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ABSTRACT

Nano-enabled construction products have entered into commerce. There are concerns about the
safety of manufactured nanomaterials, and exposure assessments are needed for a more complete
understanding of risk. This study assessed potential inhalation exposure to ZnO nanoparticles dur-
ing spray application and power sanding of a commercially available wood sealant and evaluated
the effectiveness of local exhaust ventilation in reducing exposure. A tradesperson performed the
spraying and sanding inside an environmentally-controlled chamber. Dust control methods during
sanding were compared. Filter-based sampling, electron microscopy, and real-time particle counters
provided measures of exposure. Airborne nanoparticles above background levels were detected by
particle counters for all exposure scenarios. Nanoparticle number concentrations and particle size dis-
tributions were similar for sanding of treated versus untreated wood. Very few unbound nanoparti-
cles were detected in aerosol samples via electron microscopy, rather nano-sized ZnO was contained
within, or on the surface of larger airborne particles. Whether the presence of nanoscale ZnO in these
aerosols affects toxicitymerits further investigation. Mass-based exposuremeasurements were below
theNIOSHRecommended Exposure Limit for Zn, although there are no established exposure limits for
nanoscale ZnO. Local exhaust ventilation was effective, reducing airborne nanoparticle number con-
centrationsbyup to92%and reducingpersonal exposure to total dust by at least 80% in termsofmass.
Given the discrepancies between the particle count data and electron microscopy observations, the
chemical identity of the airborne nanoparticles detected by the particle counters remains uncertain.
Prior studies attributed themain source of nanoparticle emissions during sanding to copper nanopar-
ticles generated from electric sander motors. Potentially contrary results are presented suggesting
the sander motor may not have been the primary source of nanoparticle emissions in this study. Fur-
ther research is needed to understand potential risks faced by constructionworkers exposed tomixed
aerosols containing manufactured nanomaterials. Until these risks are better understood, this study
demonstrates that engineering controls can reduce exposure to manufactured nanomaterials; doing
so may be prudent for protecting worker health.

Introduction

This study is part of The Center for Construction
Research and Training’s (CPWR) efforts to identify
nano-enabled construction products, assess potential
for worker exposure, and evaluate the efficacy of expo-
sure controls. Manufacturers of over 500 construction
materials in CPWR’s inventory (http://nano.elcosh.org)

CONTACT Bruce E. Lippy blippy@cpwr.com CPWR - The Center for Construction Research and Training,  Georgia Avenue, Suite , Silver Spring,
MD .
Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/uoeh.

Supplemental data for this article can be accessed at tandfonline.com/uoeh. AIHA and ACGIH members may also access supplementary material at
http://oeh.tandfonline.com/.

state or suggest that their products contain manufactured
nano-objects and their agglomerates and aggregates
(NOAA)[1] and, as a result, have improved characteristics
or performance. Claims for nano-enabled products are
based on addition of NOAA or alterations to products’
nanostructures. Properties, such as photocatalysis and
strength, of materials in the nanoscale size range of
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approximately 1–100 nm can differ significantly from
their larger scale counterparts.[2]

Smaller particle size allows nanoparticles to reach and
impact parts of the body that larger particles cannot. For
example, nanoparticles can pass through the blood-brain
barrier.[3] Compared to larger particles of similar mor-
phology, nanoparticles can be more bioreactive per unit
of mass due to increased surface area.[4,5]

The U.S. demand for wood protection coatings and
preservatives was estimated to be 4.5 billion dollars
annually.[6] Coatings account for a substantial portion
of nano-enabled construction products in Europe and
over half of CPWR’s inventory of nano-enabled con-
struction products.[7] The application of wood protec-
tion has been described as “one of the world’s largest
end uses of nanoparticles.”[8] Along with pre-market
treatment of lumber, there is a wide range of coatings
intended for use on interior surfaces, such as flooring
and cabinets, and on exterior surfaces, such as decks or
siding.

The current study sought to evaluate inhalation expo-
sure during use of a commercially available wood sealant,
which is featured in CPWR’s online database of nano-
enabled construction materials.[9] Marketing material
provided by the sealant manufacturer indicated that it
contained an unspecified concentration of ZnO nanopar-
ticles.[10] The product was selected based on the poten-
tial for widespread use of similar products and expo-
sure to NOAA during spray application and subsequent
sanding.

Treating wood with ZnO nanoparticles protects it
from water absorption, inhibits decay fungi, acts as a
termite toxicant, and provides photostability of wood
and coatings against ultraviolet degradation.[11–13] Use
of nanoparticles aids the even distribution of ZnO and
enhances antimicrobial effects.[11,14]

While consumers are likely to use these products infre-
quently, construction workers may apply wood protective
coatings for extended periods on a regular basis. Unfor-
tunately, information on the toxicity of NOAA and the
likelihood of exposure is often limited, andmanufacturers
of constructionmaterials often provideminimal informa-
tion on NOAA used in their products.[7,15,16] Compared
to other routes of exposure, inhalation of NOAA is gen-
erally considered to pose the greater risk to construction
workers, though other routes of exposure should not be
discounted.

Inhalation of welding fumes containing ultrafine ZnO
can result in symptoms including metal fume fever, chills,
muscle ache, nausea, fever, dry throat, cough, lassitude,
metallic taste, headache, blurred vision, low back pain,
vomiting, malaise, chest tightness, dyspnea, rales, and

decreased pulmonary function.[17] Inhalation of ZnO
nanoparticles has been shown to result in inflammation of
lung and cardiac cells in animals.[18–21] Kuschner et al.[22]

observedmarkers of pulmonary inflammation in humans
following 10–30 min of exposure to 33 mg/m3 of 170 nm
ZnO aggregate composed of 8–40 nm particles. Beckett
et al.[23] exposed humans to 0.5 mg/m3 ultrafine ZnO for
2 hr per day for 3 days with no measurable effects. Fine
et al.[24] exposed 13 subjects to ZnO fume through inhala-
tion for 2 hr at 2.5 mg/m3 and 5 mg/m3. The subjects
exposed to 5 mg/m3 are described as experiencing fever
and symptoms along with elevated plasma interleuken-
6 levels. The subjects exposed to 2.5 mg/m3 experienced
fever and elevated interleuken-6 levels but did not report
symptoms. Studies of chronic inhalation of ZnO are lim-
ited and contain incomplete information on exposures to
mixtures containing ZnO.[25]

Study of exposure to NOAA during spraying has
been limited to consumer products, such as sunscreens
and disinfectants applied by pump spray dispensers or
propellant gas dispensers,[26–29] but there are also con-
cerns about products used in occupational settings.[30]

Berger-Preiß et al.[31] examined spray application of wood
preservatives without considering NOAA and found that
inhalation exposures were higher when the solvent was
organic instead of water, when application rates were
higher, andwhen the aerosol generated by the sprayer was
smaller.

Multiple studies have evaluated release of added
NOAA from coatings during sanding. Compared to
sanding conventional coatings or uncoated substrate,
most have found no free nanoparticles, no change in
particle size distribution, and no clear difference in count
when sanding coatings containing added NOAA.[32–35]

Few researchers have worked with products containing
ZnO. Fransman et al.[36] compared release of NOAA
during sanding wood coated with a water-based protec-
tive coating containing 0.8% ZnO to sanding untreated
wood. An orbital sander with a 2 kg weight to provide
consistent pressure was operated in a small chamber with
minimal ventilation. They found no difference in NOAA
number concentration when sanding ZnO-coated vs.
untreated wood. Scanning electron microscopy (SEM)
indicated ZnO nanoparticles were embedded in larger
wood particles.

Objectives of this study were to assess inhalation expo-
sure to ZnO NOAA during spray application and power
sanding of a commercially available wood sealant with
added ZnO NOAA, compare exposure profiles of the dif-
ferent work activities performed, and evaluate the effec-
tiveness of local exhaust ventilation (LEV) in reducing
exposure to NOAA.
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Methods

Sampling was conducted inside an environmentally-
controlled chamber to minimize confounding mea-
surements of process-generated ultrafine particles, such
as those found in vehicle exhaust. One tradesperson
with decades of construction experience performed
all tasks after receiving safety training and technical
guidance from an apprenticeship instructor from the
International Union of Painters and Allied Trades. A
comprehensive three-pronged approach was used for
exposure assessment. Filter-based sampling provided
mass-based measures of exposure. Electron microscopy
(EM), either SEM or transmission electron microscopy
(TEM), allowed for morphological and elemental char-
acterization of NOAA, and real-time particle counters
provided particle size distributions and particle num-
ber concentrations. CPWR’s Institutional Review Board
(FWA 00000608, IRB 00001202) approved the sampling
activities described below.

Bulk characterization

A 1-gal can of the wood sealant was stirred with a
wooden paint stirring stick for approximately 10min, and
a 50 mL aliquot was submitted to the microscopy labo-
ratory (Bureau Veritas NA, Inc., Kennesaw, GA). Parti-
cle size and morphology were determined via on-screen
observation and micrograph analysis. A Tescan scanning
electron microscope equipped with a Gresham light ele-
ment detector and an IXRF digital imaging system capa-
ble of providing energy dispersive spectrometry (EDS)
was used for elemental identification of particles.

Sampling protocol

Sampling was conducted inside an environmentally-
controlled chamber in Columbia, Maryland (see
Figure 1). Smoking was not allowed in or around the
chamber. A HEPA-filtered ventilation unit was used
to evacuate air from the 2,900 ft3 chamber at a rate of
approximately 2 air changes per hour and maintain nega-
tive pressure relative to outside. Make-up air was directed
into the chamber through a HEPA filter, nominally 10 ×
21.5 in., affixed to the wall of the chamber to reduce the
particulate entering the chamber. Personal air samples
were collected to assess exposure to the tradesperson
spraying and sanding, and area samples were collected
to assess bystander exposure. Temperature and relative
humidity were measured and maintained throughout the
study to assure consistent conditions during sampling.

Real-time measurements of particle diameter and
count were collected once per minute with a Scanning

Figure . Diagram of the sampling chamber during spray
application.

Mobility Particle Sizer, a TSI NanoScan SMPSNanoparti-
cle Sizer Model 3910 (TSI Incorporated, Shoreview, MN)
at the SEM sampling station during and between all spray-
ing and sanding. The Model 3910 cyclonically removes
large aerosol particles with a cutoff point of approximately
550 nm. The unit creates a charge on the remaining par-
ticles that are then sized with a Radial Differential Mobil-
ity Analyzer and counted with a Condensation Particle
Counter. Together, the NanoScan SMPS and the Opti-
cal Particle Sizer (OPS) (TSI Model 3330, TSI, Shore-
view,MN)measure size in three orders ofmagnitude from
10 nm to 10 µm. Data collected prior to spraying and
sanding were used to establish background particle diam-
eter and count.

Entry into and exit from the study chamber were con-
trolled through a segregated airlock attached to the testing
chamber. All tools, sampling media, and personal protec-
tive equipment, i.e., respirator and Tyvek suit, were kept
in the airlock between trials. The door from the chamber
exterior to the airlock was sealed using duct tape during
and between each trial.

Following each trial, the chamber air was purged at
an accelerated rate using the HEPA-filtered negative air
machine. Airborne particle counts were measured while
purging to observe the decrease in airborne particle con-
centrations, returning the chamber to a baseline condition
prior to the next trial.

Sampling during spraying
A tradesperson used a Graco Magnum X5 airless
paint/coating sprayer (Graco, Minneapolis, MN), sprayed
the product on the finished, sanded surfaces of vertically
mounted 11/32” BC Sanded 4 × 8 foot Plytanium
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Figure . Sanding with the dust collection bag (a) and with LEV (b).

plywood sheathing. During each of six trials, the product
was applied to four sheets of plywood. Spraying, at a rate
of approximately 0.1 gal per minute, required 3–4 min of
each 11-min trial. After drying, the plywood was sprayed
in this manner again.

Four sampling stations, positioned in an arc around
the work station, had identical sampling media: 37-
mm diameter, closed-face cassettes containing 5-micron
porosity, pre-weighed, polyvinyl chloride (PVC) filters
(Bureau Veritas, Novi, MI) placed at breathing zone
height on sampling stands approximately 4 ft from the
work and attached by Tygon tubing to high volume sam-
plers (Reliance Electric, Gallipolis,OH) calibrated to draw
between 5.7 and 6.2 liters per minute (LPM). These cas-
settes were analyzed for total dust by National Institute
for Occupational Safety and Health (NIOSH) Method
0500, respirable dust by NIOSH 0600 and for zinc by
NIOSH Method 7300/7303. One additional station was
established in the center of the sampling station arc,
with a 37-mm diameter, open-face cassette containing
a 5-micron porosity, pre-weighed, PVC filter (Bureau
Veritas, Novi, MI) placed at breathing zone height on a
sampling stand approximately 4 ft from the work and
attached by Tygon tubing to a high volume sampler
(Reliance Electric, Gallipolis, OH) calibrated to draw
between 5.7 and 6.2 LPM for SEM/EDS analysis. SEM
was completed to identify, photograph, and determine the
elemental composition of NOAA encountered on the air
sampling medium.

Sampling during sanding
A tradesperson used a DeWalt 5-inch random orbital
sander (DeWalt, Baltimore, MD) to repeatedly sand the
dry product on the horizontally-mounted Plytanium
boards. Three dust capture methods were investigated:
sanding with the DeWalt dust collection bag (DeWalt,
Baltimore, MD) provided with the sander (Figure 2a),
sanding with LEV supplied by a Hilti VC40-U (Hilti

Corporation, Schaan, Liechtenstein) connected to the
sander (FIGURE 2b), and sanding without any dust
capture attachment. Three sanding trials were performed
for each of these conditions for both coated plywood and
uncoated plywood, which served as controls. Sanding
was completed over the entire surface of the plywood in a
period of between 8 and 10 min. A new 100-grit sanding
pad was used for each of the sanding trials. The Hilti
VC40-U was specified to provide an air flow rate of 129
cubic feet per minute.

The tradesperson who performed all of the work
wore a MSA Ultra Elite full-face mask connected to an
OptimAir powered air-purifying respirator (Mine Safety
Appliances Company, Inc, Cranberry Township, Pennsyl-
vania), a Tyvek suit with hood, and nitrile or latex gloves
during the spraying operation. For the sanding operation,
he wore hearing protection in addition to the previously
mentioned personal protective equipment.

During sanding, identical sampling media were used.
The work station was placed horizontally in the center of
the room and the area sampling stations were placed in a
circular fashion around the workstation, with each sam-
pling station approximately 4 ft from the work, while the
EM sampling station was placed in the northeast corner
of the chamber.

Four personal sampling pumps worn by the test sub-
ject at waist level were connected by Tygon tubing to
a sampling device affixed in his breathing zone. Two
GilAir 5 personal air samplers (Sensidyne Inc., USA)
pulled air at 4.2 LPM through an aluminumGK2.69 (BGI
by Mesa Labs, Inc., Butler, NJ) respirable dust cyclone
holding a 37 mm, 5-micron porosity, pre-weighed PVC
filter. The other pumps worn by the test subject were
two Escort Elf personal air samplers (Zefon International
Inc., Ocala, FL) that pulled air at 3.0 LPM with 37-
mm diameter, open-face cassettes containing 5-micron
porosity, pre-weighed, PVC filters. One sample from
each of the two types of personal air samplers, i.e., total
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particulate (open-faced) and respirable particulate
(cyclone) underwent SEM/EDS or TEM/EDS analysis
to identify, photograph, and determine the elemental
composition of NOAA encountered on the air sampling
medium. The remaining open-faced sample was analyzed
for total dust by NIOSH Method 0500 and for zinc by
NIOSH Method 7300/7303. Another sample was col-
lected using the cyclone and analyzed by NIOSH 0600
for respirable dust and NIOSH Method 7300/7303 for
zinc. All pumps were calibrated before and after sam-
pling using an electronic dry piston primary flow meter
(DryCal DC-Lite; Bios International Corp., Butler, NJ).

Analytical Methods

Air samples for determination of total dust, respirable
dust and airborne zinc were sent under a chain of
custody to Bureau Veritas, Novi, MI. Air samples col-
lected for EM analysis were submitted to Bureau Veritas,
Kennesaw, GA. Both labs are accredited by the American
Industrial Hygiene Association and the National Institute
of Standards and Technology under the National Labora-
tory Voluntary Laboratory Accreditation Program.

An indirect preparation for SEManalyseswas used that
involved cutting a representative portion from each filter,
placing it into a crucible of isopropyl alcohol, sonicating
the samples and then filtering the aliquot onto a poly-
carbonate filter. A portion of the filter was placed onto a
carbon taped stub and carbon coated to provide electrical
conductivity for analysis. Sizing and elemental identifica-
tion of particles and structures on the sample filters were
performed using a Tescan scanning electron microscope
equipped with a Gresham light element detector and an
IXRF digital imaging system capable of providing EDS.

A direct preparation for TEM analyses was used that
involved cutting a filter into quarters, placing a portion
of each filter on a glass slide, adding a dimethyl for-
mamide/acetic acid clearing solution and then carbon
coating in a vacuum evaporator. The filter was placed on a
copper grid in a solution washer containing acetone. The
sizing and elemental identification of particles and struc-
tures on the sample filters were performed with a Phillips
TEMequippedwith an IXRFdigital imaging system capa-
ble of providing EDS.

Statistical methods

Univariate methods were used to generate summary
statistics for the filter-based, gravimetric industrial
hygiene measurements. Shapiro-Wilk tests and quantile-
quantile plots were used to assess normality of the data.
Spray application exposure data were normally dis-
tributed and are thus presented as mean concentrations

with standard deviations and 95% confidence intervals.
Sanding exposure data are presented as exposure ranges
with median concentrations due to the high proportion
of samples below detectable limits.

Real-time particle count data from the OPS and SMPS
weremerged and fitted usingTSI Inc. software (NanoScan
Manager, Aerosol InstrumentManager, andMulti Instru-
ment Manager). Normalized particle number concentra-
tions (dN/dlogDp) were used to account for differences
in resolution between the two instruments, where dN =
particle concentration and dlogDp = the difference in
the log of the channel width. A representative particle
size distribution is presented for each exposure scenario,
each representing a single experimental trial. Concentra-
tions were adjusted for background by subtracting back-
ground measurements immediately preceding each trial.
The first three measurements from each experimental
run were discarded; these measurements closely approxi-
mated background levels prior to the point in time when
dust or aerosol was actually being generated or measured.

Normalized particle number concentrations in the
nanoscale size range were summed for all experimen-
tal trials and exported for analysis. Analysis of Variance
(ANOVA) was used to determine if airborne nanoparticle
number concentrations differed for coated vs. uncoated
wood and by method of dust capture used. Student
Newman-Keuls multiple range test was used for post
hoc comparison to examine where significant differences
occurred (e.g., sanding treated wood with LEV versus
no dust capture). Levene’s Test for Homogeneity of Vari-
ance, quantile-quantile plots, and Shapiro-Wilk tests were
used to verify that ANOVA assumptions were satisfied.
All nanoparticle number concentrations while sanding
were normally distributed, with the exception of sanding
with LEV. Given the large effect size when sanding with
LEV and the robustness of the F-test despite slight depar-
tures from normality, ANOVA was deemed an appropri-
ate test. Hypothesis testing and univariate methods were
performed using SAS 9.4 (SAS Institute Inc., Carey, NC).

Results

Electronmicroscopy observations

SEM confirmed the presence of ZnO NOAA in bulk
samples of the product (Figure 3). ZnO nanoparticles
remained bonded after sonication, suggesting the pres-
ence of more strongly bonded aggregates as opposed to
agglomerates. SEM analysis indicated that 45% of parti-
cles in the sealant had diameters below 300 nm and that
8.3% of suspended particles were nanoscale. In aerosol
samples collected during spray application, ZnO NOAA
were observed on the surface or within larger globules of
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Figure . Bulk characterization of the sealant: SEM image of
nanoparticles in a filter pore at x, magnification (a), spectral
analysis (b), and particle size distribution via SEM (n= ) (c).

an organic component of the sealant, which ranged in size
from approximately 0.5–12 µm (Figures 4a, 4b).

A range of particles with different morphologies, sizes,
and chemical compositions were detected by EM in
aerosol samples collected while sanding without dust
capture. Agglomerated nanoparticles were observed in
multiple samples, while free nanoparticles of unknown
composition were only observed in one personal sam-
ple (Figure 5). Aside from aluminum oxide, agglomerated
nanoparticles of silicon dioxide were observed (image not
shown). Numerous metallic particles below 1 µm were
observed by TEM (Figure 6). Finally, SEMwith secondary
electron back scatter revealed ZnO NOAA on the surface
of, or embeddedwithin largermicron-sized particles, pre-
sumed to be fragments of the plywood (Figure 7).

Particle number concentration and size distribution

Particle size distribution of the aerosol generated during
spray application of the sealant was bimodal with a peak
of 6.542 × 104 particles at 187 nm and a second peak of
9,340 particles at 2.16 µm (Figure 8). The left tail of the
curve illustrates the proportion of particles below 100 nm
detected by SMPS.

In contrast to spray application, the highest differen-
tial particle number concentrations were observed in the
size range below 100 nm during sanding. With use of
the dust collection bag, particle size distributions were
strikingly similar for sanding of treated versus untreated
wood (Figures 9a, 9b). Peaks were observed at 14 nm,
28 nm, and 154 nm. Sanding treated wood without any
dust capture mechanism resulted in a similar particle size
distribution but lower particle number concentrations
(Figure 9c). Sanding treated wood with LEV produced a
markedly different bimodal particle size distribution with
peaks at 34 nm and 332 nm, and much lower particle
number concentrations were observed (Figure 9d).

Real-time particle counts showed that LEV was effec-
tive in reducing levels of airborne nanoparticles during
sanding. Nanoparticle concentrations were significantly
reduced when using LEV (p � 0.05) compared to any
other sanding protocol (Figure 10). For example, the
mean concentration while sanding treated wood with the
dust collection bag was 241,779 nanoparticles/cm3 com-
pared to 20,592 nanoparticles/cm3 when using LEV, a
reduction of 91.5%. Sanding with the dust collection bag
provided with the sander produced the highest nanopar-
ticle concentrations, exceeding nanoparticle concentra-
tions when no dust capture mechanism was being used
(p � 0.05). There was no statistically significant differ-
ence, however, between sanding of treated and untreated
wood using the manufacturer-provided dust collection
bag.

Figure . SEM images of aerosol captured during spray application showing ZnO nanoparticles or agglomerates positioned on the surface
or within larger globules the sealant at x, magnification (a) and x, magnification (b).
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Figure . Nanostructured components of the airborne sanding dust: individual nanoparticles of undetermined chemical composition (a,
b), agglomerated nanoparticles of undetermined chemical composition (c), and agglomerated aluminum oxide (d).

Mass concentrations of filter-based samples

Spray application of the sealant generated total aerosol
concentrations of 96 mg/m3 for area samples and
84 mg/m3 for personal samples (Table 1). Approxi-
mately 2.4% of the total aerosol mass concentration was
zinc. The 95% confidence interval for personal exposure

to respirable zinc was 0.39–0.59 mg/m3. All area and per-
sonal exposure measurements during spray application
were below the NIOSH Recommended Exposure Limit
(REL) for total zinc (5 mg/m3 time-weighted average
(TWA)); the maximum observed concentration was
3 mg/m3.

Figure . Submicron components of the airborne sanding dust composed of titanium (a), zinc (b), aluminum (c), and iron (d).
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Figure . Micron-sized components of the airborne sanding dustwith ZnOnanoparticles or agglomerates appearing as brightwhite specs
from a personal sample (a) and area sample (b).

Figure . Background adjusted particle size distribution during
spray application.

Gravimetric results for filter-based samples collected
during sanding are presented in Tables 2 and 3. Total
dust concentrations were relatively low compared to

the Occupational Safety and Health Administration’s
(OSHA) Permissible Exposure Limit (PEL) (15 mg/m3

TWA). The highest measurement (25 mg/m3) was a per-
sonal sample collected while sanding treated wood with
no controls (Table 3). This was the only sample of sixty-
two analyzed that exceeded the PEL; the second highest
measurement of total dust was 11 mg/m3 (Table 2). Low
concentrations of airborne zinc were detected when
sanding the treated wood, whereas no zinc was detected
when sanding the untreated wood. Zinc concentrations
during sanding were below the NIOSH REL (5 mg/m3

TWA). The highest concentration of airborne zinc dur-
ing sanding (0.19 mg/m3) coincided with a personal
exposure measurement obtained while sanding treated
wood without any dust controls. All samples analyzed
for respirable dust and respirable zinc from sanding were
below sample-specific limits of detection, with the highest

Figure . Background adjusted particle size distribution during sanding of: untreated wood with dust collection bag (a), treated wood
with dust collection bag (b), treatedwoodwith no dust capture (c), and treatedwoodwith LEV (d). Multiple particle size distributionswere
generated for each experimental condition (a–d), each derived from a separate trial. Disparate time series data could not bemerged using
theMulti Instrument Manager software, thus a single representative particle size distribution is depicted for each experimental condition.
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Figure . Background adjusted airborne nanoparticle concentra-
tions during sanding. This figure accounts for all sanding trials,
including those not depicted in Figure . The box plots represent
the summation of all nanoparticle number concentrations for each
condition, corresponding with the areas below the curve and left
of the  nm cutoff in the prior figure. The peaks in Figure  are for
a single particle size (e.g.,  nm), whereas the peaks shown here
represent the maximum observed concentrations for all nano-
sized particles. ∗ n.s.=not significant, all other differences inmean
nanoparticle exposures shown in the figure were statistically sig-
nificant (p� .).

limits of detection for each test condition presented in
Tables 2 and 3. In terms of mass, zinc exposures were in
some cases two orders of magnitude higher during spray
application of the coating vs. sanding.

Measureable exposures to dust and zinc occurredwhile
using the dust collection bag, whereas all samples col-
lected with LEV were below detectable limits shown in
Tables 2 and 3. Personal exposure to total dust while
sanding treated wood with LEV was below 1.7 mg/m3, a
reduction of at least 80% relative to the median dust level
under the same conditions but without any dust capture
(8.5 mg/m3).

Discussion

The highestmass-based exposures to total particulate and
zinc occurred during spraying. The mean respirable zinc

Table . Exposure during spray application.

N Sample Type Analyte
Mean Conc.
(mg/m) Std. Dev. % CI

 Area Aerosol    – 
Zinc . . . – .

 Personal Aerosol  .  – 
Zinc . . . – .
Respirable
aerosol

 .  – 

Respirable
zinc

. . . – .

concentration during spraying approximated the concen-
tration of ultrafine ZnO that humans were exposed to for
2 hr per day for 3 days without measurable effects previ-
ously.[23] SEM showed that the aerosols collected during
spraying consisted of ZnO NOAA positioned on the sur-
face of, or contained within much larger organic globules
of the sealant.

Compared to spraying, a greater proportion of the
aerosols counted during sanding were nanoparticles. In
addition, a greater number of nanoparticles were counted
during sanding even though mass concentration was
almost two orders of magnitude less than during spray-
ing and total particle counts were similar. Others have
found electric vacuum and sander motors to be a major
source of nanoparticles.[33,34,37] In this study, the sprayer
was located outside the test chamber where particles pro-
duced by themotor would not contribute to aerosolsmea-
sured. The fan, air sampling pumps, sander, and the vac-
uum used for LEVwere inside the test chamber and could
have contributed to particles counted, but conditionswere
constant except LEV use.

In agreement with prior findings,[36] sanding treated
wood did not release excess nanoparticles compared to
untreated wood, even though ZnO was only detected
when sanding the treated wood. These results suggest that
the nanoparticles in the sealant did not contribute sig-
nificantly to free nanoparticles exposure during sanding,
although the composition of nanoparticles detected by
SMPS during sanding remains uncertain.

The source of the fine metallic particles present dur-
ing sanding could not be determined, although the zinc
is likely to have originated from the coating, the tita-
nium from the plywood, the aluminum from the sand
paper grit, and the iron from the sand paper or the sander
itself. Prior studies have shown that incidental ultra-
fine copper particles generated from electric vacuum and
sander motors contribute substantially to nanoparticle
emissions.[33,34,36,37] The same was expected for this study
but copper nanoparticles were not detected. Nanoparti-
cle number concentrations detected by SMPS were orders
of magnitude lower when using LEV vs. the dust col-
lection bag and no dust capture. Given that LEV was
directly connected and sealed via a hose to the portion
of the sander where dust was emitted, LEV would not be
expected to capture the majority of incidental ultrafine
particles generated by the electric motor. This suggests
that the observed reduction in nanoparticle number con-
centration can be attributed to effective collection of the
sanding dust and that the nanoparticles detected during
sanding were not primarily composed of ultrafine parti-
cles generated by the electric motor.

Although it was difficult to quantify nanoparticle
release in relation to elemental composition, the EM
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Table . Area exposures during sanding.

Total Dust Total Zinc

Wood Dust Capture <LOD (n
a
) Median (mg/m) Range (mg/m) <LOD (n

a
) Median (mg/m) Range (mg/m)

Untreated Bag / . .–. / — <.
Treated None / . .– / . . – .

Bag / . <.–. / . <. – .
LEV / — < . / — <.

a(# of non-detects / # of samples) Limits of detection varied by volume of air sampled for each measurement. The highest detection limits for a given condition are
denoted by “<” in the table, where applicable.

results provide valuable insight into the transformation
of ZnO nanoparticles at different stages of the product life
cycle. ZnO NOAA were first observed as agglomerates
in the bulk sample, then embedded within or on the
surface of larger particles during spraying and sanding.
These results demonstrate the different forms of ZnO
NOAA construction workers would be exposed to during
handling of the initial product, spray application, and
subsequent sanding of a coated substrate. Whether the
presence of nanoscale ZnO in mixed aerosols affects
toxicity merits further investigation. As discussed in the
supplemental online material, currently there are no
established occupational exposure limits (OELs) for
nano-ZnO.

Effectiveness of controls

LEV was an effective means of minimizing exposure to
airborne particulate during sanding. Estimated reduc-
tions in airborne nanoparticles (∼90%) and personal dust
exposure (�80%) were commensurate, and LEV reduced
exposures to a greater extent than the dust collection bag
provided with the sander.

It was unexpected that sanding with the dust col-
lection bag generated significantly higher nanoparticle
concentrations than sanding without any dust capture.
The reason for this finding is unclear. Specifications
for the dust collection bag were unavailable, despite a
request to themanufacturer. Further investigationmay be

warranted because these bags are in wide use, represent-
ing the sole control device packaged with many power
sanders.

The results presented on LEV performance support
prior research demonstrating that engineering controls
can effectively reduce exposure to nanomaterials.[38–41]

The hierarchy of controls is essential to nanotechnology
risk management in the workplace and recommended
internationally.[42,43] Respirators have been shown to
be effective in this context.[44–46] Although inhalation
was the focus of this study, dermal exposure, particu-
larly during spray application without engineering con-
trols, should not be discounted. Research suggests that
there is little to no penetration of nano-ZnO through
healthy skin,[47–49] yet damaged skin is common among
construction workers. In addition, the product tested
contained propylene glycol,[50] which can damage the
skin and is used to enhance dermal penetration of
pharmaceuticals.[51,52]

Strengths and limitations

This study is the first to evaluate operator exposure to
ZnO NOAA during spray application of a wood sealant.
In addition, amultifaceted exposure assessment approach
was employed, following recommendations from NIOSH
and an international workshop on the harmonization
of measurement strategies.[53,54] A third strength of the
study was the use of a containment chamber, enabling

Table . Personal exposures during sanding.

Total Dust Respirable Dust

Wood Dust Capture <LOD (n
a
) Median (mg/m) Range (mg/m) <LOD (n

a
) Range (mg/m)

Untreated Bag / . .–. / < .
Treated None / . .– / < .

Bag / . <.–. / < .
LEV / — < . / < .

Total Zinc Respirable Zinc

Wood Dust Capture <LOD (n
a
) Median (mg/m) Range (mg/m) <LOD (n

a
) Range (mg/m)

Untreated Bag / — < . / < .
Treated None / . <.–. / < .

Bag / — < . / < .
LEV / — < . / < .

a(# of non-detects / # of samples) Limits of detection varied by volume of air sampled for each measurement. The highest detection limits for a given condition are
denoted by “<” in the table, where applicable.
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isolation of the tasks being performed from background
and other sources.

Conversely, sampling in the chamber may have over-
estimated exposures compared to performing the same
tasks outdoors or in a larger enclosed space. Other lim-
itations relate to apparent discrepancies in the results,
stemming from difficulties in the integration and inter-
pretation of data derived from multiple instruments.
For example, despite high number concentrations of
nanoparticles detected by SMPS, few individual nanopar-
ticles were observed in EM samples. For this reason, it
was not possible to make definitive conclusions about the
morphology and composition of nanoparticles detected
by SMPS. This could be due to nanoparticles agglomer-
ating with each other or larger particles during sample
preparation or collection on filter media. Similarly, no
respirable mass was detected using gravimetric methods,
despite high numbers of respirable particles detected
with the real-time instruments. This might be explained
by “phantom particles” contributing to SMPS counts,[55]

however the fact that airborne nanoparticles number
concentration decreased substantially with LEV suggests
that airborne nanoparticles were in fact generated while
sanding. The difference between SMPS and gravimetric
results may also be explained by the relatively high limits
of detection for respirable mass due to short sampling
times and the fact that nanoparticles have negligiblemass.
While the location of equipment inside the chamber is a
limitation of the study design, the use of equipment, with
the exception of LEV, was held constant for all trials. The
LEV was unlikely to capture particles emitted from the
sander motor or other equipment and the lowest particle
number concentrations were measured when sanding
with LEV, suggesting the equipment did not contribute
significantly to measured particle emissions. Finally, in
consideration of prior studies, it was unexpected that
higher numbers of larger particles were not detected by
the OPS during sanding. It is possible that the OPS was
compromised by the liquid aerosol generated during prior
spray application, leading to an undercount of particles
>420 nm not detected by the SMPS during sanding.

Conclusions

Mass-based OELs for ZnO were not exceeded during
spraying or sanding, although there are currently no
OELs for nano-sized ZnO. Airborne nanoparticles above
background concentrations were detected during both
spraying and sanding activities. Spraying generated
higher mass-based concentrations, but higher number
concentrations of nanoparticles were observed during
sanding. Particle size distributions and number concen-
trations were similar for treated and untreated wood.

The elemental composition of the nanoparticles detected
remains uncertain, though the EM results illustrate dif-
ferences in ZnO exposure across the product life cycle.
Contrary to prior studies, our observations suggest that
the sandermotormight not have been the primary source
of airborne nanoparticles generated during sanding. LEV
effectively reduced exposure to airborne nanoparticles
during sanding.

Recommendations

Occupational health professionals and workers would
benefit from the development of health-based OELs for
comparison with ZnO nanoparticles exposure measure-
ments. Until OELs and additional information on the tox-
icology of ZnO nanoparticles become available, it may be
prudent to reduce exposure to the extent feasible. Addi-
tionally, research on the toxicology of ZnO nanoparticles
in mixtures and an agglomerated state would enhance the
ability to perform risk assessments since NOAA are often
used in mixtures or added to materials. Additional work
is needed to identify effective controls that are practical in
construction, and to assess potential release of free ZnO
nanoparticles, and other nanoparticles, during all phases
of product life cycles.Manufacturers should include infor-
mation on NOAA in safety data sheets and product doc-
umentation so that employers and users can perform a
risk assessment. The hierarchy of controls can be effective
in reducing exposure to engineered nanomaterials and
should be followed.

Acknowledgments

The authors would like to express our appreciation to TSI Inc.
for technical support and use of real-time instrumentation, to
Spencer Schwegler and the International Union of Painters and
Allied Trades for guidance on tool and material selection and
work practices, and to Daniel Marsick of Marsick Consulting,
LLC and Jenny Roberts, Walter McKinney and Charles Geraci
at NIOSH for their advice and input.

Disclaimer

Any mention of specific companies or products does not imply
that they are endorsed or recommended by CPWR or NIOSH.
Opinions expressed are those of the authors and do not neces-
sarily represent the official views of CPWR or NIOSH.

Funding

The National Institute for Occupational Safety and Health
(NIOSH) supported and funded this study through a coopera-
tive agreement (Number U60-OH009762) with The Center for
Construction Research and Training (CPWR).



JOURNAL OF OCCUPATIONAL AND ENVIRONMENTAL HYGIENE 521

References

[1] International Organization for Standardization (ISO):
Nanotechnologies-occupational Risk Management Applied
to Engineered Nanomaterials. Part 1: Principles and
Approaches (ISO/TS 12901-1). [Standard] Geneva,
Switzerland: ISO, 2012.

[2] Lee, J., S. Mahendra, and P.J. Alvarez: Nanomaterials in
the construction industry: a review of their applications
and environmental health and safety considerations. ACS
Nano. 4(7):3580–3590 (2010).

[3] Oberdörster, G., Z. Sharp, V. Atudorei, et al.:Transloca-
tion of inhaled ultrafine particles to the brain. Inhal. Tox-
icol. 16(6–7):437–445 (2004).

[4] Oberdörster, G., E. Oberdörster, and J. Oberdörster:
Nanotoxicology: an emerging discipline evolving from
studies of ultrafine particles. Environ. Health Perspect.
113(7):823–839 (2005).

[5] Oberdörster, G., V. Stone, and K. Donaldson: Toxicol-
ogy of nanoparticles: A historical perspective. Nanotoxi-
cology 1(1):2–25 (2007).

[6] Louisiana Forest Products Development Center,
School of Renewable Natural Resources, Louisiana
State University Agricultural Center: “Statistical
Overview of the US Wood Preserving Industry: 2007,”
R.P. Vlosky, Baton Rouge, LA: Lousiana State University,
2009.

[7] Broekhuizen, P., F. Broekhuizen, R. Cornelissen, and
L. Reijnders: Use of nanomaterials in the European con-
struction industry and some occupational health aspects
thereof. J. Nanopart. Res. 13(2):447–462 (2011).

[8] Evans, P., H. Matsunaga, and M. Kiguchi: Large-scale
application of nanotechnology for wood protection. Nat.
Nanotechnol. 3(10):577 (2008).

[9] West, G.H., B.E. Lippy, M.R. Cooper, et al.: Toward
responsible development and effective risk management
of nano-enabled products in the US construction indus-
try. J. Nanopart. Res. 18(2):1–27 (2016).

[10] SaverSystems, Inc: “DEFY Extreme Clear Wood Stain.”
Available at http://defywoodstain.com/product/defy-
extreme-clear-wood-stain/ (accessed August 26, 2016).

[11] Carol, A.C., W.Y. Vina, and A.A. Rachel: Feasibility of
Nanozinc Oxide as a Wood Preservative. In Proceedings
of AmericanWood Protection Association, (105). Birming-
ham, AL: American Wood Protection Association, 2009.
pp. 255–260.

[12] Clausen, C.A., F. Green, and S.N. Kartal:Weatherability
and leach resistance of wood impregnated with nano-zinc
oxide. Nanoscale Res. Lett. 5(9):1464 (2010).

[13] Auclair, N., B. Riedl, V. Blanchard, and P. Blanchet:
Improvement of photoprotection of wood coatings by
using inorganic nanoparticles as ultraviolet absorbers.
For. Prod. J. 61(1):20 (2011).

[14] Freeman, M.H., and C.R. McIntyre: Comprehensive
review of copper-based wood preservatives. For. Prod. J.
58(11):6–27 (2008).

[15] Eastlake, A., L. Hodson, C. Geraci, and C.
Crawford: A critical evaluation of material safety
data sheets (MSDSs) for engineered nanomaterials. J.
Chem. Health Saf. 19(5):1–8 (2012).

[16] Jones, W., A. Gibb, C. Goodier, et al.: Nanomaterials in
Construction and Demolition - How can we assess the
risk if we don’t know where they are? In: 4th International

Conference on Safe Production and Use of Nanomaterials
(Nanosafe 2014), F. Tardif and F. Schuster (eds.). Bristol,
UK: IOP Publishing, 2015.

[17] National Institute for Occupational Safety and Health:
Pocket Guide to Chemical Hazards. DHHS (NIOSH) pub-
lication no. 2010–168c. US Department of Health and
Human Services, CDC, NIOSH, 2010.

[18] Cho, W.S., R. Duffin, C.A. Poland, et al.: Differential
pro-inflammatory effects of metal oxide nanoparticles
and their soluble ions in vitro and in vivo; zinc and cop-
per nanoparticles, but not their ions, recruit eosinophils
to the lungs. Nanotoxicology 6(1):22–35 (2012).

[19] Chuang, H.C., H.T. Juan, C.N. Chang, et al.: Cardiopul-
monary toxicity of pulmonary exposure to occupation-
ally relevant zinc oxide nanoparticles. Nanotoxicology
8(6):593–604 (2014).

[20] Chen, J.K., C.C. Ho, H. Chang, et al.: Particulate nature
of inhaled zinc oxide nanoparticles determines systemic
effects and mechanisms of pulmonary inflammation in
mice. Nanotoxicology 9(1):43–53 (2015).

[21] Ho, M., K.Y. Wu, H.M. Chein, L.C. Chen, and T.J.
Cheng: Pulmonary toxicity of inhaled nanoscale and fine
zinc oxide particles: mass and surface area as an exposure
metric. Inhalation Toxicol. 23(14):947–956 (2011).

[22] Kuschner, W.G., A. D’Alessandro, H. Wong, and P.D.
Blanc: Early pulmonary cytokine responses to zinc oxide
fume inhalation. Environ. Res. 75(1):7–11 (1997).

[23] Beckett,W.S.,D.F. Chalupa, andA. Pauly-Brown:Com-
paring inhaled ultrafine versus fine zinc oxide particles in
healthy adults: a human inhalation study. Am. J. Respir.
Crit. Care Med. 171(10):1129–1135 (2005).

[24] Fine, J.M., T. Gordon, L.C. Chen, et al.: Metal fume
fever: characterization of clinical and plasma IL-6
responses in controlled human exposures to zinc oxide
fume at and below the threshold limit value. J. Occup.
Environ. Med. 39(8):722–726 (1997).

[25] Zinc Oxide Fume [MAKValue Documentation, 2002]. In
The MAK-Collection for Occupational Health and Safety.
Weinheim, Germany: Wiley-VCH Verlag GmbH & Co.
KGaA, 2002. pp. 305–323.

[26] Osmond,M.J., andM.J.Mccall:Zinc oxide nanoparticles
in modern sunscreens: An analysis of potential exposure
and hazard. Nanotoxicology 4(1):15–41 (2010).

[27] McKinney, W., M. Jackson, T.M. Sager, et al.: Pul-
monary and cardiovascular responses of rats to inhala-
tion of a commercial antimicrobial spray containing tita-
nium dioxide nanoparticles. Inhal. Toxicol. 24(7):447–457
(2012).

[28] Chen, B.T., A. Afshari, S. Stone, et al.: Nanoparticles-
containing spray can aerosol: characterization, expo-
sure assessment, and generator design. Inhal. Toxicol.
22(13):1072–1082 (2010).

[29] Hagendorfer, H., C. Lorenz, R. Kaegi, et al.: Size-
fractionated characterization and quantification of
nanoparticle release rates from a consumer spray product
containing engineered nanoparticles. J. Nanopart. Res.
12(7):2481–2494 (2010).

[30] Maynard, A.D.: Are we ready for spray-on carbon nan-
otubes? Nat. Nanotechnol. 11(6):490–491 (2016).

[31] Berger-Preiß, E., A. Boehncke, G. Könnecker, et al.:
Inhalational and dermal exposures during spray applica-
tion of biocides. Int. J. Hyg. Eviron. Health 208(5):357–372
(2005).

http://defywoodstain.com/product/defy-extreme-clear-wood-stain/


522 M. R. COOPER ET AL.

[32] Koponen, I.K., K.A. Jensen, and T. Schneider: Com-
parison of dust released from sanding conventional and
nanoparticle-doped wall and wood coatings. J. Exposure
Sci. Environ. Epidemiol. 21(4):408–418 (2011).

[33] Koponen, I.K., K.A. Jensen, and T. Schneider: Sanding
dust from nanoparticle-containing paints: Physical char-
acterisation. J. Phys. Conf. Ser. 151(1):012048 (2009).

[34] Gomez, V., M. Levin, A.T. Saber, et al.: Comparison of
dust release from epoxy and paint nanocomposites and
conventional products during sanding and sawing. Ann.
Occup. Hyg. 58(8):983–94 (2014).

[35] Gohler, D., M. Stintz, L. Hillemann, and M. Vorbau:
Characterization of nanoparticle release from surface
coatings by the simulation of a sanding process. Ann.
Occup. Hyg. 54(6):615–624 (2010).

[36] Fransman, W., C. Bekker, P. Tromp, and W.B. Duis:
Potential release of manufactured nano objects during
sanding of nano-coated wood surfaces. Ann. Occup. Hyg.
60(7):875–884 (2016).

[37] Szymczak, W., N. Menzel, and L. Keck: Emission of
ultrafine copper particles by universal motors controlled
by phase angle modulation. J. Aerosol Sci. 38(5):520–531
(2007).

[38] National Institute for Occupational Safety and Health
(NIOSH): “Approaches to Safe Nanotechnology: Man-
aging the Health and Safety Concerns Associated with
Engineered Nanomaterials,” Publication No. 2009–125,
Cincinnati, OH: NIOSH, 2009.

[39] Heitbrink, W.A., L.M. Lo, and K.H. Dunn: Exposure
controls for nanomaterials at three manufacturing sites.
J. Occup. Environ. Hyg. 12(1):16–28 (2015).

[40] Methner, M.M.: Engineering case reports. Effectiveness
of local exhaust ventilation (LEV) in controlling engi-
neered nanomaterial emissions during reactor cleanout
operations. J. Occup. Environ. Hyg. 5(6):D63–D69 (2008).

[41] Methner, M.M.: Effectiveness of a custom-fitted flange
and local exhaust ventilation (LEV) system in controlling
the release of nanoscale metal oxide particulates during
reactor cleanout operations. Int. J. Occup. Environ. Health
16(4):475–487 (2010).

[42] Engeman, C.D., L. Baumgartner, B.M. Carr: The hier-
archy of environmental health and safety practices in the
US nanotechnology workplace. J. Occup. Environ. Hyg.
10(9):487–495 (2013).

[43] National Institute for Occupational Safety and Health
(NIOSH): “Building a Safety Program to Protect the Nan-
otechnology Workforce: A Guide for Small to Medium-
sized Enterprises,” L. Hodson and M. Hull. DHHS
(NIOSH) Publication No. 2016-102, Cincinnati, OH:
NIOSH, 2016.

[44] Rengasamy, S., and B.C. Eimer: Total inward leakage of
nanoparticles through filtering facepiece respirators.Ann.
Occup. Hyg. 55(3):253–263 (2011).

[45] Brochot, C.,N.Michielsen, S. Chazelet, andD.Thomas:
Measurement of protection factor of respiratory pro-
tective devices toward nanoparticles. Ann. Occup. Hyg.
56(5):595–605 (2012).

[46] Rengasamy, S., W.P. King, B.C. Eimer, and R.E. Shaf-
fer: Filtration performance of NIOSH-approved N95
and P100 filtering facepiece respirators against 4 to 30
nanometer-size nanoparticles. J. Occup. Environ. Hyg.
5(9):556–564 (2008).

[47] Filipe, P., J.N. Silva, R. Silva, et al.: Stratum corneum is
an effective barrier to TiO2 and ZnO nanoparticle percu-
taneous absorption. Skin Pharmacol. Physiol. 22(5):266–
275 (2009).

[48] Gulson, B., H. Wong, M. Korsch, et al.: Compari-
son of dermal absorption of zinc from different sun-
screen formulations and differing UV exposure based on
stable isotope tracing. Sci. Total Environ. 420:313–318
(2012).

[49] Gulson, B., M.McCall, M. Korsch, et al.: Small amounts
of zinc from zinc oxide particles in sunscreens applied
outdoors are absorbed through human skin. Toxicol. Sci.
118(1):140–149 (2010).

[50] SaverSystems, Inc: “Material Safety Data Sheet for DEFY
Extreme Exterior Wood Stain.” Richmond, IN: SaverSys-
tems, Inc., 8-1-2009.

[51] Dragicevic, N., andH.I.Maibach: Percutaneous Penetra-
tion Enhancers ChemicalMethods in Penetration Enhance-
ment: Modification of the Stratum Corneum. Berlin:
Springer, 2015. pp. 14–15, 21–22.

[52] Draelos, Z.D.: Enhancement of Topical Delivery with
Nanocarriers. In Nanotechnology in Dermatology, A.
Nasir, A. Friedman, and S. Wang (eds.). New York:
Springer, 2013.

[53] Schulte, P.A., G. Roth, L.L. Hodson, et al.: Taking stock
of the occupational safety and health challenges of nan-
otechnology: 2000–2015. J. Nanopart. Res. 18(6):1–21
(2016).

[54] Brouwer, D., M. Berges, M.A. Virji, et al.: Harmoniza-
tion of measurement strategies for exposure to manufac-
tured nano-objects; report of a workshop. Ann. Occup.
Hyg. 56(1):1–9 (2012).

[55] Chen, B.T., D. Schwegler-Berry, A. Cumpston, et al.:
Performance of a scanning mobility particle sizer in mea-
suring diverse types of airborne nanoparticles: Multi-
walled carbon nanotubes, welding fumes, and titanium
dioxide spray. J. Occup. Environ. Hyg. 13(7):501–518
(2016).


	Abstract
	Acknowledgments
	Disclaimer
	Funding
	References

