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Monitoring engineered nanomaterials in
the workplace.
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Pathways for exposure »

There are three main routes by which nanoparticles can
enter the body:

o Breathing Zone ’

Inhalation.
A Primary route. Deposition in respiratory tract
regions depends on particle size.

A Nanoparticles have been reported to
translocate to different organs in the body after
penetrating the cell epithelium and entering the

blood or lymph systems.
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A by swallowing the mucous that traps and clears
particles deposited in the airways;

A by ingestion of contaminated food or water; or

A by oral contact with contaminated surfaces or
hand.

A Skin exposure by handling nanoparticles during
their manufacture or use or by contact with
contaminated surfaces.
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A Exceptions:

A For fibres (e.g. asbestos) the number concentration is determined by

microscopy
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A standard method of
assessing worker
exposure to airborne
particles currently
Involves:

A measuring MASS
concentration of health-
related fraction of particles
in breathing zone and their
chemical composition
(inhalable or respirable)

A Micro-organisms that are collected on growth medium and number of

colony forming units counted
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Calculated from the ICRP 66 model for an adult male, light exercise, nose breathing.
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A Until mechanisms are fully understood,
recommendation is to attempt to measure
mass, number and surface area
concentrations.

ANanoparticIes have been shown to penetrate
epithelial cells and enter the blood stream and
then end up in other organs.They can even
enter brain via olfactory nerves due to their
size.



Fous  Some key conclusions from recent &,
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A Nanoaerosols evolve considerably with time: average
Size increases whilst concentration decreases

A Natural background aerosols are effective
scavengers for ENP and produce heterogeneous
agglomerates

A Thus, nanoparticles that workers exposed to and that
are measured will be physically/chemically present in
size classes different from the one in which they were
originally emitted

A Timescale for size evolution depends upon
concentration 1 iIs of the order of a few minutes

Modified extract of recommendations to EC from Nanotransport
project report (2008)
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A What are you really measuring?
A Primary nanoparticle

A Agglomerate

A Aggregate

A Ultrafine background particles
or engineered

Definition:
A Agglomerate: group of particles

held together by relatively weak
forces

A Aggregate: heterogeneous particle
in which the various components
are not easily broken apart

A Weak forces: Van der Waals
forces, electrostatic forces and
surface tension
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What are we measuring:
Agglomerated or primary particles?
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A Aerosol particle size is usually
reported as diameter.

A Particles have irregular shapes
& have to use equivalent /
effective diameter that depends
on a physical property

gc"“"’ Aerosol particle size &
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A Commonly used
diameters:

A Aerodynamic diameter
D

a

A Electrical mobility
diameter, D,,

A Equivalent volume
diameter D,

A Equivalent area
diameter D,

A Different instruments
may give different types
of diameter



s, Proposed Classes of Engineered &
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Particle Categories
Classes of engineered nanoparticles

() T LeP
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C. Non-spherical F. Heterogeneous I. Multifunctional
homogeneous distributed particle

Dr. Andrew D. Maynard: Woodrow Wilson International Center for Scholars
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A For assessing worker exposure would be:

I A lightweight battery-powered personal sampler/analyser,

I Capable of measuring multiple nanoparticle characteristics
(mass, number, surface area, size distribution,charge etc),

I On-line real time measurement,

I Capable of differentiating engineered nanoparticles from
background ultrafine particles

I Robust for industrial settings
I Relatively inexpensive (< 10 kEuros)

A Unfortunately, there Is not a single instrument that
works in real time that meets all of these criteria.

A EU project NANODEVICE is developing better more
portable integrated measurement instruments.

A In the meantime Electron microscopy and ELPI
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Salr:r;lting Clean Flush Air for Zeroing
a Fiter ACombines inertial collection with
Coporatsdwith. <% pump | 1[] ( electrical particle collection to provide
rowoliage L= ——  Highvolage and near real-time aerosol size distributions
ﬂ S lon Trap Source .
for particles from 7 nmto 10 € m

NG AParticle charge directly related to
= <: PC active surface area so integrated
G electrometer signal related to aerosol
Impactor Stages —
e I surface area.

Converter

Alf particle charging efficiency is known

Backup [ - bressure can calculate number distribution
Filter Stage Gauge
Fow % AMass distribution requires knowledge
v particle density as a function of particle
;ﬁ:’nupm |:> Exhaust Air S|Ze

AHas unique combination of on-line
measurement of size discriminated

DEKATI ELPI particle concentration and off-line
chemical characterisation



