
Nanoparticle Risk Assessment 

A probabilistic approach 

Rianne Jacobs, Cajo ter Braak, Hilko van der Voet 



Overview 

 Background 

 Basics of risk assessment 

 Deterministic vs probabilistic approach 

 Methods 

 Conclusions 



Background 

Risk assessment (RA) of manufactured nanoparticles 

(MNPs) important for societal acceptance of its 

applications and for safe use of products on these 

materials. 

More and more government agencies, research 

institutes and universities invest time and money on the 

RA of MNPs 



Background 

Approach: Use existing methods of chemical RA on MNPs 

Serious doubts 

 current methods can be used, but with modifications to 
methodology (Handy et al., 2008) 

 NPs in principal covered by existing legislation frameworks, 
doubts exist as to the actual applicability to NPs (Hansen, 
2012) 

 “distinct lack of nano-specific regulation” (Bowman and 
Hodge, 2007) 

 “is sufficiently unlike other technologies [so as] to warrant 
separate consideration” in respect to regulatory frameworks 
(Hodge and Bowman, 2004) 



Basics of risk assessment 

Exposure Hazard 



Basics of risk assessment 

Environment: Risk Characterization Ratio (RCR):  

RCR =
predicted environmental concentration

predicted no effect concentration
=

PEC

PNEC
 

 Food: Margin of Safety/Exposure (MOS/MOE): 

MOS MOE =
no effect level

exposure
 



Deterministic vs probabilistic approach 

Deterministic 
 

often worst case scenario 
(accumulative effect of 
worst cases – not 
realistic) 

Probabilistic 
 

 assess distribution of 
MOS/MOE/RCR 

 uncertainty analysis 
 more realistic 
 

vs 

“Fundamentally, the EPA [US Environmental Protection Agency] should 

replace risk values that are built on science-policy assumptions with risk 

estimates that acknowledge underlying uncertainties. ... The EPA’s 

definitive values are illusions: they conceal uncertainty that cannot be 

resolved scientifically.” 

Gray and Cohen, 2012, Nature 



Deterministic vs probabilistic approach 

 In the words of Verdonck et al. (2005, 2006): 

 The PEC and the PNEC are "considered as single, 
crisp values" while in reality they contain both 
uncertainty and variability. 

 This uncertainty and variability is accounted for by 
utilizing worst-case estimates for exposure and 
toxicity. 

 This leads to an overestimated, worst-case 
estimate. 



Deterministic vs probabilistic approach 

Variability 
 

 Truly existing differences between people 

 Part of reality 

 Examples (REACH): 

 Interspecies variability 

 Intraspecies variability 

 Variability in environmental characteristics 

 Variability in time and space 



Deterministic vs probabilistic approach 

Uncertainty 

 

 Lack of knowledge 

 Can be reduced (in principle) 

 Examples (REACH): 

 Measurement uncertainties 

 Model uncertainties 

 Exposure uncertainties (exposure pathways, 
exposed population, emission sources) 

 Hazard uncertainties (lab to field,  inter- and 
intraspecies factors, dose-response models) 



Deterministic vs probabilistic approach 

Figure 1. The distribution of the individual margin of exposure (IMoE). 

Illustrating the difference between a deterministic and a probabilistic approach. 

Figure 2. Illustrating areas of uncertainty. 

Risk could reach 
up to 25%... 

...or could be as 
low as 0.3% 



Methods 

 Using Integrated Probabilistic Risk Assessment (IPRA) 
(van der Voet & Slob, 2007) on a case study of nano-
silica in food (Dekkers, et al., 2011). 

 Quantification of uncertainty using Bayesian methods, 
bootstrapping ect (Verdonck et al, 2003; Aldenberg & 
Jaworska, 2000; Aldenberg et al., 2002). 

 Use expert elicitation (Flari et al., 2011) to better 
characterize the uncertainty 

 Consider environmental exposure modelling using 
material flow analysis (Gottschalk et al., 2010) 



Conclusion 

 Need for risk assessment of MNPs 

 Current chemical risk assessment possibly not applicable 
to MNPs 

 MNP risk assessment to be approached probabilistically 

 Possibilities for a probabilistic approach 
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