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1.1 Introduction 

1.1.1 Objectives of this chapter on uncertainty analysis 

This chapter provides guidance on dealing with uncertainty in the chemical safety assessment and 
outlines methods for making an uncertainty analysis. The underlying principle is that a tiered 
approach should be followed and that the amount of detail should be proportionate to the level of 
uncertainty and its potential impact on the risk characterisation. 

The guidance has been written according to the principles outlined in the World Health 
Organisation's (WHO) "Draft guidance document on characterizing and communicating uncertainty 
in exposure assessment" (WHO-IPCS, 2006). It is important to note that the WHO document was 
written specifically for exposure assessment, whereas this chapter is necessarily broader scope 
because both exposure and effects data need to be considered in a chemical safety assessment. 
However, the same general principles apply in terms of the approach to uncertainty analysis. 

Section 1.1.2 of this chapter provides a brief introduction to the role of uncertainty in risk 
assessment, and explains why it is an important part of the REACH process. Section 1.2 then goes 
on to outline a number of key concepts in uncertainty analysis, which are aimed to help the reader 
better understand the nature of uncertainty within risk characterisation under REACH. This outline 
includes a classification of different sources of uncertainty, distinguishing between uncertainty and 
variability.  

Section 1.3 continues by providing a more detailed framework for carrying out a stepwise, tiered 
approach to uncertainty analysis that may be followed when analysing uncertainty in the chemical 
safety assessment. It outlines specific techniques for making qualitative, deterministic, and 
probabilistic uncertainty analyses, and provides criteria for deciding which of these approaches 
might be suitable under specific circumstances. 

Section 1.4 suggests approaches for reporting and communicating uncertainty in the chemical safety 
assessment 

1.1.2 Role of uncertainty analysis in the chemical safety assessment 

Each of the main components of chemical safety assessment (hazard assessment, exposure 
assessment and risk characterisation) involve the derivation or estimation of certain parameters, 
values, assumption and qualities about the nature of a substance and the situation(s) in which it is 
used. These include hazard endpoints about intrinsic properties of a substance, estimates used in the 
prediction or measurement of exposure in the environment or human population, and estimates of 
risk. 

Inevitably, there are uncertainties at each stage of this process. For example there is an inherent 
degree of uncertainty in the quantification of hazard properties according to experimental method 
used. There is uncertainty when a series of estimations are used to define an exposure scenario. 
Wherever mathematical models are used to determine predicted exposure, the specific assumptions 
also introduce a degree of uncertainty. 
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Therefore, in order to produce a chemical safety assessment which is robust, reliable and adequate, 
it is useful to consider the degree of uncertainty in each part of the assessment. 

In very general terms, the amount of input required in an uncertainty analysis, and the importance of 
its contribution to the chemical safety assessment, will depend on the specific circumstances. For 
example, it would not add any practical value to a chemical safety assessment to provide a detailed 
probabilistic uncertainty analysis for a substance which has a full data set, few dangerous 
properties, minimal exposure and a Risk Characterisation Ratio (RCR) which is significantly less 
than 1. 

On the other hand, for a more problematic substance a stepwise and thorough analysis of 
uncertainty produced and presented in accordance with the principles laid out in this Chapter could 
significantly increase the robustness of the chemical safety assessment. This is discussed further in 
Section 19.3.1.3 'Circumstances under which an uncertainty analysis is recommended'. 

Ultimately, the importance of uncertainty analysis to each individual chemical safety report will 
depend on the specific circumstances and will be a matter of judgement for the reports author(s). 
Section 19.3 of this Chapter outlines a tiered approach for carrying out an uncertainty analysis, 
starting with a basic qualitative approach and continuing if appropriate to more complex techniques 
like deterministic and probabilistic analysis.  

Finally, it should be noted that this document may act as a good reference for those developing 
CSA/CSR tools for conducting (part of) the CSA. The documentation behind such tools should be 
transparent, including assumptions and uncertainties in the approaches taken in order to clearly 
communicate the application range of the tool to the user.  

1.2 Key concepts in uncertainty analysis 

1.2.1 Sources of uncertainty 

As explained in the previous chapter, there are uncertainties at each stage of the chemical safety 
assessment: 

• Hazard assessment: how uncertain is the measure of (no) effect, 
• Exposure assessment: how uncertain is the exposure estimate (predicted or based on 

measurements), 
• Risk characterisation: how uncertain is the risk estimate. 

These uncertainties can be classified into three categories as indicated in the WHO-IPCS document 
(2006). It should be noted that the WHO document was written specifically for exposure 
assessment; however it is possible to broaden its concepts to the chemical safety assessment in 
general (including the hazard assessment and the risk characterisation). These three broad 
categories of uncertainties are scenario uncertainty, model uncertainty and parameter uncertainty. 

73 

74 
75 
76 

Scenario uncertainty

Scenario uncertainty is the uncertainty in specifying the scenario(s) which is consistent with the 
identified use(s) of the substance. This uncertainty relates mainly to the level of accuracy of the 
scenario description. 
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Scenario uncertainty includes descriptive errors (e.g. wrong or incomplete information), 
aggregation errors (e.g. approximations for volume and time), errors of assessment (e.g. choice of 
the wrong model), and errors of incomplete analysis (e.g. overlooking an important exposure 
pathway). 
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Model uncertainty

Model uncertainty is the uncertainty in the adequacy of the model used with the scope and purpose 
of the assessment. In risk assessment, mathematical and statistical models are often applied to 
represent an exposure or hazard process though a model is always a simplification of reality. 

Model uncertainty is principally based upon extrapolation (i.e. use of a model outside the domain 
for which it was developed), modelling errors (i.e. non-consideration of parameters in the model 
structure itself) and dependency errors (i.e. lack of consideration of correlations between 
parameters). 
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Parameter uncertainty

Parameter uncertainty is the uncertainty involved in the specification of numerical values. Risk 
assessment involves the specification of values for parameters, either for direct determination of the 
exposure/effect or as input for mechanistic, empirical or distribution based models which are used. 
The uncertainties surrounding these values are very common due to lack or insufficiency of data. 

Parameter uncertainties include:  

- Measurement errors: 

e.g. influence of the methodology used, errors in the analytic method used to measure chemical 
concentration, technical inadvertence; 

- Sample uncertainty: 

representativeness of the data set, e.g. a small sample may not give the entire range of values 
found in reality; the sample may be biased towards lower or higher values as a result of the 
selection criteria used to take the sample; 

- Selection of the data used for assessing the risk: 

i.e. use of default data (e.g. TGD default data are frequently used for exposure assessment) or 
choice of the dose descriptor (i.e. uncertainty in choosing one data among others for risk 
assessment purpose); 

- Extrapolation uncertainty:  

i.e. use of alternative methods (e.g. QSAR, in-vitro test, read-across for similar substances) or use 
of assessment factors (e.g. inter-species, intra-species, acute to chronic, route to route, lab to field 
extrapolation). 

Classification using the three categories defined above is not as strict as it may seem. In some cases, 
uncertainties may in practice arise in overlapping areas. For instance, numerical values of model 
parameters are often determined from the calibration of a model against some dataset. In this case, 
the parameter values may be uncertain both to the extent that this calibration dataset suffers 
uncertainty in measurement (parameter uncertainty) and that the model which is calibrated is not 
adequate for the situation (model uncertainty). 
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In order to identify the main sources of uncertainty involved in the chemical safety assessment, a 
checklist is provided in section 19.3.2. 

1.2.2 Uncertainty and variability 

In many recent uncertainty studies, the difference between variability and uncertainty in the risk 
assessment is emphasised (Jager et al. 2001a, Verdonck et al., 2005). 

Uncertainty can be caused by limitations in knowledge (e.g. limited availability of empirical 
information), as well as imperfections in the instruments, models or techniques used. An example is 
an emission estimate that is based on a reasonable-worst case assumption. The limited knowledge 
about this factor could be improved (and uncertainty decreased) by site-specific knowledge or 
measurements. This matters because the real emission (and associated exposure) can differ from the 
presumed worst-case emission. Consequently, as the quality of data and models improves, the 
amount of uncertainty decreases. Thus, uncertainty can be reduced by developing an improved 
knowledge base. 

Variability, on the other hand, refers to variation that exists in the real world. It is an inherent 
property of a system that can not actually be reduced thanks to further information. There are 
various sources of variability such as: 

- Inter-species variability; 

- Intra-species variability (e.g. due to age, sensitivity, physiology, behaviour…); 

- Variability in environmental characteristics (e.g. temperature, wind, homogeneity…); 

- Variability in time and space. 

Therefore one of the main differences between uncertainty and variability is the fact that uncertainty 
is often reducible through further information, whereas variability is not. However, what can be 
done is to reduce the uncertainty in our knowledge about the actual variability (Jager et al. 2001a, 
EUFRAM 2005). 

1.3 uncertainty analysis in the chemical safety assessment 

1.3.1 Qualitative, deterministic and probabilistic analysis: introduction to the tiered 
approach 

Section 19.1.2 introduced the concept that uncertainty analysis can be a useful tool for increasing 
the robustness, reliability and adequacy of the chemical safety assessment. This section provides 
further details on uncertainty analysis, and discusses the circumstances under which it would be 
worthwhile to include the detailed results of an uncertainty assessment in the chemical safety report. 
The section goes on to introduce the concept of a tiered approach to uncertainty analysis, starting 
with basic qualitative assessment and continuing, if appropriate, to more detailed deterministic and 
probabilistic techniques. Subsequent sections (Sections 19.3.2 – 19.3.4) provide more detailed 
guidance on how to carry out each of these types of uncertainty analysis. 

Two important factors that can influence the need for uncertainty analysis are (i) the risk 
characterisation ratio and (ii) the techniques that have been used to derive it. This is discussed 
further in the following subsections. 

071121_Chapter_R.19_Final 23/11/2007 18:54 6 



RIP 3.2-2  CHAPTER R.19 

1.3.1.1 The risk characterisation ratio 154 

155 
156 
157 

158 
159 

160 
161 

162 
163 
164 

165 

166 
167 

168 
169 
170 
171 

172 
173 
174 
175 
176 
177 
178 
179 

180 

181 
182 
183 
184 
185 
186 
187 
188 
189 

190 

191 
192 
193 

Fundamentally, uncertainty is important in the chemical safety assessment because of its potential 
impact on the outcome of the risk characterisation. In the TGD (Part E on risk characterisation), risk 
is usually characterised by means of a deterministic quotient of exposure and effects: 

 a comparison of the exposure of each exposed human population (whether measured or 
calculated) with the appropriate derived no-effect level (DNEL)  

 a comparison of the predicted environmental concentration (PEC) in each environmental 
compartment with the corresponding predicted no-effect concentration (PNEC), and  

The REACH regulation states that for any exposure scenario, the risks to humans and the 
environment can be considered to be adequately controlled, throughout the lifetime of the substance 
that results from manufacture or identified uses, if: 

 the exposure levels do not exceed the appropriate DNEL or PNEC  

 the likelihood and severity of an event occurring due to the physicochemical properties 
of the substance is negligible 

Therefore, the resulting risk characterisation ratios (RCR) from the comparison of the human and 
environmental exposure with the corresponding no effect levels are a major driver in risk 
characterisation and chemical safety assessment, and will also be a contributing factor in deciding 
whether an uncertainty analysis would be a worthwhile addition to the chemical safety report. 

It should be noted that under certain circumstances it may not be possible to derive a risk 
characterisation ratio, for example where the DNEL or PNEC cannot be calculated. Under other 
circumstances, it may not be necessary to carry out the exposure assessment or risk characterisation 
because the substance is not classified as dangerous or as a PBT/vPvB, although an exposure 
assessment would still be required if a case has been made for exposure based waiving. The current 
paper mainly addresses the situation where a DNEL/PNEC can be derived, but the general 
principles and the level 1/level 2 uncertainty assessment could also be applied if a qualitative or 
semi-quantitative risk characterisation is conducted. 

1.3.1.2 Validated methods versus non-standard techniques 

Another factor which can influence the need to carry out an uncertainty assessment relates to the 
type of regulatory tools that have been used to derive the input parameters and estimates of effects 
and exposure. For instance, where standard guideline methods have been followed using 
internationally recommended defaults, uncertainty can be considered to have been implicitly 
addressed within the method (although an analysis of uncertainty could still be useful in identifying 
key parameters for the refinement of risk). On the other hand, if the registrant has developed higher 
tier methods to generate exposure or effects estimates and novel or non-standard techniques have 
been used then an uncertainty analysis might be a useful part of the documentation provided to 
justify the approach within the CSR. 

1.3.1.3 Circumstances under which an uncertainty analysis is recommended 

Uncertainty analysis is of most potential benefit in situations where there is a high level of 
uncertainty in the risk characterisation and/or the RCR is above the regulatory trigger value. It 
might also be of benefit in some situations where the RCR is below the trigger value but non-
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standard methods have been used to derive the relevant values, or where the registrant simply wants 
to carry out their own uncertainty analysis to improve their characterisation of the risk. 

For example, in situations where the RCR has been derived by non-standard methods and is below 
but close to the regulatory trigger, then the inclusion of an uncertainty analysis within the chemical 
safety report could considerably increase the robustness of the chemical safety assessment. 

Therefore, the need to consider uncertainty depends on a range of circumstances related to the 
absolute value of the RCR; its method of calculation; and the level of uncertainty in the assessment.  

Uncertainty analysis is recommended for use in the following types of situations: 

 RCR > 1. Where the RCR exceeds 1, it will clearly be necessary to refine the assessment. 
Under these circumstances, uncertainty assessment can help the registrant to identify and 
target the main sources of uncertainty in the chemical safety assessment for subsequent 
refinement in higher tier approaches. Additionally, the assessment can be used to improve 
the characterisation of the risk. 

 RCR < 1 but non-standard, non-guideline approaches have been used. Under these 
circumstances, a registrant might include an uncertainty analysis as part of the supporting 
documentation justifying the use and applicability of a non-standard risk characterisation 
method. 

In addition, even where the RCR is less than but close to 1 and standard approaches have been used 
in accordance with the TGD, a registrant might choose to carry out a qualitative uncertainty analysis 
to help satisfy themselves that their chemical safety assessment is robust and adequate. 

Figure 1, below outlines the general circumstances under which an uncertainty analysis would be 
recommended. In the first pathway of the diagram the initial chemical safety assessment shows that 
the risks are not adequately controlled (e.g. the RCR < 1). Under these circumstances, uncertainty 
analysis is recommended as a useful guiding tool to help target identify which parameters in the 
chemical safety assessment possess the greatest uncertainty or might be resulting in an exaggerated 
overestimation of risk. 

In the second pathway, the risk is considered to be under control but either the RCR is close to 1 
and/or major uncertainties are envisaged (for example due to the use of non-standard approaches to 
the chemical safety assessment) and so the uncertainty analysis is recommended to test the 
robustness of the RCR and as a way of demonstrating a low likelihood that the risk has been 
underestimated and that the RCR might exceed 1.  
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Figure R.1.1: Circumstances where an uncertainty analysis is recommended. 

1.3.1.4 The stepwise approach 

It should now be clear that it is not practical or necessary to conduct a detailed analysis of 
uncertainties in every chemical safety assessment. On the contrary, the amount of effort and detail 
should be proportionate to the needs. For these reasons, a stepwise approach to uncertainty analysis 
is recommended, as follows. 

At the most basic level, the standard chemical safety assessment accounts for uncertainty by using 
conservative assumptions and default values, for instance following specific methods recommended 
in the TGD. Where this results in the risks being clearly and robustly addressed, this is sufficient 
and no further analysis is considered necessary. 

At the next level (Level 1), all significant parameters are considered at least qualitatively. To gain 
additional insights, sensitive input parameters may be treated both deterministically (Level 2) and 
probabilistically (Level 3) (WHO-IPCS, 2006). 

Therefore, the stepwise approach to uncertainty analysis may begin at Level 1 by treating all 
uncertainties qualitatively; this may be sufficient, if the outcome is clear enough for risk managers’ 
purposes. Otherwise, those uncertainties which appear critical to the outcome may be analysed 
quantitatively; this can be done deterministically or, if necessary and feasible, probabilistically. 

The benefits of progressing from lower to higher levels of uncertainty analysis are illustrated for a 
hypothetical example in Figure 1. Higher tiers of uncertainty analysis lead to better understanding 
and characterisation of uncertainty; this may show that the uncertainty is less than was assumed at 
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lower tiers, but variation may be greater. Higher levels progressively refine the characterisation of 
uncertainty, and enable the assessor to give a more realistic estimate of the likelihood of the RCR 
being exceeded. This approach is outlined in Figure 1. At level 0, a point estimate is derived using 
agreed conservative assumptions and default values, for instance following specific methods 
recommended in the TGD. As has been previously described, the impact of uncertainty is 
considered to be implicitly built in to this estimate by the use of these conservative assumptions. 
However, in this example the RCR is greater than one and so further work is clearly required to 
refine the risk assessment. 

At Level 1 a qualitative uncertainty analysis has been used to identify the make a refined estimate 
of exposure and estimate an indicative range of unquantifiable uncertainties. Again, in this example, 
the point estimate and the upper end of the indicative range do not demonstrate adequate control of 
the risk. 

At Level 2, a deterministic approach uses different combinations of assumptions to make a range of 
point estimates, which in this example fall around the RCR value of 1 and provide more 
quantitative information about the sensisivity of the RCR to specific parameterisation. 

Finally, at Level 3 a probability distribution is derived which provides statistical information about 
the likelihood that the RCR will be exceed under specific circumstances and according to the 
parameterisation used. 

 264 
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268 

Figure R.1.2:Graphical illustration of the benefits of progressing from lower to higher 
levels of uncertainty analysis.  

The solid circles represent point estimates of exposure. The dotted lines represent the indicative 
range of exposure (after EFSA, 2006) 
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Level 1 – Qualitative assessment 

Level 1 treats all uncertainties qualitatively. For qualitative analysis, it is proposed to list the 
different sources of uncertainty and or variability. These sources can be classified in order to 
identify the main uncertainties and ways to refine the CSA. Uncertainties assessed at Level 1 may 
be communicated by listing or tabulating them, together with an indication of their direction and 
magnitude (see Chapter C) of section 19.3.2 for the definitions of direction and magnitude). In 
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and possible formats for this are given in Section 19.3.2.  
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Level 2 – Deterministic assessment 

Uncertainties assessed at Level 2 (deterministic) generate alternative point estimates, by making a 
series of reasonable worst-case assumptions for the determination of the exposure and by the use of 
varying factors for the determination of the hazard. Reasonable worst case assumptions can be 
incorporated in different ways, e.g. built into the exposure model, based on expert judgment (‘I 
have never observed a factor X  lower than Y)  or on a quantitative measure (e.g. 95th percentile 
estimates for use as input data for modelling of environmental exposure).  

Deterministic approaches can be thought of as a simplified sensitivity analysis. Further information 
on deterministic approaches and their application in the chemical safety assessment is given in 
Section 19.3.3. 
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Level 3 – Probabilistic assessment 

Uncertainties assessed at level 3 (probabilistic) include a probabilistic assessment of those 
uncertainties which appear critical to the outcome of the chemical safety assessment.  Probabilistic 
approaches enable variation and uncertainty in effects and/or exposure and the resulting risk to be 
quantified, mainly by using probability distributions instead of fixed values in risk assessment. 

 The results of a probabilistic risk assessment (PRA) are also shown as distributions. This 
allows the assessor to see the most likely impact (expressed as the RCR), but also within 
which ranges. This could potentially provide a better basis for making decisions about 
further iterations of the CSA.  

In addition, output from a probabilistic assessment will often include a sensitivity analysis, 
identifying major contributors to variability and uncertainty in the estimated exposure. Note 
however that Assessment Factors will be derived and fixed according to the TGD. 

More detailed information on the use of probabilistic uncertainty analysis is provided in Section 
1.3.4. 

1.3.1.5 How to use the results of the uncertainty analysis 

As discussed in Section 1.3.1.3, the need to carry out an explicit uncertainty analysis is related to 
the degree of uncertainty in the risk characterisation and the RCR value. If an uncertainty analysis is 
considered needed, it can be carried out according to the tiered approach outlined in Section 1.3.1.4 
and using the specific methods in Sections 1.3.2 - 1.3.4. 

Where the application of a tiered uncertainty analysis gives a clear indication that the risk is 
adequately controlled (e.g. an increased belief that the RCR is less than 1), it would be sufficient to 
present the results of the analysis according to the recommended method. However, another 
possible outcome is that the uncertainty analysis simply provides evidence that in fact the RCR is 
'marginal' or even that it might exceed 1 under specific realistic circumstances. In such a case, the 
results of the uncertainty assessment strongly indicate that the chemical safety assessment needs to 
be refined. 
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It is important to note that not only can the uncertainty analysis help to determine the degree of 
confidence in the RCR, but it can also help to identify which specific parameters should be targeted 
in a refined risk assessment. 

Figure 2 outlines a possible iterative approach for using the tiered uncertainty approach in the 
chemical safety assessment. 
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Figure R.1.3 : Possible approach to uncertainty analysis in the Chemical Safety 
Assessment. 

1.3.2 Level 1 - Qualitative uncertainty analysis 

Baseline approach 

The Level 1 - qualitative evaluation of uncertainty consists of the identification of uncertainty 
sources and their qualitative characterisation. It aims at providing a comprehensive view of main 
uncertainties as a basis for the risk assessment refinement or the application of quantitative 
uncertainty evaluations in Level 2 (deterministic) and/or Level 3 (probabilistic). Various methods 
for the qualitative evaluation of uncertainties have been developed, all of them consisting in a 
systematic screening and classification of all uncertainty sources (e.g. EFSA, 2006; WHO/IPCS, 
2006; Van der Sluijs et al. 2003, Petersen et al., 2003). A baseline approach to the qualitative 
assessment of uncertainty is described below and structured into six points. It is based on principles 
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332 
333 
334 

of maximum simplicity and workability, but should not stop the risk assessor from considering 
more structured and detailed assessment methods as reported in the fore mentioned guidelines and 
scientific papers. 

335 
336 
337 

A) Systematic identification of uncertainties. Uncertainties can be separately assessed in the hazard 
assessment and the exposure assessment phases, and the assessment of the overall uncertainty be 
performed in the risk characterization phase. 

338 
339 
340 

B) Uncertainties classification. As mentioned in the introduction chapter, sources of uncertainties 
can be aggregated into three groups, i.e. scenarios, model and input parameters, respectively. 
Moreover, two types of uncertainties should be distinguished, i.e. uncertainty and variability. 

341 
342 
343 
344 
345 
346 
347 
348 
349 
350 

C) Uncertainties evaluation. The risk assessor needs to know whether identified uncertainties 
potentially lead to underestimate or overestimate the risk, and to which extent. Therefore, each 
individual uncertainty source can be characterised in terms of direction and magnitude. "Direction" 
refers to any directional influence of an uncertainty on the assessment outcome (EFSA, 2006), i.e. 
the inclination for overestimation or underestimation of the risk. For example, if the uncertainty 
source implies the use of a conservative assumption, it tends to overestimate the risk. "Magnitude" 
refers to how much the specific uncertainty source potentially affects (underestimates or 
overestimates) the risk outcome. The main interest is not the uncertainty source itself (e.g. percent 
uncertainty of the input parameter) rather than the effect on the risk estimate (e.g. percent impact on 
the risk outcome).  

351 
352 
353 

354 
355 
356 
357 

358 
359 
360 
361 
362 

363 
364 
365 
366 
367 

D) Criteria and scaling for evaluation. Indication of magnitude can be expressed using a simple 
qualitative scale, e.g. low, medium and high. Three useful ways of defining the magnitude scale are 
the following: 

i) the magnitude scale can be referred to the potential of that uncertainty source to increase 
the estimate above the level of concern (if known). This type of scale allows considering 
whether the combined uncertainties are large enough to affect the decision making based on 
the risk evaluation (EFSA, 2006); 

ii) the magnitude scale can be defined in relation to the magnitude of specific sources of 
uncertainties; for example, the smallest and largest contributors could be classified as "low" 
and "high" and all other uncertainties could be expressed relative to these (EFSA, 2006). 
While this scale supports a comparative assessment of source of uncertainty, it does not 
allow considering the combined effect of uncertainty sources on the risk outcome; 

iii) the magnitude scale can be defined with reference to the estimated variation of the risk 
outcome in terms, e.g., of orders of magnitude; for example, sources of uncertainty marked 
as "low", "moderate" and "high" may affect risk estimates by less than one order of 
magnitude, less than two orders of magnitude and more than two orders of magnitude, 
respectively (US-EPA, 1989). 

368 
369 
370 
371 

E) Evaluation of the overall uncertainty. In this scope the mathematical combination of magnitude 
estimates (e.g. scores) for each source of uncertainty would be misleading, while a subjective 
consideration of the assessor would be preferred with account of correlation and dependencies 
among uncertainty sources (EFSA, 2006). 

372 
373 
374 

F) Final outcomes. The final result of the qualitative uncertainty assessment should be the 
identification of most relevant sources of uncertainty and technical means for reducing them, as 
well as the evaluation of the overall effect of uncertainty sources on the risk estimate. In the case 
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394 
395 
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397 

that the risk quotient is close to, but below limits of acceptability (RCR < 1), the potential outcomes 
of the qualitative uncertainty analysis are the following: 

i) there is clear evidence that risk is over-estimated, therefore there is increased belief that 
risk is adequately controlled, 

ii) there is no clear evidence that risk is over-estimated, therefore a more detailed (e.g. 
quantitative) uncertainty analysis or a refinement of the risk assessment by reduction of 
uncertainties are recommended.  

The feasibility of reducing uncertainty sources depends on the type of uncertainty, the possibility of 
gaining further data and applying more reliable assessment methods. The application of quantitative 
uncertainty assessment (tier 2 and tier 3) is generally recommended in order to overcome 
judgmental biases. However, the qualitative uncertainty assessment should be always performed in 
order to out point the uncertainty sources to address in the quantitative evaluation and to consider 
those uncertainties that can not be quantified. 

Checklist of sources of uncertainty 

The systematic identification of potential sources of uncertainty can be supported by the use of 
checklists. For the sake of example, a rough checklist of main sources of uncertainty in the most 
general case is reported in Table 2 and Table 3. More detailed checklists can be developed with 
specific regard to the type of considered risk (e.g. environmental, occupational, consumer), 
exposure category and type of considered effects (e.g. PBT assessment). 

Table R.1-1: Major sources of uncertainty related to effect assessment.  
It should be noted that the adequacy of assessment factors is a source of uncertainty that has been 
addressed in the development of the TGD based on scientific state of art and agreed levels of 
conservatism, and is not expected to be re-considered on a case by case basis. 

Uncertainty group Sources of uncertainty 

Model uncertainty Adequacy of the model, e.g. QSAR, toxicokinetic and mechanistic models 
of effects: 

- oversimplification 

- dependency errors 

- use out of the validity domain 

Measurement uncertainties, e.g.: 

- Low sample size 

- Measurement errors 

Selection of data, e.g.: 

- Choice of the dose descriptor 

- Default values 

Parameter 
uncertainty 
(physicochemical 
and hazard 
properties) 

Extrapolation uncertainties, e.g.: 
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- QSAR, QSPR, Read-across, in-vitro test 

Adequacy of assessment factors associated to uncertainty, e.g.: 

- Interspecies (from animal to human) 

- Acute to chronic 

- Route to route 

- Lab to field 

Adequacy of assessment factors associated to variability, e.g.: 

- intraspecies due to age, sensitivity, etc. 

- interspecies due to sensitivity etc. 

Table R.1-2:Major sources of uncertainty related to exposure assessment 398 
Uncertainty group Sources of uncertainty 

Scenario uncertainty Adequacy of exposure scenario assumptions, e.g.: 

- emission sources, (i.e. disregarding a relevant source of release 
during the manufacturing/use processes or the life-cycle) 

- exposed population (e.g. consumers, children) or ecological 
community 

- spatial and temporal setting (e.g. local, regional, short- or long- 
term) 

- environment of exposure (e.g. conceptual model of working place 
or natural environment) 

- Exposure pathway(s) / route (s) (e.g. disregarding  an important 
exposure pathway / route) 

- Exposure event(s) (e.g. magnitude and frequency of the event) 

- Assumed efficacy of risk management measures (e.g. usage) 

Model uncertainty Adequacy of the model used, e.g: 

- oversimplification 

- dependency errors 

- application out of the validity domain 

Parameter and data 
uncertainty 

Measurement uncertainties, e.g.: 

- low sample size 

- measurement error 
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Selection of data, e.g.: 

- conservativeness in estimation of emissions 

- choice of the exposure concentration used for the exposure assessment 

- adequacy of default values 

- assumed effectiveness of risk management measures 

Extrapolation, e.g.: 

 - read across for similar substances/scenarios 

Variability, e.g.: 

- Environmental variability (temperature, wind, homogeneity 
etc.) 

- Variation in behaviour (related to exposure potential) 

- Variation in time and space, relating to any of the above 

399 

400 

 

A brief explanation of the sources of uncertainty included in the checklist is provided below.  

401 
402 

403 

404 
405 

406 
407 

408 
409 

410 

411 
412 
413 
414 
415 

416 
417 
418 

419 
420 

In the effect assessment major sources of uncertainty appear to be the estimation of physico-
chemical and hazard information. 

As far the physico chemical data are concerned: 

- it can be expected that uncertainty is most important when properties have to be estimated 
from QSPRs or other alternative estimation methods, 

- uncertainty may also be due to the selection of test data, test methods employed or to 
sample size (see “sampling and measurement uncertainties” later), 

- uncertainty in these parameters can be reduced considerably by more precise determination 
if considered critical (e.g., log Kow to estimate bioaccumulation potential). 

As far the hazard information is concerned: 

- although, in principle, the adequacy of assessment factor is a relevant source of uncertainty, 
it should be noted that assessment factors proposed by the TGD are the result of the analysis 
of the state of knowledge and widely agreed level of conservatism. It follows that the 
modification of assessment factors is not a generally accepted practice and should only 
possible based on the same TGD principles regulating the assessment factors derivation, 

- the analysis of uncertainty is especially recommended when hazard information is based on 
alternative test methods, because the relevance of their results has to be evaluated on a case 
by case basis, 

- it is important to have a comprehensive understanding of the conservatism behind the 
assessment factor. 

In the exposure assessment, main uncertainties can be hidden behind the assumptions made in the 
exposure scenario or the measurements used. In the exposure scenario the main sources of 

421 
422 
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423 
424 
425 

426 
427 
428 

429 
430 
431 
432 
433 
434 

435 
436 
437 

438 

439 
440 
441 
442 
443 
444 
445 
446 

447 
448 
449 
450 
451 

452 
453 
454 
455 

456 
457 
458 
459 
460 

461 
462 
463 

464 
465 
466 

uncertainty to be considered are linked to the emission of the substance, the pathway / route of 
exposure and the exposed population, which in turn mainly depend on operational conditions and 
efficiency of risk management measures. 

As far the exposure models are concerned, it is recognized that in general the default models will 
only be replaced by higher tier models in exceptional cases. Some specific considerations are the 
following: 

- a qualitative risk assessment is especially important for empirical/knowledge-based models. 
The model structure of an empirical model is not in the form of equations, and errors in the 
equations that are important sources of uncertainty in mechanistic models will not occur. 
However, the model structure of an empirical model can also be flawed, e.g. when an 
important parameter is not considered in the model, or the influence of a parameter is 
substantially over- or underestimated.  

- a large portion of uncertainty in modelling cannot be evaluated in a strict quantitative 
manner. The uncertainties of qualitative input parameters and of the logical structure of the 
model can in general only be discussed qualitatively. 

As far the input parameters are concerned: 

- uncertainties can arise in measurements. For example, not all of a physical sample during 
the chemical analysis may be recovered, which may lead to underestimated exposures. Some 
of the measurements may be below the limit of detection of the applied method and will 
therefore underestimate exposure if recorded as zero, or overestimate it if recorded as equal 
to the limit of detection. There may also be uncertainties in the reading of laboratory 
measuring devices and uncertainties as a result of some other aspect of laboratory process 
(e.g. sample preparation). The applied sampling protocols (e.g. EN 689) and good laboratory 
practice minimise these uncertainties. 

- most of the measured data received on exposure estimation are small data sets, and less than 
12 data points are not uncommon. For small sets of data points, statistical sampling 
uncertainties need to be considered when properties are estimated (e.g. the median or the 
90th percentile) for exposure data. The smaller the number of observations, the larger the 
uncertainties associated with any inferences that may be derived from them. 

- the most relevant question to ask is whether the data obtained are appropriate for the 
purposes of  exposure assessments. The main question whether the data set is representative 
for the exposed population or natural community. Qualitative information on the data set 
will affect the interpretation of any inferences made from it. 

- Uncertainties can arise as a result of the method by which measurements are selected for 
inclusion in the data set, particularly if data are pooled before or during the risk assessment 
process. A random or stratified sampling strategy would give different percentile values, 
averages and spread in the data than the pooled data sets. If measurement data are pooled, it 
should be done in a transparent way. 

- When quality measured data are not available for a particular scenario, it may be possible to 
extrapolate from data from analogues using expert judgement. Due to the extrapolation 
process, the uncertainty in the estimation will increase. 

- It may seem that measurements always give more reliable results than model estimations. 
However, measured concentrations can have a considerable uncertainty associated with 
them, due to temporal and spatial variations. Therefore, the availability of adequate 
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467 
468 

469 

470 
471 
472 
473 
474 
475 
476 

477 

measured data does not imply that PEC calculations are unnecessary. Both approaches 
complement each other in the complex interpretation and integration of the data.  

Example of qualitative evaluation of uncertainty 

An example for the qualitative assessment of uncertainties is reported in Table 4, where sources of 
uncertainty are grouped into scenario, model and input parameters uncertainties, each source of 
uncertainty is further classified into variability or uncertainty and then evaluated for direction and 
magnitude. The symbols + and – indicate overestimation and underestimation, respectively, and the 
scales from + to +++ and from – to --- indicate the magnitude (e.g. in a scale from 1 to above 3 
orders of magnitudes). As it can be noted in Table 4, in many cases the direction of the uncertainty 
is not known and therefore expressed as +/-. 

Table R.1-3: Example of table for the qualitative assessment of uncertainties 
 SOURCES OF UNCERTAINTY VARIABILITY 

OR 
UNCERTAINTY 

DIRECTION & 
MAGNITUDE 

Model  Source 1 VAR - 

Source 2 UNC +++ Input 
parameters  

Source n UNC ++/-- 

HAZARD 
ASSESSMENT 

Overall effect on hazard estimate 

E.g.: Mainly affected by overestimation from Source 2, which is uncertainty that may be reduced 
by… 

Scenario  Source 1 UNC ++ 

Source 2 VAR + Model  

Source 3 UNC +/- 

Source 4 UNC - Input 
parameters  

Source M  -- 

EXPOSURE 
ASSESSMENT 

Overall effect on exposure estimate 

E.g.: Mainly affected by overestimation from Source 1 and Source 2. Source 1 can be reduced by 
means…. Data on variability of Source 2 out line that adopted conservative assumptions are 
plausible only if… 

RISK 
CHARACTERI
ZATION 

Overall effect on risk estimate 

E.g.: The risk estimate appears to be overestimated mainly based on assumptions in exposure 
assessment, that may be revised on the basis of further investigation … 

478 
479 

480 

481 
482 
483 

Legend: +, ++, +++ = low, moderate and high overestimates; -, --, --- = low, moderate and high underestimates; VAR= 
variability; UNC= uncertainty 

Communication of the qualitative evaluation of uncertainty 

The reporting of the qualitative evaluation of uncertainties does not pose relevant problems of 
communication, since checklists, tables or matrices applied for the systematic analysis of 
uncertainty sources can be presented and easily interpreted by the reader.  
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1.3.3 Level 2 - Deterministic uncertainty analysis 484 

485 

486 
487 
488 
489 
490 
491 
492 
493 

494 
495 
496 

497 

Baseline approach 

When a qualitative assessment indicates a sufficient likelihood that single or combined uncertainties 
could alter the risk management decision, then it may be useful to examine them quantitatively. 
This can be done by performing a scenarios analysis, i.e. by changing critical assumptions and/or 
input parameters and calculating the effect on the assessment outcomes. The aim is to evaluate 
whether the main uncertainties identified in the qualitative assessment might be large enough to 
alter the assessment outcome and change the risk management decision. Therefore, the 
deterministic uncertainty analysis can be seen as a simple sensitivity analysis method, with limited 
capability as far the number of parameters and the combined effects that can be considered. 

The outcome of the deterministic uncertainty assessment is the confirmation of robustness of the 
risk evaluation or the indication for the further reduction of uncertainty and refinement of the risk 
evaluation. 

The baseline procedure for the deterministic assessment of uncertainties can be the following: 

498 
499 

A) Selection of uncertainty sources. Based on the qualitative uncertainty assessment (Level 1), a 
limited group of uncertainty sources to be analysed in quantitative terms should be selected. 

500 
501 
502 
503 

B) Scenarios analysis. For the selected uncertainty sources a scenario analysis should be performed. 
It consists of defining two (e.g. use a worst case and an average case) or more scenarios differing 
for the most uncertain input parameters/assumptions according to various degrees of conservatism. 
The risk is then estimated for each scenario. 

504 
505 
506 
507 
508 

C) Comparative analysis of risk estimates. In the case scenarios vary for one single assumption or 
parameter, the relevance of the uncertainty on that assumption or parameter will be investigated. In 
a combined scenario analysis where multiple uncertainty sources are varied in the best-case / worst 
case, the comparison of risk estimates may show the overall and the relative influence of the 
individual sources. 

509 
510 
511 
512 
513 
514 

D) Outcomes of the uncertainty analysis. Using the knowledge gained from the deterministic 
assessment of uncertainties, it should be decided whether additional information may significantly 
reduce the uncertainty and improve the accuracy of the RCR. Options are to collect more hazard 
information, more exposure information or better define the variability in the exposure scenarios. It 
should be considered that variability itself cannot be reduced, only better characterized. If 
necessary, additional RMMs can be considered to demonstrate adequately controlled risks. 

E) Reporting. The uncertainty analysis should be reported in the CSA outlining the main points of 
the assessment and its key results.  

515 
516 

517 

518 
519 

520 
521 
522 
523 
524 
525 

Selection of uncertainty sources 

Selecting the uncertainty sources to be addressed (Step A) and how they can be combined in 
different representative scenarios (Step B) is often difficult. 

Criteria for the selection can be (a) the potential impact of that specific uncertainty on the risk 
estimation and (b), when the risk refinement is addressed, the possibility of reducing that 
uncertainty based on further investigations. In this scope, useful indications are provided by 
previous sensitivity analysis studies performed on the EUSES model. Based on previous studies of 
Jager et al. (1997, 1998, 2000) Verdonck et al. (2005) indicates that key parameters in EUSES for 
the estimation of the environmental exposure are tonnage, release scenario, biodegradability, 
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lipophilicity (Kow) and volatility. The availability of further sensitivity studies on updated version of 
EUSES and sensitivity studies on other exposure scenarios (e.g. occupational exposure) would be 
useful. 

Scenarios analysis 

In the most common case two alternative scenarios are defined by selecting best cases and worst 
cases for assumptions and/or input values. In order to distinguish between variability and 
uncertainty sources, three scenarios can be developed (MERAG factsheet, 2007): 

1. The reasonable worst-case scenario accounts for all worst-case assumptions and parameters 
caused by both variability and uncertainty; 

2. The typical scenario account for the worst-case assumptions and parameters only caused by 
variability; 

3. The average scenario does not account for sources of variability and uncertainty. It is 
characterized by averages or medians for parameters. In some cases it can be judged not 
sufficiently protective for the environment and thus not considered. 

The outcomes of this approach are represented in Figure 3, where PEC and PNEC outcomes of the 
three scenarios are reported on the Concentration axis. In the hypothetical case represented in Fig. 3 
PNECs are always higher than PECs, even in the reasonable worst case scenario; this outcome of 
the deterministic uncertainty assessment would corroborate the belief that the risk is adequately 
controlled. In other cases the worst case scenario might show PNEC higher than PEC. In those 
cases the analysis of the plausibility of the worst case scenario provides an insight on the feasibility 
of uncertainty reduction options. The development of average, typical and worst case scenarios 
allows the distinction between uncertainty and variability: the difference in risk outcomes between 
the reasonable worst-case and typical scenario can be considered as a measure for uncertainty, 
while the difference between the typical and average scenario can be considered as a measure for 
variability.
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Figure R.1.4 : Outcomes of the application of deterministic risk assessment to average, 
typical and reasonable worst case scenarios. 

The development of representative scenarios should be based on available data and expert judgment 
on the plausibility (or probability) of that assumption/parameter in the reality, with additional 
consideration of risk management consequences. This is because the plausibility or probability of 
the scenario determines the probability of the resulting exposure estimate, which in turn determines 
the level of certainty in managing the risk (EFSA, 2006). Therefore, the assessor should try 
alternative assumptions and a range of input values and report the resulting risk estimates together 
with an evaluation of their relative plausibility. Whereas the probabilistic risk assessment (Tier 3) 
allows quantifying this probability, the deterministic approach implies subjective evaluations only. 
Terms such as "probable", "low probability" etc. or numerical scales (e.g. a 1 in 10 chance) can be 
used. It is important to consider that the combination of multiple conservative assumptions can 
quickly lead to a scenario that is extremely conservative and even beyond the bounds of possibility. 

Communication of the deterministic evaluation of uncertainty 

The uncertainty evaluation can be reported separately for the effect assessment, the exposure 
assessment and the risk characterization. The rationale and attributes of different representative 
scenarios should be clearly reported, together with resulting risk estimates. As a minimum, the 
reporting of the deterministic uncertainty assessment should: 

- identify which uncertainties have been treated at Tier 2,  

- if only one uncertainty is quantified, present the alternative input values used, describe their 
relative plausibilities and give the corresponding exposure estimates, 

- if more than one uncertainty is quantified, present the alternative combinations of input values 
used, their relative plausibilities and the corresponding exposure, 

- a comparison of risk estimates should be reported with indication of which sources of 
uncertainty have most influence on the outcome.  
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It may be helpful to summarise the results in tables or graphs, showing the relation between input 
values and the resulting exposure or risk.  

1.3.4 Level 3 - Probabilistic Uncertainty Assessment 

The probabilistic assessment of uncertainty aims at defining the probability that that the RCR is 
exceeded, given the fact that both the effect and the exposure are probabilistic factors. While 
deterministic risk assessment methods try to overcome uncertainties by introducing worst case 
assumptions and lead to an assessment with an unknown degree of conservatism, probabilistic 
methods try to quantify uncertainties in probabilistic terms. The advantage of the probabilistic risk 
assessment is that of more accurate risk estimates consistent with the probabilistic nature of risk, 
whereas the constraints are that of being demanding in terms of data collection/availability, 
calculation effort and experience of the risk assessor. Other factors limiting the use of probabilistic 
techniques are the lack of guidance, and difficulties in risk communication. For these reasons, the 
probabilistic risk assessment is usually undertaken only for substances of high concern and large 
data availability. The application of probabilistic techniques may increase in the future along with 
the consolidation of guidance and the availability of simplified methods and software tools. A 
preliminary tentative of methodological guidance was made in EU within the EUFRAM 
programme (EUFRAM, 2005). 

A variety of approaches exist for probabilistic analysis of the risk (and associated uncertainty), 
including 1D and 2D Monte Carlo simulations, bootstrapping and Bayesian analysis, fuzzy 
arithmetic and probability bounds (e.g. European Commission 2003, Cullen and Frey 1999, US 
EPA 1997, IPCS/WHO 2006).  For a detailed description of these techniques the reader is referred 
to the sources cited above. Moreover, the uncertainty analysis of EUSES (Jager et al. 1997, 2000, 
2001a,b, Vermeire 2001, Lessmann et al., 2005) can serve as a template for such an analysis. 

The following sections 1.3.4.1and 1.3.4.2 present general methodological aspects and an example 
of simplified method for the probabilistic risk assessment, respectively. 

1.3.4.1 General methodological aspects of the probabilistic risk assessment 

The probabilistic assessment of the risk (and associated uncertainty) implies the probabilistic 
estimation of the hazard, the exposure and the risk, as well as the analysis of sensitivity of different 
input parameters. 

Probabilistic approach to hazard assessment 616 

617 
618 

619 
620 

621 
622 

623 
624 
625 

Uncertainty and variability of the effect need to be quantified. The interpretation of hazard is 
different between man and the environment: 

- for human effect data, the benchmark dose concept (Slob and Pieters, 1998; Vermeire 2001) 
can be used to determine the dose-response relationship for the most critical endpoint(s);  

- for ecotoxicological data, the SSD concept (Aldenberg and Jaworska, 2000; Aldenberg et al., 
2002) can be applied to fit the available ecotoxicological data of different species.  

Even though the standard TGD approach sometimes does not advocate these methods under certain 
data limitations, these accepted methods do provide the possibility (with standard software) to 
quickly determine the uncertainty and variability of the hazard assessment, even with limited data. 
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The outcome of the probabilistic estimation of the hazard can be expressed by a cumulative 
distribution similar to the red curve represented in Figure 4.  

Confidence intervals can be also calculated for the cumulative distribution (not represented in Fig. 
4). While the cumulative distribution mainly represents the variability (e.g. inter-species variability 
in SSD), the width of confidence intervals mainly indicate the contribution of uncertainty sources. 

Probabilistic approach to exposure assessment.631 
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A probabilistic interpretation of measurements data in the environment can be performed. When the 
exposure is predicted by modelling, probabilistic methods are often used to quantify the 
propagation of the uncertainty associated to input parameters. 

Basic steps for the probabilistic estimation of the effects of uncertainty in model input parameters 
are the following: 

• Based on the knowledge obtained by the qualitative and/or quantitative deterministic 
uncertainty analysis, parameters to be treated in a probabilistic approach should be 
identified.  

• Uncertainty and variability of model input parameters should be described by appropriate 
distributions. This usually involves the collection of data, expert judgement and fitting 
distribution functions to data. Dependencies among model input parameters should be also 
taken into account. 

•  Computations (e.g. Monte Carlo simulations) should be carried out to estimate the 
propagation of variability and uncertainty through the model. The model output will be also 
a probabilistic distribution shaped by uncertainty and variability. 

• The estimated exposure can be expressed by a probability distribution (e.g. the exposure 
concentration distribution, also indicated with ECD) similar to the bell shaped blue curve 
represented in Figure 4. 

• Confidence intervals can be also calculated for the cumulative distribution (not represented 
in Fig. 4). While the cumulative distribution mainly represents the variability (e.g. spatial 
and temporal variability of exposure), the width of confidence intervals mainly indicate the 
contribution of uncertainty sources. 

The uncertainties associated to scenarios and applied models are usually not treated with 
probabilistic methods. In principle, the probabilistic approach can be applied to different scenarios 
or models, and associated uncertainties can be evaluated as in the deterministic uncertainty analysis 
(Level 2). In alternative, different scenarios/models can be also assigned probabilities representing 
their relative plausibility. 

Probabilistic estimation of risk 

The risk characterization ratio is no longer a deterministic estimate, but a distribution from which 
the probability that an RCR of one is exceeded can be calculated. Since the risk is assumed to be 
not adequately controlled when the exposure predicted concentration exceeds the predicted no 
effect concentration (PNEC or DNEL for the environmental and the human health risk, 
respectively), the probabilistic risk estimation is based on the overlapping of the exposure and the 
effect distributions. In Figure 4 the area under the curve of this distribution is the expected risk, 
given the fact that both exposure and effect are distributed. The only number that needs to be 
communicated is the expected risk, which is a single number. In some cases it will be possible to 
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assume mathematical forms for the distribution of both effects and exposure, and to estimate 
parameters for both distributions. Exposure and effects distributions can then be combined 
mathematically to derive expressions of risks (an example is given in section 19.3.4.2). In other 
cases the combination of effects and exposure distributions can be calculated numerically by means 
of a Monte Carlo analysis. 

Probabilistic risk assessment models yield distributions of model output that can be interpreted as a 
probability distribution of risk for predefined endpoints (Suter, 1993; Aldenberg et al, 2002). The 
correct interpretation of the risk prediction depends on the dimensions and units of both exposure 
and effect measures. This means that if the interest is the risk of acute mortality, both the ecological 
effect function and the exposure data distribution should be based on a relevant time scale, e.g. a 
48-hour exposure. This compatibility should be extended to aspects of time and space, to assure that 
the predicted risk is a realistic and relevant event. 
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Figure R.1.5 : Distribution of overlap. (Aldenberg, et al., 2002, Van Straalen, 1990, 2002) 
between exposure distribution (normal distribution on the left) and (no-) effect 
distribution (cumulative normal distribution on the right). The smaller shaded curve 
results from multiplying exposure and effect functions. The area under the smaller 
curve is equal to the expected risk, when both exposure and effect are distributed: here 
18.6%.   

 

Different approaches to the probabilistic analysis  

Different probabilistic risk assessment applications are possible that consider uncertainty in the 
hazard assessment, or the exposure assessment or both. 

If the interest is the probability that a no-effect level (PNEC or DNEL) is exceeded given 
uncertainty in exposure, the exposure concentration distribution (ECD) is compared to the no-effect 
level. The probability that the PNEC or DNEL is exceeded can then be read from the cumulative 
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distribution function.  In this case, the output of the probabilistic CSA reflects our uncertainty that a 
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If the interest is the probability that a no–effect level is exceeded at a point estimate of exposure, 
given uncertainty in the no-effect level (due to inter-or intra species variation), the no-effect level 
distribution (e.g., SSD in ecotoxicology) is compared to the exposure level. In that case, the output 
of the probabilistic CSA reflects our uncertainty that a specific exposure leads to an effect. 

A more sophisticated assessment is possible when both the no-effect level and the exposure are 
expressed as probability distributions, as represented in Figure 4. This type of analysis was 
pioneered by Van Straalen (1990) and Cardwell et al. (1993) and has since then been refined and 
internationally proposed as the standard framework for probabilistic risk assessment. In 3.4.2 
below, we will show, how the three cases can be united. 

Sensitivity analysis 

A sensitivity analysis can be computed to examine the contribution of each model input to variation 
and uncertainty in the output. Such a sensitivity analysis can provide insight into whether a real 
world system is sensitive to perturbations of some of its components or processes, assuming that 
such relationships are adequately represented in the model. This allows a ranking of the input 
parameters concerning their contribution to the overall uncertainty. Based on the outcome of 
probabilistic exposure assessment and the sensitivity analysis, uncertainties that can be reduced 
(e.g. by further investigation or risk management measures). A comprehensive description of 
sensitivity analysis techniques is provided by Saltelli et al. (2000).  

Variability and uncertainty propagation 

In principle variability and uncertainty should be treated separately, but it is rarely done in the 
common practice. For this purpose, a second order or 2-dimenional or embedded Monte Carlo 
simulation has been developed (Burmaster, 1996; Cullen and Frey, 1999). It simply consists of two 
Monte Carlo loops, one nested inside the other. The inner one deals with the variability of input 
variables, while the outer one deals with uncertainty. For each uncertain parameter value in the 
outer loop a whole distribution is created in the inner loop based only on variability.  

The cut-off probability 

A major remaining issue is that the cut-off probability for adequately controlled risks needs to be 
decided. The decisions will probably be different for environmental and for human RA purposes. 
This is essentially a decision for regulators and not a scientific issue. However, by using the same 
assumptions and safety factors as in the deterministic case for a PEC/PNEC of 1, a first impression 
of the residual risk can be made. Since these are the standard assumptions used so far, it seems 
reasonable to propose the residual risk as the cut-off probability.1

Communication of the uncertainty in the CSA 

The output of the probabilistic uncertainty assessment may consist in a large number of separate 
tables and graphs showing distributions and can be difficult to communicate by easy means. 
Probability distributions can be communicated in many ways, including: 

 
1 Annex 3 of the RIP3.2 CSA study, Ch. 7 calculates a residual risk of about 1% for the Annex VI data set for the 
environment, which could be used as a tentative cut-off probability. For human RA, such as residual risk has not yet 
been determined. 
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- probability density function, showing the relative probability of different values, 

- cumulative distribution, showing the probability of values below any given level, 

- exceedance (inverse cumulative) distribution, showing the probability of values above any 
given level, 

- summary statistics, e.g. mean or median estimates for the 97.5th percentile exposure together 
with one or more confidence intervals (e.g. 75, 90, 95 or 99% intervals); these may be 
presented numerically or graphically (e.g. box and whisker plots). 

Difficulties of interpretation could be partly circumvented by staying as close as possible to 
accepted output formats of a risk assessment such as the TGD. The reader is referred to Frewer et 
al. (2005) for a more in depth treatment. 

1.3.4.2 A simplified probabilistic analysis 

When both exposure and (no-) effect level are normally (Gaussian) distributed, a simplified method 
for the probabilistic assessment of the risk can be performed without the need for a full probabilistic 
analysis. The method for this was developed and documented and is already applied in 
ecotoxicology (Van Straalen (1990), Cardwell et al. (1993), Aldenberg et al. (2002), Van Straalen 
(2002), Verdonck (2003), and Verdonck et al. (2003).  One implementation of this theory is 
available within ETX 2.0 (Van Vlaardingen et al, 2004) and is being tested in the framework for 
probabilistic risk assessment for pesticides (EUFRAM, 2005). There is also a simple spreadsheet 
for calculating expected risk in case of normal log10 exposure and normal log10 response, or no-
effect (Aldenberg, 2007). One can show that the three different approaches to probabilistic risk 
analysis (section 19.3.4.1) are all covered by the expected risk equation (5.16) in Aldenberg et al. 
(2002, p. 72). A fixed exposure or (no-) effect level can be implemented as a normal distribution 
with standard deviation equal to 0, which reduces to the appropriate cumulative value. 

This method was originally developed for environmental risk assessment, but it should be stressed 
that the concept can be applied equally well to human risk assessment but with a different 
interpretation of the risk outcome. This will be further explained below. 

For risk characterisation of the short-term or long-term environmental risk, the acute or chronic 
effect data are subjected to the species sensitivity distribution method (SSD) (see [Reference to 
TGD hazard assessment section in which SSD is described]). The exposure distribution is 
constructed based on average and reasonable worst-case exposure estimates.  

The expected risk estimate is a measure of the probability that exposure values exceed effect 
(hazard) values. The expected risk value can also be calculated from the RCR distribution (Figure 
5). The chance that species in the environment are not adequately protected, i.e. the probability that 
the RCR ≥ 1, is given by the probability of log10 RCR exceeding 0 (Aldenberg et al., 2002, and 
Verdonck et al, 2003). In the simplified case of both normal log10 exposure and normal log10 
effect, the log10 RCR distribution is also normal. Figs 4 and 5 refer to the same case A in Aldenberg 
(2005). 
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Figure R.1.6 : A probability distribution of the log10 RCR (x-axis), with the probability 
that the RCR of 1 is exceeded  

(darker area on the right of the log10(RCR) = 0, i.e. RCR = 1, line). A simple procedure is available 
to calculate this probability, and is equal to the expected risk. 

For human risk characterisation, the effect data are described by the dose-response curve, as used in 
the Benchmark Dose Method (BMD). Many types of software are available for dose-response 
modeling. It should be stressed that the same assessment factors are used as in the normal hazard 
assessment, but the uncertainty and variation of the toxicity data are taken into account by using the 
entire dose-response relation based on all available toxicity data (LC50s or NOECs). The exposure 
distribution is constructed based on the average and the reasonable worst-case exposure estimate.  

Again, the risk outcome is nothing else than the probability that the exposure distribution can 
overlap the effect (hazard) distribution. The risk outcome is recalculated to a RCR distribution 
(Figure 5) and is the chance that the (sensitive) human target population (worker, consumer or 
general population) is not adequately protected (i.e., the probability that the RCR ≥ 1). 

For application in the CSA, some pragmatic steps are needed to describe the exposure uncertainty. 
Because this approach is based on a scenario analysis of only an average-case and a worst case 
estimate of the exposure level, this method is referred to as ‘semi-quantitative’. 

Step 1. Definition of distributions for the hazard assessment. The interpretation of hazard is 
different between man and the environment. 
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Step 1a. For human effect data, the dose-response relationship for the most critical endpoint(s) shall 
be used (e.g., by applying the benchmark dose concept (cf. Slob and Pieters, 1998). The entire fitted 
dose-response curve can be used to derive the DNEL uncertainty which is calculated using the 
standard assessment factors (whose uncertainty is ignored for the time being).2

 
2 The calculations are fully analogous to those for environmental hazard in Step 2b, however a worked out example is 
not yet available. 
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Step 1b. For ecotoxicological data, the SSD concept (cf. Aldenberg et al., 2002) shall be used to fit 
the data. The entire SSD shall be used to derive the PNEC uncertainty using the standard 
assessment factors (whose uncertainty is ignored for the time being). 
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Step 2. Definition of the distributions for the exposure assessment. Depending on the data 
availability, an average case (median of 50

798 
799 
800 
801 

802 
803 
804 

805 
806 
807 

th percentile) and the worst case (90th percentile) of 
exposure shall be defined. The difference between the two is used to estimate the uncertainty of 
exposure.  

Step 2a. From the measured data set, if it is large, the empirical 50th and 90th percentile of exposure 
shall be determined. If the data set is small, a statistical model to estimate the 50th and 90th 
percentile of exposure shall be used. 

Step 2b. For a modelled exposure, the worst-case model estimate shall be used as the 90th percentile 
of exposure. Expert judgment shall be applied to make a scenario analysis for the average-case 
prediction and this shall be used as the 50th percentile of exposure. 

Step 3.  Calculation of overlap between the effect and exposure distribution. By applying a few 
simple scaling steps, the influence of the uncertainty in both distributions on the RCR can be read 
off easily from specific statistical tables. Although the calculations are relatively simple, its 
application can be made very easy with the support of statistical software, e.g. Van Vlaardingen et 
al., 2004. 
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Step 4. Outcomes of the uncertainty assessment should be used to decide if additional information 
will improve the knowledge of uncertainty and variability and reduce the probability that the RCR 
is larger than one. Options are to collect more hazard information, more exposure information or 
better define the variability in the exposure scenarios. The remaining RCR uncertainty should be 
considered to either iterate a risk assessment refinement or consider additional RMMs to 
demonstrate adequately controlled risks. 
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Step 5. Reporting. The uncertainty analysis should be reported in the CSA in a concise summary 
report outlining the main points of the assessment and its key results. A technical report annex to 
the CSA should be made available for those who wish to examine the details. 

Communication of the results of a simplified joint probability analysis in the CSA 

For communicating the risk of the simplified joint probability method, previous work in both the 
literature (Verdonck et al, 2003) and in the context of risk communication (Frewer et al. 2005) has 
shown that the current graphical presentation as output of software (Van Vlaardingen et al., 2004) is 
confusing. By keeping the current way or risk characterisation, it is proposed to present the risk that 
the RCR is exceeded as the output of the assessment. An example of this approach is given in Table 
5. 
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Table R.1-4 : Output of a joint probability analysis in the context of the CSA 830 

Scenario Probability that RCR of 
one is exceeded (risk) 

Confidence interval 

ES 1, no additional RMMs 20% 0.1-60% 

ES 2, no additional RMMs 8% 0.2-30% 

ES 2, additional RMMs < 1% 0.2-0.9 % 
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In this purely hypothetical table, the uncertainty in both effects and exposure in the first iteration of 
the CSA is substantial, leading to a conclusion of ‘risks not adequately controlled’. A closer look at 
the exposure conditions could reveal substantial uncertainty about duration of exposure. If the 
arbitrary limit would have been set at 1%, the second iteration would still not be satisfactory leading 
to additional RMMs that finally lead to a low probability of exceeding the RCR. 

1.4 General recommendations for communicating uncertainty in the chemical safety 
assessment 

Specific formats for reporting qualitative, deterministic and probabilistic uncertainty analyses are 
recommended in their respective sections. This section briefly discusses where and how these 
should be incorporated in the chemical safety report and provides a list of more general 
considerations when reporting uncertainty analysis (Frewer et al., 2005). 

In many cases the uncertainty analysis will relate to reliability of the risk characterisation ratio 
(RCR) and so one approach would be to include the uncertainty analysis in the corresponding 
section of the chemical safety report. However, it would also be possible to have summary tables of 
the key sources of uncertainty at the end of the hazard assessment sections. In other cases the 
uncertainty analysis will be functionally used in the risk assessment refinement loop. In these cases 
the presentation of the uncertainty analysis outcomes might be presented as a track record of 
technical choices and further refined estimations leading to the final risk estimate. 

Some general considerations for the presentation of uncertainty analysis include: 

Setup, limitations of approach 

 Describe what was done (narrative) and why (motivate) 

 Considerations what is and what is not considered 

 Considerations of uncertainty and variability 

 Narrative forms should be used to explain what is not understood as well as identifying what 
is understood 

Presentation of methods 

 Specialist jargon should be avoided whenever possible 

 Novel ideas should be introduced one at a time rather than all at once 

 Explanations should be started with familiar assessment methodologies and subsequently 
move to unfamiliar assessment approaches  
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 For decision-makers, inclusion of a  “positive control”, the effects of which were already 
well understood by those involved in the risk analysis process, facilitates communication 
about new methods (e.g. deterministic and probabilistic side by side) 

 Graphs with frequencies on both axes are generally difficult to understand and communicate 
to non-experts. 

Communicating the results of the assessment 

 Communicating what is not known as well as what is known, and potential uncertainties 

 Use narrative forms backed up with diagrams (where appropriate) to describe the results of 
assessments and associated uncertainties 

 A concise summary report outlining the main points of the assessment and its key results 
should be produced  

 A technical report annex to the CSA should be made available for those who wish to 
examine the details

071121_Chapter_R.19_Final 23/11/2007 18:54 30 



RIP 3.2-2  CHAPTER R.19 

1.5 References 875 

876 
877 
878 
879 
880 
881 
882 
883 
884 
885 
886 
887 
888 
889 
890 
891 
892 
893 
894 
895 
896 
897 
898 
899 
900 
901 
902 
903 
904 
905 
906 
907 
908 
909 
910 
911 
912 
913 
914 
915 
916 
917 
918 
919 

Aldenberg, T. (2005) CEFIC/ LRi Presentation (ppt). http://busymath.googlepages.com/about. 

Aldenberg, T. (2007) BiNormal Expected Risk (xls). http://busymath.googlepages.com/sheets. 

Aldenberg, T., and J.S. Jaworska (2000) Uncertainty of the hazardous concentration and fraction affected for Normal 
Species Sensitivity Distributions. Ecotoxicology and Environmental Safety 46, 1–18. 

Aldenberg T, Jaworska JS, Traas TP (2002). Normal Species Sensitivity Distributions and Probabilistic Ecological Risk 
Assessment. In: Species sensitivity distributions in ecotoxicology. Posthuma L, Suter GW II, Traas TP (Eds.). Lewis 
Publishers, Boca Raton, FL USA. 

Aldenberg, T. and R. Luttik (2002) Extrapolation factors for tiny toxicity data sets from Species Sensitivity 
Distributions with known standard deviation. In: Species sensitivity distributions in Ecotoxicology (L. Posthuma, G.W. 
Suter II, and T.P. Traas, eds.), Lewis Publishers, pp. 103–118. 

Burmaster D.E., Wilson A.M. (1996). An introduction to second order random variables in human health risk 
assessment. Human and Ecological Risk Assessment, 2(4), 892-919 

Cardwell, R.D., B.R. Parkhurst, W. Warren-Hicks, and J.S. Volosin (1993) Aquatic Ecological Risk. Water 
Environment and Technology 5, 47–51. 

Cullen A.C., Frey H.C. (1999). Probabilistic techniques in exposure assessment. A handbook for dealing with 
variability and uncertainty in models and inputs. Plenum Press, NY. 

ECB (2003). Technical Guidance Document on Risk Assessment. European Commission, Joint Research Centre, 
Institute for Health and Consumer Protection, European Chemicals Bureau. 

EFSA (2006). Guidance of the scientific committee on a request from EFSA related to uncertainties in dietary exposure 
assessment. 

EPA (1997). Guiding principles for Monte Carlo analysis. Risk assessment forum Report EPA/630/R-97/001, U.S. 
Environmental Protection Agency, Washington, USA. 

EUFRAM (2005). Introducing probabilistic methods into the ecological risk assessment of pesticides. Concerted action 
to develop a European framework for probabilistic risk assessment of the environmental impacts of pesticides. EU 5th 
FP project QLK5-CT 2002 01346. See http://www.eufram.com. 

European Commission (2003). The future of risk assessment in the European Union. Scientific Steering Committee. 
The second report on the harmonisation of risk assessment procedures. Appendix 4: report on probabilistic risk 
assessment. European Commission, Brussels, Belgium. 

Frewer L., Hart A, Crocker J, Brown C, van den Brink P, Brock T, Goerlitz G, Scholderer J, Solomon K, Byrne P. 
(2005). Preliminary paper on communicating the results of probabilistic assessment. WP 7 of the EUFRAM project, 
internet consultation. http://www.eufram.com. 

Jager T., Rikken M.G.J., Poel P van der (1997) Uncertainty analysis of EUSES: improving risk management by 
probabilistic risk assessment. RIVM Report n. 679102039. Bilthoven, The Netherlands.  

Jager T. (1998). Uncertainty analysis of EUSES: interviews with representatives from Member States and Industry. 
RIVM report n. 679102047. Bilthoven, The Netherlands.  

Jager T, Hollander HA den, Janssen GB, Poel P van der, Rikken MGJ, Vermeire TG (2000). Probabilistic risk 
assessment for new and existing chemicals: Example calculations. Report 679102049, RIVM Bilthoven, The 
Netherlands. 

Jager T, Vermeire TG, Rikken MGJ. Poel P van der (2001a). Opportunities for a probabilistic risk assessment of 
chemicals in the European Union. Chemosphere 43:257-64 

Jager T, Hollander HA den, Poel P van der, Rikken MGJ (2001b). Probabilistic environmental risk assessment for 
dibutylphtalate (DBP). Human Ecol. Risk Ass. 7 (6): 1681-1697. 

Lessmann K., Beyer A., Klasmeier J., Matthies M.,(2005). Influence of distributional shape of substance parameters on 
exposure model output. Risk Analysis, 25, 5, 1137-1145. 

071121_Chapter_R.19_Final 23/11/2007 18:54 31 



RIP 3.2-2  CHAPTER R.19 

MERAG factsheet (2007) Metals Environmental Risk Assessment Guidance. Uncertainty analysis downloaded from 920 
www.metalsriskassessment.org. Visited on January 2007. 921 

922 
923 
924 
925 
926 
927 
928 
929 
930 
931 
932 
933 
934 
935 
936 
937 
938 
939 
940 
941 
942 
943 
944 
945 
946 
947 
948 
949 
950 
951 
952 
953 
954 
955 

Petersen AC; Janssen PHM; Van der Sluijs JP; Risbey JS; Ravetz  JR (2003). RIVM/MNP guidance for uncertainty 
assessment and communication-Mini-checklist & quickscan questionnaire. RIVM Bilthoven, The Netherlands. 

Saltelli A., Chan K., Scott E.M. (2000) Sensitivity analysis. John Wiley & Sons ltd, Chichester, UK 

Slob W, Pieters (1998). A probabilistic approach for deriving acceptable human intake limits and human health risks 
from toxicological studies: a general framework. Risk Analysis 18: 787-798. 

Struijs J, Peijnenburg WJGM (2002). Predictions by the multimedia environmental fate model SimpleBox compared to 
field data: Intermedia concentration ratios of two phthalate esters. Report 607220008, RIVM Bilthoven, The 
Netherlands. 

Suter, GW II (1993).  Ecological risk assessment,  Lewis Publishers, Chelsea, USA. 

US-EPA. (1989). Risk Assessment Guidance for Superfund Vol 1, Human Health Evaluation Manual, Part A, Interim 
Final. EPA/540/1-89/002. Washington DC: Office of Emergency and Remedial Response. 

Van der Sluijs JP; Risbey1 JS; Kloprogge P; Ravetz JR; Funtowicz SO; Corral Quintana S; Guimar˜aes Pereira A; De 
Marchi B; Petersen AC; Janssen PHM; Hoppe R; Huijs SWF. (2003). RIVM/MNP Guidance for Uncertainty 
Assessment and Communication: Detailed Guidance (RIVM/MNP Guidance for Uncertainty Assessment and 
Communication Series, Volume 3). Copernicus Institute for Sustainable Development and Innovation Department of 
Science Technology and Society Utrecht University, The Netherlands. 

Van Straalen, N.M. (1990) New methodologies for estimating the ecological risk of chemicals in the environment. In 
Proc. 6th Int. IAEG Congress (D.G. Price, Ed.). Rotterdam: Balkema, pp. 165–173. 

Van Straalen, N.M. (2002) Theory of ecological risk assessment based on species sensitivity distributions. In: Species 
sensitivity distributions in ecotoxicology. Posthuma L, Suter GW II, Traas TP (Eds.). Lewis Publishers, Boca Raton, FL 
USA, pp. 37–48. 

Van Vlaardingen PLA, Traas TP, Wintersen AM, Aldenberg T (2004). ETX 2.0. A Program to Calculate Hazardous 
Concentrations and Fraction Affected, Based on Normally Distributed Toxicity Data. Accompanying software can be 
downloaded from www.rivm.nl. Report 601501028, RIVM Bilthoven, The Netherlands. 

Verdonck AM (2003). Geo-referenced probabilistic ecological risk assessment. Ph.D. Thesis, Ghent University, 
Belgium 

Verdonck AM, Aldenberg T, Jaworska J, Vanrolleghem PA (2003). Limitations of current risk characterization 
methods in probabilistic environmental risk assessment. Environ. Toxicol. Chem.22: 2209-2213. 

Verdonck AM, Van Sprang PA, Vanrolleghem PA (2005). Uncertainty and precaution in European environmental risk 
assessment of chemicals. Water Science & Technology. 52: 227-234. 

Vermeire T, Jager T, Janssen G, Bos P, Pieters M (2001). A probabilistic human health risk assessment for 
environmental exposure to dibutylphthalate, Human Ecol. Risk Assess. 7 : 1663-1679 

World Health Organization / International Programme on Chemical Safety (2006). Draft guidance document on 
characterizing and communicating uncertainty in exposure assessment. 

071121_Chapter_R.19_Final 23/11/2007 18:54 32 

http://www.metalsriskassessment.org/
http://www.rivm.nl/

	1 UNCERTAINTY ANALYSIS IN THE CHEMICAL SAFETY ASSESSMENT 
	1.1 Introduction 
	1.1.1 Objectives of this chapter on uncertainty analysis 
	1.1.2 Role of uncertainty analysis in the chemical safety assessment 

	1.2 Key concepts in uncertainty analysis 
	1.2.1 Sources of uncertainty 
	1.2.2 Uncertainty and variability 

	1.3 uncertainty analysis in the chemical safety assessment 
	1.3.1 Qualitative, deterministic and probabilistic analysis: introduction to the tiered approach 
	1.3.1.1 The risk characterisation ratio 
	1.3.1.2 Validated methods versus non-standard techniques 
	1.3.1.3 Circumstances under which an uncertainty analysis is recommended 
	1.3.1.4 The stepwise approach 
	Level 1 – Qualitative assessment 
	Level 2 – Deterministic assessment 
	Level 3 – Probabilistic assessment 

	1.3.1.5 How to use the results of the uncertainty analysis 

	1.3.2 Level 1 - Qualitative uncertainty analysis 
	1.3.3 Level 2 - Deterministic uncertainty analysis 
	1.3.4 Level 3 - Probabilistic Uncertainty Assessment 
	1.3.4.1 General methodological aspects of the probabilistic risk assessment 
	1.3.4.2 A simplified probabilistic analysis 


	1.4 General recommendations for communicating uncertainty in the chemical safety assessment 
	1.5 References 


