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ABSTRACT

The growing interest in nanotechnology has resulted in increasing concern and a number of published environmental
and workplace measurements for assessing occupational exposure to engineered nanomaterials. However, the amount
of previous exposure data remains limited. Furthermore the data available was collected with extensive variation in
terms of exposure measurement strategy, which limits the ability to pool the data in the future. In response, this paper
reviewed several pertinent issues related to exposure measurement strategy to suggest a harmonized measurement strat-
egy which would make exposure data more useful in the future, e.g. correlation between exposure metrics, relationship
between activity and exposure, task-based or shift-based assessment, background concentration, limitation of personal
exposure monitoring and other determinants of exposure/modeling. An improved sampling strategy for nanomaterial
exposure assessment should be considered in order to maximize the use of the data from various real time monitoring

instruments.

Keywords: assessment, background, exposure, nano, shift, strategy, task, time activity, metrics
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Table 1. Issues for measurement strategy of nano-materials

Category Contents

Why

Objectives, e.g. risk assessment and
management, exposure mitigation, exposure
analysis, compliance, etc

What Substance, exposure metric (mass, surface
area, particle number), exposure measures
(TWA, cumulative, peak) etc

Where
When
Who

Breathing zone, source, near field, far field
Activity-based, full shift, seasonal variation
Stratified, randomly selected, nearby worker

How Methods (real-time monitoring, sampling)/

devices
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Naturally occurring ‘ultrafine particles

- Volcanic ash, Forest fire smoke
- Sea spray mists

- Dust from deserts : ~100 nm

- Bacteria : 30nm~10 um

= Virus - 10~60 nm

Ultrafine Particles from conventional processes
and incidental byproducts of human activity

- Paint pigments - 80~100 nm

= Carbon black fortoner : 10~400 nm
- Combustion soot : 10~80 nm

- Welding fumes : 10~50 nm

- Diesel exhaust emissions : 7~40 nm

Engineered nanoscale materials
- “Nanomaterials” or “Nanoparticles”

« Fullerenes(buckyballs) : 1nm
» Nanotube : 1~5 nm x 10 um

* Quantum dots : 5~20 nm
« Dendrimer

Fig. 1. Classification of nano-sized particle.
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Nano-object
(one or more external dimensions
in the nanoscale)

Nanoparticle
(3 ext. dimension
in the nanoscale)

Nanofibre
(2 ext. dimension
in the nanoscale)

Nanoplate
(1 ext. dimension
in the nanoscale)

Nanowire
(Electrically
conducting nanofibre)

Nanorod
(Rigid nanofibre)

Nanotube
(Hollow nanofibre)

Fig. 2. Fragment of hierarchy of terms related to nano-
objects.*®
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Table 2. Example of standard or guidelines for definition or measurement of nano material

Title Issue Date

Contents

KS A ISO TS 27687
Nanotechnologies-terminology and

+ Classification of the ‘nano-object’ into nanoparticle,
nanofiber and nanoplate.
+ Nanofiber is reclassified into nanowire, nanotube and

. . 2009.12.15 nanorod.
definitions for nano-objects- . . . .
. - Definition of above terminology including aggregate and
nanoparticle, nanofibre and nanoplate
agglomerate.
- Based on ISO/TS 27687 document
KS M ISO 27628 - In background Sfectlon, description on the potential hea}lth
. 2008.12.30  effect and physical transfer of ultrafine and nanoparticle.
Domestic  Workplace atmospheres-ultrafine, . : -
. - In manin section, description on the nanoaerosol source at
nanoparticle and nano-structured . . Lo .
. . 2010.11.01  occupational settings. - characterization of occupational
aerosols-inhalation exposure .
characterization and assessment Revised  exposure of nano aerosol.
- Based on ISO/TR 27628 document
- General management guideline for occupational exposure
KS A 6202 .. . . .
Guidance to safe handling of prevention including work practice, housekeeping,
& 2009.5.6  education, labeling, entrance permit, personal hygiene,

manufactured nanomaterials in
workplace/laboratory

showering, outfit room, mat and personal protective
equipments.
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Table 2. Continued
Title Issue Date Contents
ISO/TS 27687 Nonotechnologies- - Classification of the 'mano-object' into nanoparticle,
. L. fi late.
terminology and definitions for nano- nanofiber z.md nanqp a&? .
obiects-nanoparticle. nanofiber and 2008 - Nanofiber is reclassifed into nanowire, nanotube, nanorod.
naJn oplate P ? + Definition of above terminology including aggregate and
p agglomerate.
l\f’oﬁf?afjiffms heres-ultrafine - Description on the potential health effects of
hano particle and }r)lano-stmcture d’ 2007.02.1 nanoaerosols(including ultrafine aerosols), sources of
aeros% Is-inhalation exposure 7" occupational nanoaerosols and exposure assessment
characterization and assessment strategies.
- Definition of above terminology including aggregate and
agglomerate.
. ISO/TR 12885. - Huge volume as a standard (p86).
International Nanotechnologies — health and safety L . . .
cactices in occupational settings 2008.10.01 - Description on engineered nanomaterials and production
felevam o nanotg chnologies & processes, health characterization, exposure assessment
& and risk assessment and control methodologies in
occupational settings.
b MST B HEEEDY S » Th Wb
WEIZT &I BEOTFRiRICT 200811 Review report for Nano material - Preventive control for
baF (F/=TTNIZHOWT) #Hus ’ the chemical which is not clearly proved of health hazard
#H PR 20F11H
ASTM Designation - Guideline for unbound engineered nanoscale particles
E2535-07 (UNP) which includes the guideline on the establishing a
standard guide for handling unbound 2007.10  program to implement the control principle, hazard,
engineered nanoscale particles in exposure, risk assessment and evaluation, control of
occupational settings exposure in occupational settings.
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