, butanes, aliphatic hydrocarbons) to assess a number of human and environmental 

endpoints. 

 

One of the limitations of current guidance is that it provides only qualitative instead of quantitative 

guidance for deciding whether a category is robust. This means that the decision on categorisation 

remains to a large extent based on expert judgment, whereas it should be noted as well that quantitative 

data are usually needed for risk assessment purposes. In general the following issues need attention in 

categorisation: 
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(1) the group/category to which the chemicals are assigned should be indicated (please note that 

although this issue reads like a triviality, it is not always reported in practise), 

(2) the similarity of the 2D and 3D structures should be indicated, 

(3) whether the group should be assessed in an increasing or decreasing order or whether the chemicals 

should be considered as isomers should be indicated, 

(4) the expected metabolism/environmental transformation of the different structures should be 

described. 

 

It is to be noted that validation of grouping approaches is not explicitly mentioned as a requirement in 

REACH. As demonstrated above these approaches heavily rely on expert judgement. This implies that 

the process of expert judgement and the intermediate steps, should be documented carefully. Guidance 

on the formation and use of chemical categories for fulfilling data requirements has been published by 

the OECD as part of the OECD Manual for Investigation for HPV chemicals [OECD 2004], part 3.2: 

Guidance on the Grouping of Chemicals. 

 

2.3  Exposure based waiving (including Threshold of  Toxicological 

Concern) 

 

The basic principle behind any potential exposure based waiving is the recognition that there are 

situations in which human or environmental exposures are so low that acquisition of additional effects 

information for these exposure situations does not necessarily lead to an improvement in the ability to 

manage possible risks. In the Annexes VI-X of the REACH guidance, specific rules (column 2 of the 

tables) are presented regarding conditions in which information that is basic for risk assessment, may be 

omitted, triggered, replaced or adapted. Annexes IX and X include examples of waiving of certain tests 

based on exposure criteria. In addition, Annex XI presents the possibility of waiving of certain effects 

information in Annex VIII, IX and X based on exposure considerations. The approach is promising, 

especially when combined with (Q)SAR or read-across approaches, but it requires further investment in 

the development of exposure models and it also requires accurate information on the use pattern of the 

chemicals (e.g. downstream use information). The latter is usually one of the current bottlenecks 

regarding application of exposure based waiving. 

 

An example in which information on effects, based on exposure considerations has been incorporated in 

the legislation, includes a Community procedure for flavouring substances used or intended for use in or 

on foodstuffs. In this case, the European Food Safety Authority (EFSA) has implemented the concepts 

of exposure based waiving (EBW) and exposure based triggering (EBT). In this approach the concept of 
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the Threshold of Toxicological Concerns (TTC) is being applied in a risk assessment process to justify 

the waiving of testing for flavouring substances. The TTC concept relies on the assumption that one can 

identify a concentration threshold below which the risk of any chemical for any harm is acceptably low. 

The concept of the existence of levels of exposure that do not cause adverse effects is inherent in setting 

acceptable daily intakes (ADIs) for chemicals with known toxicological profiles. The TTC principle 

extends this concept by proposing that a de minimis value can be identified for many chemicals, in the 

absence of a full toxicity database, based on their chemical structures and the known toxicity of 

chemicals which share similar structural characteristics. This means that if exposure information shows 

that TTC for a specific compound will not be reached in the human body, in food, or in the environment, 

this could be used as screening tool to set aside a chemical as being of ‘low concern’ or low priority for 

testing. If the measured or predicted exposure concentration is close to the TTC, this could trigger the 

need to obtain further information on the toxicity of the chemical (including application of (Q)SARs). 

The TTC concept can however only be used to limit testing for those compounds for which adequate 

and detailed information is available on their use and subsequent exposure of man and the environment. 

 

Overall, the decision to waive the generation of effect information could be based on:  

• The location where a substance is used; e.g. the case of restricted use within a well-characterised 

site with limited or no subsequent environmental exposure. 

• How a substance is used; e.g. when it is used in closed systems or when a limited amount 

is used per day, due to the type of use or when it is used in strictly controlled ‘permit to 

work’ systems with extensive personal protection equipment. 

• The intensity in which a substance is used; e.g. infrequent use due to the function of the 

substance. 

• The expected exposure route; e.g. an inhalation test could be waived if exposure is only 

dermal. 

• The substance characteristics; e.g. liquid with very low vapour pressure, or a solid 

produced/used in solution or dispersion only or a solid produced as non-abrasive large 

granules or flakes (e.g. marbles) that will reduce or even fully limit actual exposure of man and 

biota. 

With respect to the environment, tests can be waived when information is available that one or more 

environmental compartments, or one or more specific groups of animals are not exposed. Waiving can 

also be based on the substance property, e.g. showing that the substance is unlikely to cross biological 

membranes (MW >800 or molecular diameter >15 Å); is highly insoluble (<10 µg/l) or that a substance 

degrades too fast to cause long-term effects. In case ingestion of soil or sediment is not considered to 

play an important role (e.g. log Kow <5), the equilibrium partitioning approach could be used to derive 

the PNEC for sediment and soil organisms, without further testing [TAPIR, 2005]. 
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If exposure-based arguments are used as a basis for a decision on the reduction of the required data set, 

it is of course essential for registrants to remain aware of this in the years following registration. In 

particular, any changes in circumstances must be reviewed. This might include changes to the plant and 

to the process, new users, a new site for production and further processing, the batch size, the number of 

batches per day, the level of the emissions and the number of days of emission per year. 

 

One of the main objectives of CADASTER is to exemplify the integration of information, models and 

strategies for carrying out safety-, hazard- and risk assessments for large numbers of substances. The 

integration will be performed on the basis of standard emission scenarios for specific compound classes. 

Because of the detailed information on use and emission scenarios that is required for exposure based 

waiving, waiving on the basis of detailed emission scenario’s does not seem to be a general non-testing 

option which can play a role in the CADASTER project. This is especially the case for the group of 

substituted musks/fragrances, as musks and other fragrances by nature have diverse applications 

(consumer products, detergents, aerosols, perfumes), are marketed with the explicit intention of 

exposure (after all: a musk/fragrance is designed to be smelled, i.e. exposure is necessary), whereas the 

physico-chemical properties of musks/fragrances in general are such that they have the potential of 

exposure in all environmental compartments. 

 

Apart from general exposure considerations, exposure based waiving for the four classes of 

“CADASTER chemicals” might be based upon consideration of physico-chemical properties only. 

Given the range of physico-chemical properties affecting the distribution of polyfluorinated compounds, 

substituted musks/fragrances, and (benzo)triazoles, it is to be concluded that possibilities for exposure 

based waiving for these compound classes for either the aquatic or the terrestrial compartment are 

limited on forehand. Polybrominated diphenylethers (PBDEs) on the other hand are characterised by 

their hydrophobicity and very low water solubility. Extreme low water solubility implies lack of 

exposure/bioavailability of PBDEs for pelagic organisms, and on forehand it is likely that aquatic testing 

of PBDEs is to be restricted to the sediment compartment. Thereupon, in common practise it is 

experienced that it is extremely difficult to maintain effective exposure concentrations of virtually 

insoluble chemicals at pre-set levels, this is very difficult to obtain even in a controlled laboratory 

setting. In itself this would already raise concern on the reliability of aquatic toxicity test data of PBDEs. 

After reviewing available experimental sediment effect data it is obvious that effects in sediment occur 

at relatively high concentrations (from 50 to 1500 mg/kg), and the equilibrium partitioning theory may 

be used to assess whether exposure based waiving is justified for PBDEs. Alternatively, 

bioconcentration data may be used to calculate toxicity endpoints, either using experimentally obtained 

critical body burdens (CBBs) for the various PBDE’s, or by using QSAR approaches for predicting 

CBBs. The latter approach is advocated by for instance Hendriks et al. [2005]. 
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3 – Read across and Category approaches for CADASTE R  

 

Following the general discussion on read across and category approaches, the possibilities for 

application of these non-testing approaches are discussed in this chapter in more detail for each of the 

four chemical classes that are the core of the CADASTER project. 

 

3.1 Polybrominated Diphenylethers 

The polybrominated diphenylethers form a very good example of a category of compounds for which 

application of read across and category approaches is potentially possible, to establish trends regarding 

both their fate and effect properties, on the basis of data-rich brominated diphenylethers in the 

CADASTER group. This will allow to fill essential data gaps and allow for prioritization of actual 

laboratory testing to obtain data essential for hazard and risk assessment. Possibly, if necessary due to 

lack of data, also chlorinated structural analogues can be used for reading across, or to show trends in 

impact of halogenation (in terms of number of halogen atoms and position of halogen atoms) on fate and 

toxicity characteristics. Read-across between structural analogues with different halogen substitution 

might be complicated for more complex toxicity endpoints such as endocrine disruption (see below in 

this paragraph).  

The group of diphenylethers all share a common functional group – the phenyl-ether bridge. Those 

substances within this group that do not have this specific functionality (some halogenated phenols are 

also present in the group) are breakdown products (metabolites) resulting form cleavage of the ether-

moiety. It is very probably that all substances in this category follow the same transformation routes in 

the environment, leading to a limited number of similar breakdown products. The importance of 

knowledge of metabolism of the PBDE is highlighted by reports in literature that the endocrine 

disrupting (ED) potential of PBDE’s is strongly increased by hydroxylation of the aromatic ring(s) 

[Hamers 2006, Liu 2007]. This is an example of the conclusions in section 2.2, that knowledge of the 

metabolism is crucial for correct read-across and category formation (and QSAR), especially for the 

more complex toxicological endpoints such as ED, chronic toxicity, reproductive toxicity etc. Data from 

these metabolites (hydroxylated PBDEs), which are not part of the CADASTER selection, should 

possibly also be taken into account when attempting read-across or category formation of the more 

complex toxicity endpoints.  

Physico-chemical data of non-brominated diphenylethers may well be used to establish trends and in the 

assessment of the chemical domain in case of QSAR development or application or QSARs. 
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3.2 Polyfluorinated chemicals 

The category of polyfluorinated chemicals is, in a chemical sense, already more diverse than the 

compound class of diphenylethers, as it includes various structural (chemical) functionalities. Read 

across (and trend analysis within chemical categories) should therefore at best focus at subgroups of 

polyfluorinated chemicals which have identical chemical functionalities. Similar to the class of PBDE, 

information from polyhalogenated structurally related chemicals in general may be used as the basis for 

read across and categorization. It should be noted, however, that the molecular weight of the fluorine 

atom is the lowest of all halogen atoms. In all cases, additional attention is needed to warrant that 

fluorinated compounds are indeed part of the chemical domain spanned by non-fluorine based chemicals 

of similar basic chemical structure. The possibility to potentially use halogenated substances (other than 

fluorinated) for read-across or category approaches is again highly dependent on the endpoint for which 

this exercise is performed. This approach might be less suitable for chronic toxicity endpoints than e.g. 

physico-chemicals and fate parameters. 

 

3.3 Substituted musks / fragrances 

Opposed to the other three compounds classes, the group of substituted musks / fragrances is best 

typified by its diversity of chemical structures: this class of compounds does not share a specific 

chemical functionality, but instead shares its use pattern, i.e. all substances are used in fragrances. 

However, it seems that the class of substituted musks / fragrances is mainly made up of esters 

(majority), aldehydes, musks (nitroaromatics or esters), and some alcohols. Therefore it seems very well 

possible to establish categories of chemically very similar fragrances (for example the artificial musks), 

where a read across on the basis of high chemical similarity could be considered. The fact that these 

substances also share a similar use pattern might make it interesting to also consider the possibilities for 

specific Exposure Based Waiving. 

 

3.4  Triazoles / Benzotriazoles 

Within this group in CADASTER a number of pesticides are present, which might make category 

formation or read-across on the basis of shared chemical functionality potentially more difficult, as 

pesticides often have a very specific mechanism(s) of action. For each read-across or category within 

this group one has to address the possibility that the triazole derivative for which read across is applied, 

might possess a specific toxicity profile which was not present in the triazoles derivatives from which 

data is inter-/extrapolated (and vice versa). Especially for (aquatic) toxicity prediction, errors of several 

orders of magnitude might occur in this way. 
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4 – Available tools and guidance for Read Across an d Category 

approaches 

 

Both within the OECD as well as in the European Union (EChA) guidance is provided on the use of 

read-across and category. The efforts from EChA and the OECD are tuned, and a lot of the work on this 

guidance has been developed under OECD flag, but stimulated by EChA. This is for example also the 

case with the development of the OECD QSAR Application Toolbox. 

 

• REACH Guidance on information requirements and chemical safety assessment Chapter R.6: 

QSARs and grouping of chemicals. EChA, 2008. 

http://guidance.echa.europa.eu/docs/guidance_document/information_requirements_r6_en.pdf?vers=20_08_08  

• REACH Practical guide 6 : How to report read-across and categories. EChA 2010. 

http://echa.europa.eu/doc/publications/practical_guides/pg_report_readacross_categ.pdf 

• OECD Guidance document no. 80. Guidance on grouping of chemicals. 2007 

http://appli1.oecd.org/olis/2007doc.nsf/linkto/env-jm-mono(2007)28 

• Various demonstration materials for the OECD QSAR Application Toolbox can be used as 

guidance on how to build valid chemical categories or do read-across in a meaningful way. 

Information on the Toolbox and the OECD QSAR project can be found under: 

http://www.oecd.org/document/23/0,3343,en_2649_34379_33957015_1_1_1_1,00.html 

 

4.1 OECD HPV categories 

 

In the OECD HPV program a number of substances have been discussed as a group. The assumption has 

been that the same conclusion for all endpoints (ecotoxic, human and environmental) can be applied to 

all substances in an OECD category. This assumption, which was used as the basis of proposing 

categories for discussion in the OECD in the past, is not optimal as it leads to categories that only 

contain actives or inactives, whereas trends in activity are not present within the category. This problem 

is highlighted again in the case study on monoethylene glycol ethers in Appendix I (see below in this 

paragraph). In current guidance (see above) it is recommended to incorporate both actives and inactives 

in one category.   

In the REACH guidance these OECD categories are explicitly mentioned as possible categories. Where 

substances have been accepted as members of categories under other regulatory programs (for example 

the OECD HPV categories), the registrant should refer to them in the dossier. Nevertheless all available 

information (including information which became available after assessment in the other regulatory 

programme) should be included and, the validity of the category should be reassessed. 
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More information on the OECD HPV categories can be found online: 

http://cs3-hq.oecd.org/scripts/hpv/ 

http://www.chem.unep.ch/irptc/sids/OECDSIDS/sidspub.html 

http://webnet.oecd.org/hpv/ui/ChemGroup.aspx 

 

A number of CADASTER selected substances have been discussed in the OECD HPV program as a 

category: 

 

Polybrominated Diphenyl ethers: 

No OECD HPV categories apply 

 

Perfluoroalkylated substances: 

PFOS and its salts (5) Perfluorooctane sulfonic acid (CAS 1763-23-1) 

Perfluorooctane sulfonic acid, ammonium salt (CAS 29081-56-9) 

Perfluorooctane sulfonic acid, diethanolamine salt (CAS 70225-14-8) 

Perfluorooctane sulfonic acid, lithium salt (CAS 29457-72-5) 

Perfluorooctane sulfonic acid, potassium salt (CAS 2795-39-3) 

PFOA (2)  Ammonium Perfluorooctanoate (APFO) (CAS 3825-26-1) 

Perfluorooctanoic Acid (CAS 335-67-1) 

 

Substituted musks and Fragrances : 

Menthols (4)  +)-Menthol (CAS 15356-60-2) 

D/L-Menthol (CAS 89-78-1) 

Menthol (CAS 2216-51-5) 

menthol (CAS 1490-04-6) 

 

Triazoles and Benzotriazoles : 

No OECD HPV categories apply 

 

Recently, within the OECD, and also within the EU a discussion has been started on the (im)possibility 

to generate strict criteria (better defined than in the current guidance documents) on the type and amount 

of information necessary to build a category. Within the OECD this discussion was held during a joint 

meeting of the SIDS (Screening Information Data Set) Initial Assessment Meeting (SIAM 30, 19-22 

April 2010, Paris, France) together with the OECD Working Group on QSARs. For this discussion a 

case study was worked out on the OECD category of monoethylene glycol ethers, targeted at the issue 

of developmental toxicity (or lack thereof) of the category members. This is an existing OECD category 
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and the case study tried to analyze which data would be required to extend this existing category with 

one or more substances which meet the initial definition of the category in terms of chemical structure. 

This same case study was brought to discussion in a Workshop on REACH Testing Proposals organized 

by the European Chemicals Agency (EChA) in Helsinki, Finland, April 26-27, 2010. In both 

international fora the consensus among the experts/decision makers present was that it will be 

impossible to set specific criteria on the type and amount of information needed to construct an 

acceptable, valid read-across or category approach. The conclusion was that this type of reasoning is 

very much case-by-case, as all kinds of information interplay. As an example, the actual use of a 

chemical was given as it can influence the level of detail which is required. Read across of a property 

like (absence of) carcinogenicity will be more easily accepted for a substance which is used as flame 

retardant in a matrix in which it will be trapped for the lifetime of the product (e.g. a plastic), as 

compared to a substance that might end up in consumer products and will have intended exposure. This 

is for instance the case for fragrances. Therefore the foundation of read across cases or categories for the 

CADASTER group of fragrances might require more “evidence” than for the group of (trapped) 

brominated flame retardants. 

 

To exemplify the provision on guidance on grouping of chemicals, the case study on developmental 

toxicity of monoethylene glycol ethers is included in Annex I to this report as it is not publicly available 

and serves as a nice example on how to apply a category approach for a specific endpoint. Similar 

studies are foreseen for the four CADASTER classes of compounds. 

 

4.2 OECD (Q)SAR Application Toolbox 

 

To increase the regulatory acceptance of (Q)SAR methods, the OECD has started the development of a 

(Q)SAR Application Toolbox to make (Q)SAR technology readily accessible, transparent, and less 

demanding in terms of infrastructure costs. The Toolbox is a software application intended to be used by 

governments, chemical industry and other stakeholders in filling gaps in (eco)toxicity data needed for 

assessing the hazards of chemicals. The Toolbox incorporates information and tools from various 

sources into a logical workflow. Crucial to this workflow is grouping chemicals into chemical 

categories. More information on the toolbox, and the possibility to download the software can be found 

under: www.oecd.org/env/existingchemicals/qsar 

 

The OECD QSAR Toolbox gives the user the possibility to characterize a substance using “Profiles”. If 

a certain “Profile” applies to the substance of interest (e.g. substance belongs to HPV category PFOA, or 

substance contains a chemicals reactive site which is related to DNA binding), then the workflow within 

the Toolbox allows a user to search all (relevant) databases for substances to which the same Profile 
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applies, and that have experimental data reported for the endpoint of interest. The basic idea is that a 

profile (or combinations of profiles) delivers the (mechanistical) basis for the application of read-across 

or category approaches. If a profile is mechanistically directly linked to the endpoint of interest this 

might be obvious (e.g. the link between DNA binding profiler and potential mutagenicity of a 

substance), but often profiles developed for one endpoint (e.g. skin sensitization / protein binding 

profiler) can be very relevant for unrelated endpoints (e.g. fish toxicity as substances that bind to 

proteins will also show specific (acute) fish toxicity). 

 

It seems worthwhile to use the OECD QSAR Application Toolbox for all substances selected in the four 

CADASTER groups to generate their profiles, and subsequently use these profiles to define subsets of 

substances which are used for read-across and category approach purposes. Optimally, such subsets are 

based on mechanistical profiles (e.g. protein binding) which are related to the endpoint of interest, but 

selection can also be performed on more empirical profiles, using e.g. chemical functionalities, and 

combinations e.g. with bioavailability profiles such a Lipinski’s rule of five might we considered, all 

depending on the relevance for the endpoint of interest. 

 

Because of the large number of possible profile / toxicological endpoint combinations it is suggested 

that specific data gaps (substance(s) + endpoint) are determined for which read-across / category 

approaches might be useful to fill this gap. 

 

As an example of the profiles present in the current version of the OECD QSAR Application Toolbox 

(v2.0 Beta testing version) one substance at random from each CADASTER group is shown with its 

OECD QSAR Application Toolbox profile on the next two pages. 
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Figure 1. OECD QSAR Application toolbox screenshots showing the assigned profile classes for four 

substances from the different CADASTER selected groups. Benzotriazole (CADASTER group triazoles 

/ benzotriazoles); Cinnamaldehyde (CADASTER group Fragrances); Trifluoroacetic acid (CADASTER 

group perfluoroalkylated substances) and pentabromophenol (CADASTER group of brominated 

diphenyl ethers). 
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The “US EPA New Chemical categories” profile gives the (obvious) information that these 4 substances 

from the 4 different CADASTER groups all belong to different categories, according to this scheme; 

benzotriazoles (CADASTER group benzotriazoles), aldehydes (CADASTER group of fragrances), N/A 

(CADASTER group of perfluoroalkylated substances) and phenols (CADASTER brominated diphenyl 

ethers). Much more interestingly three of the four substances are identified as potential DNA binders 

(LJMU DNA binder profile), through the same reactivity mechanism (Arenes, Michael addition 

mechanism of the metabolites). In this case the profiler indicates the potential DNA binding of aromatic 

ring substances after P450 oxidation (see next page). The P450-generated metabolites are hypothesized 

to be able to bind to DNA via a Michael type addition, see the category documentation from the 

Toolbox below. 

 

OECD QSAR Toolbox, LJMU DNA Binding Category: Arenes 

 

 Mechanism 
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A P450 mediated epoxidation followed by conversion to a reactive quinone has been postulated 
as the primary cause of benzene derivatives ability to bind to biological nucleophiles (via a 
Michael addition mechanism) (Saghir et al 2009, Ishihama et al 2008). 

 

Nu = biological nucleophile 

 Mitigating factors 

•        No mitigating factors have been reported 

 

Before actually deciding to build a category on this common fragment (the arene ring), first the 

possibility of P450 oxidation of the three substances should be evaluated, and the relevance of this type 

of reactivity for the endpoint of interest should be determined. One could in this case possible conclude 

that the P450 oxidation an subsequent Michael addition reactivity is not very likely for 

pentabromophenol due to the fact that the arene ring is fully substituted. Subsequently this substance 

would then be excluded from a read-across/category approach. However, this random and very 

hypothetical example immediately shows that it might be worthwhile to apply read-across and/or 

category approaches across the four CADASTER groups, and not limit a read-across or category to 

substances within the CADASTER chosen groups. 

 

Another feature of the QSAR toolbox is the possibility to profile substances based on their (reported or 

simulated) metabolism. Knowledge (or at least some hypothesis) of the metabolism of a substance is 

crucial information to build a proper category or to perform read-across. Reading across a property of 

chemically very similar substances, which differ in the (bio)transformation, can potentially lead to very 

wrong conclusions. Even read-across of physico-chemical properties can result in errors if one of the 

substances transforms quickly (i.e. by hydrolysis). Especially for a meaningful risk assessment of the 

substance in the environment information on stability of the substance, and on possible metabolites is 

necessary. 

 

If a category is formed by substances that show similar transformation patterns, or which have similar 

metabolites, then this fact strengthens the plausibility of the category interpolations or a read-across of 

properties. 
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4.3 TOXWIZ database 

 

The ToxWiz software from CambridgeCellNetwork (http://www.camcellnet.com/index.php) could be a 

means to establish categories based on mechanism of action instead of assessment of categories based 

on chemical similarity. This would theoretically lead to more robust categories, as one assumption in the 

chemical category approach – similar structure leads to similar effect - is omitted. The database contains 

reported substance – protein interactions, which might lead to a specific toxic effect.  

 

ToxWiz is a software solution for predicting toxic endpoints and for elucidating mechanisms of toxicity. 

It allows the user to understand on- and off- target mechanisms of action of the compounds of interest, 

thus minimizing the number of animal testing wherever possible, and it uses novel algorithms to predict 

toxic end-points. This approach to predictive toxicology offers a new perspective in this field, being 

highly complementary to well-established QSAR and other approaches. The ToxWiz software contains: 

- The world largest data collection of chemical structures linked to protein targets - over 20 000 

bioactive chemicals and growing; 

- Across-species translation of effects for over 15 different organisms; 

- Collection of over 900 organ and tissue specificity of toxic endpoints; 

- Means to search by exact chemical structure, substructure, free text, gene and protein sequence; 

- A wide spectrum of chemicals such drugs, metabolites, agrochemicals, food additives and industrial 

& environmental chemicals; 

- A large database of manually curated data from textual databases (PubMed abstracts); 

- A focus on pathways known to be involved in toxic endpoints or pathologies; 

- The ability to compare results between ten different tox-relevant species; 

- Thousands of known chemical/protein interactions relevant to toxicology, including known ligands, 

substrates, products, inducers & suppressors of all major drug metabolising enzymes, and nuclear 

hormone receptors; 

- The ability to handle large sets of genes, proteins or chemicals and use these to predict toxic-

endpoints or affected pathways. 

 

RIVM currently acquired an evaluation licence (1-year) for this software and experience in using the 

software still needs to be built up. It is recommended nevertheless to investigate the CADASTER 

selection of substances on possible similarities in enzyme/protein interactions, as this might be linked to 

similar (toxic) effects. Grouping substances based on the fact that they all interact with the same 

enzymes should theoretically lead to categories that have the same mechanism of action for a specific 

toxicity endpoint. 
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The focus of the software is on (human) toxicology, therefore it will not be of direct use for 

ecotoxicological and environmental fate endpoints. However, possibilities for read-across are to be 

investigated aiming at extrapolation of human toxicological endpoints towards ecotoxicity endpoints. 

This might include read-across of data obtained for vertebrates like rats and mice towards aquatic 

toxicity for specific fish species. A (hypothetical) example of such a read-across (mentioned earlier in 

section 4.2) would be the group of aldehydes (part of the CADASTER class of substituted 

musks/fragrance). Aldehydes show specific skin sensitizing properties, but also increased toxicity to 

aquatic species (compared to base-line or narcosis type toxicity). If a trend is visible in skin sensitization 

data that some aldehydes are skin sensitizers and others are not, this trend might also be used to predict 

higher aquatic toxicity for those compounds, or vice versa. The read-across is then based on the 

mechanistical assumption that the reactivity towards proteins that is causing the skin sensitizing 

properties will also lead to increased toxicity to aquatic organisms. The reactivity towards proteins can 

be used as a category argument e.g. using the Toolbox, and selecting those substances to which the 

Protein Binding profile apply, or based data in the ToxWiz database which highlights interactions with 

specific enzymes or proteins known to be related to skin sensitization.  
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Abstract 

In order to stimulate the discussion on data requirements for hazard assessment of 

chemicals within the OECD HPV program, a case study is presented where the extension of 

existing OECD category of monoethylene glycol ethers with two additional glycol ethers is 

discussed. Information at various levels is presented; this information may be used to support 

inclusion of these additional glycol ethers. The levels are ordered from simple to complex: 1) 

chemical similarity; 2) physico-chemical data; 3) QSAR predictions; 4) in vitro experimental 

data; 5) in vivo experimental data. The question is asked what (level of) information would be 

sufficient to extend the category using interpolation and using extrapolation. 

No definitive recommendations are derived on what information is required, as this case 

study is not supposed to actually build the case for inclusion of these substances in the 

existing OECD category. The goal is to discuss what information should be required, and 

what information would be needed for the OECD SIAM to accept extensions of an existing 

category. 

Introduction 

 

OECD Guidance document no. 80 (Guidance on grouping of chemicals) defines a chemical category 

as a “group of chemicals whose physico-chemical and human health and/or environmental toxicological 

properties and/or environmental fate properties are likely to be similar or follow a regular pattern as a 

result of structural similarity (or other similarity characteristic)”.  

 

In chemical assessment programs, data availability or (commercial) interests of the sponsor are 

factors that can play a role in the selection of members to be included in the category when a category is 

being formed. Such factors can lead to the formation of a category that does not contain all chemicals 

that fit the category definition. In the same way, the boundary of a category can also be based on factors 
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other than structural similarity or similarity in properties. It is often possible to expand the boundaries of 

such categories without changing the properties or primary characteristics of the category. It should be 

noted that a lot of the existing OECD categories were created for practical reasons of discussing 

(similar) substances in SIAM at once, and were not (necessarily) created following OECD Guidance 

document 80 on Grouping of Chemicals, as a large number of categories were proposed before the 

guidance document was drafted. 

Recently, the OECD Task Force on Hazard Assessment encouraged the investigations into expanding 

existing chemical categories, for example by expanding the definition of a previously assessed category 

beyond previously defined boundaries or by applying conclusions from existing assessments for 

individual chemicals to other chemicals (ENV/JM/HA(2009)13). 

 

In the case study presented in this paper, we explore the expansion of the category of monoethylene 

glycol ethers, targeted specifically for the endpoint developmental toxicity. The proposed category 

extension is not necessarily valid for other (toxic) endpoints. More specifically, we will examine which 

information is necessary to 

a) add a category member using category interpolation; and  

b) extend the category by extrapolation outside the (presumed) category boundaries 

The monoethylene glycol ether category and the endpoint developmental toxicity were chosen for 

several reasons. Firstly, testing of the developmental toxicity potential of a chemical traditionally 

requires a (relatively) large number of animals, a lot of time and is considered expensive. Secondly, the 

amount of chemicals that needs to be assessed in the near future because of new legislations such as 

REACH1, in combination with animal welfare concerns, underscore the need for faster, cheaper and 

more animal friendly ways to assess the developmental toxicity of (large numbers of) chemicals. 

Although non-in vivo methods for assessing developmental toxicity are available, e.g. several ECVAM 

validated in vitro methods, these methods are currently not used in regulatory settings, and are 

considered not (yet) adequate as stand alone methods to assess the developmental toxicity of a chemical, 

and are therefore currently not used in regulatory settings as such. The same can be said for the few in 

silico models available to assess developmental toxicity. Data for a chemical is often available from a 

wide variety of sources; these data can give direct or indirect information on the hazard of a chemical. 

Further discussion is necessary on which information is acceptable, adequate and sufficient to fulfill the 

information requirement on developmental toxicity for regulatory purposes.  

In this paper, we will not be building or defending a case for the expansion of the monoethylene 

glycol ether category. Rather, we will discuss the variety of relevant information that may be available 

and can be used to come to a conclusion on the acceptability of adding a chemical to an existing 

category. For this exercise, we have organized the information into 5 different levels that follow a 

                                                      
1 For a list of abbreviations, see section 0. 
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OH
O

 

certain order, going from the simple to the more complex. The levels suggested in this exercise do not 

comprise an exhaustive list of information levels. Neither is all available information for all chemicals 

discussed; other types of relevant information are almost certainly available. In addition, the order that 

the information is examined may differ depending on data availability and the characteristics of the 

chemical being assessed, but assuming that no information at all is available at the start of the exercise 

makes it logical to go from simple (inexpensive) to complex (expensive). 

Monoethylene glycol ethers 

The monoethylene glycol ether category 

Monoethylene glycol ethers are a group of chemicals that have the general structure HO-CH2-CH2-O-

R where R can in theory be any functional group. During the 19th meeting of OECD’s High Production 

Volume Chemicals Program in October 2004 (SIAM 19), a category of monoethylene glycol ethers 

containing the members shown in Table 1 was discussed.  

 

Table 1: The members of the monoethylene glycol ether category discussed at SIAM 19. 

Category member Abbreviation CAS no. Structure 

Ethylene glycol propyl ether EGPE 2807-30-9 

 

Ethylene glycol butyl ether * 

 
EGBE 111-76-2 

 

Ethylene glycol butyl ether 

 acetate  
EGBEA 112-07-2 

O
O

O
 

Ethylene glycol hexyl ether EGHE 112-25-4 

 

* Ethylene glycol butyl ether is included in the category only to fill data gaps for mammalian toxicity.      

The data set was discussed and agreed during SIAM 6. 

 

Boundaries of this monoethylene glycol category were not explicitly defined in the SIAP. In the 

category justification, it is stated that “the four substances of this category all have similar molecular 

structures, functionality and metabolic pathways. The category members demonstrate similar 

physicochemical properties and mammalian toxicity”. Interpolation or extrapolation of the category is 

not foreseen, boundaries were therefore not defined. The OECD category just consists of its members. 

OH
O  

OH
O
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Based on the structure of the current category members and the justification given, the category can 

(retrospectively) be defined as consisting of monoethylene glycol ethers with a linear alkyl C3 to C6 

ether side chain and their corresponding acetates. Using this category definition – which does not 

specify anything about (toxicological) endpoints for which it is supposed to be valid – it can be seen that 

the category does not contain all possible members: ethylene glycol pentyl ether (EGPeE) and the 

acetates of the propyl, pentyl and hexyl ethers are currently not included.  

Developmental toxicity of monoethylene glycol ethers 

The developmental toxicity of ethylene glycol ethers is generally believed to be due to their 

alkoxyacetic acid metabolites [Louisse, 2010]. These are formed by the oxidation of the ethylene glycol 

by alcohol and aldehyde dehydrogenases [ECETOC, 2005; Louisse, 2010]. The adverse effects 

observed after exposure to monoethylene glycol ethers are structure dependent. Developmental toxicity, 

testicular atrophy, bone marrow depression and immunotoxicity have been observed after exposure to 

monoethylene glycol methyl and ethyl ethers but not after exposure to the longer chain ethers (C3 and 

higher). In contrast, haemolysis (anemia) has been observed in experimental animals administered the 

longer chain ethers; this anemia is considered not relevant for humans. The difference in systemic 

toxicity observed with chain length is considered to be due to different kinetics of the alkoxyacetic acid 

metabolites. MAA and EAA show relatively slow excretion rates, especially in larger animals. The half-

life of MAA and EAA is 14-18.6 h and 7.6-10.1 h, respectively. The excretion rate of the longer-chain 

alkoxyacetic acid metabolites is faster. For example, the half-life of BAA is reported to be 1.5-3.2 h. 

The longer excretion half-lives result in higher plasma levels which may contribute to the higher toxicity 

observed with the smaller metabolites [ECETOC, 2005; De Jong, 2009]. 

 

Of mechanistic interest is that the adverse effects observed after exposure to the monoethylene glycol 

ethers are not observed after exposure to propylene glycol ethers which have a secondary alcohol group 

(α-isomer). These substances cannot be oxidized to the corresponding alkoxypropionic acid. In contrast, 

propylene glycol methyl ether in which the alcohol is pimary (β-isomer), can thus be oxidized to the 

alkoxypropionic acid metabolite and has been reported to cause developmental effects. This observation 

is a further argument for the view that the alkoxyacetetic acid metabolites are the mediators of the 

adverse effects observed after exposure to monoethylene glycol ethers [ECETOC, 2005; Louisse, 2010]. 

 

SIAM19 concluded that the category of monoethylene glycol ethers are not primary developmental 

toxicants but rather that developmental toxicity is a secondary effect due to maternal toxicity. This 

conclusion was based on results of developmental toxicity studies via the inhalation route during the 

gestation period for the category members EGPE, EGBE and EGHE in rats and rabbits (SIAP, 
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SIAM19). The two monoethylene glycol ethers that are considered developmental toxic according to 

SIAM evaluation, the methyl- and ethyl ethers EGME and EGEE, are not part of the category. 
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Expanding OECD category monoethylene glycol ethers category for the 

developmental toxicity endpoint 

As discussed in section 0, the OECD category of monoethylene glycol ethers contains a gap: EGPeE 

is currently not included in the category although it would fit a category definition based on structure. If 

a sponsor would like to add EGPeE to the category, which information would be available and 

considered sufficient to justify inclusion of the EGPeE? And following up on this, there appears to be no 

chemical reason for limiting the category to ethers with a maximum alkyl chain length of six. In the 

following sections, several levels of information that may be available to justify the inclusion of EGPeE 

and monoethylene glycol heptyl ether (EGHepE) into the category of monoethylene glycol ethers will 

be discussed.  

Level 1: Chemical Structure  

Based on structural evidence, EGPeE could be included in the monoethylene glycol ether category. 

EGBE and EGHE, which are already members of the category, are structural analogs of EGPeE. These 

three chemicals are all monoethylene glycol ethers with straight aliphatic ether chains. The only 

difference is the length of the ether chain. Whereas EGPeE has a 5 carbon chain, EGBE and EGHE have 

a 4 and a 6 carbon chain, respectively (Table 2). Both EGBE and EGHE would be considered to be good 

structural analogs of EGPeE. EGHepE has the same chemical functionalities as the rest of the chemicals 

in the category. The length of the ether alkyl chain is seven carbons, one more than for EGHE which is 

not a developmental toxicant.  

 

 

Table 2. Chemical structures of monoethylene glycol ethers and their metabolites 
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Substance

Ether alkyl 
chain 
length Metabolite

OECD category 
monoethylene 
glycol ethers

SIAM conclusion 
on Developmental 
Toxicity

EGME  1 MAA  outside Positive

EGEE  2 EAA  outside Positive

EGPE  3 PAA  member Negative

EGBEA  4 BAA  member (negative)

EGBE  4 BAA  member Negative

EGPeE  5 PeAA  interpolation ??

EGHE  6 HAA  member Negative

EGHepE  7 HepAA  extrapolation ??
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Furthermore, substances with similar structures are generally considered to have a similar mechanism 

of action. Based upon the structural similarity of EGBE, EGPeE and EGHE, a conclusion might be 

drawn that all three chemicals have the same mechanism of action and therefore cause the same toxicity.  

 

> Is this structural information sufficient to add EGPeE to the OECD category of 

monoethylene glycol ethers?  

>  Is it sufficient to add EGHepE to this category? 

 

 

Also, based on the similar structure, similar metabolism (conversion to alkoxy acetic acid 

metabolites) can be assumed for all substances in the series, although the rate of metabolism might 

differ in the series. The same arguments are valid for EGHepE. The (hypothesized) metabolites of the 

monoethylene glycol ethers are also given in table 2. 

 

> Is chemical structure combined with (hypothesized) metabolism information sufficient to add 

EGPeE to the OECD category of monoethylene glycol ethers?  

>  Is it sufficient to add EGHepE to this category? 
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Although it is generally assumed that structurally similar compounds cause the same effects, there are 

several examples where this assumption does not hold true. An example is hexane which is structurally 

comparable to pentane and heptane in the same manner as EGPeE is structurally similar to EGBE and 

EGHE. However, hexane is a much more potent neurotoxicant than pentane and heptane. Another 

example can be seen in the series of phthalate esters with regards to reproductive toxicity, where the 

dibutyl- and 2-ethylhexyl esters of phthalate causes reproductive effects whereas the shorter (methyl, 

ethyl, propyl) and longer (octyl, nonyl) chain alkyl esters of phthalate do not show this effect. For both 

these examples, an interpolation as proposed for the monoethylene glycol ethers might have resulted in 

the wrong conclusions; i.e. that a substance would have been erroneously classified as non-hazardous. 

Extrapolation of a trend, to include EGHepE in the OECD category can give similar mistakes in 

reasoning. 

 

Level 2: Physico-chemical paramaters and (toxico-)k inetics 

Physico-chemical parameters such as log Kow do affect the absorption, metabolism, distribution and 

excretion of a chemical. For example, absorption via the oral route is thought to become limited when 

substances become very hydrophobic (>log Kow 5, Lipinski’s rules). For the monoethylene glycol 

ethers, the size of the ether chain will determine their log Kow value. The log Kow of EGPeE is 

estimated to be 1.06 (KowWin estimate), which comes as expected between the estimated log Kow 

values of EGBE (0.57) and EGHE (1.55). Based on the log Kow value, EGPeE appears to be a suitable 

member of the category. The log Kow of EGHepE is estimated to be 2.07 which suggests that it might 

be slightly less absorbed through the oral route. The increasing log Kow does continue the trend seen for 

the smaller carbon chain glycol ethers.  

Information on the hypothesized embryotoxic mechanism of action of the glycol ethers - decrease of 

intracellular pH [Louisse, 2010] - makes it relevant to look at the (estimated) pKa values of the 

(metabolites of the) glycol ethers. Log Kow (experimental and estimated) and pKa (estimated using the 

ACE acidity calculator, available online; http://aceorganic.pearsoncmg.com/epoch-

plugin/public/pKa.jsp) are summarized in table 3 for the series of monoethyleneglycol ethers. 

 

>  Is this physico-chemical information, related to kinetics, sufficient information to add 

EGPeE to the OECD category of monoethylene glycol ethers?  

>  Is it sufficient to add EGHepE to this category? 

 

 

 

Table 3: log Kow and pKa estimates of monoethylene glycol ethers 
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Substance
exper. log 

Kow 
KowWin 
estimate Metabolite

pKa 
estimate

OECD category 
monoethylene 
glycol ethers

SIAM conclusion 
on Developmental 
Toxicity

EGME -0.77 -0.91 MAA 3.8 outside Positive
EGEE -0.32 -0.42 EAA 4 outside Positive
EGPE - 0.08 PAA 4.1 member Negative
EGBEA - 1.57 BAA 4.3 member (negative)
EGBE 0.83 0.57 BAA 4.3 member Negative
EGPeE - 1.06 PeAA 4.3 interpolation ??
EGHE 1.86 1.55 HAA 4.4 member Negative
EGHepE - 2.04 HepAA 4.2 extrapolation ??  

 

The (seemingly) decreasing pKa of the EGHepE might raise doubt on the possibility to extrapolate 

the category to include this substance in the category. However, pKa estimates for even longer chain 

lengths (octyl, nonyl, decyl) give the same estimated value (pKa 4.2), showing that further increasing 

the chain length does not lower pKa more. Other pKa estimation methods (VCClab; 

http://www.vcclab.org/lab/alogps/start.html, or SPARC; http://sparc.chem.uga.edu/sparc/) produce 

identical values for the pKa of the whole series of ethylene glycol ether from methyl up to decyl (pKa of 

3.8 and 3.75 for the two QSAR methods respectively). 

 

In general, other physical chemical properties of EGPeE (such as molecular weight, vapour pressure, 

water solubility) will lie very close to, and probably in between EGBE and EGHE, and EGHepE will be 

similarly close to EGHE. Their pharmacokinetics are therefore also expected to be similar. Also, their 

metabolism is expected to be similar, although the rate of transformation is likely to follow a trend 

(increase or decrease) with increasing size (chain length) and/or log Kow. It should be kept in mind, 

however, that different metabolic pathways and/or the flux between different metabolic pathways can 

differ for these compounds. Such differences might be more pronounced or more likely for EGHepE 

than EGPeE. 

 

It should be noted that kinetics are only one part of the mechanism of action. Furthermore, the 

hypothesis of similar kinetic behaviour for substances with similar physico-chemical properties also 

assumes for example the same (passive) absorption for all substances. If humans have a specific active 

uptake mechanism for EGPeE which does not function for EGBE (or EGHE), the hypothesis of similar 

behaviour of course fails. Information on a trend in excretion rates is still lacking, although this is 

indicated in the literature [ECETOC, 2005; de Jong, 2009] to be a determining factor differentiating 

between the developmental toxicity of the methyl and ethyl ethers and the non-developmental toxicity of 

the longer chain ethylene glycol ethers. Excretion rates are further discussed in section 3.5. 
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Level 3: QSAR predictions 

QSAR models for developmental toxicity are scarce. The commercial TopKat package is one of the 

few that is intended to produce a prediction that can be used (interpreted) to predict the absence of a 

potential effect. Structural alert models, as e.g. implemented in DEREK for a number of human 

toxicological endpoints (but not developmental toxicity) are not meant to be conclusive if no alert is 

found, and subsequently have a high(er) rate of false positives associated with them. The developmental 

toxicity model in TopKat is extensively described in the manual of the program, and the relevant parts 

have been copied in Annex I to serve as (information required by) a QSAR Model Reporting Format 

(QMRFs, [Rorije, 2007]). Several examples of detailed model predictions from TopKat, which can be 

regarded as QSAR Prediction Reporting Formats (QPRFs, [Rorije 2007]) are also given in Appendix I 

to this case study of monoethylene glycol ethers. As TopKat predicts the animal test outcome of a parent 

substance, metabolism is implicitly incorporated in the model. This is apparent in the comparable 

probabilities computed for the ethylene glycol ethers and their acetic acid metabolites. 

 

Table 4. TopKat QSAR predictions for monoethylene glycol ethers and their metabolites. 

 

Substance

TopKat 
DevTox 

probability* Metabolite

TopKat 
DevTox 

probability*

OECD category 
monoethylene 
glycol ethers

SIAM conclusion 
on Developmental 
Toxicity

EGME 0.997 MAA outside Positive
EGEE 0.957 EAA 0.987 outside Positive
EGPE 0.966 PAA 0.974 member Negative
EGBEA BAA 0.040 member (negative)
EGBE 0.017 BAA 0.040 member Negative
EGPeE 0.011 PeAA interpolation ??
EGHE 0.001 HAA member Negative
EGHepE 0.001 HepAA extrapolation ??  

 

* Probability values from 0.0 to 0.30 are considered low probabilities, and are likely to produce a negative response in an 

experimental assay; whereas probability values greater than 0.70 are considered high, and are likely to produce a positive 

response in an experimental assay. Probabilities greater than 0.30 but less than 0.70 are considered indeterminate. 

 

 

> Is this QSAR information sufficient information to add EGPeE to the existing OECD 

category of monoethylene glycol ethers?  

> Is it sufficient to add EGHepE to this category? 

 

 

From the data in the detailed model prediction reports (Annex I), it seems that the data basis of 

positive developmental toxicants that are given as toxicological/structural analogues is identical to what 
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is available to us in the OECD category. In other words, the methyl, ethyl and propyl ethers are 

considered developmental toxicants and the butyl and hexyl ether are considered non-developmental 

toxicants. The TopKat prediction indicating propyl ether as a developmental toxicant is therefore a more 

conservative, precautionary interpretation then the OECD category conclusions). The QSAR model 

therefore offers us only a different type of descriptors that are related to developmental toxicants, but is 

not offering more in terms of training data. The question therefore is reduced to: do we gain an increase 

in confidence using a TopKat prediction which applies structure descriptors statistically shown to have a 

relationship with developmental toxicity, compare to predictions based on the simple trends signaled 

earlier in levels 2 and 3? 

 

Level 4a: in vitro results (Embryonic Stem Cell Tes t) 

In case structural similarity and comparable physical-chemical parameters are not considered 

sufficient to draw a conclusion on the addition of EGPeE or EGHepE to the category, in vitro data might 

be considered as the next level of information. 

In vitro assays for developmental toxicity of chemicals have been developed. One of them is the 

Embryonic Stem Cell Test (EST). The EST has been scientifically validated by the European Centre for 

the Validation of Alternative Methods (ECVAM, http://ecvam.jrc.it/), however, due to several limitation 

this in vitro test can not be used as a stand alone method in REACH [Marx-Stoelting, 2009].  

The INVITTOX protocol reports the ID50 values obtained for 16 chemicals in the EST. These 16 

chemicals were grouped into three teratogenic groups: non-teratogens, weak/moderate teratogens and 

strong teratogens. Table 5 shows the range of ID50 values (in mM) obtained for these three groups. 

Further information on the chemicals comprising this data set along with additional data can be found in 

Appendix II to this case study of monoethylene glycol ethers and in the INVITTOX protocol 

(http://ecvam.jrc.it/). 

 

 

 

 

Table 5: The range of ID50 values (in mM) for 16 chemicals whose 

classification was correctly predicted in the EST. 

Embryotoxic potential ID50 (range in mM) 

Non 2.3 - 10.9 mM  

Weak/moderate 0.05 - 1.38 mM* 

Strong 3x10-7 - 0.02 mM 

* In addition, one moderate teratogen had an ID50 value of 4x10-5 
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 De Jong and colleagues (De Jong et al., 2009) have tested EGME, EGEE and the acetic acid 

metabolites MAA, EAA and BAA in the EST in two independent laboratories. Table 6 shows the 

BMCv50 (the concentration corresponding to a 50% decline in cell viability) and the BMCd50 (the 

concentration corresponding to a 50% decline in the fraction of beating embryo bodies in comparison 

with solvent control) obtained in this study. 

 

Table 6: Results of EST testing for monoethylene glycol ethers and their metabolites. 

 

BMCv50 (mM) BMCd50 (mM) 

Cell viability 

at BMCd50 (%) 

Substance Laboratory 1 Laboratory 1 Laboratory 2 Laboratory 1 

EGME ND ND ND ND 

EGEE ND ND ND ND 

MAA 6.7 2.3 2.5 105 

EAA 11.9 2.9 3.9 103 

BAA ND 4.5 5.9 102 

ND: No reduction in viability or differentiation. 

 

These results demonstrate that the ethylene glycol alkoxyacetic acid metabolites inhibit the 

differentiation of ES cells at concentrations that do not affect cell viability. Furthermore, the inhibitory 

response is consistent between two independent laboratories. These results suggest that the EST assay is 

suitable to assess the differentiation inhibition potential of alkoxyacetic acid metabolites of 

monoethylene glycol esters. The finding that the parent monoethylene glycol esters did not show any 

activity is consistent with the fact that the developmental toxicity of the monoethylene glycol ethers is 

caused by the alkoxyacetic acid metabolite and not by the parent compound. 

 

> Would an EST result for EGPeE and EGHepE, together with the historical data ranges 

from the validation set of the EST assay be sufficient to come to a conclusion whether 

these substances can safely be added to the existing OECD category? 

 

When the in vitro results in table 6 are compared with the ranges of historical EST data reported in the 

INVITTOX protocol (Table 5), it can be seen that the BMCd50 for the alkoxyacetic acid metabolites 

MAA, EAA, BAA and PAA fall in the range of ID50 values that are observed for non-teratogens: the 

BMCd50 for the alkoxyacetic acid metabolites ranges between 2.3 and 7.8 mM whereas the range for the 

non-teratogens reported in INVITTOX no. 113 is 2.3 to 10.9 mM. Based on these observations (see also 

figures A1 and A2 in the Annex II), the conclusion might be drawn that none of the alkoxyacetic acid 

metabolites are developmental toxicants. However, this conclusion is not correct since EGME and 

EGEE, the parent compounds giving rise to the metabolites MAA and EAA, are well known 
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developmental toxicants. This shows that a reported in vitro test result cannot be used as an absolute 

indication of toxicological (developmental) effects, even if there may be historical data available to 

which this value can be compared. In the historical data set available, no glycol ethers or short chain 

carboxylic acids are present. It can (retrospectively) be argued that the test results for glycol 

ethers/alkoxy acetic acids can not be compared to the results for the substances that are used in the 

validation of the EST assay. The EST assay as described in the INVITTOX protocol is still subject to 

intense discussion [Marx-Stoelting, 2009]. The additional value of including the cytotoxicity of 3T3 

cells is heavily debated, the extent of the validation is being discussed, and there are uncertainties about 

how to perform the assay, and about its predictivity and applicability domain. 

Level 4b: In vitro EST results in relation to avail able in vivo data for 

other category members  

Although it is difficult to use in vitro data as stand-alone to draw a conclusion on the developmental 

toxicity of a chemical, it might be possible to use results from the EST assay in combination with other 

information to give a comprehensive picture or a trend which can be used to support a decision.  

Table 7 combines information obtained in vivo for the straight alkyl side chain monoethylene glycol 

ethers EGME, EGEE and EGBE with in vitro results obtained for the metabolites MAA, EAA and 

BAA. These data were extracted from de Jong et al. (2009). The SIAM conclusions on developmental 

toxicity of these substances have also been added to the table. 

 

Table 7: Summary of in vitro and in vivo information 

Substance 

BMCd50 

(mM) Lab 

1 

BMCd50 

(mM) Lab 

2 

BMD10* 

fetal weight 

(mmol/kg 

bw/day) 

BMD10* 

malformations 

(mmol/kg 

bw/day) 

Excretion 

half-life 

in vivo 

(h) 

SIAM conclusion 

on developmental 

toxicity 

EGME/MAA 2.3 2.5 1.3 0.8 14-18.6  Positive 

EGEE/EAA 2.9 3.9 4.9 13.9 7.6-10.1 Positive 

EGBE/BAA 4.5 5.9 12.0 14.8 1.5-3.2 Negative 

* BMD 10: The benchmark dose causing 10% of the effect of interest. 

 

Table 7 shows that there is a positive correlation between the length of the side chain and the outcome 

of the in vitro tests. Similarly, there is a positive trend between the length of the side chain and the 

BMD10 for fetal weight and malformation. In contrast, there is a negative correlation between the length 

of the side chain and the excretion half-life of the monoethylene glycol ethers. These trends are 

illustrated in Figure 1. 
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Figure 1: Correlation between in vitro results, in vivo results and side chain lengths 

 

Although based on a limited number of data points, the results from the EST match well with the 

current knowledge about the mechanism of developmental toxicity of the monoethylene glycol ethers. In 

other words, the positive correlation between the results from the in vitro assay and the BMD10 for fetal 

weight and malformation shows that the monoethylene glycol ethers/alkoxyacetic acid metabolites that 

are developmental toxic in vivo are also more active in the in vitro assay.  

 

Inclusion of EGPeE as well ass EGHepE into the category could be considered based on results 

obtained in the EST. In order for EGPeE and EGHepE to be included, the EST results would need to fit 

the general trend seen in Figure 1. In other words, the ID50 or BMDd50 obtained for EGPeE and 

EGHepE in the EST assay would have to be similar (plateau) or higher than that of BAA. If this general 

trend does not hold true, inclusion of EGPeE and EGHepE would not be recommended based on EST 

results. 

 

> Would in vitro EST results at or above effect levels seen for EGBE be sufficient to 

add EGPeE to the OECD category of monoethylene glycol ethers?  

> Would the same also be sufficient for EGHepE?  
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Even if the ID50 or BMDd50 for a chemical fits the trend discussed above which may suggest that 

there is no cause for concern for that particular chemical, it is possible that the chemical does act 

through a mechanism different from that measured in the assay. The EST assay, just like most other in 

vitro assays, only covers one mechanism of action. A negative response in an assay is therefore difficult 

to interpret. It can mean that the chemical does not cause the effect being measured (here, inhibition of 

differentiation of cardiomyocytes); the chemical is a true negative. Alternatively, it can mean that the 

chemical acts through a mechanism that is different from that being measured in the assay; a negative 

response would then be a false negative. Furthermore additional information, most notably on kinetics 

and metabolism (level 1 and 2 information) is considered essential for reaching a conclusion based on in 

vitro test results. 

It is also of importance to note that although a case can be made for expanding category boundaries to 

include higher chain monoethylene glycol ethers based on EST results, a similar expansion to the lower 

chain ethers is not recommended. In fact, if ethylene glycol propyl ether (EGPE) had not already been 

included in the OECD category of monoethylene glycol ethers, it is uncertain whether a 

recommendation could have been made for including EGPE based on EST results. This is because 

EGPE is a borderline case; it is known that the one carbon smaller EGEE is teratogenic whereas the one 

carbon larger EGBE is not teratogenic. However, whether EGPE would give rise to the same in vivo 

effects as EGEE or EGBE would be difficult to predict based on results from the EST alone. 

 

Level 4c: Additional in vitro assays 

An in vitro assay is often limited to measuring one aspect of the toxicity or one mechanism of action. 

Therefore, multiple in vitro assays can be used to assess whether a chemical acts through another or 

more than one mechanisms of action. Assays that could additionally be used are for example the 

micromass test (INVITTOX protocol no. 122), embryotoxicity testing in post-transplantation embryo 

cultures (INVITTOX protocol no. 123), or the zebrafish embryo toxicity test. 

 

In order to be of value in drawing a conclusion on the hazard of interest, it is of crucial importance to 

identify the mechanism that the assay is measuring and the limitations of the assay. It can be debated 

how many in vitro assays are necessary to cover all the complexity of real life embryo development and 

all the processes that are involved. 

 

> Would results from additional in vitro assays be sufficient to include EGPeE in the 

OECD category of monoethylene glycol ethers?  

>  Would the same also be sufficient for EGHepE? 
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Level 5: In vivo testing 

If the confidence in the information discussed in the previous levels is not considered sufficient, a 

traditional in vivo study in a rodent or a rabbit might be considered. These assays are currently accepted 

as producing information that can with sufficient confidence be used to conclude on the developmental 

toxicity of a chemical. In vivo testing using accepted guidelines will give results that will be accepted in 

regulatory frameworks. However, one might consider adapted or limited testing as an option that would 

yield sufficient reliability in combination with the information already obtained in the previous steps. 

 

It should always be kept in mind that the traditional in vivo assays are also models for developmental 

toxicity in humans. Interspecies extrapolations always introduce a level of uncertainty to the results. 

Furthermore, because of species differences, not all test animals are equally suitable as a model for 

humans. Is it then necessary to test all chemicals in more than one species in order to have sufficient 

confidence that we have beyond doubt identified all true developmental toxicants? 
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Conclusions 

In this case study, the different levels of information that are available for a chemical have been 

discussed to see which level is useful and deemed sufficient to justify the extension of (existing) 

categories. More specifically, we have explored interpolation and extrapolation for the monoethylene 

glycol ether category by considering the addition of EGPeE and EGHepE on the basis of structure, 

physico-chemical information, non-testing data such as QSARs, in vitro data and in vivo results. 

 

A good case can be built for the inclusion of EGPeE (interpolation) based on structural information 

alone. Although this information requirement may seem minimal, this decision is not made in 

‘isolation’. Rather, in order to have confidence in the decision that information on structure only is 

sufficient, it is necessary to consider all available information on the other category members. In this 

case, a fair amount of information is available, including a generally accepted hypothesis that the alkoxy 

acetic acid metabolites of the monoethylene glycol ethers cause developmental toxicity. Having this 

information available allows us to consider the inclusion of EGPeE based on structure alone. Additional 

confidence in the decision would be gained by information about the kinetics and metabolism of 

EGPeE. For EGPeE, information obtained at the other levels, such as with QSARs and in vitro results, is 

unlikely to change the conclusions that were based on structural information alone. 

 

In contrast, for the addition of EGHepE (extrapolation), structural information alone is not sufficient, 

even when all available information on the category members is taken into consideration. Additional 

information levels will need to be considered:  

- QSAR predictions using TopKat suggest that EGHepE is not a developmental toxicant. However, 

we know that TopKat does not have any long-chain monoethylene glycol ethers in its training set.  

- Information on the metabolism and kinetics of EGHepE would be necessary in order to assess 

whether it displays similar in vivo behavior as EGHE. It is possible that such a study reveals the 

formation of other (major) metabolites. This might trigger additional testing as the mechanism of 

action of EGHepE and/or its adverse effects might be different than for EGHE.  

- In vitro data might be considered. However, as discussed above, many in vitro assays only assess 

one mechanism of action or do not take metabolism into consideration. Therefore, it is likely that a 

battery of in vitro tests might be required to assess EGHepE. 

- Or an in vivo study might be carried because none of the additional levels will give us necessary 

confidence in the results to draw a conclusion. 

Taken together, for the inclusion of EGHepE in the monoethylene glycol ether category, information 

on structure, metabolism and kinetics in addition to QSAR predictions, in combination with what is 

already known about the category could be considered sufficient. 
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An additional question that needs to be considered is how far a category can and should be extended? 

If we accept including EGHepE on the basis of e.g. QSAR predictions, is it then possible to include the 

octyl, decyl, hexadecyl etc. ethers using the same arguments? Which scientific information is necessary 

in order to make that decision? This issue needs further discussion.  

  

We are not able, at this moment in time, to create generic rules or criteria on what information is 

sufficient or necessary in order to add a chemical to a category or extend the boundaries of an already 

existing category. None of the information at each individual level may be sufficient to make a 

conclusion; however, considering all the pieces together in a weight of evidence approach may give 

sufficient confidence for a decision to be made. An additional complicating factor is that what 

information is necessary for a chemical to be added also depends on what information is available for 

the category as such: adding chemicals to a data-rich category or categories that are well understood 

may require only a limited amount of targeted information whereas adding chemicals to data-poor 

categories may require more data.  

 

Which level of information is sufficient to draw a conclusion on the hazard of a chemical or the 

expansion of current categories has been and will continue to be a subject to discussion. This continued 

discussion is necessary because new information is constantly being generated, new techniques are 

being developed and new regulatory or societal requirements are being implemented. However, what 

can be concluded is that any decision made should be transparently justified and well documented. Such 

justification and documentation will increase consistency of the decision making process and stimulate 

the necessary information exchange. 
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List of abbreviations 

BAA  Butoxyacetic acid (metabolite of EGBE) 

BMCd50 The concentration corresponding to a 50% decline in the fraction of beating embryo 

bodies in comparison with solvent control 

BMCv50  The concentration corresponding to a 50% decline in cell viability 

BMD10 The benchmark dose causing 10% of a specified effect 

EAA  Ethoxyacetic acid (metabolite of EGEE) 

EGBEA Ethylene glycol butyl ether acetate 

EGBE Ethylene glycol butyl ether 

EGEE  Ethylene glycol ethyl ether 

EGME Ethylene glycol methyl ether 

EGHE Ethylene glycol hexyl ether 

EGHeE Ethylene glycol heptyl ether 

EGPE Ethylene glycol propyl ether 

EGPeE Ethylene glycol pentyl ether 

ES cells Embryonic stem cells 

EST  Embryonic stem cell test 

IC50  Concentration causing 50% inhibition of growth or cytotoxicity  

ID50  Concentration causing 50% inhibition of differentiation 

MAA Methoxyacetic acid (metabolite of EGME) 

REACH Regulation (EC) No 1907/2006 on the Registration, evaluation, authorisation and 

restriction of chemicals.  

Disclaimer 

The views presented in this document do not necessarily represent the official Dutch opinion. 
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Appendix I:  TopKat Documentation general & Developmental Toxicity 

Prediction 
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TOPKAT Detailed DevTox Prediction Report for Ethylene Glycol Pentyl Ether (EGPeE) 
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TOPKAT Detailed DevTox Prediction Report for Ethylene Glycol Ethyl Ether (EGEE) 
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TOPKAT Detailed DevTox Prediction Report for Ethoxy Acetic Acid (EAA) 
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Appendix II: The Embryonic Stem Cell Test (EST) 
 

The protocol for the test that is published on the ECVAM website (INVITTOX protocol no. 113) 

describes the EST as being based on the potential of embryonic stem (ES) cells from stable (permanent) 

mouse ES cell lines to remain in an undifferentiated stage in culture in the presence of a certain 

cytokine. When the cytokine is removed, the cells will differentiate into the major embryonic tissues 

under appropriate conditions. Furthermore, cytotoxicity data show that ES cells are more sensitive to 

toxic agents than adult cells. Therefore, in the EST the inhibition of differentiation is combined with the 

study of differences in sensitivity to cytotoxic damage between embryonic tissue (ES cells and adult 

tissues (mouse 3T3 fibroblasts). The three endpoints, inhibition of differentiation (ID50), and 

cytotoxicity (IC50) in ES cells and 3T3 cells are combined for the predicting the embryotoxic potential 

of chemicals.  

 

Furthermore, INVITTOX protocol no. 113 states that the EST is applicable for differentiating 

embryotoxic chemicals into three groups: non-embryotoxic, weak/moderate embryotoxic and strong 

embryotoxic. The predictivity and precision for these three groups as obtained in the assay during the 

validation is given in Table 2. The overall accuracy was 78% for the 20 chemicals used in the validation. 

 

Table A1: Predictivity and precision obtained for the EST assay 

Embryotoxic potential Predictivity (%) Precision (%) 

Non 72 70 

Weak/moderate 70 83 

Strong 100 81 

 

 

Historical data taken from INVITTOX protocol no. 113 (http://ecvam.jrc.it/) 

 

Table A2: The IC50 and ID50 for 16 chemicals in three teratogenic groups. The IC50/ID50 ES values 

that would lead to misclassification of compounds are given in red. 

   IC50 3T3 IC50 ES  ID50 ES 

Test chemical CAS no MW (mM) (mM) (mM) 

Group 1: Non-teratogens      

Saccharin 82385-42-0 183.18 16.38 19.10 10.92 

Penicillin G 69-57-8 334.40 4.74 8.82 10.32 

Isoniazid 54-85-3 137.14 2.60 5.47 2.63 

Ascorbic acid 134-03-2 176.12 0.14 0.78 2.32 
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Group 2: Weak  teratogens     

Aspirin 50-78-2 180.16 1.28 1.22 1.38 

Caffein 58-08-2 194.19 0.80 0.85 0.95 

Diphenhydramine 147-24-0 255.36 0.12 0.12 0.03 

Diphenylhydantoin 630-93-3 252.69 0.14 0.11 0.08 

Indomethacin 53-86-1 357.79 0.08 0.08 0.18 

Dexamethasone 50-02-2 392.46 0.07 0.06 0.05 

Methotrexate 59-05-2 454.44 0.00003 0.0002 0.00004 

      

Group 3: Strong  teratogens     

Hydroxyurea 127-07-1 76.05 0.095 0.026 0.022 

Busulphan 55-98-1 246.30 0.019 0.009 0.019 

5-Fluorouracil 51-21-8 130.08 0.0013 0.0008 0.00022 

Cytosine arabinoside 69-74-9 243.22 0.00014 0.00010 0.00012 

Retinoic acid 302-79-4 300.44 0.00333 0.00002 0.0000003 

 

 

Distribution of historical data over 3 teratogenic classes for log(IC50) 
of ES cells in mM. Cut-offs at 0.4 and -1.4, 

misclassified sustances (2) in RED
ethyl-, methylglycolether in ORANGE, 

appear to be in the range of NON teratogenics
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Figure A1: Distribution of historical IC50 value in ES cells, with the IC50 values of ethylglycol 

methyl ether and ethylglycol.ethyl ether given in orange. Their IC50 values seem to 

indicate that they belong to the class of non-teratogenics. 
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Distribution of historical data of 3 teratogenic classes for log(ID50) 
of ES cells in mM. Cut-offs at 0.25 and -1.6, 

misclassified sustance (1) in RED
ethyl- and methylglycol in ORANGE, 

appear to be in the range of NON-teratogens
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Figure A2: Distribution of historical IC50 value in ES cells, with the IC50 values of the metabolites 

of ethyleneglycol methyl ether and ethyleneglycol.ethyl ether given in orange. Their 

IC50 values seem to indicate that they belong to the class of non-teratogenics. 

 

 


