Appendix D

Uncertainty sources

There is a great deal of heterogeneity in how the sources of uncertainty are identified. Exposure studies most often target uncertainty in modeling parameters. Effects studies sometimes evoke inter-species variability in susceptibility to chemicals (e.g., species sensitivity distributions—SSD). Other sources of uncertainty are addressed implicitly even if they are not identified as such, such as uncertainty related to assumptions. 

However, papers that use quantitative methods do not address uncertainty sources in a systematic manner, with typologies that are adapted to the chemical risk domain. The papers either refer to generic uncertainty typologies (in particular, that of Walker et al., 2003) or exemplify certain sources of uncertainty without attempting to completely or systematically classify them. Some do not specify uncertainty sources at all, making it is unclear what the assessment is dealing with. 

	Reference
	Source of uncertainty addressed or mentioned


	Ågerstrand et al., 2011
	(all explicit)

Reliability in:

Hypothesis and endpoints (appropriateness for the hypothesis)

Protocol

Test substance

Test environment

Dosing system

Test species

Controls

Statistical design

Biological effect

	Agwa et al., 2013
	Parameter uncertainty (explicit)

Output uncertainty (propagated) (explicit)

	Allen et al., 2007
	Parameter uncertainty (lack of knowledge about peoples’ habits, inter-individual variability) (explicit)

Modeling assumptions (not explicit)

	Alonso et al., 2008
	Parameter uncertainty

Variability

Lacking data

	Amini et al., 2008
	Not specified

	Amzal et al., 2009
	Population variability

Modeling assumptions, namely the a priori information chosen for the Bayesian analysis

Intraindividual variability

Interday variability

	Andersen et al., 2010
	Not specified (but SSD deal with inter-species sensitivity)

	Andreu and Picó, 2012
	Uncertainty in analytical methods (explicit)

	Andricevic et al., 2012
	Parameter uncertainty (explicit)

Extrapolation uncertainty (explicit)

Modeling assumptions (explicit)

	Angulo et al., 2012
	Not specified

	Arnold et al., 2012
	Not specified

	Arnot et al., 2008
	Measurement errors (analytical methods, limited sample size, inter-individual variability among sampled individuals) (explicit)

Variability in the data (explicit)

Model structure uncertainty (explicit)

Parameter uncertainty (explicit)

Co-dependence between parameters (explicit)

Inter-species variability (explicit)

Modeling assumptions (not explicit)

	Arnot et al., 2012
	Uncertainty in input data (lacking data) (explicit)

Uncertainty in model parameters (QSAR/QSPR model) (explicit)

Assumptions (not explicit)

Variability in biological and physical processes (explicit)

	Arregui et al., 2009
	Input data (explicit)

Assumptions about decision rules (not explicit)

	Aussem et al., 2012
	Uncertainty coming from confounding factors (explicit)

	Avagliano and Parrella, 2009
	Parameter uncertainty (data uncertainty)

	Awkerman et al., 2008
	Inter-species variability (explicit)

Extrapolation from one species to another (explicit)

Assumptions (not explicit)

	Awkerman et al., 2009
	Inter-species variability (not explicit)

Extrapolation from one species to another (explicit)

Assumptions (not explicit)

	Barmaz et al., 2012
	Parameter uncertainty (explicit)

	Barron et al., 2012
	Inter-species sensitivity in sensitivity to chemicals (explicit)

Between-laboratory data variability (explicit)

Intraspecies variability (explicit)

Measurement error (explicit)

Data quantity and quality (explicit)

Methodological uncertainty = Model fitting methods (explicit)

	Barros and Rubin, 2008
	Parameter uncertainty (scarcity of data, measurement errors and spatial, inter)-individual and other variability) (explicit)

Modeling assumptions (not explicit)

	Barton et al., 2007
	Uncertainty in:

· model specification

· model calibration

· model prediction

Measurement errors

Population variability

Completeness of reporting

Model structure

	Batke et al., 2011
	Extrapolation from short term to long term

Variability

Influence of experimental conditions on the results of chronic studies: dose spacing, data quality, general comparability

	Begum and Sen, 2007
	Uncertainties associated to low-dose extrapolation (explicit)

Parameter uncertainty (lacking data, intra- et inter-individual variability) (explicit)

	Benekos et al., 2007
	Parameter uncertainty

	Bennett et al., 2009
	Parameter uncertainty = Lacking knowledge (about the properties of the tested material)

Variability (in the structural variations of emerging chemicals)

Model structure uncertainty (the model is QSAR)

	Bercu et al., 2010
	Not specified

	Beronius et al., 2010
	(All explicit)

Expert interpretation of:

- estimations of exposure levels, 

- identification of critical study and NOAEL, 

- assessment factors 

- significance attributed to reports of low-dose effects

	Bertuzzo et al., 2013
	Variability explicit)

Uncertainty in model structure

Uncertainty in parameters

Modeling assumptions (not explicit)

	Bhavsar et al., 2008
	Parameter uncertainty (measurement uncertainty in input data, inter-study variability) (explicit)

Output uncertainty (explicit)

Inter-species variability (explicit)

	Bingli et al., 2008
	Parameter uncertainty

	Bissett et al., 2008
	Spatial variability (of pollutants)

	Blanset et al., 2007
	Parameter uncertainty (not explicit)

Assumptions in modeling (not explicit)

	Bogen et al., 2009
	Variability (inter-individual heterogeneity, intraindividual, spatial, temporal and other types of variability)

Uncertainty (lack of knowledge) (explicit): 

· model uncertainty

· scenario uncertainty

· input uncertainty

· parameter uncertainty

· assumptions

	Bois et al., 2010
	Population heterogeneity and differential susceptibility

Model structure

Lacking knowledge (parameter uncertainty)

Simplification

Mispecification

	Bokkers and Slob, 2007
	Inter-species sensitivity between animals and humans (extrapolation) (explicit)

	Bonnard and McKone, 2009
	Parameter uncertainty (lack of knowledge, inter-individual variability, variability of measurements) (not explicit)



	Boobis et al., 2008
	Not specified

	Boon et al., 2008
	Sampling uncertainty (explicit)

Parameter uncertainty (variability)

	Boon et al., 2009
	Data quality and non harmonized procedure of collection among databases in different countries (explicit)

Sampling uncertainty (explicit)

Assumptions regarding the concentration assigned to samples below the limit of reporting (explicit)

Parameter uncertainty (variability) (explicit)

	Boon et al., 2011
	Methodological uncertainty (explicit)

Sampling uncertainty (explicit)

Assumptions regarding the concentration assigned to samples below the limit of reporting (explicit)

Parameter uncertainty (variability)

Assumptions done for the needs of the risk assessment (explicit)

Statistical methods used for risk assessment (explicit)

Lack of data (explicit)

	Borgert et al., 2012
	Variability (explicit)

	Bos et al., 2009
	Parameter uncertainty:

- Variability among humans (explicit)

- Uncertainty in data (explicit)

- Uncertainty in assumptions (explicit) 

	Bosgra et al., 2009
	Variability (intra-species)

Parameter uncertainty

Dose-response uncertainty

Inter-species extrapolation

Intra-species extrapolation

	Breen et al., 2010
	Parameter uncertainty

	Briggs et al., 2009
	All explicit:

Model uncertainty

Conceptual (epistemic) uncertainty

Analytical uncertainty (sampling, measurement, data handling)

Extrapolation

Parameter uncertainty (input data)

Propagated uncertainty 

Data analysis (statistical tools used, statistical power)

Choice of the window of exposure

Use of proxies / default values

Choice of exposure model boundaries

Way of combining data from different studies

Communicational uncertainties



	Bruce et al., 2007
	Variability in exposure factor (explicit)

Uncertainty from sample heterogeneity (explicit)

Uncertainty in toxicity estimates (data uncertainty) (explicit)

	Buist et al., 2009
	Within-animal variation (for testing animals)

	Burgoon and Zacharewski, 2008
	Not specified

	Butterworth et al., 2007
	Not specified (for BMD)

For applying an uncertainty factor: 

- Extrapolation from animal to human 

- Inter-individual differences in susceptibility

- Database uncertainties

	Cabanillas et al., 2012
	Lacking data (explicit)

	Caldas and Jardim, 2012
	Not specified

	Cao et al., 2010
	Parameter uncertainty

	Cao et al., 2011
	Not specified

	Caquet et al., 2013
	Not specified

	Carafa et al., 2011
	Inter-species variability (in sensitivity to chemicals) (explicit)

	Carriger and Rand, 2008
	Lacking data (explicit)

Lack of representativeness of the data (reduced number of sampling sites) (explicit)

Methodological uncertainty (heterogeneous methods for obtaining the data in the different sources included in exposure calculations)

Choice of exposure duration in laboratory effects, as compared with real exposures in the field (explicit)

Choice of observation time as regards exposure duration and time pattern (explicit) 

	Carslaw et al., 2007
	Model uncertainty (explicit)

Output uncertainty (explicit)

Inter-annual variability (meteorology and oxidant concentrations) (explicit)

Assumptions about model parameters (not explicit)

	Chen et al., 2008
	Data uncertainty (explicit)

Inter-laboratory variability (explicit)

Structure of the model - Choice of the modeling algorithms (explicit)

Robustness of the model as regards the range of its applicability (explicit)

Epistemological uncertainty (explicit)

Modeling assumptions (explicit)

Measurement error (explicit)

Output uncertainty (propagated through the model = precision of the results) (explicit)

	Chen et al., 2010
	Parameter uncertainty (explicit)

	Chen, C-C. et al., 2012
	Parameter uncertainty (in PBPK model) (explicit)

Measurement error (explicit)

	Chen, R. et al., 2012
	Statistical error (explicit)

Variability between cities (explicit)

	Chen, Y-C. et al., 2012
	Not specified

	Chevrier et al., 2013
	Confounding factors

Uncertainty due to study design

	Chimeddulam and Wu, 2013
	Assumptions (explicit)

Uncertainty in analytical methods (explicit)

Inter-population variability (explicit)

Parameter uncertainty (lack of data, variability) (explicit)

	Chiu and Ginsberg, 2011
	Limited data (explicit)

Variability (explicit)

Parameter uncertainty (explicit)

	Chiu et al., 2007
	All explicit:

Model purpose (framing)

Model structure

Mathematical representation

Parameter estimation

Computer implementation

Predictive capacity

Statistical analyses

	Chiu et al., 2009
	Parameter uncertainty (explicit)

Interstudy (lot-to-lot) variability, interstrain and intersex variability => toxicokinetic variability (explicit)

Intra-population variability in the different physiological parameters (explicit)

Measurement error (explicit)

Model misspecification (explicit)

Inter-individual variability (explicit)

Intra-individual variability (explicit)



	Chon et al., 2012
	Epistemic uncertainty about the relative importance of different aspects (criteria) influencing the risk (explicit)

	Chowdhury , K.H.et al., 2009
	Assumptions (not explicit)

Parameter uncertainty (explicit)

	Chowdhury, S. et al., 2009
	Parameter uncertainty (explicit)

Framing = contextual uncertainty = Uncertainty in boundary conditions (explicit)

Uncertainty about the expert choices  (explicit)

Variability (explicit)

	Ciavatta et al., 2009
	Parameter uncertainty (explicit)

Output uncertainty (propagated, variability) (explicit)

Modeling assumptions (not explicit)

	Ciffroy et al., 2013
	Not specified

	Claxton, 2007
	Bias from conflicts of interest (explicit)

	Clewell and Clewell, 2008
	Inter-individual variability

Parameter uncertainty

	Coutu et al., 2012
	Lack of knowledge (uncertainty about substance properties)

Parameter uncertainty (inter-study variability)

	Covington et al., 2007
	Parameter uncertainty (explicit)

Model uncertainty (explicit)

Measurement uncertainty (explicit)

	Craig et al., 2012
	Parameter uncertainty (explicit)

Inter-species variability (explicit)

Model structure uncertainty (explicit)

	Cressie et al., 2007
	Methodological uncertainty = limitations in data-collection methods (explicit)

Data uncertainty = Lacking data (explicit)

Model uncertainty (explicit)

Parameter uncertainty (explicit)

Inter-individual spatial and temporal variability in exposure to chemicals (explicit)

Measurement uncertainty (measurement-error precision)

Sampling uncertainty (explicit)

Assumptions (about the slope parameters along the exposure pathways) (explicit)

	Crofton et al., 2007
	Not specified

	Crouch and Omenn, 2012
	Not specified

	Crump and Teeguarden, 2009
	Not specified

	Crump et al., 2008
	Modelling assumptions (explicit)

Choice of the control group (explicit)

Choice of the strain of rats used in experiments (explicit)

Choice of the endpoints to be observed (explicit)

Lack of data (explicit)

	Davis et al., 2011
	Uncertainty in the data (e.g., lack of information about the differences in toxicokinetics and toxicodynamics between the test species and humans, differences among human individuals, or lack of knowledge in the database about other potential hazards for a particular chemical) (explicit)

Uncertainty and variability resulting from study quality (explicit)

Uncertainty in the dose-response model selection process (explicit)

	De Laender et al, 2008
	Not specified (but SSD deal with differential inter-species sensitivity)

	De Laender et al., 2010


	Parameter uncertainty



	De Laender et al., 2013
	Not specified

	De Vries et al., 2010
	Not specified

	Desaules, 2012
	Methodological uncertainty (explicit)

Model uncertainty (explicit)

Data uncertainty (explicit)

	Djohan et al., 2007
	Modeling assumptions (not explicit)

	Dobbins et al., 2008
	Methodological uncertainty (related to the sensitivity of the test) (explicit)

	Dobbins et al., 2009
	Not specified

	Dom et al., 2010
	Interspecies variability in species sensitivity (explicit)

	Dom et al., 2012
	Inter-species variability (in sensitivities to narcotic chemicals) (explicit)

	Dor et al., 2009
	Uncertainty in epidemiological studies, coming from inadequate treatment of:

- measurement of exposure (including existence of multiple exposures, possible changes in exposure over time and the time when the exposure occurred)

- choice of the effect analyzed

- statistical power of the study, i.e., ability to detect specific excess risk

- management of bias and confounding factors

- (in case of reprotoxic effects) the age of the parents, their occupational and medical history, (in case of developmental effects) any events occurring during pregnancy

In toxicological studies, uncertainty from:

- type, number and gender of the animals tested

- purity and source of the toxic substance

- accuracy of the description of the lesions observed

- description of the animal exposure methods, in particular the route and doses administered

- identification of the dose – response relationship

Variability: random response of each individual in the test group to a toxic dose

	Engelman et al., 2012
	Parameter uncertainty (explicit)

	Erdal et Carollo, 2007
	Not specified

	Evans et al., 2009
	Parameter uncertainty (explicit)

Inter-study (lot-to-lot) variability (explicit)

Inter-strain variability (explicit)

	Faggiano et al., 2010
	Not specified

	Fedorenkova et al., 2012
	Inter-species variability

	Fernández-Navarro et al., 2012
	Not specified

	Foronda et al., 2007a
	Not specified

	Foronda et al., 2007b
	Not specified

	Fox and Billoir, 2013
	Not specified

	Fragoulis et al., 2010
	Parameter uncertainty = variability (explicit)



	Galic et al., 2012
	Parameter uncertainty (not explicit)

	Garcia-Diaz and Gozalvez-Zafrilla, 2012
	Parameter uncertainty

	García-Pérez et al., 2013
	Geographic variability (explicit)



	Georgopoulos et al., 2009
	Not specified

	Glorennec et al., 2007
	Parameter uncertainty (variability) (explicit)

Methodological uncertainty (quantification limits in food and water) (explicit)

Sampling uncertainty (representativeness and traceability of tap water samples) (explicit)

Lacking data (absence of recent data about urban soil contamination, about the quantity of ingested soil and dust) (explicit)

Measurement uncertainty (explicit)

	Gokgoz-Kilic and Aral, 2008
	Parameter uncertainty (from lack of data) (explicit)

Model uncertainty (conceptual) (explicit)

	Goktas et Aral, 2011
	Parameter uncertainty (explicit)

	Gollapudi et al., 2012
	Variability in dose-response

	Görlitz et al., 2011
	Parameter uncertainty (explicit)

Output uncertainty (propagated) (explicit)

	Goverts et al., 2012
	Assumptions (explicit)

	Gupta and Wang, 2009
	Not specified

	Gust et al., 2011
	Not specified

	Gutiérrez et al., 2009
	All explicit:

Intra-laboratory variation

Inter-laboratory variation

Intra- and inter-species variation

Short-term to long-term toxicity extrapolation

Laboratory to field extrapolation

Additive, synergic and antagonistic effects from the presence of other substances

	Hall et al., 2009
	Not specified

	Hamidin et al., 2008
	Not specified

	Hanson and Stark, 2012
	Extrapolation from individual to population (explicit)

	Hayashi et Kashiwagi, 2010
	Inter-species variability in sensitivity to chemicals (explicit)

Parameter uncertainty (explicit)

Uncertainty in model structure (explicit)

	Hays et al., 2012
	Parameter uncertainty (variability inter-individuals and within individuals in time) (explicit)

Sample handling procedures (collection and analysis) (explicit)

	Heinzl et al., 2007
	Technical uncertainty (due to use of different statistical techniques) (explicit)

Context uncertainty (workplace misspecifications) (explicit)

Measurement error (TCDD) (explicit)

	Heise and Förstner, 2007
	Natural variability, 

Measurement uncertainty: Sampling 

Measurement uncertainty: chemical analyses 

	Henning-De Jong et al., 2008
	Inter-species variability (explicit)

Parameter uncertainty (explicit)

	Herlin et al., 2010
	Not specified

	Hollander et al., 2009
	Parameter uncertainty (variability in chemical and environmental properties) (explicit)

	Hollander et al., 2012
	Spatial variability (in two parameters: emission intensities and differences in environmental conditions) (explicit)

	Hoque et al., 2012
	Use of surrogate variables due to lacking data (explicit)

Measurement uncertainty (sampling) (explicit)

	Izadi et al., 2012
	Not specified

	Jager et al., 2007
	Lack of knowledge (about the potency of a chemical) (not explicit)

Variability (in susceptibility to chemicals) (not explicit)

	Jänsch et al., 2007
	Not specified

	Jaworska et al., 2010
	Imperfect understanding of underlying toxicological mechanisms (explicit)

Variations among and between individual species used for testing (explicit)

Measurement and observational errors (explicit)

Conflicting information (explicit)

	Jenab et al., 2012
	Measurement uncertainty (errors) (explicit)

	Jin et al., 2011
	Not specified

	Jin et al., 2012a
	Not specified

	Jin et al., 2012b
	Interspecies variability (explicit)

	Judson et al., 2011
	Assumptions (not explicit)

Output uncertainty (propagated) (explicit)

Parameter uncertainty (explicit)

Measurement uncertainty (explicit)

Population variability (explicit)

Model uncertainty (explicit)

Methodological uncertainty (precision of the assays currently in use) (explicit)

Epistemological uncertainty (explicit)

	Kamo and Naito, 2008
	Inter-species variability (explicit)

Assumptions (not explicit)



	Kefford et al., 2010
	Inter-species variability (not explicit)

	Kefford et al., 2012
	Inter-species (ecological) variability (explicit)

	Keiter et al., 2009
	Abundance and diversity of data obtained from tests with different endpoints

Inherent variability of biotests

Ecological variability of the test systems

“Ecotoxicological risk assessment requires a multitude of data with different endpoints. In addition, interactions between the variables are usually very complex; therefore, the data are difficult to analyse and interpret”

1. Epistemic uncertainties 

- measurement errors

- inherent variability

2. Linguistic uncertainties

	Kennedy and Hart, 2009
	Parameter uncertainty = Measurement uncertainty (measurement error, nondetects, and composite sampling) (explicit)

Model uncertainty (explicit) 

Assumptions (explicit)

	Kennedy, 2010
	Variability of intakes within population

Uncertainty in exposure distributions, arising from 

- the combination of uncertainty in residues (model uncertainty) 

- uncertainties in consumption (data uncertainty, parameter uncertainty)

Sampling uncertainty: “For large surveys and considering frequently consumed items the empirical distribution (i.e. the dataset itself) may be adequate to represent the true distribution of consumptions or exposures. In practice, sample sizes are limited, particularly for infrequently consumed items, leading to sampling uncertainty”

	Kettaneh et al., 2007
	Publication bias (explicit)

Statistical power (explicit)

Inter-study heterogeneity (explicit)

	Kilkenny et al., 2010
	(all explicit) METHODS:

Study design

Experimental procedures

Experimental animals

Housing and husbandry

Sample size

Allocating animals to experimental groups

Experimental outcomes

Statistical methods

RESULTS:

Baseline data

Numbers analyzed

Outcomes and estimation

Adverse events

DISCUSSION

Interpretation/ scientific implications

Generalizability/translation

Funding

	Kim et al., 2009
	Parameter uncertainty (explicit)

Output uncertainty (propagated through the model)

Spatial variability

	Knol et al., 2009
	Assumptions (explicit)

Incomplete knowledge (explicit)

Framing = Conflicting perceptions about what the most important aspects of the problem are (explicit)

	Koch et al., 2013
	Within-laboratory repeatability of measurements

Between laboratory variability in measurements

	Kopylev et al., 2007
	Choice of the dose-response model (explicit)

Assumptions about mode of action of the chemical (explicit)

Problems in the database (explicit)

	Kreider and Williams, 2010
	Explicit:

Assumptions (expert judgment leading to choices made for calculating DNEL, in REACH): selection of method to adjust dose to represent population, selection of dose descriptor, etc.

Interspecies extrapolation

	Kuiper et al., 2008
	Not specified

	Kumar and Xagoraraki, 2010
	- uncertainty in critical endpoints;

- assumptions for worst-case scenario estimations; 

- mixture effects (particularly at trace pharmaceutical concentrations);

- sensitive sub-populations (children,

pregnant women, debilitated or immuno-suppressed populations);

regional differences, 

· study durations on risk estimates

Dealt with using uncertainty factors:

- inter-species variability (i.e., among species); 

- intra-species variability (i.e., within humans); 

- extrapolation from a low observable-

adverse-effect-level (LOAEL) to no-observable-adverse effect level (NOAEL) 

- duration of exposure in toxicological

studies (i.e., sub-chronic to chronic; 

- quality of data

	Kwok et al., 2008
	Inter-species variability (not explicit)

Divergent data (in two databases) (explicit)

Extrapolation outside data range (explicit)

Assumptions (not explicit)

	Lester et al., 2007
	NA

	Li et al., 2012
	Parameter uncertainty (explicit)

	Liao et al., 2007a
	Parameter uncertainty (explicit)

Model uncertainty (explicit)

Inter-individual variability (explicit)

	Liao et al., 2007b
	Uncertainties in the QSPR-estimated chemical-specific parameters (explicit)

Variability (in physiological parameters) (explicit) 

Variability (in exposure patterns) (explicit)

	Lim et al., 2012
	Parameter uncertainty (lacking data) (explicit)

	Lindahl and Bockstaller, 2012
	Parameter uncertainty (lacking data in inputs) (explicit)

Epistemological uncertainty (about the fate of pesticides in soils)

	Lindblom et al., 2007
	Parameter uncertainty (explicit)

	Liu et al., 2009
	Variability of exposure concentrations (explicit)

Inter-species sensitivity (not explicit)

	Liu et al., 2010
	Parameter uncertainty (explicit)

Output uncertainty (propagation of uncertainty through the model = model sensitivity is the influence of a parameter within a model) (explicit)

Missing information (explicit)

Ambiguities in the available information (explicit) 

Model uncertainty (error in the conceptual model) (explicit)

Variability in the environment (explicit)

	Lopes et al., 2011
	All explicit:

Parameter uncertainty 

Intra-species variability

Inter-species variability

	Louisse et al., 2010
	Interspecies differences in kinetics (explicit)

Intraspecies differences in kinetics (explicit)

	Luo and Yang, 2007
	Parameter uncertainty (lack of knowledge about chemical properties) (explicit)

Parameter uncertainty (measurement or estimation error) (explicit)

Parameter uncertainty (variability in environment) (explicit)

	Lyons et al., 2008
	Inter-individual variability (explicit)

	Macedo-Sousa, et al., 2009
	Not specified

	Magnusson and Ellison, 2008
	Measurement uncertainty = systematic error in chemical analysis (explicit)

Bias can intervene at different parts of the analytical process:

- definition of measurand

- sampling and subsampling in laboratory

- sample storage

- sample preparation

- calibration

- analysis and data acquisition and processing

	Malaguerra et al., 2013
	Parameter uncertainty (not explicit)

	Martinez et al., 2010
	Parameter uncertainty (explicit)

Output (propagated) uncertainty (explicit)

Model uncertainty (system definition, included environmental process, calculation methods, etc.) (explicit)

	Martinho and Freitas, 2009
	Uncertainty in the dose-response (explicit)

Uncertainty in measurement (explicit)

Inter-individual variability (explicit)

Spatial variability of contaminant concentrations (explicit)

Lack of data (explicit)

	Maxim and Van der Sluijs, 2007
	Uncertainty coming from:

- reliability of the information – it must be based on all available scientific knowledge; 

- robustness of the information – it must take into account criticism; use of the information produced by other stakeholders; 

- relevancy of the arguments for issue under debate; 

- logical coherence of the discourse; 

- legitimacy of the information source

	Maxim and Van der Sluijs, 2010
	Uncertainty in the causal relationship

	McKinlay et al., 2008
	Not specified

	Meek et al., 2011
	Inter-individual variability (explicit)

Inter-species variability (explicit)

Lacking data (explicit)

Assumptions (explicit) 

	Meli et al., 2013
	Parameter uncertainty (not explicit)

	Melzer et al., 2012
	Parameter uncertainty (explicit)

	Mesa-Frias et al., 2013
	Input data

Parameter uncertainty

Model formulation

Complex associations between exposures and effects

Lack of data 

Data of poor quality

	Modis et al., 2010
	Spatial and temporal variability of contaminant concentrations (explicit)

Parameter uncertainty (explicit)

Measurement uncertainty (explicit)

	Morales et al., 2011
	Parameter uncertainty (explicit)

	Mörk and Johanson, 2010
	Intra-species variability (explicit)

	Mörk et al., 2009
	Parameter uncertainty (explicit)

Inter-individual variability (explicit)

	Müller et al., 2009
	Parameter uncertainty (explicit)

Data uncertainty (lacking data) (explicit)

Interspecies- and intraspecies variability (explicit)

Output uncertainty (propagation through the model) (explicit)

Sampling uncertainty (explicit)

Model uncertainty (for the dose-response model) (explicit)



	Mutshinda et al., 2008
	Parameter uncertainty

	Nadal et al., 2008
	Parameter uncertainty (explicit)

	Nagai et al., 2012
	Inter-species variability in sensitivity to chemicals (not explicit)

	Ni and Guo, 2013
	Parameter uncertainty

	Nong and Krishnan, 2007
	Parameter (Inter-individual pharmacokinetic variability) (explicit)

Simplifying assumptions (explicit)

	Nong et al., 2008
	Parameter uncertainty

	Öberg, 2010
	Data uncertainty (explicit)

Inter-species variability (explicit)

	Ocampo-Duque et al., 2012
	Lack of knowledge, variability, subjectivity (explicit)

Parameter uncertainty (explicit)

	Olsen et al., 2011
	Data uncertainty (explicit)

Output uncertainty (propagated through the model) (explicit)

Inter-test variability (explicit)

Assumptions (about the species to include in the SSD, etc.) (explicit)

	Paini et al., 2011
	Not specified

	Park et al., 2008
	Parameter uncertainty (explicit)

	Parzefall, 2008
	Not specified

	Passuello et al., 2010
	Input parameters variability/uncertainty (explicit)

Output (propagated) variability/uncertainty (explicit)

Assumptions in modelling (not explicit)

	Passuello et al., 2012
	Parameter uncertainty (model input) (explicit)

Output uncertainty (propagated => variability) (explicit) 

	Pelé et al., 2013
	Attrition (missing data)

	Persoons et al., 2012
	Parameter uncertainty

	Péry et al., 2010
	Not specified

	Phillips and Tudoreanu, 2011
	Parameter uncertainty (explicit)

Modeling assumptions (not explicit)

	Phong et al., 2011
	Model input parameters (explicit)

	Piersma et al., 2011
	Inter-individual variability 

	Porta et al., 2009
	All explicit:

Exposure assessment (data uncertainty)

Choice of the ecological level of analysis

Treatment of confounders

Design of the study



	Price and Wiltshire, 2009
	Input data (explicit)

Interspecies uncertainty (explicit)

Inter-individual uncertainty (explicit)

Exposure duration extrapolation (explicit)

Database adequacy (explicit)

LOAEL to NOAEL adjustment (explicit)

	Price et al., 2009
	Lack of data (explicit)

Interspecies uncertainty (explicit)

Interindividual uncertainty. (explicit)

Exposure duration extrapolation (explicit)

Database adequacy. (explicit)

LOAEL to NOAEL adjustment (explicit)

Uncertainty in extrapolating from subchronic to chronic (explicit)

Output (propagated) uncertainty (explicit)

	Puzyn, 2011
	Parameter uncertainty (explicit)

	Qin et al., 2013
	Inter-species variability (not specified)

Lacking toxicity data (explicit)

Spatial variability of exposure concentrations (explicit)

Measurement uncertainty (sampling, analytical errors)

Extrapolation from lab to field (lab data may extrapolate field toxicity at population level)



	Qiu et al., 2009
	(All explicit) Parameter uncertainty 

Epistemic uncertainty 

Model structure uncertainty (misspecification of model structure)

Measurement error

Interstudy variability

Intraindividual variability 

	Qu et al., 2011
	Not specified

	Raimondo et al., 2008
	Not specified

	Ramsey, 2008
	(explicit) Uncertainty in:

Input data (Measurement errors, sampling uncertainty, lacking data)

Model structure 

Epistemological (lack of knowledge of the environmental processes) (explicit)

Data uncertainty (availability of basic measurements) (explicit)



	Rand et Schuler, 2009
	Parameter uncertainty (Lack of knowledge) (explicit)

Inter-species extrapolation (explicit)

Epistemological uncertainty (lack of knowledge on interactions between contaminants) (explicit)

Variability – natural (in sediment composition), in laboratory techniques (explicit)

Assumptions (not explicit)

	Rashleigh et al., 2009
	Parameter uncertainty (explicit)

Model uncertainty (explicit)

	Ren, 2007
	Parameter uncertainty

	Rodak and Silliman, 2012
	Parameter uncertainty (explicit)

Variability (in transport properties of contaminants) (explicit)

	Rubach et al., 2011
	Inter-species variability (explicit)

	Ruggeri, 2009
	Parameter uncertainty (explicit)

Output uncertainty (propagation of uncertainty along the scoring procedure) (explicit)

Measurement uncertainty (explicit)

	Ryker and Small, 2008
	Epistemic uncertainty (explicit)

	Safford, 2008
	Interindividual variability (explicit)

Variations in vehicle (product formulation) (explicit)

Variation in use conditions (area of body skin, skin condition, etc.) (explicit)

Uncertainty from lack of data (explicit)

	Sahlin et al., 2011
	Model uncertainty (explicit)

Output uncertainty (propagated) (explicit)

Parameter uncertainty = qualitative deficiencies in input data, inter-laboratory variability, measurement methods, lacking data (explicit)

Variability in experimental data (explicit)

Methodological uncertainty (choixe of the statistical method for analyzing the data)

	Sahmel et al., 2009
	Variability in input data (explicit)

Parameter uncertainty (explicit)

Output (propagated) uncertainty (explicit)

	Sahmel et al., 2010
	Parameter uncertainty (explicit)

Model uncertainty (explicit)

Scenario uncertainty (explicit)

	Saloranta et al., 2008
	Parameter uncertainty (explicit)

Output (propagated, coming from interactions between parameters) (explicit)

Modeling assumptions (not explicit)

	Sánchez-Bayo and Goka, 2012
	Inter-species variability (explicit)

	Sánchez-Rodríguez et al., 2011
	Not specified

	Sand et al., 2008
	Not specified

	Sand et al., 2010
	Variability = Inter-variety sensitivity (here, between Long-Evans and Han/Wistar rats) (explicit)

	Sand et al., 2011
	Interspecies differences in sensitivity (explicit)

Interindividual variability within the human population (explicit)

	Sassi and Ruggeri, 2008
	Measurement uncertainty (explicit)

Variability (explicit)

“In the risk evaluation context, the following sources of uncertainty have particular importance: incomplete definition of risk (i.e., definition of receptors, routes, diseases, etc.), imperfect modeling of the definition (i.e., models used to calculate risk), sampling and analysis of chemical concerns, the choice of a representative target of receptors (adults, children, country, residents, etc.), and the variation in repeated

observations (i.e. variability).” 

	Sassi et al., 2007
	Contextual uncertainty = Incomplete definition of risk (i.e., route, target, substances) (explicit)

Model uncertainty = imperfect realization of the definition (i.e., the model used) (explicit)

Measurement uncertainty = Sampling and chemical analysis of contaminated matrixes at the exposure point, 

Choice of a representative sample of receptors (male, female, children, resident trans-passengers, etc.) (explicit) 

Variation in repeated observations (i.e., variability) (explicit)

	Schenker et al., 2009
	Input = Lacking data (in substance property data, emission rates and environmental parameters for model results) (explicit)

Parameter uncertainty (explicit)



	Schleier et al., 2009
	Parameter uncertainty (input variables)

Variability

	Schleier et al., 2012
	Variability in deposition of insecticides (explicit)

Epistemic uncertainty (about the fate of insecticides in the environment) (explicit)

	Schmitt-Jansen et al., 2008
	Lack of adequacy of existing methods for covering real effects (explicit)

Extrapolation from lab to field (explicit)

	Schneider et al., 2009
	Several groups of parameters with potential impact on the quality of a study have been identified:

- test substance identification

- test organism (system) characterization

- study design description

- study result documentation

- plausibility of study design and results (explicit)

	Schuler and Rand, 2008
	Sampling uncertainty (explicit)

Assumptions (explicit)

	Semenzin et al., 2007
	Uncertainty due to the diversity of experimental conditions set up for toxicity testing 

Uncertainty in input data

	Sidorenko, 2011
	Not specified

	Sioen et al., 2007
	Variability (input data, parameter uncertainty)

Uncertainty from : 

(1) sampling method 

(2) sample handling prior to analysis; (3) analytical methodologies;

(4) the format of reporting results; and (5) missing data

	Sioen et al., 2008
	Inter-individual variability

Within-person variability

Uncertainty related to different analytical methods for measuring contamination data

Different sampling plans

	Smith et al., 2009
	Data availability (input parameter)

	SØrensen et al., 2010
	Ignorance in defining worst case conditions (context uncertainty)

Parameter uncertainty

	Staples et al., 2008
	Inter-species variability in their sensitivity to chemicals (not explicit)

Methodological uncertainty (not explicit)

Assumptions (not explicit)

	Stern et al., 2007
	No specified

	Subramaniam et al., 2007
	Statistical treatment of control data (explicit)

	Subramaniam et al., 2008
	Epistemological (biological) uncertainty (explicit)

Statistical uncertainty (variability) (explicit)

Interpretation (of observation data) uncertainty (explicit)

Uncertainty in model structure (explicit)

Parameter uncertainty (explicit)

Extrapolation uncertainty (animal to human) (explicit)

Uncertainty in the categorization of dose – response (explicit)

	Suwazono et al., 2010
	Not specified

	Tan et al., 2007
	Parameter uncertainty (explicit)

	Tanaka et al., 2010
	Variability (in the NOECs data) (explicit)

	Tebby and Mombelli, 2012
	Quality of the training set data

Adopted statistical models (model structure)

Distance between the query chemical and the training set

Experimental error uncertainty

Parameter uncertainty

Appropriateness of a group of chemical descriptors

Homogeneity of the training set

Level of the cut-off value used in class assignement

Distance between the query chemical and the training set 

	Terrado et al., 2010
	Input data (parameter uncertainty)

	Thomas et al., 2007
	Not specified

	Thomas et al., 2011
	Not specified

	Tielemans et al., 2007
	Inter-individual variability (exposure)

Analytical and sampling error (explicit)

Model uncertainty (explicit)

Scenario uncertainty (explicit)

Parameter uncertainty (explicit)

	Tonk et al., 2011
	Not specified

	Trudel et al., 2011
	Parameter uncertainty and variability (explicit)

Assumptions (explicit)

	Tsushima et al., 2010
	Variability (NOT explicit)

	Urban et al., 2009
	Parameter uncertainty (explicit)

Data uncertainty (sampling) (explicit)

	Valcke and Krishnan, 2011
	Human interindividual variability (explicit)

Assumptions (not explicit)

	Valcke and Krishnan, 2011a
	Interindividual variability in toxicokinetics (explicit)

Parameter uncertainty (not explicit)

	Valcke and Krishnan, 2011b
	Interindividual variability (explicit)

	Van der Ven et al., 2008
	Statistical uncertainty (explicit) 

	Van der Voet and Slob, 2007
	Intra-species and inter-species variation in sensitivity

Sampling uncertainty (associated to exposure data)

	Van der Voet et al., 2007
	Inter-individual variability (explicit)

Data uncertainty (lack of data about e.g., consumer behavior) (explicit)

	Van der Voet et al., 2009
	Intraspecies variation in sensitivity (explicit)

Interspecies extrapolation (explicit)

	Van Klaveren and Boon, 2009
	Inter-individual variability (explicit)

	Van Sprang et al., 2009
	Inter-species variability / across-species extrapolation (explicit)

Sampling uncertainty (explicit)

Parameter uncertainty (variability, e.g., within river basin-variability of the physico-chemistry) (explicit)

	Van Zelm et al., 2009
	Limited data (Explicit)

Parameter uncertainty (Explicit)

Model uncertainty (Explicit)

Variability (not explicit)

	Verdonck et al., 2007
	Not specified

	Verdonck et al., 2008
	Parameter uncertainty (explicit) – on the risk assessment model EUSES, due to.. 

..variability  - temporal and spatial variations of the chemical concentrations, inter-species sensitivity, intra-species variability, differences in endpoints (reproduction, growth, survival. . .). (explicit)

Sampling uncertainty (i.e. uncertainty related to a limited sample size), 

Representativeness of the choices made (ex.: chosen species) (explicit)

Parameter uncertainty due to regulatory setting (e.g., fixed parameters which cannot be changed) (explicit)

	Verger and Fabiansson, 2008
	Measurement uncertainty

Sampling uncertainty

Extrapolation uncertainty

Model uncertainty

Dependencies

Imprecise language

Disagreement

Ignorance

	Verschoor et al., 2011
	Inter-species variability (not explicit)

	Vestergren et al., 2008
	Parameter uncertainty (Explicit)

	Vezzaro et al., 2011
	Parameter uncertainty

Model structure

Inputs

	Vijver et al., 2008
	Inter-species variability (explicit)

Variability in water chemistry parameters (explicit)

Parameter uncertainty (explicit)

	Vitrac and Leblanc, 2007
	Parameter uncertainty (lack of data) (explicit) 

Assumptions (explicit)

	Vitrac et al., 2007
	Parameter uncertainty (lack of data) (explicit) 

Assumptions (explicit)

	Wandall et al., 2007
	(All explicit)

Steps of investigation in toxicological research and testing:

In RESEARCH

Stage 1: problem selection: relevance for to scientific or practical objectives

Stage 2: developing and implementing a research protocol:

- Literature search for information on methods and available data relevant to the experiment 

- Choice of the standardized study methodology or develop/adapt study methodology: 

- Choice of the test system 

Stage 3: Performing the experiment, collecting and recording data: 

- non-standardized and non-GLP tests, 

- experimenter’s bias

Stage 4: 

Data and results analysis: choice of the statistical method for analyzing data

Data and results interpretation: expert judgement in data interpretation

Stage 5:

Publication of data and results in peer-reviewed media: 

· publication data towards considering positive results more interesting that the negative ones

· publication bias associated to reviewer’s conflicts of interest

Communicating data and results to non-expert audiences

Storing and managing data: diversity of standards for storage and management of data in non-GLP testing

In TESTING (mandatory or voluntary)

Stage 1: problem selection = Regulatory requirements for a specific

test or set of tests

Stage 2: developing and implementing a research protocol:

- Literature search for information

on previously identified effects (i.e., inclusion of all the relevant literature sources, including unpublished results)

- Choice of the standardized study methodology: choice of test species and strains

- Application of the test system according to standards

Stage 3: Performing the experiment, collecting and recording data:

experimenter’s bias

Stage 4: 

Data and results analysis: choice of statistical method for analyzing data

Data and results interpretation: expert subjectivity

Stage 5:

Report data and results to customer and in some cases directly to regulator

- underreporting bias = incomplete reporting of testing outcomes to authorities, lack of reporting of results obtained by industry to the scientific community invoking confidentiality

Storing and managing data

	Wang et al., 2008
	Inter-species variability (explicit)

Intra-species variability (explicit)

	Wang et al., 2009
	(explicit) Uncertainty 

- species effect data, 

- risk characterization model

- lack of knowledge

(explicit) Variability in 

- ecosystem stressors, 

- exposure data

	Wang et al., 2011
	Parameter uncertainty (explicit)

	Wang et al., 2012
	Parameter uncertainty (explicit)

Inter-species variability in sensitivity (not explicit)

Modeling assumptions (not explicit)

	Williams et al., 2011
	Not specified

	Wong et al., 2009
	Inter-species variability (in sensitivities to metals) (explicit)

	Xiao et al., 2008
	Parameter uncertainty (lacking data) (explicit)

Model uncertainty (explicit)

Variability (explicit)

Modeling assumptions (not explicit)



	Yang et al., 2007
	Genetic variability

	Yi et al., 2012
	Inter-species variability in sensitivity (not explicit)



	Yu et Catzlano, 2008
	Variability (explicit)

Uncertainty related to the influence of the distributional shape on the results (explicit)

Sample size (explicit)

	Zartarian et al., 2012
	Parameter uncertainty (lacking data) (explicit)

	Zhang et al., 2009
	Lack of data (explicit)

Measurement errors (explicit)

Conflicting information (explicit)

Site variation (explicit)

Lexical uncertainty (explicit)

Stochastic uncertainty (random) (explicit)

	Zhang et al., 2012
	Parameter uncertainty / variability (explicit)

 

	Zhang, 2010
	Measurement errors (explicit)

Lack of knowledge (explicit)

Sampling errors due to bootstrapping (explicit)

	Zhong et al., 2010
	Variability in exposure and effects (= stochastic properties of exposure and effect) (explicit)

	Zhou and Zhao, 2012
	Parameter uncertainty
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