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Nanotechnology as an enabling science



Nanotechnology is the application of scientific knowledge to 
manipulate and control matter in the nanoscale in order to 
make use of size- and structure-dependent properties and 
phenomena, as distinct from those associated with individual 
atoms or molecules or with bulk materials.

Nanoscale = size range from approximately 1nm to 100nm
Nanoparticle = nano-object with all three external dimensions 
in the nanoscale
Nano-object = material with one, two or three external 
dimensions in the nanoscale

ISO/TS 80004-1:2010 Nanotechnologies – Vocabulary - Part 1: Core terms

Nanotechnology & Nanoparticles



Mitigating risk is needed to ensure the
sustainability of nanotechnology



Being safe with nanotechnology is not just 
about nano-sized particles…







“There are known knowns; there are things we know we know.

We also know there are known unknowns; that is to say we know 
there are some things we do not know.

But there are also unknown unknowns – the ones we don't know we 
don't know.”



Narrowing-down what and how to 
characterise
• Regulation

• Standards

• Guidance

• Reference materials

• Protocols



What are p-c properties and which 
need to be characterised?

Source: “Principles for characterizing the potential human health effects from exposure to nanomaterials: elements of a 
screening strategy”; Particle and Fibre Toxicology 2005, 2:8 



Properties & Measurement Techniques

ENRHES report available from: http://ihcp.jrc.ec.europa.eu/whats-new/enhres-final-report



How do we describe particle shape?



Thin
Small aerodynamic diameter 
enables deposition beyond the 

ciliated airways

Long
Cannot be completely enclosed by 

a macrophages producing 
frustrated phagocytosis

Longer than 15-20µm

Bio-persistent
Retains its long 
term shape over 

long-term residence 
in the lungs

High Aspect represents an attribute conveying enhanced toxicity to a particle due to the physical hindrance of normal 
clearance from the deep lung and interaction with cells

High Aspect Particles - a problem for the lungs



• Sheet-like plates of material ranging in depth from a single 
atom thick (graphene) but a diameter up to tens of microns

• Low aerodynamic diameter which could allow alveolar 
deposition   

• Problems for cell mediated clearance should it deposit in 
the alveolar region

The safety ‘anomaly’ with plate-like nanomaterials

Schinwald et al. ACS Nano. 2012 Jan 24;6(1):736-46. 



Exposure Sources Processes Normal Operating 
Conditions

Emergency 
Conditions

Secondary Sources 
of Contamination 

Release Patterns

Pathways of 
Exposure

Transformation

Persons Who May 
Be Exposed

Exposure assessment



Key Standards & Guidance for NP 
Measurement & Sampling

• ISO 7708:1995 Air quality -- Particle size fraction definitions 
for health-related sampling 

• BS EN 1540:2011 Workplace Exposure – Terminology

• BS PD6699-3:2010 Part 3: Guide to assessing airborne 
exposures

• ISO/TR 27628:2007 Workplace atmospheres -- Ultrafine, 
nanoparticle and nano-structured aerosols -- Inhalation 
exposure characterization and assessment

• ISO/TS 12901-1 Occupational risk management applied to 
engineered nanomaterials

• MDHS 14/3 General methods for sampling
• NIOSH NEAT method
• OECD ENV/JM/MONO(2015)19 - Harmonized tiered approach 

to measure and assess the potential exposure to airborne 
emissions of engineered nano-objects and their agglomerates 
and aggregates at workplaces



A variety of metrics can be used
but are they meaningful for risk assessment?

Measuring particles is easy, isn’t it?



• Particle concentration per unit volume
• Conventionally mass metric – mg/m3

• Particle / fibres number metric – n/m3

• Now surface area metric is useful
• But,

Ø conversion between metrics is not simple
Ø is a particular size limit or size fraction important?
Ø particle morphology may present challenges to 

measurement…

What metrics can be used for 
exposure?
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Particle Release & Exposure Assessment:
Real-time Measurement Instruments



What methods are available?

number mass
Surface 

area size

Condensation Particle Counter* CPC

Optical Particle Counter OPC

Size Selective Personal Sampler* SSPS

Size Selective Static Sampler* SSSS

Time-of-flight spectrometer* TOF

Tapered Element Oscillation Microbalance TEOM

Diffusion Charger* DC

Scanning / Fast Mobility Particle Sizer* SMPS
FMPS

Electrical Low Pressure Impactor ELPI

Electron Microscopy (SEM*, TEM) EM

*Methods available from SAFENANO



The Instruments we’ll be using



Example data we collectExample FMPS data



Particle Release and Exposure Assessment:  
Particle Sampling

Cowl
Head

Non-size 
selective 
particle 

sampling.

Analysis 
by SEM / 

EDXS

IOM Sampler
0 - 100µm AED
Measurement of 
total inhalable 
particle mass.

Additional chemical 
analysis by ICP if 

required. 

Nano-ID
0 - 35µm AED

Size-fractionated 
sampling on 7-

stages.

Analysis by SEM / 
EDXS

Respirable
Cyclone

d50<4µm AED

Analysis by 
SEM / EDXS

25mm 
Cassette
Quartz Filter

Non-size 
selective 
particle 

sampling.

Samples 
analysed 

for 
Elemental 
Carbon as 
a proxy for 

CNT / 
CNF / 

Graphene



Real-time 
instrumental 

measurements
Sampling for

off-line analysis

Contextual
observations



• Measuring before and after processing or handling of nano-
objects and comparing to measurements taken during
processing or handling of nano-objects (time variance approach)

• Measuring simultaneously at a co-location not influenced by 
the investigate process and comparing the results to those from 
the occupational environment (spatial variance approach)

• Investigating the same work process with and without the 
nano-object (material variance approach)

• A combination of any of the above three approaches allows 
trends in aerosol profiles relative to background to be used as 
a practical screening indictor for processes that may require 
additional control for particle emission

Recommended Strategies (OECD 2015)

Real-time 
instrumental 
measurements

Sampling for
off-line analysis

Contextual
observations



• Conducting real-time measurements in the possible exposure zones close 
to and away from potential sources to characterize the evolution of the 
size distribution over time.

• Identifying appropriate sampling locations for fixed area monitors that are 
unaffected by HVAC, doorways, or other air flow patterns that could 
impact measurements.

• Documenting events during measurements, including worker's positions, 
activities, and behaviours and other occupational activities, such as forklift 
traffic, doors opening and closing, and HVAC systems turning on and off.



Measurement strategy

1. Identify the source of nanoparticle emissions. 
A CPC provides acceptable capability for this purpose. It is important to determine 
ambient or background particle counts before measuring particle counts during 
the manufacture or processing of the nanoparticles involved. If the chemical 
identity of nanoparticle is of interest, area sampling with a filter suitable for 
analysis by electron microscopy should also be employed.

2. Once the source of emissions is identified, aerosol surface area, mass and size 
distributions should be determined using static (area) monitoring. 

Currently, no single method can be used to comprehensively characterise 
exposure. 

Characterisation of workplace exposure to nanoparticles needs to use a 
multifaceted approach, involving the following steps:



3. Area or Personal sampling (ideally, size-fractionated) using filters or grids 
suitable for analysis by electron microscopy or chemical identification may 
be employed, particularly if measuring exposures to specific nanoparticles is 
of interest. Electron microscopy can be used to identify the particles, and 
can provide an estimate of the size distribution of the particle of interest. 

The use of a personal cascade impactor or a respirable cyclone sampler 
with a filter, though limited, will help to remove larger particles that may be of 
limited interest and allow a more definitive determination of particle size.

Analysis of these filters for air contaminants of interest can help identify the 
source of the respirable particles. Standard analytical chemical 
methodologies can be employed.

Measurement strategy



By using a multifaceted approach with a combination of techniques, an 
assessment of the integrity of containment, (continuing) effectiveness of control 
measures and potential worker exposure can be conducted. 

This approach will allow a determination of the presence and identification 
nanoparticles (and micrometre-sized particles) and the characterisation of the 
important aerosol metrics. 

Since this approach relies primarily on static or area sampling some uncertainty 
will exist in estimating worker exposures.

Adopting a strategy for systematic and regular monitoring and interpretation of 
trends is important to inform decision making and response to changes in trends.  

Measurement strategy



The integrated and cyclical stages in
risk assessment

Exposure
Assessment

Hazard
Assessment 

Risk 
Characterisation 

Risk
Management

Identify

Assess

Control

Review



Factors influencing risk & CoSHH



Proposed OELs for Engineered Nanomaterials

Currently, no 
statutory limits 

for nanomaterials



Nano-specific guidance to help with Risk 
Assessment & Management
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Questions?


