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Risk Assessment and Risk Management Paradigm
For Engineered Nanoparticles (NPs)
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Research Needs for Environmental Nanomaterial Induced Effects and Associated Risks
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Concepts of Nanomaterial Toxicity Testing:

Considering Exposure and Hazard for Risk Assessment
Exposurel Dose - Response
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Conceptual Depiction of Factors for Considering
Dosedependent Transitions in Determinants of Toxicity

% toxic response

Saturation of metabolic
enzymes

Saturation of binding sites
Saturation of receptors or
fransporter proteins
Saturation of defense or
repair enzymes
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From: Slikker Jr., et al. 2004



Study design issues and guestions to consider for hazard and risk characterizatic

Exposure
Ahuman exposure relevance: dispersed, agglomerated aggregated

A uptake routes from respiratory tr a
A exposure concentration; key physic
A mat er ivabukdetsityn si t vy

A e x pneesimandcedosimetry: how to express exposure?

Dosing and Effects
Ain vitro vs. in vivo equivalency of dosesm vitro andin vivodosimetry(ISDD; MPPD)

Alow vs high doses: relevance? change of mechanisms?

Amultiple conddoses: for doseesponse, or exposud®seresponse analysis

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

Abolus dose vs. physiological: impact of doa&?(proof of principle or hypothesis formir
Apristine vs. modified ENMs: different effects, relevance to real world?
Aportalof-entry and secondary organ effects: biokinetics; solubility

A dosemetrics and dosimetry: usefmet

Derivation and Extrapolation of Hazard and Risk
Afrom in vitro to in vivo. doseresponse slope analysis

Afrom rodent to human: dosimetric extrapolation, safety or assessment factors?
Afrom acute to subchronic to chronic: appropriate models available?

Adesirable: reference materials— positive, negative controls for ranking
Apristinevs. modified ENMs: consider differences in kinetics, effects and persister
Auncertainty of models?




Response (Y)
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Response (y)

Comparing responses from different assays:
Select response at corresponding points
of dose response curves of assays,

normalized to a unit of dose.

Response per unit Dose (y')

Dose (x)

Possibilities:
Steepest slope of linear dose response
relationship (Max of 1st derivative)

EDs, equivalent of log dose response

Dose (x)



A Case Study:

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

Asubchronic multiconcentration inhalation studies with MWCNT in rats
- important: aerosol characteristics; biokinetics (lung burden);post exposure perit

Ause results of fipositiveo and fine
Aselect sensitive endpoints of respofgentitative, functional preferable)
Aestablish ExposuiieDose- Response relationships

Aexpress by different dosemetrigarticle-mass;surface area;volume -number)

Aevaluate results to establish:

- hazard rankingagainst pos. and neg. control, by different dosemetrics
- subchronic no effect level for raftOAEL; BMD/BMR/BMC

Aestimate chronic no effect level for (aased on accumulated lung burden)

Ause dosimetric extrapolation to estimBieC (Human Equivalent Concentration)



Two Subchronic MWCNT Inhalation Sudies in Rats

Inhalation Toxicity of Multiwall Carbon Nanotubes in Rats Exposed
for 3 Months

Lan Ma-Hock,* Silke Treumann,* Volker Strauss,* Sandra Brill,* Frederic Luizi, Michael Mertler,i Karin Wiench,*
Armin O. Gamer,* Bennard van Ravenzwaay,*’1 and Robert Landsiedel*

*Product Safety, BASF SE, 67056 Ludwigshafen, Germany, tNanocyl S. A., 5060 Sambreville, Belgium, and tProcess Engineering, BASF SE, 67056
Ludwigshafen, Germany

TOXICOLOGICAL SCIENCES 112(2), 468-481 (2009)

Subchronic 13-Week Inhalation Exposure of Rats to Multiwalled Carbon
Nanotubes: Toxic Effects Are Determined by Density of Agglomerate
Structures, Not Fibrillar Structures

Jiirgen Pauluhn'

Department of Inhalation Toxicology, Institute of Toxicology, Bayer Schering Pharma, Building Number 514, 42096 Wuppertal, Germany

TOXICOLOGICAL SCIENCES 113(1), 226242 (2010)



Comparing MWCNT results with 5 other subchronic rat inhalation studies:

ultrafine carbon black 7

nano TiO, negative
micro TiO, — Reference materials
cristalline silica positive

nickel subsulfide

—_—



Hazard Ranking of Different (Nano)Materials Based on Different Metrics
and Steepest Slope of ExposwPoseResponse Relationships
from Subchronic Rat Inhalation Studies(endpoint: lungweight increase)

Metric Ranking

Exposure Conc: microTiO ,< nanalio ,< CB < MWCNT-P< MWCNT-MH = SiO,< Ni3S,

Retained Lung Burden:
Mass: microTiO ,< nanadliO ,< CB < Si0,= MWCNT-P= MWCNT-MH < Ni;S,

Surface area: CB < nandliO ,= microTiO ,< MWCNT-P = MWCNT-MH < SiO,< Ni,S,

Volume (bulk dens) microTiO,= nandliO, < CB < MWCNT-MH = MWCNT -P< SiO< NisS,

Volume (mat. dens) microTiO,< nandliO, < CB < Si0,= MWCNT -P= MWCNT -MH < Ni,S,



Hazard Ranking of Different (Nano)Materials Based on Different Metrics
and Steepest Slope of ExposwPoseResponse Relationships
from Subchronic Rat Inhalation Studies(endpoint: lungweight increase)

Three Hazard Groupings:

Low: CB; TiO,—— < 0.3 % lungwt. incr./crn?
Medium: MWCNT —— 0.37 1 % lungwt. incr./cr?

incr./cn? High:  SiO;—Ni;S, >1 % lungwt.



Dosimetric Extrapolation of Inhaled Particles from Rats to Humans

Rat Human

Exposure[mg(md)- EXposure(HEC) [mg(m?)1]

__________________ Breathing L

Minute Volume
Inhaled Dose [mg(kg)] Inhaled Dose [mg(kg)]
Tidal Volume, Resp. Rate
______________ Resp. Pause L
Particle characteristics -
Anatomy

Deposited DOS(ipg(cm?)-l;] Deposited DOSfug(cmZ)'l;]

-1
Clearance Ho(9)

Retention
Regional Uptake
(Metabolism, T%2)

Retained (Accumulated) Do
[g(9); mg(cnP) ]

Effects

Assumption: If retained dose is the same as in rats and humans, then effects will be the ¢
Oberdorster, 1990



Retained Particle Dose

Estimation of NOAEL from Subchronic Study

Lung burden not causing adverse effects:
O after exposure for 3 months ta "Subchronic” NOAEL

@ after exposure for 2 years to "Chronic" NOAEL
("chronic" NOAEL < "subchronic" NOAEL)

— = hypothetical accumulation in lung at continued "subchronic" NOAEL exposure
--= predicted accumulation in lung during "chronic” NOAEL exposura

--—-—.-l----r—----l- ..

L L

e

12 24
Months of Exposure
From: Oberdorster, 2002



Human Health Risk of MWCNT OEL Estimates
Based on Subchronic Rodent Inhalation

Reference | Basis Endpoint Extrapolation OEL Author
Method ug/m3 Comments
NIOSH, 2011 | Pauluhn, 2010 | Histopath. BMD analysis, dosimetric | 9 (py Limit of
Ma-Hock, 2009 | Inflammation; | adjustment (MPPD), depositefd, 1 quantitation:
fibrosis; septal | retained dose; HEC based on (MH) 7 ug/n?
thickening alveolar surface area
Aschberger,et | Pauluhn, 2010 | NOAEL (P) REACH Guidance; no 2 (P) No definite
al., 2010 Ma-Hock, 2009 | LOAEL (MH) correction for species 1 conclusion; need
differences in deposition and (MH) | sor exposure data
retention; assessment factors
for LOAEC and interspecies
extrapolation
Pauluhn, 2010 | Baytubes Volumetric MPP dosimetric extrapolation] 50 Consistent with
Pauluhn, overloading of | avoiding volume overload; T MAK approach of
2010a,b AM clearance | human 1 year; normaization tp Y% subchronic rat

bodyweight

NOAEL; Baytube$s
behave similar to
PSP (carbon black)




