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Modified from  Oberdörster et al., 2005 
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 Exposure Assessment 

Environment; Human 

Hazard Characterization 

Eco/Human Toxicity 
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Research Needs for Environmental Nanomaterial Induced Effects and Associated Risks 



in vivo 
Humans 
  Workplace 
  Laboratory 
  Consumer 

in vitro 
Bolus; ALI 
Target cells, 

  Tissues 
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in vivo 
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corona formation) 
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Phys-chem. Properties 
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Phys-chem. Properties 
Endpoints; Ref. Material  
Hi-Lo Dose; Relevancy 

Mechanisms 
Reproducibility 

Exposure (assessment) Hazard (characterization) 

 

Risk Assessment 

Considering Exposure and Hazard for Risk Assessment  

Concepts of Nanomaterial Toxicity Testing: 

  Inhal/ 
  Bolus 
(       )     

Long-term 

In silico 
 models 

Dose - Response Exposure ï Dose - Response 



From:  Slikker Jr., et al. 2004 

Conceptual Depiction of Factors for Considering  

Dose-dependent Transitions in Determinants of Toxicity 



Study design issues and questions to consider for hazard and risk characterization: 

Exposure: 

  Å human exposure relevance:  dispersed, agglomerated aggregated 

  Å uptake routes from respiratory tract to dermal to oral (also i.v.) 

  Å exposure concentration; key physicochemical characteristics; dose level 

  Å material  density vs. bulk density 

  Å exposure-metric and dosimetry:  how to express exposure? 
 

 Dosing and Effects: 

  Å in vitro vs. in vivo:  equivalency of doses?  In vitro and in vivo dosimetry (ISDD; MPPD) 

  Å low vs. high doses: relevance?  change of mechanisms? 

  Å multiple conc/doses:  for dose-response, or exposure-dose-response analysis 

  Å acute vs. subchronic vs. chronic:  equal value for hazard and risk? 

  Å bolus dose vs. physiological:  impact of dose-rate? (proof of principle or hypothesis forming) 

  Å pristine vs. modified ENMs:  different effects, relevance to real world? 

  Å portal-of-entry and secondary organ effects:  biokinetics; solubility 

  Å dosemetrics and dosimetry: useful for categorization by specific metric? MOA, mech? 
 

Derivation and Extrapolation of Hazard and Risk: 

  Å from in vitro to in vivo:  dose-response slope analysis 

  Å from rodent to human:  dosimetric extrapolation, safety or assessment factors? 

  Å from acute to subchronic to chronic:  appropriate models available? 

  Å desirable:  reference materials          positive, negative controls for ranking 

  Å pristine vs. modified ENMs:  consider differences in kinetics, effects and persistence 

  Å uncertainty of models?   
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Slope (response per unit dose) is Dose Dependent 
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Comparing responses from different assays:  

          Select response at corresponding points 

          of dose response curves of assays,  

          normalized to a unit of dose. 

 

 

Possibilities: 

                   

 

 Steepest slope of linear dose response  

                        relationship (Max of 1st derivative) 

                   

 

  ED50  equivalent  of log dose response 

                     



                                                 A Case Study: 
Risk Assessment Based on Subchronic (3 months) Rodent Inhalation Study 

 

Å subchronic multi-concentration inhalation studies with MWCNT in rats 
- important: aerosol characteristics; biokinetics (lung burden);post exposure period 

Å use results of ñpositiveò and ñnegativeò reference materials as benchmarks  

Å select sensitive endpoints of response (quantitative,  functional  preferable) 

Å establish Exposure ï Dose - Response relationships 

Å express by different dosemetrics (particle-mass, -surface area, -volume, -number) 

Å evaluate results to establish: 

- hazard ranking against pos. and neg. control, by different dosemetrics 

- subchronic no effect level for rat: NOAEL; BMD/BMR/BMC   

Å estimate chronic no effect level for rat (based on accumulated lung burden) 

Å use dosimetric extrapolation to estimate HEC (Human Equivalent Concentration) 

 



Two Subchronic MWCNT Inhalation Sudies in Rats 



Comparing MWCNT results with 5 other subchronic rat inhalation studies: 

ultrafine carbon black 

nano TiO2 

micro TiO 2 

cristalline silica 

nickel subsulfide 

negative 

Reference materials 

positive 



Hazard Ranking of Different (Nano)-Materials Based on Different Metrics  

and Steepest Slope of Exposure-Dose-Response Relationships  

from Subchronic Rat Inhalation Studies (endpoint: lungweight increase) 

 

Metric  Ranking 

Exposure Conc. :           microTiO2< nanoTiO2< CB < MWCNT-P < MWCNT-MH = SiO2<  Ni3S2 

 
 

Retained Lung Burden: 

Mass:            microTiO2< nanoTiO2< CB < SiO2 = MWCNT-P = MWCNT-MH <  Ni3S2 

 
 

Surface area:  CB < nanoTiO2= microTiO2< MWCNT-P = MWCNT-MH < SiO2<  Ni3S2 

 
 

Volume (bulk dens): microTiO2= nanoTiO2 < CB < MWCNT-MH = MWCNT -P < SiO2<  Ni3S2 

 

 
Volume (mat. dens): microTiO2< nanoTiO2 < CB < SiO2 = MWCNT -P = MWCNT -MH  <  Ni3S2 

 

 

 

 

 

 



Hazard Ranking of Different (Nano)-Materials Based on Different Metrics  

and Steepest Slope of Exposure-Dose-Response Relationships  

from Subchronic Rat Inhalation Studies (endpoint: lungweight increase) 

Three Hazard Groupings:    
 
       

    Low:         CB; TiO2              < 0.3 %   lungwt. incr./cm2 

 

    Medium:  MWCNT                   0.3 ï 1 %   lungwt. incr./cm2 

  

    
                         High:        SiO2;  Ni3S2          >1 %   lungwt. incr./cm2 



Dosimetric Extrapolation of Inhaled Particles  from Rats to Humans 

Oberdörster, 1990 

Rat Human 

Exposure [mg(m3)-1] Exposure (HEC) [mg(m3)-1] 

Inhaled Dose  [mg(kg)-1] Inhaled Dose  [mg(kg)-1] 

Deposited Dose    µg(cm2)-1; 

                                 µg(g)-1 

Deposited Dose    µg(cm2)-1; 

                                  µg(g)-1 

Retained (Accumulated) Dose 
[µg(g)-1;  µg(cm2)-1] 

Effects 

Assumption:  If retained dose is the same as in rats and humans, then effects will be the same 

Breathing 

Minute Volume 

Tidal Volume, Resp. Rate 
Resp. Pause 

Particle characteristics 
Anatomy 

Clearance 
Retention 

Regional Uptake 
(Metabolism, T½) 



From:  Oberdörster, 2002 



Human Health Risk of MWCNT OEL Estimates  

Based on Subchronic Rodent Inhalation 

Reference Basis         Endpoint              Extrapolation               OEL             Author  

            Method              µg/m3        Comments 

NIOSH, 2011 Pauluhn, 2010 

Ma-Hock, 2009 

Histopath. 

Inflammation; 

fibrosis; septal 

thickening 

BMD analysis, dosimetric 
adjustment (MPPD), deposited, 
retained dose; HEC based on 
alveolar surface area 
 

  2 (P) 

  1 (MH) 

Limit of 

quantitation:   

   7 µg/m3 

Aschberger, et 

al., 2010 

Pauluhn, 2010 

Ma-Hock, 2009 

NOAEL (P) 

LOAEL (MH) 

REACH Guidance; no 
correction for species 
differences in deposition and 
retention; assessment factors 
for LOAEC and inter-species 
extrapolation 
 

  2 (P) 

  1 (MH) 

No definite 

conclusion; need 

for exposure data 

Pauluhn, 2010 Baytubes® 

Pauluhn, 

2010a,b 

Volumetric 

overloading of 

AM clearance 

MPP dosimetric extrapolation, 
avoiding volume overload; T½ 
human 1 year; normaization to 
bodyweight  

  50 Consistent with 

MAK approach of 

½  subchronic rat 

NOAEL; Baytubes® 

behave similar to 

PSP (carbon black) 
 


