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Summary 

Within the context of the European REACH (Registration, Evaluation, Authorization, and 
restriction of Chemicals) Regulation, the SVHC Roadmap aims to identify the highest 
priority potential substances of very high concern (SVHC) before 2020. With regard to 
environmental concerns, substances will be assessed for persistency, bioaccumulation, 
and toxicity (PBT) properties. One group of substances which are more difficult to 
assess for PBT properties are the UVCBs: substances of unknown or variable 
composition, complex reaction products or biological materials.  

This report aims to set a first step in the process of developing a generic information 
strategy for the PBT assessment of UVCBs. Two examples of UVCB substances are used 
in this report to illustrate specific parts of the information strategy: petroleum and coal 
stream (PetCo) substances and chlorinated paraffines. 

The proposed strategy is based on current guidance documents, experience from case 
studies, and current state of science. The concept follows two lines of evidence: a 
constituents approach and a substance approach. The first line is based on the 
identification of the constituents of the UVCB, followed by grouping (blocks) of 
constituents with similar properties (e.g. physico-chemical, fate, mode of action), and 
the selection of representative structures for each block. The representative structures 
are individually assessed for PBT properties using in silico predictions and 
experimental work. In general, the characterisation of the exact molecular structure of 
constituents in UVCB substances is challenging or extremely time consuming due to 
the complexity of the mixtures, even with the latest analytical techniques available. 
However, for most UVCBs generic structures of the constituents can be generated. This 
generic structures can be used for blocking constituents with similar properties and to 
generate representative structures for each block. It is therefore suggested that the 
generation of generic structures can be used as a first tier assessment of UVCBs. Yet, if 
information on specific constituents with potential PBT properties are available these 
should be assessed as well. Predictions of the physico-chemical properties of the 
representative structures together with (Q)SAR PBT models are then used for the PBT 
assessment. This information can further guide the experimental work on 
representative structures and therefore reduce animal testing. Together with the whole 
substance testing it provides weight-of-evidence on the PBT properties of the UVCB 
substance.  

The second line assesses the UVCB substance as a whole, which can be followed by 
fractionation of the substance in fractions before experimental testing. With the later 
concept the main challenges are in the testing methodologies as many UVCB 
substances are hydrophobic and therefore alternative testing methods are needed. 

In this concept there are a number of challenges which are in the field of i) testing 
methodologies, ii) the applicability domain of the in silico models, and iii) each UVCB 
will have its own specific challenges and therefore a case-by case approach is needed. 
The current momentum on the development of the strategies for UVCB assessment 
needs multi-stakeholder involvement from regulators, industry and academia.  
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1 Introduction 

1.1 Background 

For the safe use of chemicals in Europe the REACH (Registration, Evaluation, 
Authorization, and restriction of Chemicals) Regulation is in force. Article 57 of REACH 
sets the hazard based criteria for substances that may be identified as a substance of 
very high concern (SVHC). These include substances that are identified as CMRs 
(carcinogenic, mutagenic or reprotoxic) by CLP, or substances that are persistent, 
bioaccumulative and toxic (PBT) or very persistent and very bioaccumulative (vPvB). A 
substance is identified as SVHC once the substance is added to the Candidate list of 
REACH and a SVHC Roadmap has been developed to screen and assess all most 
important potential SVHCs by 2020 for further regulatory measures. The EU member 
states, the European Chemicals Agency (ECHA) and the European Commission execute 
this Roadmap.  

REACH identifies three generic types of substances:  

• Mono-constituent substances; where a single constituent makes up for > 80% 
w/w of the substance composition. 

• Multi-constituent substances: where more than one constituent are present in 
at a percentage between 10 and 80% w/w of the substance composition. 

• UVCBs: Substances of unknown or variable composition, complex reaction 
products or biological materials. In general, such a substance consists of many 
different constituents, some of which may be unknown. 

The present report focusses on the PBT/vPvB assessment of UVCBs. There are 
approximately 16,000 UVCB substances on the market (Clark et al., 2013). Examples 
of typical UVCBs are petroleum substances, chlorinated paraffin’s (CPs), flavoring 
agents, fragrances, animal fats and 
their derivatives, vegetable oils and 
their derivatives, natural oils and 
extractives, and biofuels. The 
composition of a UVCB can be variable 
or difficult to predict. Often the identity 
(exact chemical structure) of the 
constituents in the substance cannot be 
identified and only generic chemical 
structures are available. As a 
consequence, UVCBs are often not 
described by their chemical content but 
according to the manufacturing 
process. 

Some of these substances consist of thousands of constituents. Consequently, the 
environmental and human risks of UVCB substances are more difficult to assess as this 
assessment is normally based on the knowledge available for individual constituents. 

This report is intended as a first step in the process of developing a generic strategy 
for the PBT and vPvB assessment of UVCBs and can be used in various working groups 
that deal with UVCB hazard assessment. Petroleum and coal stream (PetCo) substances 

According to REACH a substance ‘means a 
chemical element and its compounds in the 
natural state or obtained by any 
manufacturing process, including any 
additive necessary to preserve its stability 
and any impurity deriving from the process 
used, but excluding any solvent which may be 
separated without affecting the stability of 
the substance or changing its composition.’ 

In this report “constituents” will be used to 
indicate the chemicals present in the 
substance.  
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and chlorinated paraffin’s are used as two specific case studies to illustrate the 
strategy proposed. Key questions addressed in this report are: 

• What is the state-of-the-art to identify constituents in complex mixtures? 

• How to group specific constituents in a UVCB? 

• How homogeneous should a constituent group be to be able to perform a 
PBT/vPvB assessment? 

• How can we test groups of constituent for their possible P and B properties? 

1.2 Outline 

An overview of UVCB assessment approaches is given in chapter 2. This is followed by 
a proposal for a generic information generation strategy for PBT/vPvB assessment of 
UVCB substances (chapter 3). Different aspects of the generic information generation 
strategy are illustrated by case studies to highly the challenges at each step. This 
report is ended with conclusions and recommendations (chapter 4). 
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2 UVCB assessment approaches  

Worldwide various groups are working on strategies to assess UVCB substances. 
Examples are the ECHA PBT expert group, US Environmental Protection Agency (US 
EPA), Environment Canada, and industrial sectors such as the petroleum and personal 
care industries. Recently, an international workshop was organised by RIFM/ECETOX in 
Orlando (USA) to address the challenges in risk assessment of multi-component 
substances and UVCBs. 
 
In this section, brief descriptions of UVCB assessment approaches are given. Note that 
this report focuses on the information needed to assess PBT/vPvB hazard of UVCBs and 
not on environmental and human health risk assessment of UVCBs.  
 
ECHA 
In Europe PBT/vPvB assessment of substances is required for substances that are 
manufactured/imported in quantities over than 10 tons per year. A UVCB is a 
substance that cannot be sufficiently identified by its chemical composition (ECHA). 
This is because: 

• The number of constituents is relatively large and/or 

• The composition is, to a significant part, unknown and/or 

• The variability of composition is relatively large or poorly predictable 
 
The statement that constituents of a UVCB could not sufficiently be identified has 
considerable consequences for the PBT/vPvB assessment as normally such assessment 
is based on a single chemical. A different approach is therefore needed to assess the 
persistency, bioaccumulation and toxicity for multiple constituents. So, ECHA provides 
guidance on how to perform a PBT and vPvB assessment of multi-constituent and UVCB 
substances. The most recent update of this guidance is provided in a draft document 
“Guidance on information requirements and chemical safety assessment Chapter R.11: 
PBT and vPvB Assessment” (ECHA, 2016). The assessment consists of two phases. In 
the first phase the constituents in the substance are characterized, and in the second 
phase information on persistency, bioaccumulation, and toxicity of the constituents is 
collected. 
 
In the characterisation phase, the identity of the main constituents (10 – 80% of the 
substance) and minor constituents (0.1 – 10% of the substance) present in the UVCB is 
studied. Information on the composition and identify of these constituents should be 
reported as far as possible; if not possible generic structure information of the 
constituents should be provided. For constituents >10% w/w the IUPAC name and CAS 
number should be provide, and information on typical concentrations and 
concentrations ranges in the UVCB as well. Note that the identity of all constituents 
(constituting > 0.1% of the substance) that are relevant for the PBT or vPvB assessment 
should be provided (Section 4.3.1.1 of the ECHA SID Guidance). However, it should be 
noted that in case a large number of individual constituents <0.1% are present 
sufficient data should be provided that these are not PBT/vPvB.  
 
For constituents that could not be identified, as much as possible information on the 
characterisation should be provided. Often generic information of the constituent is 
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available, such as boiling point, carbon number, chlorination degree, etc. For example 
generic information, such as carbon chain length and type of hydrocarbon (alkane, 
cyclic, aromatic), is available for hydrocarbons in petroleum products. This information 
can be used to predict persistency, bioaccumulation, and toxicity properties based on 
experimental data, read across, or (Q)SAR modelling.  
 
After the characterisation phase information on persistency, bioaccumulation, and 
toxicity properties of both the substance and constituents is collected, predicted or 
generated by experimental studies. An option for UVCB substances is to group 
constituents with closely related molecular structures in blocks as has been done for 
hydrocarbons in petroleum products; the so called hydrocarbon blocking method, see 
§3.1.2. Read across to the blocks can then be used to collect information on 
persistency, bioaccumulation, and toxicity. This requires a selection of representative 
structures for each block.  
 
Care should be taken for testing UVCB substances for persistency, bioaccumulation, 
and toxicity. Most persistency and bioaccumulation test are not applicable for UVCB 
testing. For example persistency tests measures sum parameters (e.g. CO2 evolution or 
O2 consumption) and therefore study the whole substance and provide no information 
on the individual constituents. Ready biodegradation tests should be judged on a case-
by-case basis. In a second, tier experimental data or valid (Q)SAR predictions of 
representative structures of blocks can be generated. For bioaccumulation tests 
generally the focus is on the accumulation of one single constituent, however, in 
UVCBs specific constituents can have higher bioaccumulation properties than on 
average for the whole UVCB. In a first tier Kow or QSARs can be used to predict the 
bioaccumulation potency of the constituents. If this tier shows potential 
bioaccumulation, experimental testing of representative structures is required. An 
important aspect of toxicity testing of UVCBs can be the difference in bioavailability of 
constituents, which is related to the solubility of the constituents in the media of the 
toxicity test. For nonpolar compounds that do not dissolve well in toxicity media a 
different approach should be followed, such as the water accommodated fraction 
(WAF) approach as used for petroleum derived UVCBs. 
 
In general, UVCB assessment needs a case-by-case approach and the assessment 
should be based on weight-of-evidence approach. Various types of information can be 
used for the weight-of-evidence such animal and in vitro data, modelling, grouping 
and use of read-across, (Q)SAR, but also occupational and epidemiological studies. 
Further expert judgement is required to assess the PBT properties of complex UVCBs.  
 
US EPA 
The US EPA follows a similar approach as ECHA for defining chemicals. Two classes as 
part of the TSCA Chemical Substance Inventory are defined: class 1 and class 2, 
including UVCBs (USEPA, 2015). Class 1 are single compounds with known chemical 
structure. Class 2 compounds have unknown or variable compositions, and this class 
is further divided in multiple compounds with known structures and compounds with 
no defined molecular formula or with partially defined structures, the UVCBs. The US 
EPA provides no detailed guidance document on testing strategies for UVCB 
substances. However, the US EPA provides two health risk assessment guidance 
documents related to chemical mixtures (USEPA, 1986; USEPA 2000). Both documents 
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focus on human hazard assessment of chemical mixtures, and the assessment is 
based on data from three types of mixtures: 

• Mixtures of concern 

• Toxicologically similar mixtures (same mode of action) 

• Mixture of component chemicals (this includes an Interaction Hazard Index)  
 
Other documents related to chemical mixture assessment are the framework for 
cumulative risk assessment (CRA) (USEPA, 2003), which was further developed in the 
publication of 2006 (USEPA, 2006).  
 
OECD 
The OECD developed a guidance document to group chemicals, which includes a 
section on UVCBs (OECD, 2007). The OECD considers four key elements to be 
included, 1) composition data, 2) properties of the constituents, 3) data gap filling 
using read-across/(Q)SAR, and 4) data gap filling with testing. For the last three key 
elements representative structures of the substance are needed. As an example, the 
OECD developed guidance for characterisation of olechemical substances that are 
useful for hazard assessment (OECD, 2014). In the chemical grouping document of 
OECD guidance is given for natural complex substances (NCS), and complex inorganic 
UVCB substances also.  
 
Environment & Climate Change Canada 
The risk of substances are assessed under the Canadian Environmental Protection Act 
(CEPA), for existing substances by “CEPA 1999 and the Assessment of Existing 
Substances” and for new substances by “CEPA 1999 and the Assessment of New 
Substances”. Environment Canada is responsible for assessing the risks of existing 
substances. About 23,000 substances are on the existing list and are produced at a 
quantity of >100 kg per year in Canada. All other substances that are used, imported 
or manufactured in Canada are covered by the new substance list. 
 
The assessment of substances includes three phases: categorization, screening 
assessment and in-depth Priority Substances List (PSL) assessment. Multiple lines of 
evidence are used to assess a substance. For UVCBs empirical data is rarely available 
for all constituents and therefore only significant constituents of the substances are 
assessed. In the first phase substance identity is carried out. If the exact structures of 
the constituents can not be identified representative structures are selected. In the 
next phase the physical-chemical properties, persistency, bioaccumulation and toxicity 
data are collected for the constituents or the representative structures. This is followed 
by a PBT assessment of experimental data and model predictions. 
 
NICNAS, Australia 
The Australian Government Department of Health, National Industrial Chemicals 
Notification and Assessment Scheme (NICNAS) assess the risks of industrial chemicals 
on occupational exposure, the public health and the environment. For these 
assessments they use internationally methodologies which are International 
Programme on Chemical Safety, 1999 and the European Commission, 2003. The risk 
assessment include hazard identification, hazard assessment, incorporating the dose-
response relationship, exposure assessment, and risk characterisation. Assessment are 
conducted case-by-case and based on a weight-of-evidence. No specific Australian 
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guidance was found for UVCB substances, however, chemicals assessed can have the 
label UVCB.  

RIFM/ECETOC Workshop 
On 2-4 November 2016 in Orlando (USA) an international workshop was organized by 
RIFM and ECETOX to discuss the development of a strategy to improve the 
environmental risk assessment of difficult to test multi-component substances. This 
group consisted of regulatory authorities, research institutes, and industries.  The aim 
of the workshop was to develop appropriate risk assessment and testing 
methodologies applicable to the assessment of UVCBs. These substances present a 
challenge to industry and regulatory authorities both in their substance composition, 
fate and ecotoxicological testing. The results were presented as posters at SETAC 
Orlando 2016 (Cesnaitis et al., 2016a, 2016b). The posters discussed the risk 
assessment approaches of UVCBs but also the testing methods of UVCBs (e.g. WAF, 
biodegradation tests, etc.). 

Conclusions 
In general, it shows that all UVCB assessment approaches follow a case-by-case and 
weight-of-evidence procedure. The most detailed approach is provided by ECHA, 
however, in all approaches limited guidance is provided on testing methods, which is 
essential to test UVCBs.    
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3 Concept generic information strategy for PBT and 
vPvB assessment 

The concept of a generic information strategy is based on ideas from guidance 
documents from the ECHA, US EPA, Environment Canada, and OECD, and practical 
application of these guidance by industry, and state of the science as will be discussed 
in this chapter. In all of these documents a number of generic steps are carried out to 
collect data for the PBT assessment. In general, two lines of evidence are followed, 
which can simultaneously or in parallel be explored. The first line is constituents 
approach and the second a substance based approach (Fig. 1).  

A key element in the first constituents approach is the identification of the 
constituents of the UVCB. This step is followed by grouping (blocking) of constituents, 
and the selection of representative structures for each block before the PBT 
assessment is carried out. The first approach consists of the following steps: 

• Charaterisation and identification of the constituents in the UVCB substance 

• Grouping of constituents (blocking) 

• Selection of representative structures of each block 

• Data collection, including in silico predictions, of PBT/vPvB properties of the 
representative structures 

• Experimental PBT data of representative structures 

• PBT assessment of the in silico and experimental data 

In the second substance approach the UVCB substance as a whole is tested for PBT 
characteristics. Additionally, the UVCB substance can be fractionated to reduce the 
complexity of the substance and to obtain more detailed information on specific 
fractions of the UVCB.  

Both the constituents and substance approach will lead to a final PBT/vPvB assessment. 
However, the constituents approach will provide more detailed information on the PBT 
properties of the constituents than the substance approach. An advantage of the 
substance approach is the ability to study mixture toxicity. 

A schematic diagram of the concept with the different steps is shown in Figure 1. Each 
of the approaches and steps will be discussed in more detail and illustrated with case 
studies on chlorinated paraffines and petroleum hydrocarbons.  

3.1 Constituents approach 

3.1.1 Characterisation of constituents in UVCB substances 

There are a number of issues with the PBT assessment of UVCBs. One major issue is 
the chemical complexity of the UVCB substance and consequently the challenges in the 
determination of the composition and identify of constituents in the mixture. In 
general, not all constituents can be identified and often only generic structures can be 
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determined without exact chemical structure. Other criteria to be included in the 
characterisation of the UVCB are the concentration range and typical concentrations.   

Still, identification is a key factor in the assessment of UVCBs. In this section the state-
of-the-art on analytical techniques that are helpful in the identification process are 
briefly discussed. The feasibility of these techniques, if they are commercially available 
or only accessible at the research level are discussed as well.  

The ECHA guidance document declares that spectral (ultra-violet, infra-red, nuclear 
magnetic resonance or mass spectrum) and analytical (high performance liquid 
chromatogram (LC), and/or gas chromatogram (GC)) data of the UVCB constituents 
should be provided. The current analytical techniques are able to identify a broad 
range of chemical structures using a combination of separation techniques 
(chromatography) with spectral detection techniques. However, note that a 
standardized method is not available for UVCB characterisation and a large effort and 
expertise is needed to develop methodologies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Conceptual framework to PBT/vPvB assessment of UVCB substances. 
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In the last decade significant developments in analytical techniques for the 
identification of organic chemicals especially in the field of mass spectrometry 
occurred. These techniques enhanced the fields of research on identification of 
unknown substances (non-target screening) in the indoor and outdoor environment, 
but also in the field of unknown endogenous substances in organisms and plants. 
Most progress has been made in the field of high resolution mass spectrometry (HRMS) 
which can be used for the structure elucidation of compounds. Modern HRMS 
instruments, such as Time-of-flight (TOFMS) and Orbitrap MS, are powerful and 
sensitive  techniques to determine accurately the mass of organic molecules which in 
turn can be used to predict the elemental composition. In combination with LC or GC 
and sophisticated software data mining of unknowns become efficient and very 
powerful. These techniques are commercially available and used in many laboratories 
worldwide. 

For very complex mixtures such as petroleum hydrocarbons or chlorinated paraffin’s 
comprehensive two dimensional chromatrography techniques are used to increase the 
separation power. In the petroleum industry two dimensional gas chromatography 
(GCxGC) is applied (Bloomberg et al., 2004; Forbes et al., 2006). Nowadays, for more 
polar and thermal label compounds two dimensional liquid chromatography can be 
used (LCxLC) (e.g. Ouyung et al., 2015 and 2016). The two dimensional techniques are 
able to separate thousands of compounds especially in combination with mass 
spectrometry. The advantage of GCxGC or LCxLC for the characterisation of UVCBs 
when using the correct analytical settings is to generate structured chromatograms 
where generic structures are displaced as roof tiles. An example for chlorinated 
paraffines showing groups of chlorination for the C10 alkane is shown in Figure 2. 
These analytical approaches could be of help to find generic representative structures.  

 

 

Figure 2: GCxGC-ECD chromatogram of chlorinated C10 55% Cl (picture from Korytar et 
al., 2005). 

 

Case study chlorinated paraffines: characterisation of constituents 

In this section a case study is discussed to show the challenges with the 
characterisation of chlorinated paraffins (CPs). It will also show the state-of-the-art 
analytical capabilities to identify constituents in CP substances.  
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CPs are complex mixtures consisting of thousands of congeners with varying carbon 
length and chlorine atoms, and therefore a UVCB. CPs are widely used in various 
applications such as lubricants in metal-cutting industry, flame retardants, plasticizers, 
rubbers, paints, sealants (Muir et al., 2000).  The general formula for CPs is CnH2n+2-

zClz.  Commercial CPs mixtures are divided by their chain length in 3 groups, the 
short-chain CPs (SCCPs) (C8-C13), median-chain CPs (MCCPs) (C14-C17) and long-chain 
CPs (LCCPs) (>C18) with a chlorination degree that varies from 30-75% (De Boer at al., 
2015). CPs are high production volume chemicals with a global production of more 
than 1000 ktons year-1 in 2009 (van Mourik et al., 2015). Evidence show that SCCPs are 
persistent, have potential to  bioaccumulate (Zeng et al., 2011; Stevens et al., 2003), 
toxic to aquatic organisms (Shaw at al., 2010; El-Sayed et al., 2010) and occur in 
remote areas (Van Mourik et al., 2016) and therefore the SCCPs has been listed under 
the Stockholm Convention as Persisted Organic Pollutants (POPs). The European 
framework directive included the SCCPs on the list to be monitored in water. Relevant 
data on the potential hazard, fate and the levels of MCCPs and LCCPs in the 
environment are scarce to facilitate international regulations. One of the main reasons 
for the lack of data on CPs is the limitation regarding sufficient analytical methods and 
suitable quantification standards.  

It is extremely challenging to identify the constituents in CP mixtures and also to 
quantify CPs. Until today separation of hundreds to thousands of CP congeners can be 
achieved using multi-dimensional separation techniques, see later, however the exact 
structure configuration of the chlorine atoms cannot be achieved only generic 
structures based on the carbon number and number of chlorine atoms. For example all 
C10 isomers with 7 chlorines can be separated and grouped (e.g. Korytar et al. 2005; 
Xia et al., 2014;  Bogdal et al. 2015).  

Another challenge in CP analysis is the quantification of CPs, which is highly important 
for persistency and bioaccumulation tests. Currently, only semi-quantitative analyse is 
possible due to a lack of proper analytical standards. The analytical standards available 
do not match the chlorine configuration of the constituents present in the technical CP 
mixtures. Commercial standards contain chlorine atoms at the end positions of the 
carbon chain while the CPs present in the technical mixtures mainly have chlorines in 
the middle of the chain. For many years commercial companies try to synthesize 
individual CPs with chlorine atoms in the mid position but this has not been successful 
yet. The importance of these standards is reflected in the large differences in detector 
responses between CP congeners. Analytical standards should therefore match the 
chlorine substitution of the technical mixtures.  

Quantification nowadays is done with commercial available technical CP mixtures. 
However, only limited number of analytical CP mixtures with different chain length and 
chlorine content are commercially available. In contrast, over the last 10 years globally 
more than 200 CP formulations have been used in various application (Zeng et al., 
2005). Each of these formulation contain CPs with different carbon length and  
chlorination degree. Also during weathering or biotransformation the carbon length 
and chlorination degree of the technical CP mixtures may changes. Therefore is it 
rather challenging to find commercial technical CP mixtures that are suitable for all 
CPs in environmental samples. For example a differences in the CP chlorine content 
between mixture and sample can result in a variation of > 100%  (Van der Veen et al. 
2015) when the most often used technique, electron capture negative ionization mass 
spectrometry(ECNI-MS), is used (Van Mourik et al., 2015). This technique  shows an 
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increased response factor of CP congeners with increase chlorine content, and 
compensation for this increase is need, i.e. good match with analytical CP mixtures. A  
promising compensation technique was developed (Reth et al., 2005) whereby no 
chlorine matching pattern is needed between the standards and sample, however still 
suitable standards are needed to quantification and improve the quality of the 
reported data (Van Mourik et al., 2015). The results of a first interlaboratory study 
showed that the variation in the analysis of a standard solution variety between 22-56% 
(van der Veen et al., 2012). If real life samples (fish extract) were analysed the variation 
increased to 137% and the results felt in two groups with had difference of about 10-
fold in concentration. This variation is probably due to the different types of analytical 
techniques used to quantify CPs. 

Over the years many different analyse techniques have been developed for the 
quantification of CPs. Gas chromatography (GC) coupled with high resolution MS 
(HRMS) (Tomy wet al., 1997) and low resolution MS (LRMS) (Reth et al., 2005) operating 
in the ECNI mode are the most common techniques used for routinely quantification 
SCCPs. A disadvantage of using ECNI-MS is that it is sensitive for SCCPs but sensitivity 
decreases for MCCPs, and LCCPs are almost undetectable. Also lower chlorinated 
paraffins (<Cl5) are hardly detectable with ECNI-MS (Zenack et al., 2005). Lower 
chlorinated paraffins are detectable with electron capture detection (ECD) especially in 
combination with GC x GC (Korytar et al., 2005; Xia et al., 2014). GCxGC-ECD is a 
powerful tool to separate CP isomers and this technique is also able to detect lower 
chlorinated CPs (Cl2-Cl4). Still it has not been employed by many laboratories which 
may be because of the relative complicated optimization and time consuming 
quantification (Van Mourik et al., 2015). GC x GC has also been successfully used in 
combination with ECNI- time of flight (TOF)-MS by Korytar et al. (2005).  With GC x GC-
ECD and GC x GC-ECNI-TOFMS SCCPs, MCCPs and LCCPs could be analysed in one 
single run. However, with GC x GC-ECNI-TOFHRMS lower chlorinated paraffins (<Cl5) 
are still hardly detectable. 

Recently Bogdal et al. (2015) developed a promising analytical method using liquid 
chromatography (LC) coupled to atmospheric pressure chemical ionization (APCI) –
TOFHRMS. Without analytical column the extract was directly injected into the qTOF-
HRMS followed by quantification of CPs by mathematical deconvolution using technical 
CP mixtures. The advantage is that SCCPs, MCCPs and LCCPs can be quantified in one 
single run. This analytical method seems to be a promising alternative for the GC-ECNI-
HRMS method as also lower chlorinated paraffins (Cl2-Cl4) could be detected.  

3.1.2 Blocking of constituents  

To reduce the complexity of an UVCB substance CONCAWE introduced a grouping of 
constituents approach for petroleum hydrocarbons, the Hydrocarbon Block Method 
(CONCAWE, 1996). This approach was used to perform an environmental risk 
assessment of petroleum substances. The hydrocarbon block method was accepted by 
the European Commission and implemented in the EU TGD for risk assessment (EC, 
2003). The underlying principle of the hydrocarbon block method is grouping of 
constituents with similar physico-chemical and fate properties. This grouping should 
result in blocks of constituents with similar fate and hazard properties. Beside this 
blocking approach two other approaches are possible. Blocking based on groups of 
closely related chemicals or similar mode of action.  
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To be able to perform blocking analytical characterisation data consisting of known 
structures and generic structures of the constituents is of high importance. For most 
UVCB substances generic structures of constituents can be generated.  

For example, the generic structures of petroleum substances are based on 
hydrocarbon types. Blocks are made on these generic structures in combination with 
properties such as chain length, degree of branching, or boiling point (Table 1). Other 
options to block constituents could be polar and non-polar functional groups in 
relationship to chain length (e.g. surfactants), chain length in combination with the 
presence and position of heteroatoms for instance chlorine (e.g. chlorinated paraffins), 
presence and number of aromatic rings, and number and position of different 
functional groups.  

Table 1: Example of hydrocarbon blocking scheme. n-P: normal paraffin; i-P: iso 
paraffin; MoN: monoNaphthenic s; DiN: diNaphthenic s; PolyN: poly-Naphthenic s; 
MoAr: Mono-aromatics; DiAr: di-aromatics; DiAr: di-aromatics; PolyAr: polyaromatics;  
NMAr: Naphthenic  mono-aromatics; NDiAr: Naphthenic  di-aromatics. 

Block Carbon  
no. 

n-P i-P MoN DiN PolyN MoAr DiAr PolyAr NMAr NDiAr 

1 4                     
2 5                     
3 6                     
4 7                     
5 8                     
6 9                     
7 10                     

Etc. Etc.                     
 

Independent how groups or blocks are generated a scientific justification of the 
blocking scheme is needed. Additionally, technical issues related to the block scheme 
can be part of the justification. For instance, not all petroleum hydrocarbons in the 
analysis of petroleum products are well separated from each other and therefore can 
be grouped in a single carbon block. For the analysis of petroleum hydrocarbon 
analysis GCxGC is used. This is a very power technique to characterize in detail the 
hydrocarbon mixtures. Individual constituents can be separated based on carbon 
number and chemical functionality.  However, some hydrocarbon blocks can overlap. 
Therefore, the aliphatic hydrocarbons are separated from the aromatic hydrocarbons 
before GCxGC analysis. This makes quantification possible for a large group of 
hydrocarbon blocks. Still, constituents in some blocks are more difficult to identify and 
separate from other blocks. One of these are the poly-naphthenics. Only limited 
information on the separation of poly-naphthenics (e.g. steranes, triterpanes, and 
triaromatic steranes) is available (Frysinger and Gaines 2010). Which is partly due to 
limited number of analytical standards available. These standards show that overlap 
can occur in constituents between poly-naphthenic blocks, e.g. some C21 poly-
naphthenics elute in the retention area of C20 poly-naphthenics (CONCAWE, 2010). For 
the PBT assessment the C20 and C21 poly-naphthenics can therefore be grouped in one 
block. 

The above block approach is based on physico-chemical and fate properties and less 
on similarity in hazard characteristics (mode of action) of constituents. Hazard 
characteristics are more related to functional groups or the position of groups/atoms 



 

IVM Institute for Environmental Studies 

  17 
   

on molecules. Therefore, an alternative block approach, not used so far, could be 
based on hazard properties (mode of action) of the constituents. In this case a priori 
hazard property information of individual constituents is needed which requires the 
exact structure identify of the constituents. It also requires, for a specific mode of 
action, the relative equivalent potencies (REP) of these constituents. Experimental or 
(Q)SARs generated REP values in combination with information on the occurrence of 
the constituents in the UVCB substance can finally result in specific mode of action 
based blocks, generating a toxicity profile of the substance. The feasibility of this 
approach depends on i) the exact structures of the constituents, ii) experimental data 
on the mode of action, or iii) suitable (Q)SARs for the modes of action. This shows 
already the challenges in achieving such approach as for most UVCBs individual 
constituent data is not available. One option could be to use a marker constituent if 
the toxicity of an UVCB is driven by this marker (OECD, 2007). 
To provide a feeling of the hazard based block approach an example is given for 
polychlorinated biphenyls (PCBs), a substance with potentially 209 different 
constituents. The position of chlorine atoms of PCBs is strongly linked to the mode of 
action. Substituents with chlorines at the non-ortho and mono-ortho position show 
dioxin-like toxicity, while di-ortho congeners does not. REP values for all non- and 
mono-ortho congeners are available and therefore a dioxin-like toxicity block can be 
formed. If blocking would have been based on the carbon number in combination with 
the chlorination degree dioxin-like CBs would have been separated over different 
blocks that included constituents without dioxin-like toxicity. The feasibility of a 
hazard based blocking is possibly an approach for the future when (Q)SARs for hazard 
assessment are further established. Especially the data generated by the US EPA 
ToxCast program and the (Q)SAR toolbox of OECD could be of great interest. ToxCast 
has screening information over 9,000 chemicals and information from more than 
1,000 high-throughput assay endpoints. The OECD toolbox includes (Q)SAR models 
and read-across to predict physico-chemical properties, environmental fate and 
transport, ecotoxicological hazards, and human health hazards.   

One other aspect of the block approach not yet discussed is the resolution of the 
blocks. In general care should be taken in the resolution of the blocks. For petroleum 
hydrocarbons the smallest block size is the single carbon number and the carbon type, 
as shown in Table 1. To assess the uncertainty and variation of the blocking scheme an 
uncertainty analysis was carried out for petroleum hydrocarbons by van de Meent 
(2008). This study investigated the environmental fate factors and human intake 
fractions for exposure and risk calculations using the hydrocarbon block method. Fate 
and human intake factors were based on QSAR predictions. One of the factors studied 
was the block resolution on the outcomes of the Risk Coefficient Ratio (RCR) 
(PEC/PNEC ratio). Two types of block resolution for the carbon number/boiling point 
range were tested. Low resolution consisting of two chemical classes (aliphatic or 
aromatic) and seven boiling points. The high resolution scenario used twelve chemical 
classes (comparable to Table 1) and thirteen boiling classes. The results showed that 
the uncertainty factors of the block means for fate and intake fractions were not 
significantly different between the low and high resolution scenarios. This means that 
a higher resolution did not give significantly improved risk calculations than the low 
resolution scenario. Van de Meent concluded that the hydrocarbon block scheme was 
close to the point of minimum estimation error and was recommended to be applied 
for the risk assessment of petroleum substances.  
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For PBT assessment principally it is advisable to set-up a block scheme with the 
highest resolution possible as this will improve the assessment by enhancing the 
which blocks (constituents) that fulfil the PBT criteria. If blocks are too wide similarities 
in fate or bioaccumulation properties will disappear and constituents in a block may be 
wrongly classified. This can be shown by plotting the LogKow values of  for example 
mono-aromatics, di-aromatics, naphthenic mono-aromatics, and naphthenic di-
aromatics  (Fig. 3). LogKow values are from the CONCAWE Library. This figure shows 
that for each class with increasing carbon number, and consequently an increasing 
complexity of the molecular structures, the Kow values increase. It also shows that 
overlap exists in Kow between blocks. If some blocks would have been combined to one 
block, for instance C16 to C18 di-aromatics, the average Kow would have been increased 
with 0.5 units, and therefore may be misclassifying some constituents. It is therefore 
recommended to group the constituents in individual carbon number groups. 
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Figure 3: Variation of predicted LogKow (CONCAWE library) of hydrocarbons (mono-
aromatics, di-aromatics, naphthenic mono-aromatics, and naphthenic di-aromatics). 
Each line represents a hydrocarbon block. 

3.1.3 Selection of representative structures and in silico predictions 

Selection of representative structures for each block is the next step before PBT 
properties are collected, predicted, or experimentally determined. Selection can be 
based on analytical data availability, production process/sources, literature, by expert 
judgement, or by in silico predictions. For petroleum hydrocarbons representative 
structures were based on basic structure information (Quann, 1998) and over 1500 
structures (C4-C41) were described in the CONCAWE hydrocarbon library. This library is 
also used in the PetroTox model to predict the toxicity of hydrocarbons. This library 
did not contain hetero-hydrocarbons (N and O) except sulfur (Rorije et al., 2012). 
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Therefore, CONCAWE performed recently a study on the occurrence of nitrogen, 
oxygen and sulfur containing heterocyclics in petroleum products (CONCAWE, 2016). 
Two dimensional GC in combination with element selective detectors was used 
(Bloomberg et al. 2002, 2004). Eleven different sulphur and nitrogen classes of 
hydrocarbons were identified in petroleum products. No O-containing constituents 
were found (<0.1%), whereas the mean percentage occurrence of S-heterocyclics was 
0.58%, and  total N-heterocyclics only 0.02%. Representative structures of the S-
heterocyclic hydrocarbons should be added to the CONCAWE library so that they can 
be assessed for PBT.  

Another approach to generate representative structures is computational methods. 
This approach has been described by Dimitrov et al. (2015) and uses the generic 
structures of the UVCB. The system was specially developed for UVCB substances and 
is a systematic approach to generate structures of constituents of the UVCB. The 
methodology is not only able to generate constituents but also to select representative 
structures (this can be user controlled). The model uses Generic Simplified Molecular-
Input Line-Entry System (G Smiles) and Generic Graph (GH Graph) formats. The 
generated constituents data can be used as input to other models.  

If representative structures have been generated the first tier would be to predict 
physico-chemical properties and use these in (Q)SAR models to predict the fate, 
toxicity and bioaccumulation models such as the OECD Toolbox. An important aspect 
is to check if the (Q)SAR model domains fit the constituents domains. Based on the 
(Q)SAR predictions and physico-chemical properties representative structures could be 
selected for further experimental studies. This approach will reduce animal testing. 
The experimental studies form a second line of evidence in the PBT assessment.  

3.2 Substance approach 

The second approach to assess PBT properties of an UVCB is testing of the whole 
substance, which can be followed with the fractionation of the substances. The 
fractions can subsequently be tested on PBT properties. One of the issues with testing 
UVCBs as a substance is the challenge in testing methods. Many UVCBs have a 
hydrophobic character and are therefore difficult to dissolved in the exposure medium. 
Often the water accommodated fraction (WAF) approach is used to dissolved UVCBs 
compounds in water for aquatic toxicity testing (OECD, 2000). The WAF procedure for 
petroleum products have been described by Girling (1989), Tadokoro et al. (1991) and 
CONCAWE (1992). The WAF is only used for substances that are not fully soluble in 
water. Briefly, the method consists of the addition of the test substance to water 
followed with mixing for an extensive period and a settling phase. Only the fraction 
that is dissolved is removed and used for testing. The formation of dispersions and 
emulsions should be avoided. The mixing duration and energy are important 
parameters and will influence the composition and particle size. For each loading in a 
toxicity test a separate WAF should be made as the dissolved concentration is 
dependent on the loading; constituents which are less soluble may not change with 
different loadings but the loading of more soluble constituents will. The loading can 
be used for dose-response relationships which is similar as the nominal concentration 
used in toxicity test. Determination of the concentrations of the constituents in the 
WAF would be a more appropriate way to determine a dose-response relationship, but 
is more difficult to establish for UVCBs. The WAF method has a number of advantages 
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such as i) inclusion of mixture toxicity effects, ii) takes into account differences in 
water solubility of multi-constituents mixtures, and iii) the procedure can be 
standardized. The method also has a number of disadvantages. It is a challenge to 
maintain stable water concentrations and consequently keep the composition 
proportional to the start conditions. Hydrophobic constituents will bioaccumulate more 
than less hydrophobic constituents in the test organism which will change the 
composition pattern in the water, and therefore depletion of specific constituents can 
occur.  
 
An alternative approach to the WAF is passive dosing (e.g. Smith et al., 2010, Brown et 
al., 2001, Kiparissis et al., 2003, Mayer and Holmstrup, 2008 and Turcotte et al., 
2011). The principle is based on the partitioning of a compound between a solvent and 
a reservoir material, this is often polydimethylsiloxane (PDMS) and this reservoir is 
then is used to load the test system.  The loaded compound is partitioning between 
the loaded PDMS into the test medium and keeps the concentration of exposure 
constant during the test despite losses due to sorption, bioaccumulation, 
biotransformation etc. This system has been used for many applications such as 
polycyclic aromatic hydrocarbon exposure and toxicity analysis of various systems 
(e.g. Smith et al., 2013; Vergauwen et al., 2015; Oostingh et al., 2015; Stibany et al., 
2017). There is only one study that used passive dosing for an UVCB (Heger et al., 
2016). This study used passive dosing for in vitro toxicity (cytotoxicity and AhR 
activitiy) testing of refinery products (gasoline, diesel and biodiesel) and compared the 
method with the WAF approach(Heger et al., 2016). This study concluded that the test 
concentrations were within water solubility. Another advantage of passive dosing was 
that concentration of hydrocarbons where more stable during the test period. 
However, the analysis method to determine the hydrocarbon concentrations needs 
further attention. Another point not discussed is that UVCB constituents can have a 
wide range of Kow values,  depletion of the loaded PDMS material for the more water 
soluble constituents could therefore occur and needs further attention. Passive dosing 
is certainly an interesting option but has mainly been used for single compound 
exposure. Further research should focus on passive dosing of complex mixtures 
including UVCB substances with a wide range of physio-chemical properties. Passive 
dosing should also study in more detail the composition in the loading system and 
toxicity medium.  

3.2.1 Fractionation of UVCB substance 

Already in the 1970’s group type fractionation of petroleum substances was performed 
by HPLC (e.g. Suatoni and Garber, 1976). They were only able to separate a limited 
number of hydrocarbons groups. Today, the separation power of LC columns is much 
improved and a larger number of hydrocarbons groups can be separated. Still, it is 
impossible to have the same resolution of separation as in the characterisation phase 
as LC or GC separation is complemented with the power of mass spectrometry for the 
identification of constituents. 

Examples of analytical techniques to fractionate petroleum substances are LC or GC 
chromatography but also distillation is an option for more volatile constituents. These 
techniques are usually used in a low resolution option and only a limited number of 
fractions are collected. For petroleum hydrocarbons often open column 
chromatography or HPLC is used and less than 10 fractions are generally collected 
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(e.g. Mao et al., 2008; Sutton et al., 2005; Vrabie et al., 2012). Fractionation of 
petroleum hydrocarbons is based on hydrophobicity and aliphatic, aromatic, polar or 
resin fractions are collected to reduce the complexity of the mixture before detailed 
hydrocarbon characterisation is performed by LC-MS, GC-MS or GCxGC-ToFMS. In some 
studies fractionation was used to get more insight in the constituents that can 
bioaccumulate or cause the toxicity (e.g. Jonker et al., 2016; Vrabie et al., 2012). In 
these studies four fractions (saturates, aromatics, resins, asphaltenes) of crude and 
refined oils spiked sediment were tested for the potency of bioaccumulation using an 
oligochaete worm. The internally accumulated compounds were extracted and tested 
with in vitro assays (aryl hydrocarbon receptor (AhR) agonist) (Vrabie et al., 2012). The 
most important fractions were further fractionated to reveal more information on the 
constituents that had the potential of persistency, bioaccumulate, and caused the 
toxicity. A two-step fractionation procedure was also performed by Radovic and co-
workers (2014) of North Sea crude oil and residual heavy fuel oil. An open column 
fractionation (aliphatics, aromatics and polars) was used as a first step followed by a 
HPLC fractionation of only the aromatics in 15 fractions. Fractions were tested with in 
vitro assays for AhR agonist and androgen receptor (AR) antagonist. These studies 
showed that fractionation of a substance provides further insight in the hazard profile 
of petroleum constituents. Linking the observed effects to specific constituents is still 
difficult due to the complex mixture of fractions. The relevance of these studies for the 
risk assessment needs further consideration but it provides further evidence on the 
complex issue of mixture toxicity.  

Today, high-resolution fractionation is possible to further unravel the complexity of 
UVCB substances using ultra high performance liquid chromatography (UPLC) columns 
(Booij et al., 2014; Jonker et al., 2015). Fractions are collected from the UPLC column 
in 96 wells, which shows the increased resolution of fractionation (fractions of less 
than 10 seconds are collected). The 96 well plate can further be used for toxicity 
testing using a cell seeding approach. The feasibility of this fraction technique in 
combination with toxicity testing (algae or in vitro assays) has been shown for 
environmental samples recently (Booij et al., 2014; Jonker et al., 2015). 

The latest developments shows that even two dimensional LC (LCxLC) fractionation is 
feasible (Ouyang et al., 2016; Brown et al., 2016). The feasibility of this technique has 
been shown for fractionation of effluent water from a waste water treatment plant in 
combination with an acetylcholinesterase inhibitor assay.  

Another option to fractionate petroleum substances and isolate constituent is 
preparative GC where fractions from the GC outlet are collected by trapping ( Sutton et 
al., 2005); only a restricted number of fractions can be collected). In this study 
preparative LC fractionation was preceded before preparative GC. The latest 
developments shows that high resolution fractionation by GC is also possible (Pieke et 
al., 2013). This technique is able to collect fractions of the complete GC 
chromatogram, and is currently only available at the research level. Fractions of a few 
seconds are collected in 96 well plates, before bioassay testing. The feasibility of this 
methods has been shown for environmental samples using an in vitro AhR assay (Pieke 
et al., 2013).  

To show the feasibility of fractionation methods for PBT testing an estimation of the 
amount of constituents collected after LC or GC fractionation can be made. We assume 
the following situation. An UVCB substance is fractionated in 100 fractions and the 
constituents are equally divided over the fractions. A concentration of 1 g/l is injected 
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with HPLC and fractionated. A normal volume to inject for a HPLC column is 10 µl 
which is equivalent to 10 µg per injection, resulting in 0.1 µg of constituents in each 
fraction. If the fractionation is repeated 100 times, which is possible due to the high 
repeatability of the current LC systems, a total of 10 µg per fraction is collected. The 
10 µg is than available for persistency, bioaccumulation or toxicity testing.  
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4 Conclusions and recommendations 

In general, a UVCB assessment is done a case-by-case basis as it requires more 
sophisticated analytical techniques and testing protocols.  

The proposed concept of a generic information strategy for PBT assessment of UVCB 
substances is based on two lines: a constituents approach and a substance 
approach. The constituents approach requires: 

• Characterisation of the UVCB 

• Blocking of constituents with similar properties 

• Selection of representative structures for each block 

• Collection, prediction and/or experimental data of PBT properties of the 
representative structures 

For most UVCB substances generic structures of the constituents can be generated. It 
is suggested that these generic structures can be used as a first tier assessment. The 
generic structures can be used for blocking constituents with similar properties and to 
select representative structures for each block. The predicted PBT data of these 
representative structure can function as a first tier to steer the experimental studies of 
the PBT assessment.  

In the substance approach the substance is tested as a whole which sets a number of 
methodological challenges such as solubility issues as many UVCB has a hydrophobic 
character. One option is to fractionate the substance in fractions before experimental 
P, B or T testing.  

There are an number of challenges in the UVCB assessment: 

• A key aspect is related to the methodologies used to test the substances.  

• Another aspect is the uncertainties in model predictions of constituent data.  

• An third aspect is the data interpretation at the regulatory site as the 
assessment is based on a case-by-case study and weights of evidence 
approach. 

A key challenge of UVCB substance assessment is related to the methods used to test 
persistency, toxicity and bioaccumulation. Many UVCBs are difficult to dissolve in water 
or cover a very broad range of polarities (from polar to non-polar). Novel testing 
strategies should be developed.  

Models are used to predict the physico-chemical, fate, bioaccumulation and toxicity 
properties of the constituents but how well do the model fit the application domains? 
The model should be fit for purpose, and the uncertainties in predictions and variation 
between models should be further evaluated. Extension of the models for specific 
mode of action is required.   

To gain the momentum of the assessment of UVCBs it is highly important to involve 
multi-stakeholders (regulators, industry and academia) in the process of the concept 
development and testing strategies as they can provide different angles to the process. 
It is recommended to discuss and align the framework between regulatory bodies (e.g. 
ECHA, US EPA, Environment Canada, etc.). 
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