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Characterization and Control of Airborne Particles Emitted
During Production of Epoxy/Carbon Nanotube
Nanocomposites

Lorenzo G. Cena and Thomas M. Peters
The University of Iowa, Department of Occupational and Environmental Health, Iowa City, Iowa

This work characterized airborne particles generated from
the weighing of bulk, multiwall carbon nanotubes (CNTs) and
the manual sanding of epoxy test samples reinforced with
CNTs. It also evaluated the effectiveness of three local exhaust
ventilation (LEV) conditions (no LEV, custom fume hood, and
biosafety cabinet) for control of particles generated during
sanding of CNT-epoxy nanocomposites. Particle number and
respirable mass concentrations were measured using an
optical particle counter (OPC) and a condensation particle
counter (CPC), and particle morphology was assessed by
transmission electron microscopy. The ratios of the geometric
mean (GM) concentrations measured during the process to
that measured in the background (P/B ratios) were used
as indices of the impact of the process and the LEVs on
observed concentrations. Processing CNT-epoxy nanocompos-
ites materials released respirable size airborne particles (P/B
ratio: weighing = 1.79; sanding = 5.90) but generally no
nanoparticles (P/B ratio ∼1). The particles generated during
sanding were predominantly micron sized with protruding
CNTs and very different from bulk CNTs that tended to
remain in large (>1 µm) tangled clusters. Respirable mass
concentrations in the operator’s breathing zone were lower
when sanding was performed in the biological safety cabinet
(GM = 0.20 µg/m3) compared with those with no LEV (GM =
2.68 µg/m3) or those when sanding was performed inside the
fume hood (GM = 21.4 µg/m3; p-value < 0.0001). The poor
performance of the custom fume hood used in this study may
have been exacerbated by its lack of a front sash and rear
baffles and its low face velocity (0.39 m/sec).
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otubes, nanocomposite, respirable mass concentration
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INTRODUCTION

C arbon nanotubes (CNTs) can be incorporated into
polymeric materials to form nanocomposite materials.

Compared with the polymeric material alone, these nanocom-
posites have increased resistance to strain and tensile strength,
improved electrical and thermal properties, and enhanced
ability to bridge cracks.(1) Products that incorporate CNT
nanocomposites include sporting goods, automotive parts, and
electronics,(2) and the number of industrial and commercial
applications of these nanocomposites are projected to increase
as their production cost decreases.(2,3)

Workplace exposure to airborne CNTs may represent an
occupational hazard.(4) Toxicological studies have associated
exposure to CNTs with adverse pulmonary (granulomas,
fibrosis, diminished resistance to pathogenic attacks),(5–9)

cardiac (oxidative damage, atherosclerotic lesions),(10) and
dermal health effects (oxidative stress and increased cell
apoptosis and necrosis).(9,11)

The production of CNT nanocomposites involves the
processing of bulk CNTs, which are CNTs not incorporated
in a matrix, and CNTs embedded in a polymer matrix such
as epoxy resin.(3) Weighing or pouring bulk CNTs has been
observed to release only small quantities (<53 µg/m3) of
airborne particles in laboratory(12,13) and field conditions.(13)

Appreciable respirable concentrations have been observed
only after vigorous agitation.(13)

In contrast, the mechanical processing of CNT nanocom-
posites may impart greater energy to produce appreciable
quantities of airborne particles during typical workplace
operations. Kohler et al.(14) suggest that the way CNTs are
incorporated in the matrix and the mechanism by which a
nanocomposite degrades determine the likelihood and form of
their release. Mechanical processing of nanocomposites may
release micrometer-sized aggregate polymer-CNT particles or
CNTs in a dispersive nanoparticulate state.(3,14)

Laboratory enclosures are designed to protect workers from
exposure during handling and processing of hazardous sub-
stances. The effectiveness of fume hoods as a control measure
during nanoparticle manipulation has been investigated by
Tsai et al.(15) They measured airborne concentration while
dry nanopowders were handled under three fume hoods and
a range of operating conditions (variable sash height and
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face velocity). Results showed that the release of airborne
nanoparticles from within a fume hood into the laboratory
environment is highly dependent on hood design and hood con-
ditions (sash height, face velocity). Further, they suggested that
more sophisticated hood designs, such as air-curtain biosafety
cabinets, may be more effective in containing nanoparticles.(15)

The effectiveness of enclosures to contain particulate release,
however, has not been investigated during the manipulation of
nanocomposite materials containing CNTs.

The goals of this study were (1) to characterize airborne
particles during handling of bulk CNTs and the mechanical
processing of CNT nanocomposites, and (2) to evaluate
the effectiveness of local exhaust ventilation (LEV) hoods
to capture airborne particles generated by sanding CNT
nanocomposites.

METHODS

Manufacturing Process
This study was conducted in a facility that produces test

samples composed of epoxy reinforced with CNTs. The test
samples are rectangular sticks of CNT-epoxy with dimensions
of 12.5 × 1.3 × 0.5 cm that are used to evaluate the effect of
formulation variables on the properties of the nanocomposites.
Specific details of this process are not reported at the request
of the manufacturer, only the details required to interpret
results from an occupational health and safety perspective are
presented.

To produce the test samples, bulk multiwall CNTs with 10–
50 nm outer diameter and 1–20 µm length (Baytubes; Bayer
Material Science, LLC, Pittsburg, Pa.) are weighed and mixed
with epoxy. This mixture is poured into a mold designed to
produce four test samples at a time and baked in an oven for
several hours. Then the hardened nanocomposite test samples
are broken apart manually, and each one is manually sanded
to remove excess material until final dimensions are achieved.

Airborne Particle Measurement and
Characterization

Airborne particle number and respirable mass concen-
trations were measured with two direct-read instruments: a
condensation particle counter (CPC), and an optical particle
counter (OPC). The CPC (model 3007; TSI Inc., St. Paul,
Minn.) was used to provide total particle number concentration
for particles that ranged in diameter from 0.01 to 1 µm.
The OPC (portable dust monitor series 1.108; GRIMM
Technologies, Douglasville, Ga.) was used to provide particle
number concentration in 15 size channels from 0.3 to 20 µm.

Respirable mass concentrations were estimated from the
OPC data using the respirable particulate matter (RPM)
fraction defined by ACGIH

©R
.(16) This fraction consists of

those particles that were captured as specified by the following
collection efficiency:

RPM(dOPC,i) = 0.5[1 + exp(−0.06dOPC,i)] × [1 − F(x)],

(1)

where dOPC,i is the midpoint diameter of the OPC ith channel
in µm, and F(x) is the cumulative probability function of the
standardized normal variable x,

x =
ln

(
dOPC,i

4.25

)

ln(1.5)
.

For each OPC measurement, respirable mass concentration,
MR, was calculated as:

MR =
15∑
1

π

6
d3

OPC,i ρ NOPC,i RPM (dOPC,i), (2)

where NOPC,i is the number concentration indicated by the
OPC for a given size channel i, and ρ is the particle density
(2.25 g/cm3 for epoxy resin).

The morphology of representative airborne particles was
observed by transmission electron microscopy (TEM). Sam-
ples for microscopy were collected with a sampler similar
to that described by Tsai et al.(15) It consisted of a copper
TEM grid (300 mesh with carbon type-b film, 01813-F; Ted
Pella, Inc., Redding, Calif.) affixed with carbon tape onto the
center of the face of a polycarbonate membrane filter (E0055-
MB; SPI Supplies, West Chester, Pa.). This filter was then
mounted in an open-face conductive filter cassette (25 mm,
225-3-23; SKC Inc., Eighty Four, Pa). Airflow was pulled
through the sampler with a personal sampling pump (Buck
Basic-5; A.P. Buck Inc., Orlando, Fla.) at 1 L/min. The copper
grids were analyzed under TEM (JEM-1230; JEOL USA Inc.,
Peabody, Mass.) to characterize the size and morphology of a
representative subset of the collected airborne particles.

Process Measurements
Airborne concentrations were measured during two pro-

cesses: weighing bulk CNTs and sanding epoxy nanocompos-
ite test sticks. To simulate weighing, 600 mg of the bulk CNTs
was transferred by scooping material between two 50-mL
beakers for three 5-min intervals at a rate of ∼1 scoop/sec. Each
scoop contained approximately 50 mg of CNT material. These
tests were conducted in a filtered glove box with the CPC and
OPC located inside the glove box with their inlets positioned
7.5 cm away from and oriented toward the weighing process.
Background concentrations were measured for 15 min inside
the glove box before the process began. One TEM sample
was collected inside the glove box during the entire weighing
process. Additional TEM samples were prepared by artificially
depositing CNTs by dropping them from a laboratory spatula
onto the TEM grids.

To study the sanding process, an operator manually sanded
epoxy test sticks that contained 2% by weight CNTs with
sandpaper (220 grit, model 20240; 3M, St. Paul, Minn.). The
operator wore a full-face respirator with particulate filters (Full
Facepiece 6700; 3M). Aerosol concentrations were measured
for 15–30 min in two locations (adjacent to the sanding process
and in the operator’s breathing zone).

For process measurements (termed “inside enclosure”
measurements), the inlets of the CPC and OPC were positioned
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7.5 cm away from and oriented toward the sanding process.
For breathing zone measurements, two electrically conductive,
flexible tubes (1.4 m long with an inner diameter of 0.48 cm)
were used to transport the aerosol from just outside of the
respirator to a second CPC and OPC. TEM samples were
collected at 7.5 cm from the sanding surfaces. Diffusion losses
introduced by the presence of the sampling tube on CPC
measurements were estimated from theory to be 23% for
10-nm particles and less than 5% for particles larger than
40 nm.(17) The bias introduced by the sampling tube on
respirable mass concentration was estimated to be less than
–5%.(18)

For sanding, source and breathing zone measurements were
taken under three LEV conditions (no LEV, a custom fume
hood, and a biological safety cabinet). With no LEV, the sand-
ing process was conducted on a 1.2 m by 2.2 m worktable. The
custom fume hood consisted of a simple vented enclosure that
allowed airflow along all sides of the back panel. The custom
fume hood had no front sash or rear baffles, and its dimensions
were 0.57 m (height) by 1.33 m (width) by 0.76 m (depth).
The face velocity of the hood was measured at the center of 21
equally spaced positions according to the procedures outlined
by ANSI/ASHRAE 110-1995.(19) The biological safety cabi-
net was class II type A2 (Sterilgard III 303; Baker Co., Sanford,
Maine) with dimensions of 0.53 m (height) by 0.7 m (width)
by 0.45 m (depth). The cabinet was tested for performance
evaluation and operated with a 20 cm (8 in.) sash height.

During all tests, the LEV contained no additional equipment
that may have blocked airflow, and no other equipment external
to the LEV was operated in the room that may have generated
airborne particles. Background measurements were taken for
30 min prior to each test in the rooms as well as inside the LEV
enclosures in the same location as the process measurements.

Data Analysis
All particle number and respirable mass concentrations

were tested for normality using Shapiro-Wilk test before and
after performing a log transformation. The geometric mean
(GM) and geometric standard deviation (GSD) were obtained
for all number and respirable mass concentrations at each
condition tested. Process-to-background ratios (P/B ratios)
were calculated for all measurements with the formula

P/B ratio = Process GM Concentration

Background GM Concentration
. (3)

Breathing zone and process GM concentrations were matched
with their respective background measurements.

Analysis of variance (ANOVA) was used to compare
respirable mass concentrations measured in the operator’s
breathing zone during the sanding process with and without
control measures. Not all data passed the Shapiro-Wilk test
for normality; therefore, the concentrations were further
compared by Kruskal-Wallis nonparametric test. The Tukey-
Kramer Honestly Significant Difference (HSD) test was used
to compare GM concentrations observed for different LEV
conditions.

TABLE I. Particle Number and Respirable Mass
Concentrations Observed during Weighing and
Sanding

Number Concentration

Process N GM particles/cm3 GSD P/B Ratio

Weighing 300 166 1.08 1.06
Sanding 100 3889 1.48 1.04

Respirable Mass Concentration

Process N GM µg/m3 GSD P/B Ratio

Weighing 51 0.03 3.50 1.79
Sanding 130 2.68 6.57 5.90

Note: N represents the number of data points logged by the instruments during
one run.

RESULTS

T he GM and GSD of the observed particle number
and respirable mass concentrations are summarized by

process in Table I. Table II presents GM and GSD of the
particle number and respirable mass concentrations obtained
under various LEV conditions during the sanding process. The
P/B ratios indicate the relative impact of the process (weighing
or sanding) or of the LEV on observed concentrations. Values
near unity indicate that the process generated little aerosol,
whereas values progressively greater than unity indicate that
the process increased aerosol concentrations.

Influence of Process on Airborne Concentrations
The weighing process contributed little to observed particle

number concentrations (Table I, P/B ratio = 1.06). It did
influence mass concentration (Table I, P/B ratio = 1.79),
although very low computed respirable mass concentrations
were observed inside the glove box during weighing (GM
= 0.03 µg/m3) and in background measurements (GM =
0.02 µg/m3). Electron microscope analysis revealed no CNT
particles deposited on the TEM grids during the weighing
process. The CNTs artificially deposited onto TEM grids
appeared as large bundles (>1 µm) containing many tangled
nanotubes (Figure 1).

During the sanding process, nanoparticle number con-
centrations were negligible compared with background con-
centrations (Table I, P/B ratio = 1.04), indicating that
nanoparticles did not disperse to any great extent. Respirable
mass concentrations, however, were elevated in the breathing
zone (Table I, P/B ratio = 5.90).

The particles collected during sanding were predominantly
large (>300 nm) and irregular in shape (a representative
particle is shown in Figure 2). These particles commonly had
protuberances that emerged from the perimeter of the particles.
These protuberances had an outer diameter between 10 and
50 nm, which is consistent with that of the CNTs.
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TABLE II. Particle Number and Respirable Mass Concentrations during Sanding with and without Local
Exhaust Ventilation

Number Concentration

Breathing Zone Inside Enclosure

LEV N GM particles/cm3 GSD P/B Ratio N GM particles/cm3 GSD P/B Ratio

Custom hood 210 1989 1.07 1.03 211 1742 1.05 1.01
None 100 3889 1.48 1.04 119A 3765A 1.07A 1.01A

Biosafety cabinet 101 1350 1.07 1.05 108 0.06 2.41 2.35

Respirable Mass Concentration

Breathing Zone Inside Enclosure

LEV N GM µg/m3 GSD P/B Ratio N GM µg/m3 GSD P/B Ratio

Custom hood 190 21.4 5.85 24.4 93 31.5 12.1 28.6
None 130 2.68 6.57 5.90 80A 10.6A 7.02A 23.2A

Biosafety cabinet 101 0.20 2.12 0.66 108 0.03 39.7 3.47

Note: N represents the number of data points logged by the instruments during one run.
AFor LEV=none (worktable), inside enclosure measurements were taken adjacent to the source in the same relative location as those taken inside the custom fume
hood and the biosafety cabinet.

Influence of Local Exhaust Ventilation During
Sanding

Particle number concentrations measured in the breathing
zone during sanding were negligible compared with back-
ground for all three LEV conditions (Table II, breathing zone

FIGURE 1. Bulk 10–50 nm outer diameter multiwall CNTs with
many tangled nanotubes.

P/B ratios: custom fume hood = 1.03, no LEV = 1.04,
biosafety cabinet = 1.05). The P/B ratios were dissimilar
for process measurements made inside enclosures (Table II).
Inside the fume hood the P/B ratio was 1.01, very close to unity.
Inside the biosafety cabinet, the P/B ratio was 2.35, indicating
a 135% increase in number concentrations; however, the actual
concentrations in this condition were very close to zero (GM
= 0.06 particles/cm3), with a maximum of 8 particles/cm3.

Respirable mass concentrations in the worker’s breathing
zone varied substantially by LEV (Table II). Figure 3 presents
box-and-whisker plots of these breathing zone measurements.
The ANOVA test reported significant differences among the
three LEV conditions (p-value <0.0001 confirmed by Kruskal-
Wallis nonparametric test), and the Tukey-Kramer HSD test
confirmed that all pairwise comparisons were significantly
different (p-values <0.00001). Inside the LEV enclosures,
respirable mass concentrations were considerably higher than
background levels. The P/B ratio was 28.6 for the fume hood
LEV and 3.47 for the biosafety cabinet LEV (Table II).

The average face velocity of the fume hood, measured with
a thermal anemometer (VelociCalc 8360; TSI), was 0.39 m/sec
(76 ft/min). As shown in Figure 4, the air velocity near the
lower part of the hood’s face, closer to the sanding surface,
was on average 0.23 m/sec (45 ft/min), while in the upper area
it averaged 0.45 m/sec (88 ft/min), with maximum flow at 0.60
m/sec (118 ft/min) in the upper central area of the hood’s face.

DISCUSSION

P rocessing CNT-nanocomposite materials releases res-
pirable size airborne particles but generally no

Journal of Occupational and Environmental Hygiene February 2011 89

D
ow

nl
oa

de
d 

by
 [

C
D

C
 P

ub
lic

 H
ea

lth
 L

ib
ra

ry
 &

 I
nf

or
m

at
io

n 
C

en
te

r]
 a

t 0
8:

40
 0

8 
N

ov
em

be
r 

20
12

 



FIGURE 2. Sanding particle with detail of protruding fibers (TEM image).

nanoparticles. The finding that P/B ratios for number concen-
tration were near unity (Table I) indicates that nanoparticles
did not disperse to any great extent either when weighing bulk
CNTs or during the sanding process. This result is consistent
with the work of Baron et al.(12) and Maynard et al.,(13) who
found that CNTs are difficult to separate into isolated particles
and that the particles released during handling of bulk CNTs
tend to be larger than 1 µm. Baron et al. also found that aerosol
generation rates were typically two orders of magnitude lower
when comparing CNTs with fume alumina bulk materials (a
material formed from nanometer-sized primary particles with
similar low bulk density to CNTs).

FIGURE 3. Box-and-whisker plot of log-transformed respirable
mass concentrations. Box parameters represent median, lower,
and upper quartiles. Whiskers represent sample min and max.

Respirable mass concentrations in the breathing zone
of the operator were elevated compared with background
during sanding without LEV (P/B ratio = 5.90). However,
the geometric mean (GM = 2.68 µg/m3) was considerably
lower than the only applicable occupational standard, the
recommended ACGIH respirable particles threshold limit
value (TLV

©R ) for particles not otherwise specified (PNOS
TLV–3000 µg/m3).(16)

The P/B ratio for respirable mass concentration of 1.79
measured during the weighing process (Table Ib) appears to in-
dicate that the process did influence mass concentrations. How-
ever, very low respirable mass concentrations were observed
during weighing (0.03 µg/m3), and when concentrations are
extremely low, even small fluctuations will be reflected as a
substantial increase in the P/B ratios. Such small fluctuations
may be related to normal background variability (background
GM 0.02 µg/m3, GSD 2.06) rather than actual increases in
respirable mass concentrations while weighing CNTs.

The morphology of particles generated during sanding
CNT-epoxy nanocomposites was very different from the bulk
CNTs (Figures 1 and 2). Particles collected in the operator’s
breathing zone during sanding were micrometer sized with
protruding features (Figure 2). Their morphology suggests that
they are epoxy particles and that the protrusions are embedded
CNTs that extend outward beyond the perimeter of the particle.
No CNTs were observed free from composite material for the
manual sanding studied in this work. It is possible, however,
that free CNTs are generated and would be observed at higher
concentrations or when mechanical sanding is performed.

The fact that free CNTs were not liberated from the
epoxy is consistent with research on asbestos-containing
materials. Asbestos fibers that are encapsulated or bonded
with other materials, such as resins, have been found to
have a limited potential for airborne release.(20) Aggressive
manipulation such as sanding, sawing, or drilling of polymer
matrices containing asbestos fibers has been found to produce
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0.14 (28) 0.48 (95) 0.59 (116) 0.54 (107) 0.60 (118) 0.55 (109) 0.22 (43) 

0.30 (59) 0.35 (68) 0.37 (72) 0.44 (86) 0.40 (78) 0.39 (77) 0.24 (48) 
 1

9 
cm

 

0.31 (60) 0.24 (47) 0.20 (40) 0.27 (53) 0.23 (45) 0.19 (39) 0.14 (28) 

19 cm       

FIGURE 4. Air velocities in m/sec (ft/min) measured at the face of the custom fume hood.

airborne concentrations of asbestos that are 1–2% of the
historical standards set by the Occupational Safety and Health
Administration (OSHA) and ACGIH for worker protection,
and at least three-fold less than the current 8-hour TWA
occupational exposure limits.(20)

No particles were found on the TEM samples collected
during the raw CNT weighing simulation of this study. The
CNTs that were artificially deposited onto TEM grids appeared
mainly as large (>1 µm) tangled clusters. Similar large clusters
were observed to deposit on the inner surface of the glove
box during the process simulation. In contrast, exposure to
asbestos fibers has been found to occur when workers handle
and process raw asbestos fibers or friable products such as
insulation.(20)

Toxicological studies have focused to date on the adverse
health effects associated with exposure to bulk CNTs. Our find-
ings suggest that inhalation exposure to bulk CNTs is likely to
be low in activities such as weighing. In contrast, sanding does
generate respirable particles that can enter a worker’s breathing
zone, and these particles were very different morphologically
from bulk CNTs. Given the lack of toxicity data for this type
of particles it cannot be determined whether exposure to the
sanding particles generated at the concentrations measured in
this study presents a risk to workers’ health. Precautions such
as the use of personal protective equipment or working within
a hood that meets design specifications and standards or a
biological safety cabinet should be taken until health effects
are better understood.

LEV conditions had a substantial influence on respirable
mass concentrations in the operator’s breathing zone. Breath-
ing zone concentrations were elevated when sanding took
place inside the custom fume hood (Table II, Figure 3). The
face mask of the operator performing the sanding task in the
custom hood was consistently covered with particles that had
to be removed with dry wipes to improve visibility.

The poor performance of the custom hood used in the
current study may have been exacerbated by its lack of a
front sash, its lack of rear baffles to distribute the airflow,(21)

and its low face velocity. ACGIH recommends an inward face

velocity for a fume hood of 0.4–0.5 m/sec (80–100 ft/min) with
a velocity difference at any point in the face opening no greater
than 10% of the average velocity.(22) The maximum air velocity
of the custom fume hood used in this study (0.60 m/sec, 118
ft/min) was 200% greater than the average velocity 0.23 m/sec
(45 ft/min). The uneven velocity distribution may have affected
airflow patterns around the worker and the ability of the custom
fume hood to remove particles from the operator’s breathing
zone. Operator movements may increase air turbulence inside a
hood, compromising its effectiveness to remove contaminants
and pulling dust particles toward the operator.(21)

Similar results were found by Tsai et al.,(15) who observed
the transport of alumina nanoparticles from within a fume
hood that met ACGIH criteria for face velocity into the
breathing zone of the operator. However, Tsai et al. also
found that containment in a conventional fume hood is highly
dependent on its design and operating conditions. These
findings corroborate the importance of effective hood design
details such as the use of air currents and how eddy currents
may influence hood containment efficiency.

In contrast, the breathing zone respirable mass concen-
trations (Table II, Figure 3) were significantly lower when
sanding was conducted in the biosafety cabinet compared with
the other LEV conditions. Airflows are substantially different
in biosafety cabinets, mainly because of the presence of a
front suction slot, which creates an air curtain across the front
aperture.(23,24) This air curtain separates the outside atmo-
sphere and the inside space of the cabinet, preventing escape of
contaminants from containment. These observations suggest
that biosafety cabinets may be an appropriate control measure
to contain exposure during sanding of CNT-reinforced epoxy.

The P/B ratio less than unity observed during sanding with
the biosafety cabinet LEV (Table II, 0.66) suggests that the
mass concentration was greater in the background than that
during sanding. This observation was likely due to fluctuations
in background concentrations and to the extremely low mass
concentrations (GM = 0.20 µg/m3). Small fluctuations in
background concentrations inside the biosafety cabinet could
have substantially affected the P/B ratio but do not appear to
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be related to the sanding task. An analogous situation applies
to the near zero particle number concentrations inside the
biosafety cabinet (Table II, GM = 0.06 particles/cm3) and
its associated high P/B ratio (2.35).

There are several limitations of this work. The fact that
this work was conducted in an industrial facility under “as is”
conditions limited our ability to control experimental variables
and perform extensive repeated measurements. Exposures
during sanding may be highly variable depending on how
forcefully the sanding is performed and whether it is done
continuously over a 30-min period. Future studies should
investigate how process details affect particulate generation
and establish how the amount of material dispersed from
the sandpaper contributes to aerosol measurements. Although
aerosol concentrations for all three LEV conditions were
continuously logged over a 15–30-min period, the statistical
parameters may not be representative of what is expected
when a task is repeated several times. It may be difficult to
generalize the findings of this work to nanocomposite materials
containing nonfibrous nanoparticles since nonfibrous particles
may be more easily aerosolized than fibrous particles.

CONCLUSIONS

T his study demonstrated that weighing bulk CNTs and
sanding epoxy containing CNTs generate few airborne

particles that are nano-sized. Furthermore, it was demon-
strated that sanding epoxy containing CNTs may generate
micrometer-sized particles with CNTs protruding from the
main particle core. These epoxy particles with embedded
CNTs, and not the bulk CNTs, appear to represent the relevant
worker’s exposure during the production process examined in
this study. The toxicity of epoxy particles containing CNTs is
unknown and should be the topic of future studies. Without
such knowledge, precautions, such as the use of LEV, should
be applied to avoid exposures resulting from manipulating
epoxy that contains CNTs.

This study also found that a biological safety cabinet
was more effective than a custom fume hood to control
airborne exposures resulting from sanding epoxy containing
CNTs. Future studies should characterize exposures that occur
throughout the various steps involved in the manufacturing of
products that contain nanomaterials.
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