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General Overview
Nanoparticles are typically described as having at
least one dimension in the size range of approximately 1 to 100 nanometers, although they are often
present as larger aggregates or agglomerates. Sampling of nanoparticles is often similar to sampling for
other particles. But because much is still unknown
about which properties of engineered (i.e., intentionally produced) nanoparticles contribute to health
hazards, it can be difficult to know what specific parameters to test for.
The hazards associated with an engineered nanoparticle (ENP) may be different from the hazards of the
non-nanoscale version of the same material. It is important to collect data on these materials to gain a
better understanding of how they behave and what,
if any, potential health risks they may pose.
Each sampling scenario for ENPs can be unique, so
good communication between all parties involved is
important to ensure quality data that have value to
the end user. Some of the typical challenges encountered when sampling for ENPs include:
• It is difficult to differentiate ENPs from “background” levels of ambient (incidental, not purposefully engineered and manufactured) nanoparticles,
which can be ubiquitous in the work environment.
• Work activities involving ENPs may be periodic
and short in duration.
• Optimizing procedures to achieve low detection
limits is challenging, especially for mass-based
methods.
• Readily available reference materials or standards
are lacking for particular ENPs of interest.
• In most cases, sparse guidance is available for acceptable levels of ENPs.
It is important to carefully consider up front what
questions need to be answered, in order to deter-

mine the best sampling and analytical approach.
The ENP supplier (technical contact or product steward) may be able to provide useful information, such
as agglomeration tendency or presence of surface
modifications. Samples should not be collected without first having an understanding of the approaches
to be used, the capabilities and limitations of equipment and methods, and how the data will be interpreted.
Some sampling and analytical methods are used
only to determine particle concentrations. Others are
used primarily for particle characterization. For most
nanoparticle sampling scenarios, a combination of
methods will give the best overall picture. A tiered
approach is often used for airborne particle monitoring, progressing from methods that are easier but
less informative to methods that are more complex
and resource intensive but that provide more indepth information.
The use of multi-metric particle concentration measurements (e.g., some combination of mass, count,
surface area, and size distribution) may be useful
when the most appropriate metric has not been determined. It is always a good idea for the industrial
hygienist and the analytical laboratory to discuss the
target analyte and sampling scenario beforehand to
determine the goals and objectives of sampling, as
well as the advantages and disadvantages (and uncertainties) of the various sampling and analytical
approaches.

Example Scenarios for ENPs in
Products or Processes
Listed below are example ENP scenarios and possible sampling and analytical approaches. These
examples are only for illustration of sampling and
analytical considerations. Specific techniques are
described in more detail at the end of this fact sheet
in the Sampling and Analytical Toolbox section.
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A microscopic analysis (SEM/TEM/STEM) with energy dispersive X-ray
spectroscopy (EDS) provides morphological data as well as data on sizing and
elemental
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analyses.

Are existing engineering controls sufficient for
worker handling of ENPs?

It may be possible to identify potential ENP release
points via “walk-through” observation and knowledge of the process. To confirm observations or identify ENP release via sampling, a tiered approach is
typically recommended, beginning with direct-reading instruments and supplemented as needed with
filter-based samples for additional analyses.
The direct-reading instruments can help in identifying
sources of particle emissions and temporal variability.
The filter-based analyses can provide data on physical
and chemical properties such as particle size, shape,
surface area, agglomeration state, and composition.
Air-monitoring projects should be carefully designed
to consider background sources, levels and characteristics of any ENPs present, sampling instrument,
and method capabilities and limitations. One limitation of air sampling is the variability that can occur
due to electrostatic charge and humidity levels depending on the ENP involved. If a source of ENP release is discovered, changes to the process or engineering controls should be considered to reduce the
potential for exposure.
To examine the effectiveness of an engineering control used to provide worker protection (e.g., a labora-

For example, data interpretation may involve comparison of measurements made inside and outside a
laboratory hood, or outside the hood before and after a process. In addition, the use of traditional methods for evaluating hood containment, such as tracer
gas release, can also be employed. Other options include an ALARA (as low as reasonably achievable)
approach, or a straightforward, “only non-detect is
acceptable” strategy.
Direct-reading instruments such as particle counters
can be a good first line of testing, because they give
real-time concentration data. Depending on the target nanoparticle size, shape, agglomeration state,
and so on, the IH can employ aerosol photometers,
optical particle counters, and condensation particle
counters, or a combination of these. Because these
techniques are nonspecific and cannot distinguish
between single particles and agglomerates, particle
counters are typically used in conjunction with other
techniques such as TEM, SEM, or STEM analysis.
Personal or area samples — collected on filters or
directly onto TEM grids using thermophoretic or
electrostatic precipitators for microscopic analysis
— can shed light on what the particle counters are
measuring. In addition, these analyses can provide
elemental composition data for the particles present
and information on particle-size distributions, shape,
etc.
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CNTs in the air during the use/production cycle?
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Fact Sheet

As long as the ENP has a specific and unique chemical composition not found in the
background, analysis of a clearance wipe or adhesive lift sample may provide
valuable information in determining cleaning efficacy.
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detail of surface morphology and
particle-size distribution as well as
elemental analysis by energy dispersive
(EDS) or wavelength
Nanoparticle Sampling spectroscopy
and Analysis
dispersive spectroscopy (WDS).
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Transmission Electron Microscopy (TEM)

TEM is the ultimate tool for resolving power, having
magnification and resolution capabilities beyond AFM and SEM.
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EDS) with the ability to provide
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ENP analysis.
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to determine
spectroscopy
(EDS).
and
resolution
capabilities
beyond
magnification and resolution capabilities
beyonddioxide:
AFM and
for titanium
2.4SEM.
mg/cubic meter for fine TiO2,
AFM
SEM. to
It perform
has the elemental
abili- 0.3analysis
It has and
the ability
on
even
the
mg/cubic meter ultrafine (nano-scale) TiO2 as a
ty
to perform
elemental
analysis with
smallest
individual
nanoparticles
energy
dispersive
Time
Weighted
Average (TWA) concentration for up
on
even the (EDS).
smallest individual to 10 hours per day during a 40 hour work week.
spectroscopy
nanoparticles with energy disper-

Scanning Transmission
Electron Microscopy
(STEM)
sive spectroscopy
(EDS).

This microscope combines all the power of TEM (including
EDS)
with the
ability to provide
scanned
surface images
like
Scanning
Transmission
Electron
Microscopy
(STEM)
the SEM. In many ways, this is the ideal solution for highresolution
ENP analysis.
AIHA
Fairviewof
Park
Dr., (including
Suite 777 | Falls Church, VA 22042 | aiha.org
This microscope
combines
all| 3141
the power
TEM
EDS)
©aihawith
2020the ability to provide scanned surface images like
OTHER
METHODS
the SEM.
In many ways, this is the ideal solution for high-
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Inductively
Inductively
Coupled
Coupled
Plasma
Plasma
(ICP) (Matrix:
(ICP) (Matrix:
Air) Air)
Inductively Coupled Plasma (ICP) (Matrix: Air)
NIOSHNanoparticle
NIOSH
methods
methods
7300
and
7300
7303
and
for
7303
metals
for metals
can becan
used
betoused
determine
to determine
compliance
compliance
Sampling
and
Analysis
NIOSH
methods
7300
and
7303
for
metals
canmg/cubic
bemeter
used to
compliance
with the
with
NIOSH
the
NIOSH
REL forREL
titanium
for
titanium
dioxide:
dioxide:
2.4
mg/cubic
2.4
meter
fordetermine
finefor
TiO
fine
,
TiO2, 0.3
2 0.3
with
the NIOSH
REL
for titanium
dioxide:
meter
forAverage
fine
TiO(TWA)
2, 0.3
a 2.4
Time
aWeighted
Time Weighted
Average
(TWA)
mg/cubic
mg/cubic
meter
meter
ultrafine
ultrafine
(nano-scale)
(nano-scale)
TiO
2 asTiO
2 asmg/cubic
mg/cubic
TiOduring
Time
Weighted
concentration
concentration
formeter
up for
toultrafine
10
uphours
to 10(nano-scale)
per
hours
dayper
during
day
a2 as
40ahour
a 40work
hour
week.
workAverage
week. (TWA)
concentration for up to 10 hours per day during a 40 hour work week.
Inductively
Inductively
Coupled
Coupled
Plasma
Plasma
Mass Spectrometry
Mass Spectrometry
(ICP‐MS)
(ICP‐MS)
(Matrix:
(Matrix:
Air) Air)
Inductively Coupled Plasma Mass Spectrometry (ICP‐MS) (Matrix: Air)

Fact Sheet

Inductively Coupled Plasma Mass Spectrometry

The predominant factor for determining whether a

DLS has limitations, however. Like other types of
particle sizers and counters, it cannot distinguish
particle types or composition, nor can it distinguish
agglomerates of nanoparticles from other large
particles. This can lead to under or over reporting.

terials including, for example, the presence of reAbsorption/transmission
spectroscopy
measures
how a sa
sidual
catalyst. This technique
can quantify
water,
each
wavelength.
As
light
passes
through
the
sample,
solvent, plasticizer, decarboxylation, pyrolysis, oxi- the re
represents
the molecular
absorption
and transmission
to
dation,
decomposition,
weight
percentage
filler, and
create
a
molecular
ﬁngerprint
of
the
sample.
weight percentage ash.

ICP-MS
ICP-MS
enables
enables
single-particle
single-particle
countidentification
with identification
for insoluble
for insoluble
particles
particles
in
in will agglomerate is the
dispersion
of nanoparticles
(ICP-MS)
(Matrix:
Air) count with
ICP-MS
enables
single-particle
count
with
identification
for
insoluble
particles
in
suspension.
suspension.
ICP-MSICP-MS
in time-resolved
in time-resolved
mode makes
mode makes
it possible
it possible
to collect
to collect
the intensity
the intensity
ICP-MS enables single-particle count with identifica- magnitude of the electrostatic repulsion/attraction
suspension.
ICP-MS
in
time-resolved
mode
makes
possible
to
collect
the
intensity
for a single
for a particle
single particle
as it is as
vaporized
it is vaporized
and atomized
and atomized
in theitplasma.
in
the
plasma.
Each
measured
Each
measured
tion for insoluble particles in suspension. ICP-MS in (zeta potential). Knowing the zeta potential adds
for
single
particle
as to
it is
vaporized
and
atomized
in
the plasma.
Each
measuredDLS result.
data point
dataacan
point
becan
correlated
be correlated
the
to
the
and
size
mass
fraction
massthe
fraction
of value
particle.
oftothe
particle.
the
corresponding
time-resolved
mode
makes
itsize
possible
toand
collect
data
point
can
be
correlated
to
the
size
and
mass
fraction
of
the
particle.
intensity for a single particle as it is vaporized and Thermogravimetric Analysis (TGA) (Matrix: Solid,
Dynamic
Dynamic
Light Scattering
Light Scattering
(DLS) (DLS)
with Zeta
withPotential
Zeta Potential
(Matrix:
(Matrix:
Bulk as
Bulk
Powders,
as Powders,
atomized in the plasma. Each measured data point Liquid)
Thermogravimetric
Analysis (TGA) (Matrix: Solid, Liqu
Dynamic
Light
Scattering
(DLS)
with
Zeta
Potential
(Matrix:
Bulk
as
Powders,
Liquids)
Liquids)
can
be correlated to the size and mass fraction of the
Liquids)
For many applications (e.g.,
particle.
For many applications (e.g., medica
This technique
This technique
is also is
known
also known
as photon
as photon medical) or for quality confor ENP
producers, it is extremely i
This
technique
is also
known
as be
photon
correlation
correlation
spectroscopy
spectroscopy
(PCS).
(PCS).
It can
It can
used
be trol
usedfor ENP producers, it
purity
and exact composition of na
correlation
spectroscopy
(PCS).
It can
used
to determine
to determine
the size
the
distribution
size distribution
profile
profile
of be is
of extremely important to
TGA isthe
uniquely
to handle th
purity suited
and exact
to
determine
the
distribution
profile know
of
small particles
small
particles
in suspension.
insize
suspension.
It determines
It determines
ENPs
to
determine
composition
pu
composition of nanoparsmall
particles
in diameter
suspension.
determines
particle
particle
hydrodynamic
hydrodynamic
diameter
byItmeasuring
by measuring
presence
of surface TGA
coatings.
ticles.
Microscale
is TGA c
particle
hydrodynamic
diameter
measuring
the diffusion
the diffusion
speed
of
speed
particles
of particles
or molecules
orby
molecules
determinesuited
the amount
of surface-b
uniquely
to
handle
the
diffusion
speed
of particles
or molecules
undergoing
undergoing
Brownian
Brownian
motion.
motion.
This technique
This
technique
gold small
nanoparticles
instance.
the
sample for
size
of
can detect
can detect
particles
particles
down to
down
a single
to a nanometer.
single undergoing
nanometer. Brownian motion. This technique
ENPs to determine compocan detect particles down to a single nanometer.
TGA measures
a sample’s
weight ch
sition
purity, including
the
Dynamic Light Scattering (DLS) with Zeta
DLS has
DLS
limitations,
has limitations,
however.
however.
Like other
Liketypes
otherof
types
particle
of particle
sizers and
sizers
counters,
and counters,
it
it
presence
surface coatPotential (Matrix: Bulk as Powders, Liquids)
cooled) in of
a temperature
range fro
hasdistinguish
limitations,
however.
Likeorother
types
particle
and counters, it
cannotDLS
cannot
distinguish
particle
particle
types or
types
composition,
composition,
nor of
can
nor
it distinguish
can sizers
it distinguish
ings.
TGA
can
also
be
used
This
is
useful
in
determining
the co
This
technique
is nanoparticles
also
known
as
photon
correlation
cannot
distinguish
particle
types
or large
composition,
nor
can
it
distinguish
agglomerates
agglomerates
of nanoparticles
of
from
other
from
other
particles.
large particles.
This
can
This
lead
cantolead
under
to
under
or
or
to
determine
the
amount
of
surface-bound
ligand
including, for example, the presence of residual catalyst. Th
spectroscopy
It
can be
used
toother
determine
thewhether
agglomerates
ofThe
nanoparticles
from
particles.
This
can
lead
to
over reporting.
over reporting.
The(PCS).
predominant
predominant
factor
for
factor
determining
forlarge
determining
whether
a dispersion
dispersion
ofunder
ofor for instance.
coverage
onagold
nanoparticles
water, solvent,
plasticizer,
decarboxylation, pyrolysis, oxida
size
distribution
profile
of
small
particles
in
suspenover
reporting.
Theagglomerate
predominant
forofdetermining
whether a dispersion of
nanoparticles
nanoparticles
will agglomerate
will
is the magnitude
is factor
the magnitude
the electrostatic
of the electrostatic
weight
percentage
filler, and weight percentage ash.
sion.
It determines
particle hydrodynamic
diameter
measures
sample’s
nanoparticles
will
agglomerate
is the magnitude
of
theTGA
electrostatic
repulsion/attraction
repulsion/attraction
(zeta
potential).
(zeta potential).
Knowing
Knowing
the zeta
the
potential
zeta
potential
adds
value
addsato
value
the to theweight change as it is
by measuring the diffusion speed of particles or mol- heated (or cooled) in a temperature range from
repulsion/attraction
(zeta potential). Knowing the zeta potential adds value to the
corresponding
corresponding
DLS result.
DLS result.
ecules undergoing Brownian motion. This technique -196°C to >1000°C.
corresponding DLS result.
Spectroscopy (Fourier Transform Infrared (FTIR/Rama
can detect particles down to a single nanometer.
Liquid)
This is useful in determining the composition of ma-

Atomic Force Microscopy (AFM) (Matrix: Powder)
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Sample preparation for powders involves the stable
AIHA | 3141 Fairview Park Dr., Suite 777
| Falls Church,of
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attachment
particles
onto a very smooth substrate
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(typically a mica sheet). AFM’s unique ability
to8size
particles in three dimensions (including height) provides

dle the small sample size of
on purity, including the
TGA can also be used to
Nanoparticle
Sampling
ace-bound
ligand coverage
on and Analysis
ce.

ight change as it is heated (or
ge from -196°C to >1000°C.
the composition of materials
st. This technique can quantify
Spectroscopy (Fourier Transform Infrared (FTIR/
oxidation,
decomposition,
Raman) (Matrix: Solid or Liquid)

Absorption/transmission spectroscopy measures
how a sample absorbs light at each wavelength.
As(Matrix:
light passes
the sample, the resulting
Raman)
Solid through
or
spectrum represents the molecular absorption and
transmission to create a molecular ﬁngerprint of the
sample.
w a sample
absorbs light at

the resulting
spectrum
Atomic Force Microscopy (AFM) (Matrix: Powder)
n to

Sample preparation for
powders involves the stable attachment of particles onto a very smooth
substrate (typically a mica
sheet). AFM’s unique ability to size particles in three
dimensions
(including
height)
provides
impresdes
sive morphological detail
and a much more accucopy
rate estimation of surface
dnoparticle
size
Sampling and Analysisarea
| Factthan
Sheetother microscopy methods. With this
technique, particle size,
shape, and size distributions can be determined.

Fact Sheet

data, but only over very narrow ranges.
BET/Surface Area (Brunauer, Emmett and Teller)
(Matrix: Powder)
The surface area of a powder can affect its behavior
in many applications including pharmaceuticals. The
specific surface area of a powder is determined by
physical adsorption of a gas on the surface of the
solid and by calculating the amount of adsorbate
gas corresponding to a monomolecular layer on the
surface. Physical adsorption results from relatively weak forces (van der Waals forces) between the
adsorbate gas molecules and the adsorbent surface
area of the test powder. The determination is usually
carried out at the temperature of liquid nitrogen.
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Small-Angle X-ray
Small‐Angle
X‐ray Scattering
Scattering (SAXS)
(SAXS) (Matrix:
(Matrix: Solid or Liquid)
Solid or Liquid)

x: Solid or Liquid)

ction
X-ray
e, caused
ons in the
ngle is
e size of
can

This
This specialized
specialized X-ray
X-raydiffraction
diffraction
technique measures
measures diffuse
diffuse X-ray
X-ray
technique
scattering
at
a
very
low
angle,
scattering at a very low angle, caused
caused
by electron
fluctuby
electron
density density
fluctuations
in the
ations
in
the
material
under
study.
material under study. The angle is
The angleproportional
is inversely proportional
inversely
to the size of
to
the
size of
the
the particles. This technique
can
particles. This
provide good particle-size
technique can
distribution data, but only over very
provide good
narrow ranges. p a r t i c l e - s i z e
distribution

ver veryBET/Surface Area (Brunauer, Emmett and Teller) (Matrix: Powder)

The surface area of a powder can affect its behavior in many applications including
pharmaceuticals. The specific surface area of a powder is determined by physical
AIHAsurface
| 3141 Fairview
Park Dr.,
Suite
adsorption of a gas on the
of the solid
and
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the amount of adsorbate gas corresponding to a
Teller) calculating
(Matrix: Powder)
monomolecular layer on the surface. Physical adsorption
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