2. Why imprecise post-remediation soil quality objectives? Based on expert opinion, we might represented  x in the form of a min-max interval, rather than a probability distribution  x Possibility 0,0 0,5 1,0 1,5 2,0 2,5 3,0  x o But the expert might be able to express preferences within this interval (values that he/she judges more plausible). This leads to a possibility distribution (or fuzzy set).

See, e.g., Dubois, D. and Prade, H., 1988.

Possibility theory: an approach to computerized processing of uncertainty. New York: Plenum Press.
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Representation of results A free application with « R »:

• Proposed approach for defining imprecise post-remediation soil quality objectives:

 Estimate lower Csoil limit such that, despite all unfavourable parameter value combinations, we are « certain » (Belief) that Risk < Threshold (10 -5 ) with 90% confidence  Estimate upper Csoil limit such that, considering all favourable parameter value combinations, it remains « Plausible » that Risk < Threshold (10 -5 ) with 90% confidence • The advantage compared with existing approaches is that it provides a safeguard in terms of an upper soil concentration limit that should not be exceeded

• The proposed approach will be evaluated in the context of the HORIZON EUROPE ISLANDR project, as a tool to include in remediation prioritization strategies (see ACS Special Session on ISLANDR)

Thank you for your attention

••

  In France current post-remediation soil quality objectives are precise threshold values, usually defined based on the assessment of risks for health and/or ecosystems • Uncertainty is often taken into account by stating that « a certain proportion » of post-remediation soil monitoring values may lie above the threshold • But how far above? By a factor 2, 3, … And on what basis? This approach is If we define post-remediation soil quality objectives as risk-based intervals, rather than precise values, then we have an upper approaches to uncertainties in risk-based contaminated land management • Uncertainty is an unavoidable « fact of life » in risk-based contaminated land management • There are many sources of uncertainty. For example, in the SPR approach there is uncertainty affecting the parameters that influence contaminant migration, exposure and risk • We know that different types of uncertainty warrant different modes of representation:  Uncertainty of stochastic origin: results from the random nature of natural phenomena Classical probability theory See, e.g., Ferson, S., Ginzburg, L.R., 1996. Different methods are needed to propagate ignorance and variability. Reliability Engineering and Systems Safety, 54, 133-144.  Uncertainty of epistemic origin: results from the incomplete/imprecise character of our knowledge regarding these phenomena o Example of a poorly-known parameter: aquifer longitudinal dispersivity ( x ).

•

  Reminder: the classical « Monte Carlo » method for propagation of stochastic uncertainty through a model of risk. Risk is function of uncertain parameters X, Y, … Z Risk(X, Y, …, Z) https://cran.r-project.org/web/packages/HYRISK/index.html • The hybrid approach: associating stochastic and epistemic uncertainty in the propagation See, e.g., Baudrit, C., Dubois, D. and Guyonnet, D., 2006. Joint propagation and exploitation of probabilistic and possibilistic information in risk assessment models. IEEE transactions on fuzzy systems, 14 (5), 593-608.

•oo

  Slags left over by steel industry in the North-Est of France • Several million cubic metres of slag (Photo) • BRGM was in charge of assessing risks associated with these materials • Assessment included:  Selection and characterisation of representative samples  Mineralogy and speciation of As and Pb in the samples  Characterisation of bioaccessibility of As and Pb and links with speciation  Quantitative evaluation of health risks considering bioaccessibility and risk parameter uncertainties • Risk model IER = D x UER D = SI x CS x BA x EF x ED BW x AT IER = Individual Excess Risk (expected excess cancers resulting from dose D) D = Dose absorbed (mg/Kg-d) UER = Unit Excess Risk (expected excess cancer per unit dose; (mg/Kg-d) -1 ) SI = Soil Ingestion (Kg/d) CS = As Concentration in Soil (mg/Kg) BA = As Bioaccessibility (unitless) EF = Exposure Frequency (days/yr) ED = Exposure Duration (yrs) BW = Body Weight (Kg) AT = Averaging Time (yrs) Csoil (in the procedure Csoil is varied such that the risk threshold is respected either by the lower probability indicator; Belief, or the upper probability indicator; Plausibility) o UER = 1.5 (mg/Kg d) -1 (US EPA 2009 / OEHHA 1998, recommended by INERIS 2010) o ED = 6 yrs (child scenario) o BW: based on statistical data, average = 15.5 Kg, standard deviation = 5.4 Kg o AT = 70 yrs (standard health risk procedure) (derived from Dereumeaux et al., 2012) Dereumeaux C, Kairo C, Zeghnoun A. Synthèse des travaux du Département santé environnement de l'Institut de veille sanitaire sur les variables humaines d'exposition. Saint-Maurice: Institut de veille sanitaire; 2012. 29 p. Defined based on scarce data or on expert opinion o These possibility distributions define families of probability distributions (instead of just one) (based on field mesurements) (based on expert opinion consistent with Roy et al., 1993) (intermediate choice between Bonnard, 2017 and US-EPA, 2017) • Results Lower soil concentration bound Upper soil concentration bound • In terms of a post-remediation soil concentration objective: post-remediation soil monitoring should yield values  61 mg/Kg, while X% (to be defined by decision-maker) could exceed this value but should always remain  739 mg/Kg 6. Conclusions • Uncertainty is an unavoidable aspect of risk-based contaminated land and soil remediation • Precise post-remediation soil concentration objectives do not acknowledge such uncertainty • Methods exist for incorporating both stochastic (reflecting random variability) and epistemic (reflecting partial ignorance) uncertainty in the estimation of risk • This presentation illustrated a methodology for defining a risk-based imprecise post-remediation soil quality objective