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FullerenesFullerenes

CC2828 to > Cto > C100100

Hollow sphereHollow sphere
CC6060 is theis the best best knownknown

InsolubleInsoluble
No interactionNo interaction
VeryVery compressiblecompressible
Resumes its shapeResumes its shape
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A A modifiedmodified fullerenefullerene

Made soluble by surface changesMade soluble by surface changes

Made Made chemicallychemically active by active by adductsadducts

Incorporation of Incorporation of another productanother product

Interaction Interaction with the surrounding solventwith the surrounding solvent

Very great variability Very great variability in in chemicalchemical, , 
physical and physical and biological biological behaviorbehavior
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Do Do nanoparticles represent nanoparticles represent a a health riskhealth risk??

⇒⇒ RiskRisk = = toxicity  toxicity  x  x  exposureexposure
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Question of Question of solubilitysolubility

Two potentialTwo potential situations:situations:
NanoparticlesNanoparticles areare solublesoluble into biological fluidsinto biological fluids

Toxicity relatedToxicity related to to the chemicalthe chemical composition composition onlyonly
Toxicity normally well documentedToxicity normally well documented
No No difference betweendifference between nanonano andand microparticlesmicroparticles
deposited at the same biologicaldeposited at the same biological sitesite

NanoparticlesNanoparticles areare insolubleinsoluble into biological fluidsinto biological fluids

SubjectSubject of of our concernour concern in in health  health  
risk evaluationrisk evaluation
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Pulmonary depositionPulmonary deposition of of nanoparticlesnanoparticles andand
ultrafine particlesultrafine particles
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Elimination from the respiratoryElimination from the respiratory systemsystem

Extrathoracic levelExtrathoracic level: : 
Normal Normal mechanismsmechanisms
OlfactoryOlfactory nerve nerve towards the braintowards the brain

Tracheobronchial levelTracheobronchial level
EffectiveEffective mucociliarymucociliary elevatorelevator

Alveolar levelAlveolar level
Macrophages not Macrophages not veryvery effective if < 1effective if < 1 micrometremicrometre
Macrophages: Macrophages: problems withproblems with fibres > 20 fibres > 20 micrometresmicrometres
Interstitial and alveolar epitheliumInterstitial and alveolar epithelium translocation translocation →→
movement towards the blood and lymph nodesmovement towards the blood and lymph nodes
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Insoluble Insoluble inorganic nanoparticlesinorganic nanoparticles

Digestive absorption (Au):Digestive absorption (Au):
Absorption of Absorption of nanoparticlesnanoparticles by by thethe intestineintestine
Passage Passage into the bloodinto the blood
Distribution: Distribution: brainbrain, , lungslungs, , heartheart, , kidneyskidneys, , 
intestine, intestine, stomachstomach, , liver andliver and spleenspleen
Absorption Absorption efficiency inversely proportionalefficiency inversely proportional to to 
thethe dimension of dimension of the particlesthe particles
SignificantSignificant accumulation (Au) accumulation (Au) at tumorat tumor sitessites
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Inhalation (TiOInhalation (TiO22))
ComparisonComparison of fine of fine particlesparticles (250 nm) (250 nm) andand agglomeratedagglomerated
nanoparticlesnanoparticles (20 nm) (20 nm) with the samewith the same final dimensionsfinal dimensions

Similar pulmonary depositionSimilar pulmonary deposition
20 nm are 20 nm are foundfound in in the lymph nodesthe lymph nodes
Slower pulmonarySlower pulmonary clearance clearance →→ Greater Greater 
pulmonary retentionpulmonary retention for for nanoparticlesnanoparticles
GreaterGreater translocation for translocation for nanoparticlesnanoparticles
Greater pulmonaryGreater pulmonary inflammationinflammation

Effects correlated with the specificEffects correlated with the specific surface surface area andarea and
not not thethe massmass
Effects relatedEffects related to surface composition to surface composition and propertiesand properties
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FullerenesFullerenes

CC6060 alone is documentedalone is documented
IntraperitonealIntraperitoneal administrationadministration

DetectionDetection in in the liverthe liver, , bloodblood, spleen, spleen
Decreases enzymatic liver activity Decreases enzymatic liver activity ((glutathionglutathion))
Kidney disordersKidney disorders
Crosses Crosses the placental barrier and is distributed the placental barrier and is distributed 
throughout the yolk throughout the yolk sac sac and the embryoand the embryo

Oral administrationOral administration
98 % in 98 % in fecesfeces, 2% in urine, 2% in urine

Skin applicationSkin application
No No effect effect on DNA on DNA and and no cancerno cancer

No No pulmonary studypulmonary study
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Chemically modifiedChemically modified fullerenesfullerenes
Intravenous Intravenous administrationadministration

Distribution in Distribution in tissuestissues: : detectiondetection in in the liver                         the liver                         
(73(73--80%), 80%), lungslungs (5%), (5%), kidneyskidneys (3%), spleen, (3%), spleen, heartheart, , brain brain 
LackLack of a of a renalrenal clearance clearance mechanism and nephropathymechanism and nephropathy
Body, thymus Body, thymus and heart weigh lossand heart weigh loss
Spleen Spleen weigh increaseweigh increase
IntrauterineIntrauterine malformations malformations and mortalityand mortality

Intraperitoneal Intraperitoneal administrationadministration
Kidney disordersKidney disorders CC6060 polyalkylsulfonatespolyalkylsulfonates
PolyhydroxylatedPolyhydroxylated fullerenesfullerenes have have shownshown an an 
antioxydant antioxydant potentialpotential in in the lungsthe lungs
Hydroxylated and carboxylated functions Hydroxylated and carboxylated functions 
dicrease the toxicitydicrease the toxicity

No No pulmonary studypulmonary study
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Chemically modifiedChemically modified fullerenesfullerenes

Depending Depending on on the functional the functional groups,           groups,           
toxicitytoxicity variesvaries

From From 
very toxicvery toxic

toto
BenificBenific
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Singlewalled carbonSinglewalled carbon nanotubesnanotubes

Pulmonary toxicityPulmonary toxicity
LungLung inflammationinflammation
No No effecteffect on macrophages for on macrophages for veryvery short short fibersfibers
Bronchial Bronchial pulmonary interstitialpulmonary interstitial granulomasgranulomas causing causing 
pneumonia and fibrosispneumonia and fibrosis
Potential pulmonary toxicity relatedPotential pulmonary toxicity related to to oxidativeoxidative stress stress ––
increaseincrease in inflammation in inflammation biomarkersbiomarkers
10 to 25X> inflammation 10 to 25X> inflammation than silicathan silica –– specificspecific surface surface areaarea

CellCell
Nanotube canNanotube can cross cross thethe cellular membranes cellular membranes and be foundand be found in in 
thethe nucleus nucleus -- irritationirritation

Skin Skin and eyes and eyes (rats (rats and humansand humans))
No No allergy allergy or irritation on skin or or irritation on skin or eyeseyes
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Multiwalled carbonMultiwalled carbon nanotubesnanotubes

Pulmonary toxicityPulmonary toxicity: : IntratrachealIntratracheal instillationinstillation
80% 80% still still in in the lungs after the lungs after 60 60 daysdays
Phagocytosis efficiency is length dependentPhagocytosis efficiency is length dependent

CellCell
Nanotube canNanotube can cross cross thethe cellular membranes cellular membranes and be and be 
foundfound in in thethe nucleus nucleus –– irritationirritation
Decrease Decrease in in cell viability cell viability 
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Insoluble Insoluble organic nanoparticlesorganic nanoparticles

InterestInterest in in drugdrug transport transport and targetingand targeting
Very selective therapyVery selective therapy
Crosses Crosses thethe hematoencephalichematoencephalic barrierbarrier
Very promisingVery promising teststests

Large Large varietyvariety in in productsproducts but few but few 
toxicity studiestoxicity studies on on healthy organshealthy organs
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Conclusion on Conclusion on toxicitytoxicity

ExposureExposure to to engineeredengineered nanoparticles is likelynanoparticles is likely
to cause adverse to cause adverse health effects health effects 

Surface Surface areaarea, surface , surface activityactivity (composition, (composition, 
Redox Redox capacitycapacity…) …) and particle number and particle number 
should be better predictorsshould be better predictors of of potential hazard potential hazard 
thanthan mass.mass.
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Conclusion on Conclusion on toxicitytoxicity (cont.)(cont.)

Actual research results suggest thatActual research results suggest that if if the the 
nanotubesnanotubes are :are :

Longer Longer than than 20 20 micrometers andmicrometers and
In In sufficient amount sufficient amount 

ThenThen, , we could expect the same kind we could expect the same kind of of effects effects as as 
biopersistent mineral fibersbiopersistent mineral fibers

FibrosisFibrosis
CancerCancer
Pleura modificationsPleura modifications
MesotheliomaMesothelioma
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Workers’ exposure potentialWorkers’ exposure potential

During laboratory developmentDuring laboratory development
DuringDuring production:production:

Leaks from the reactorLeaks from the reactor ((highhigh T, T, colloidscolloids, attrition), attrition)
Product recoveryProduct recovery
PostPost--production production processingprocessing
Packaging, Packaging, storagestorage, , shippingshipping
EquipmentEquipment maintenancemaintenance
SpillsSpills……

Use Use and subsequentand subsequent conversion: conversion: 
DiversityDiversity of of risks relatedrisks related to to specificspecific applicationsapplications

Most production Most production andand conversion conversion processesprocesses
have a have a potentialpotential for for worker exposureworker exposure
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Current knowledgeCurrent knowledge on on the exposurethe exposure of of 
Québec Québec workersworkers
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Other risks andOther risks and aspects of aspects of preventionprevention

Nanoparticles offerNanoparticles offer a large surface a large surface areaarea
nanoscale combustible material could present a 
higher risk than coarser material with a similar
mass concentration given its increased particle
surface area and potentially unique properties due 
to the nanoscale
Explosion Explosion risksrisks ::

Large Large and often reactiveand often reactive surfacessurfaces

Fire risksFire risks : : 
Nanometric metals and great chemical reactivityNanometric metals and great chemical reactivity

StorageStorage: : 
EnvironmentalEnvironmental conditions: conditions: humidityhumidity, , temperaturetemperature, , chemicalchemical
compatibilitycompatibility
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Occupational ExposureOccupational Exposure ControlControl

Rule number 1:Rule number 1:
Installations, processes, equipment, activities and Installations, processes, equipment, activities and 
workstations must receive particular attention  workstations must receive particular attention  

RIGHT FROM THE DESIGN STAGERIGHT FROM THE DESIGN STAGE

THREE main categories of means of control:THREE main categories of means of control:
Engineering techniquesEngineering techniques
Administrative meansAdministrative means
Personal protective equipmentPersonal protective equipment
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Recommended precautionary measures Recommended precautionary measures in in 
the workplacethe workplace

Unless the toxicity Unless the toxicity of of thethe productproduct has been has been establishedestablished, , 
consider very toxic and minimize the exposureconsider very toxic and minimize the exposure
Apply existing exposure Apply existing exposure control techniquescontrol techniques
When When possible, possible, implement implement a a risk risk management management 
programprogram
Implement good work Implement good work practicespractices
Consider implementationConsider implementation of an of an exposure assessment exposure assessment 
programprogram
Consider implementation Consider implementation of a of a health health surveillance surveillance 
programprogram
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For more informationFor more information

Two knowledge reviews Two knowledge reviews are are availableavailable on on thethe
IRSST IRSST webweb site ( site ( available available in in EnglishEnglish))

wwwwww..irsstirsst..qcqc..caca
RR--469: 469: Health effectsHealth effects

RR--470: 470: Risks and prevention measuresRisks and prevention measures
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Catherine Catherine WoodsWoods, , graduate studentgraduate student,, U. of MontréalU. of Montréal
GillesGilles LapointeLapointe, , toxicologisttoxicologist,, CSSTCSST
Luc Ménard, Luc Ménard, industrial hygienistindustrial hygienist,, CSSTCSST
Yves Cloutier, Yves Cloutier, aerosols engineeraerosols engineer,, IRSSTIRSST
MylèneMylène TrottierTrottier, , physicianphysician,, PROXIMEDUCPROXIMEDUC
Michel Michel BoutinBoutin, , chemistchemist,, IRSSTIRSST
MontyMonty AntounAntoun, , librarianlibrarian,, CSSTCSST
Christian Normand,Christian Normand, nanomaterialsnanomaterials engineerengineer,,
NANOQUÉBECNANOQUÉBEC
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