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Presentation Overview

ÁOccurrence of Nanoscale Particulate Materials

ÁNanotechnology Background

ÁThe Good News

ÁThe (Potential) Bad News

ÁExposure and its Management

ÁRegulatory Status

ÁConsiderations for Best Management Practices



Occurrence of Nanoscale Particulate Materials
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Nanotechnology Background 

ÁNanotechnology

Ç Nanotechnology is the understanding and control of matter at 
dimensions of roughly 1 to 100 nanometers

Ç Nanotechnology involves imaging, measuring, modeling, and 
manipulating matter in this scale

ÁEngineered Nanomaterials

Ç Any human engineered material that has some dimension in the 
nanoscale (< 100 nm)

Ç Examples:

ÅNanoparticles

ÅNanowire and Nanotubes

ÅNanocoating and Nanolayers

ÅQuantum Dots

ÅNanoshells

ÅFullerines
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Nanotechnology Background



Size Comparison
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Nanotechnology Background

ÁNanoparticles follow the laws of quantum physics

ÇThe physics of the incredibly small

ÇThe classical laws of physics breakdown at this scale 

ÇQuantum physics describes how these materials can assume 

different physical, optical, electrical or magnetic properties

ÁEngineered nanoparticles are intentionally produced

ÁNatural nanoparticles exist as a result of combustion 

processes 

ÇWelding or diesel fume are two examples

ÇMechanical processes are not able to produce particles in this 

range
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Nanotechnology Background

ÁMacro particles have physical properties that are well known and 

understood

ÁAt the nanoscale this is generally not the case ïthe properties are 

different and that gives rise to the interest in these materials

Ç Copper nanoparticles smaller than 50 nm are considered super hard 

materials that do not exhibit the same malleability and ductility as 

larger forms of copper. 

ÁNanoparticles have greater ratio of surface area to mass

Ç Greater reactivity and more adsorption capacity than with macro 

substances

ÅIn environmental remediation, increased adsorption capacity of 

nanomaterials for some volatile organic compounds such as toluene has 

been demonstrated 
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First Two Generations of Nanoproducts

ÁPassive nanomaterials (most current)

ÇConstant properties/functions

ÇProducts are components (wires, nanotubes, etc.)

ÇExamples include coatings, dispersions, patterns and bulk 

materials

ÁActive nanomaterials (today to 10-years)

ÇChanges states during operation

ÇProducts are devices (molecular machines, targeted drugs, 

transistors, etc.)

ÇExamples include sensors, energy storage devices, 

nanoelectromechanical systems

ÁNanosystems (multiple interactive structures ï

future!)



Evolution of An Industry
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Predicted Growth

Á$15 billion annual investment 

predicted within 10 years

Á50% of all products produced will 

be influenced by nano within 10 

years

ÁEmployment in the 

nanotechnology sector is 

expected to grow to 2 million 

workers within the next decade

(US Department of Labor)
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The Good News!

ÁThe immense economic impact:

ÇUS National Sciences Foundation estimates a $1 Trillion 

market by 2015

Ç Lux Research estimates a $1 Trillion market by 2011-2012 for 

nanotechnology-enabled products

ÇRand estimates that revenues have already surpassed $10 

billion

ÁThe potential for the development of advanced products 

that will have a remarkable impact on everyday life:

Ç Improved optics, electronics, and optoelectronics

ÇNew medical imaging and treatment technologies

ÇProduction of advanced materials for high-efficiency energy 

storage and generation
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Consumer Benefit

ÇOne current application is the use of silver  

nanoparticles which can kill micro-organisms 

ÅUsed on refrigerators and washing machines

ÅHelps to ensure food will stay fresh for a very long time 

and clothes are cleaned thoroughly
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The (Potential) Bad News

ÁDo engineered nanomaterials pose unique work-related health 
risks? 

ÁIn what ways might employees be exposed to nanomaterials in 
manufacture and use? 

ÁIn what ways might nanomaterials enter the body during those 
exposures? 

ÁOnce in the body, where would the nanomaterials travel, and how 
would they interact physiologically and chemically with the bodyôs 
systems? 

ÁWill those interactions be harmless, or could they cause acute or 
chronic adverse effects? 

ÁWhat are appropriate methods for measuring and controlling 
exposures to nanometer-diameter particles and nanomaterials in 
the workplace? 

NIOSH Position Statement on Nanotechnology
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The (Potential) Bad News

ÁNGOs like ETC Group continue to call for a moratorium on the 

use of nanotechnology in products until more research is available 

on the safety and toxicity of these materials

ÁOctober 17, 2005, RAND Corporation meeting with stakeholders 

identified concerns among industry, government, labor and 

academia

Ç Knowledge gaps related to health risks may create liabilities that 

could stymie the development of beneficial new nanomaterials

Ç Eǟorts to address the occupational risks are being impeded by 

shortfalls in fundamental scientific knowledge 

Ç Resources allocated to occupational health and environmental risks 

are not keeping pace with development of new nanomaterials

Ç Cooperation between the public and private sectors is needed
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Health Risks

ÁñNanotechnology is an emerging field. As such, 

there are many uncertainties as to whether the 

unique properties of engineered nanomaterials 

(which underpin their commercial potential) also 

pose occupational health risks.ò 

NIOSH
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Managing Uncertainty

The Bottom Line Remains

Can we achieve the promises of nanotechnology 
while minimizing potential risks? 

But we must also ask

Will nanotechnology development be permitted to 
go forward amid the calls to halt its 

development?

and

Will we be able to manage the ethical and 
scientific issues that nanotechnology will 

present?



Inhalation:  Inhaled particles induce 

inflammation in respiratory tract, causing 

tissue damage.  Example: Inhalation of 

silica particles in industrial workers causes 

ñsilicosisò.

Ingestion:  Nanoparticles may cause liver 

damage.  Ingested nanoparticles (i.e. for 

oral drug delivery) have been found to 

accumulate in the liver.  Excessive 

immune/inflammatory responses cause 

permanent liver damage.

Potential Human Hazards for Nanoscale 

Particulates.

Dermal exposure:  Particles may enter 

body through the skin.  Potential hazards 

are unknown at present.

Other:  ocular, é.



Routes of Exposure
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Adapted from Oberdörster G.: Inhalation Toxicology  

16,2004,23-45



Potential Post Exposure Pathways & Effects

21



Unlike Asbestos SWCNTs Usually Found As

Convoluted Ropes ïNo Issue Here Butéé..
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Aligned Nanotubes Preferred For Applications ï

Released Discrete SWCNTs May Be An Issue
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Currently understood

physical breakdown products 
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Macrophage Attempting Asbestos Digestion
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ÅGranulomas (miscropic nodules), consisting particles, live and dead 

cells, and debris and could impair cellular and physiological (gas 

exchange) lung functions and give rise to fibrosis, more defined nodules, 

and other lesions. 

ÅFibres are generally of more health hazard than other forms of 

particulates. It is well established that the pathogenicity of a fiber in the 

lungs directly correlates with its biopersistency (Oberdorster 2000). 

ÅNTs are totally insoluble and probably one of the most biologically 

nondegradable man-made materials.Determining how the NT-induced 

granulomas progress would require a longer-duration study with this 

biopersistent material.

Concerns About Granulomas and Fibres.
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Effect of Particle Size

Á Equivalent dose of smaller particles presents
a much larger surface area for reactions to take place, 
therefore increased toxicity

Á Potential for generation of free oxygen radicals      
DNA damage          inflammation           tissue damage        

cancer?

100 g Iron:

diameter = 3.0 cm

Surface area = 26 cm2

100 g Iron:

diameter = 50 nm

Surface area =  1,500 m2



Surface Area
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Other Factors Affecting Toxicity

ÁCoatings

ÇHydrophilic surface coating on TiO2 induced greater 

inflammatory response than hydrophobic coating

ÁChemistry

ÇCertain nanomaterials may contain varying types and levels of 

metals used as catalysts

ÇDifferences in toxicity of various nanotubes that have different 

metal contents

ÁStructure or shape

ÇC60 Fullerenes are more reactive than carbon particles or 

carbon nanotubes
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Direct Transport to Brain?

Rat
Latex Microspheres, 

UF carbon, Mn,
but not Iron

Monkey
Viruses, UF Gold. Mn

Fish
Mn, Fullerenes

Human
Mn Fume? 

Drugs
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Dermal Penetration?

Ç Lack of dermal penetration for 

nano TiO2; few studies report 

dermal penetration

Ç Penetration of 0.5-1.0 µM-

sized fluorospheres and Be 

sensitization in human skin ï

flexing experiments

Ç Oxidative stress, toxicity, and 

loss of viability of human skin 

cells - HaCaT cells - carbon 

nanotubes 

Ç Reactivity with sunlight?
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Toxicity Data Gaps Remain

ÁNo studies greater than 3 months duration

ÁAbsorption, Distribution, Metabolism & Excretion 

(ADME) studies very limited 

ÁLimited dose-response data

ÁNo developmental/reproductive studies

ÁNo chronic bioassays

ÁMore research needed to address the uncertainty
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New OHS Hazards

Á"New technologies introduce new occupational health 

and safety hazards, and nanotechnology is no 

exception. Materials and devices are under 

development are so far from our current understanding 

that we can not easily apply existing paradigms to 

protecting workers.ò ï

Dr. John Howard (NIOSH Director)



Workplaces with Potential for Occupational 

Exposure to Engineered Nanomaterials. 
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Exposures to Nanoparticles

ÁThere are still very few studies of occupational 

exposures to nanoparticles

ÁLargely due to the lack of available monitoring 

equipment and lack of exposure metrics for comparison

ÁMost studies that are available are being conducted in 

research settings and not in industrial facilities under 

actual working conditions

ÇMost OHS professionals are not equipped to conduct the 

monitoring that would be needed 
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Exposures to Nanoparticles

ÁSituations that are likely to create significant exposures include:

Ç Working with nanomaterials without adequate protection 

Ç Working with nanomaterials during pouring or mixing operations, 

Ç Working with nanomaterials where there is a high degree of agitation 

Ç Generating nanoparticles in the gas phase in non-enclosed systems 

Ç Handling nanostructured powders could increase aerosolisation

Ç Maintenance of equipment and processes used to produce or 

fabricate nanomaterials

Ç Cleaning of dust collection systems can pose a potential for both skin 

and inhalation exposure 

ÁThese situations are not unlike the types of situations 

encountered in industry that historically create significant 

exposures
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Lack of Exposure Metrics Remains

ÁNanoparticles may not be suitable for comparison to ótraditionalô 

exposure metrics

Ç Mass based metrics may understate exposures

Ç Larger particles will mask nanoparticles

ÁMass and bulk chemistry are believed to be less important 

ÁParticle size, particle number and/or surface area (or reactivity) 

metrics are still considered to be more reliable indicators of 

exposure

ÁResearch is still ongoing but there is still no definite answer

ÁMetric to be used will depend on availability of sampling 

equipment or instruments
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The Bottom Line

ÁExisting toxicity information can provide a baseline for 

anticipating the possible adverse health effects that 

may occur from exposure to nanoparticles

ÁNot possible to set health protective limits/Workplace 

Exposure Standards without assumptions about toxicity 

relative to that of the same macro-scale material
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Exposure Monitoring

ñ Until more information is available on the mechanisms 

underlying nanoparticle toxicity, it is uncertain as to 

what measurement technique should be used to 

monitor exposures in the workplace.ò

NIOSH
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Exposure Monitoring

ÁThere are limited air sampling methods or instruments

ÇReal time particle counters / particle sizers

ÇSize-fractionated aerosol sampling with impactors in the 

nanoparticle range

ÇHigh resolution TEM

ÇSurface area estimation

ÁVarious regulatory authorities are funding research on 

air sampling techniques

ÁMany instruments that are available are still limited to 

research (i.e.; not portable)
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Condensation particle counter 
capable of measuring particles to 
10 nm.

Source : TSI

Three stage nanoparticle 
cascade impactor capable 
of proving three particle 
size fractions - 32, 18 
and 10 nm.

Source : MSP Corporation
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Exposure Control 

ÁPrudent practice suggests that in the absence of 

available toxicity data, exposures to nanomaterials 

should be minimized

ÁNanoparticle behavior

ÇBehave more like gases

Åmigrate from areas of highest concentration

ÇTend to agglomerate

ÇGravitational settling slower than macro particles

ÇWill widely disperse

ÇCan be re-suspended easily
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Exposure Control

ÁIn general, control 

techniques such as source 

enclosure and local exhaust 

ventilation systems are 

considered to be effective 

for capturing airborne 

nanoparticles



Particle Capture Effectiveness of  Local Exhaust

Ventilation
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Exposure Control

ÁChallenges still remain:

ÇEffectiveness of filtration is still not confirmed

ÅNIOSH is conducting research to validate the efficiency of HEPA 

filter media 

ÇDesign of hoods and enclosures have not been specified for 

nanoparticles

ÅApply current ACGIH design criteria for the control of fine 

particulate matter

ÇCapture and transport velocities have not been specified

ÅAgain, ACGIH criteria are expected to be sufficient for nanoparticle 

control
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Exposure Control

ÁRespiratory protection research continues

ÇThere have been no specific recommendations on the types of 

respirators applicable for exposure to nanoparticles

ÅRespirators are tested against particles around 300 nm

ÅIn theory, a respirator filter that is effective for larger particles 

should be effective for the smaller scale particle

ïNIOSH is still undertaking studies to validate this

ÇNanoparticles still present the following challenges

ÅCriticality of facial seal for negative pressure respirators

ÅEffectiveness of positive pressure respirators

ÅAppropriateness of fit factors or protection factors

ÅFit testing methods may require further improvements



Handling Powder Form Nanomaterials

ÁAfter reviewing the following report, Engineered Nanomaterials: Evidence on 

the Effectiveness of Workplace Controls to Prevent Exposure, 2009, Report 

for Safework Australia. It can be said that the EU Nanosafe2 program reported 

that HEPA filters and fibrous respirator and mask filters are efficient in clearing 

nanoparticulates, thus confirming the conventional filtration theory and disproving 

the óskimmer modelô that only particles larger than the pore size should be 

stopped (Nanosafe2 2008). 

ÁConsequently, the most penetrating particle size (MPPS ) of fibrous filters is 150 

-300 nm, as larger particles are blocked by interception and inertia, while smaller 

particles are trapped by diffusion and collision enhanced by Brownian motion. 

Nanosafe2 also highlighted that the main risk for respiratory protection 

equipment comes from a lack of tightness between the face and mask 

(Nanosafe2 2008). 
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Primary mechanism of capture for various particle diameters. The lowest 

filtration efficiency is the maximum penetrating particle size (MPPS) 

48 (Nanosafe2 2008).



Comparison Australian filter types and their

equivalence to US filter types.
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Australian Filter 
class

Recommended 
uses of filter

Allowed 
penetration

US Filter class Recommended 
uses of filter

Allowed 
penetration

P2 Intended for use 
against both 
mechanically 
and thermally 
generated 
particulates

Not  > 6% N95 Fine particulate 
when no oil or 
solvent is in the 
air

Not  > 5%

P3 Intended for use 
against all 
particulates 
including highly 
toxic materials

Not  > 0.05% N100 Extremely fine 
and very toxic 
particulate when 
no oil or solvent 
is in the air

Not  > 0.03%

P100 Extremely fine 
and very toxic 
particulate when 
oil or solvent is 
also in the air

Not  > 0.03%
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Exposure Control

ÁDermal protection

ÇThere are no current recommendations on types of clothing 

that will be effective for prevention of dermal absorption

ÇNo dermal exposure standards 

ÇSmall sized particles may penetrate traditional knit clothing

ÅPenetration efficiencies for nanoparticles have not been studied 

ÅExisting ASTM standards incorporate testing with nanometer-sized 

particles

ÇModern PPE materials of construction will likely provide some 

protection but the efficacy of that protection is still unclear

ÇOcular protection still presents some additional challenges and 

may represent the more significant risk



Handling Liquids Containing Engineered 

Nanomaterials

ÁThe presence of substances such as detergents, surfactants and other ósurface activeô 

chemicals (e.g. dimethylsulfoxide) are known to increase the rate of absorption for some 

chemicals e.g. carbon tetrachloride (Jackson 1989). In a workplace that uses both 

engineered nanomaterials and surfactants/surface active chemicals, the possibility of 

increased exposure by transdermal absorption must be considered. The ability of 

substances such as engineered nanomaterials to penetrate the skin depends on its 

physicochemical properties and size/surface characteristics, also whether the skin barrier 

is compromised or damaged, in which this absorption may more readily occur (Drexler 

2003).

ÁThe U.S. DOE (2007) guidance specifically considers the handling of liquids containing 

nanomaterials, and recommends:

Ç wearing polymer (e.g. nitrile rubber) gauntlet-type gloves or nitrile gloves with extended 

sleeves when handling engineered nanomaterials and particulates in liquids. Gloves 

should be chosen only after considering the resistance of the glove to the chemical 

attack by both the nanomaterial and, if suspended in liquids, the liquid;

Ç wearing eye protection i.e. safety eyewear appropriate to the level and type of hazard 

such as chemical hazard splash goggles, face shields or spectacle type safety glasses.
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Exposure Control

ÁGood work practices can help minimize worker 

exposure to nanomaterials 

ÇEfforts should focus on:

ÅGood housekeeping and maintenance programs

ÅGood hygiene and sanitation

ïRestrictions on the consumption of food and beverages in work areas

ïFacilities for hand and face washing

ïFacilities for showering and changing clothes 
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Application of Control Banding

ÁControl banding is a technique for managing materials 

where there is uncertainty as to the risks posed by the 

materials

ÇEstablish a minimum level of containment based on the 

potential for exposures, volume of material used and potential 

hazard of the material

ÅLowest level would involve the use of standard safe handling 

practices and general ventilation

ÅHighest level would involve the use of state of the art containment 

systems that would eliminate any direct contact with the material 

(100% closed system)
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Application of Control Banding
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Application of Control Banding

ÁNIOSH and Safework Australia has been investigating 

the potential for the application of control banding 

methods to nanotechnology

ÁThe technique has promise as a control approach for 

addressing the potential risks that might be present until 

such time as better toxicity data becomes available
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Safety Issues

ÁFire/Explosion/Catalytic Hazards

ÇThere has been little research on the potential safety hazards 

of nanoparticles

ÇFrom current information, concerns most likely involve catalytic 

effects or fire and explosion hazards  

ÇNanoscale powders or combustible material could present a 

higher risk than a similar quantity of coarser material

ÅIncreased surface area = more easily ignited?

ïNanoscale Al/MoO3 thermites ignite more than 300 times faster than 

corresponding micrometer-scale material 

ÇCan nanomaterials initiate catalytic reactions that would not 

otherwise be anticipated from their chemical composition 

alone?



Risk = Hazard x Exposure

Potential for exposure to nano TiO2

Adapted from Tsuji J.S. § all : Toxicological 

Sciences;2006 89, No.1 ,42-50
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Regulatory Framework

ÁA realistic regulatory framework will ultimately be 

needed

ÁSafework Australia is currently in the forefront on 

workforce matters

ÇSafework Australia is pursuing strategic, multidisciplinary 

research that will help practitioners, with greater certainty, to 

apply the well-established principles of occupational safety and 

health to workplace exposures involving nanomaterials.
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Regulatory Framework

ÁNational Industrial Chemical Notification & Assessment 

Scheme (NICNAS) 

ÇNICNAS is one of the statutes under which commercial 

applications will likely be regulated

ÇKey question - Is a nanoparticle of a chemical which is 

intended to impart new chemical and/or physical properties, to 

be considered:

Åa new chemical; 

Åa significant new use of an existing chemical; 

Åa modified but not significant new use of an existing chemical; or 

Ånone of the above?

ÇGuidance on New Chemical Requirements for Notification 

of Industrial Nanomaterials

http://www.nicnas.gov.au/current_issues/Nanotechnology/Guidance on New Chemical Requirements for Notification of Industrial Nanomaterials.pdf
http://www.nicnas.gov.au/current_issues/Nanotechnology/Guidance on New Chemical Requirements for Notification of Industrial Nanomaterials.pdf
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Safework Australia Position on Nanotechnology

Focus Areas

Á Ensure nanotechnology is covered appropriately within the Work Health and Safety Regulatory Framework 

Á Improve understanding of the hazardous properties of engineered nanomaterials

Á Assess the effectiveness of workplace controls in preventing exposure to engineered nanomaterials

Á Develop procedures for detecting and measuring emissions exposure in workplaces 

Á Provide information and guidance for Australian nanotechnology organizations 

Á Ensure consistency with international approaches & contributing to international work 

Á This work program is supported by Safe Work Australiaôs Nanotechnology Work Health & Safety Advisory Group and the 

Nanotechnology Work Health & Safety Measurement Reference Group.



Problem Areas for Regulation of Nanoparticulates.



Nano Lab Decision Tree
From: Amela Groso et al., Management of Nanomaterials Safety in a  Research Environment, Particle & Fibre 

Toxicology 2010, 7:40
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Nano Lab Controls
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Nano Lab Controls
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Nano Lab Controls
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Nano Lab Controls
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Nano 3 Laboratory
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