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Abstract: Adverse health effects caused by exposure to airborne particles have been detected in
recent years, however there is little knowledge about exposure to ultrafine particles with a diameter
<100 nm. In this study, particle number concentration and size distribution in a range of particle
diameters from 10 nm to 10 µm were determined during oak wood sanding. A hand-held orbit
sander in combination with three types of grit size (P60, 120 and 240) of sandpaper were used.
Measurements were obtained using a portable particle size distribution analyzer and an optical
particle size spectrometer, carried out at 15-min intervals for each treatment by static sampling in the
breathing zone. We also compared the optical particle size spectrometer to the aerosol monitor in
order to evaluate the mass concentration of airborne particles in the range of 1 to 10 µm in diameter.
Sanding paper with the finest grit, P240, showed a significantly higher number concentration of
ultrafine particles, compared with P60 and P120 grits. The differences among particular grit size were
statistically significant for microparticles. The size distribution of particles during sanding was not
affected by grit size. For each grit size, apparent peak values of ultrafine and microparticle number
concentrations were determined at approximately 15 nm, and 0.1 µm, respectively. Optical particle
size spectrometer and aerosol monitor showed comparable results of mass concentration for the
respirable fraction.

Keywords: grit size; sanding; microparticles; ultrafine particles

1. Introduction

Airborne particulate matter (PM) is of great concern due to its association with health
impacts, such as respiratory diseases [1]. Nevertheless, compared with relatively exten-
sively studied health effects of PM with an aerodynamic diameter of <10 µm (PM10, coarse
PM) and <2.5 µm (PM2.5, fine PM), we have very little knowledge about the impact of so
called ultrafine particles (UFP) <100 nm on human health [2]. UFP are also called nanopar-
ticles because of their size, although many authors consider nanoparticles as 100 nm or
smaller particles produced by controlled engineering processes [3].

Another size category of PM is a respirable fraction (PMresp) which is the portion of
inhalable particles (<100 µm) that enter the deepest part of the lung, the nonciliated alveoli,
with an aerodynamic diameter of approximately <5 µm [4]. The harmful effects of the
different PM size categories overlap, because the corresponding sizes overlap: PM10, which
includes all smaller particles, will have similar effects as those of smaller PMs, although the
effects can be distinguished by taking mass into account. PM10 and PM2.5 are measured by
their mass, while UFP are measured by particle number [3].

According to Kuuluvainen et al. [5], the surface area of particles has been shown to
correlate with inverse health effects in toxicological studies. A simple manner to combine
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the lung deposition of particles and the potential for the surface chemistry is to use a metric
called the lung deposited surface area (LDSA) concentration.

The LDSA concentration is considered a relevant metric for the negative health effects
of aerosol particles, which can be measured by real-time measuring instruments [6].

According to Baldauf et al. [7], various researchers use different metrics and find them
informative, therefore, comparing results across multiple studies is difficult given the lack
of consistency in the metrics used.

Sanding oak wood with hand-held power tools within woodworking shops has been
associated with high inhalable wood dust exposure [8–10]. Oak wood dust is considered
to be carcinogenic to humans, according to the International Agency for Research on
Cancer [11]. The size and shape of particles are primordial factors that condition their
deposition in the airways. The largest particles (10–20 µm) are deposited onto the walls
of the nose and pharynx, while particles of <5 µm size usually impact smaller airways
such as bronchial districts and alveoli [12]. For comparison, the range of droplet sizes of
an average human when talking and coughing varies between 25 and 50µm, and 4 and
7 µm, respectively [13,14]. The size of typical aerosols from air conditioners, and technical
systems for humidification and spraying, range from 0.3 to 10 µm [15,16].

Occupational exposure limits for oak wood dust have been established in many
countries. In Europe, a binding 8-hr time weighted average (TWA) limit value of 2 mg/m3

(3 mg/m3 until 17 January 2023) was set by European Union Directive 2017/2398 [17].
A number of studies have investigated the effect of various factors on airborne par-

ticle size distribution and mass concentration during the sanding of wood. Thorpe and
Brown [18] investigated the effect of wood density, sandpaper grade, and contact pressure,
on the production of dust. Results from their study indicated that in the case of hardwoods,
there is a tendency for the mean aerodynamic diameter of the wood particles generated
to be larger for the coarser grades of sandpaper. In addition, fine and coarse sandpaper
produced similar concentrations of airborne dust. Ratnasingam et al. [19] reported that
the geometric mean particle size of the dust produced during the sanding process was
significantly influenced by wood density and hardness. In order to minimize dust emission
during the abrasive sanding process of hardwoods, they recommended the use of the
coarsest possible abrasive grit and lowest possible wood removal rate. Marková et al. [20]
performed granulometric analysis of wood dust samples from oak, beech, spruce, alder
and fir. Wood dust samples were obtained through an orbital sander with a grit size of P80.
They found that the most frequent percentages of dust particles (between 50 and 79%) in all
samples of wood dust were fractions of 32 µm and less. Očkajová et al. [21,22] compared
the granulometric compositions of sanding wood dusts of selected wood species (beech,
oak) and determined the influence of various factors (type of sander, wood species, sandpa-
per grit size, and sanding direction) on percentage fractions less than 80 µm. The results
confirmed that the use of hand-held sanders caused high percentages of fractions less than
80 µm, above 90% in all cases. In another study conducted by Očkajová et al. [23], sieve
analysis was performed for sanding dust from thermally modified wood (oak, spruce, and
meranti). The results indicated that the share of wood dust particles with a size less than
80 µm was similar in unmodified and thermally modified wood. Vandličková et al. [24]
carried out granulometric analysis of selected samples of tropical wood dust from cumaru,
padauk, ebony, and marblewood. Tropical wood dust samples were obtained using a disc
sander. In addition, the size and shape of wood dust particles were studied by microscopic
analysis. Results of granulometric fractions contribution confirmed that the majority of
dust particles were under 100 µm in size. Pędzik et al. [25,26] used two complementary
methods, sieve analysis and laser diffraction analysis, to determinate the particle-size
distribution and content of very fine particles during the sanding of selected wood species.
They found that the type of wood (hardwood or softwood) had a significant influence
on the mean arithmetic dust size and the content of the dust fraction with a size <10 µm.
Ojima [27] investigated the generation of wood dust during the sanding of two different
wood species (beech and cypress) with three different grit sizes (coarse, medium and fine)
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of the sanding paper by a hand-held orbital sander. The particle size distribution of the
wood dust was measured by an eight-stage Andersen cascade impactor. The morphology
of the wood dust particle was observed by a desktop digital microscope. Ojima found that
when specimens were sanded with a fine paper, the mass median aerodynamic diameters
of beech dust and cypress dust were 9.0 µm and 9.8 µm, respectively. Dado et al. [28]
performed measurements of wood dust mass concentration using a direct-reading aerosol
monitor that combined a light scattering photometer and optical particle counter. The
results of real-time measurements demonstrated that softwood species generated higher
dust concentrations than hardwood species due to a difference in abrasion durability.

According to the findings reported in the literature, little attention has been given to
the UFP generated during wood sanding tasks. There is an assumption that nanoparticles
could be an important part of total dust mass, number, and surface area concentration in
workplaces involving a wood sanding process [29]. Measurement strategies for exposure
to UFP differ from traditional integrated sampling methods for exposure assessments, by
the use of real-time instruments [30]. A range of metrics and hence measurement instru-
ments are currently used, because there is no legally enforceable nano-specific occupational
exposure limit for wood dust. At the current confusing state whereby metrics of nanoparti-
cles are correlated with specific toxicological end points, it might very well turn out that
different particle metrics are correlated with different health end points [31]. To the best
of our knowledge, no published study has examined the influence of grit size on airborne
particle size distribution in UFP levels during oak wood sanding.

The aim of this study was to explore the effect of the sandpaper grit size on airborne
particle number concentration and size distribution during oak wood sanding. UFP and
inhalable fraction of coarse and fine PM particles ranging from 0.1 to 10 µm (CFP) were in-
vestigated. In addition, the LDSA concentration, as another metric of airborne particles, was
determined. The performance of optical particle size spectrometer versus light-scattering
photometer and optical particle counter was compared in terms of CFP mass concentration.

2. Materials and Methods
2.1. Experimental Setup and Design

The experiment was conducted in a test room that fulfilled criteria according to
standard EN 50 6321-1. The ambient temperature and relative humidity were monitored
using a microclimatic conditions monitor (Testo 480, Testo SE & Co., Titisee-Neustadt,
Germany). All tests were conducted at a temperature of 21 ◦C ± 1 ◦C and at a relative
humidity of 38% ± 1%. The layout of the experimental setup is presented in Figure 1.

The experiment was designed as a single-factor completely randomized experiment
with three levels of grit size. Each treatment was replicated ten times, so that the total
number of runs was 30.

2.2. Test Specimens

The tree species used for the study was oak (Quercus petraea (Matt.) Liebl.). Test speci-
mens in the form of planks of 500 mm × 250 mm × 50 mm dimensions were conditioned
to a final moisture content of 12% before experimentation. The moisture content of the test
specimens was determined using a wood humidity meter (model Testo 606-2, Testo SE
& Co., Titisee-Neustadt, Germany). A mobile workbench (model PWB 600, Robert Bosch
Power Tools GmbH, Stuttgart, Germany) was used for clamping the test specimens.

2.3. Sanding Procedure

Sanding was performed using a commercially available hand-held random orbit
sander (model GEX 125-1 AE, Robert Bosch Power Tools GmbH, Stuttgart, Germany) with
integral extraction unit. The sander was adjusted to the maximum orbital stroke rate.
Sanding papers with aluminum oxide abrasives of three different sanding grits (coarse,
P60; medium, P120; and fine, P240) were used in the study. An abrasive disc (PS 22 K,
Klingspor, Bielsko-Biala, Poland) with diameter 125 mm was replaced after each trial. In
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order to ensure a consistent sanding operation, the monitoring of the compressive force was
performed by a glove-based measurement system (CERAA Glove; Asseco CEIT a.s., Žilina,
Slovakia). Figure 2 shows the details of the components set up to monitor the compressive
force during the sanding process. The connection of the data box to the tablet (Huawei
MediaPad M2 10.0; Huawei Technologies Co, Ltd., Shenzen, China) with the installed
software application CERAA was achieved via Bluetooth technology. A compressive force
of 30 N ± 5 N was applied on the sanding surface.
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2.4. Particle Monitoring Instruments

Particle size distribution and concentration were measured using a NanoScan SMPS
(model 3910, TSI Inc., Shoreview, MN, USA). The instrument classified particles in the size
range of 10 nm to 420 nm in 13 channels using a radial differential mobility analyzer. The
number of particles in each size bin was measured using an isopropanol-based condensation
particle counter. The NanoScan SMPS operated at a flow rate of 0.75 L/min and its upper
concentration threshold was 106 particles per cm3 (written in the following text as “#/cm3”).

An optical particle size spectrometer (model OPS 3330, TSI Inc., Shoreview, MN, USA)
was used for the measurement of particle concentration and particle size distribution in
the range of 0.3 µm to 10 µm. The instrument is based on light scattering single-particle
counting and sizing technology. The OPS operated at a flow rate of 1 L/min and its upper
concentration threshold was 3000 #/cm3.

An aerosol monitor (model DustTrak DRX 8533, TSI Inc., Shoreview, MN, USA) was
used for simultaneous measurement of both mass and size fraction of particles in the
size range of 0.1 µm to 15 µm. The operation principle of DustTrak DRX is based on a
combination of light-scattering photometer and optical particle counter. The instrument
operated at a flow rate of 3 L/min and its upper concentration threshold was 150 mg/m3.
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2.5. Measurement Procedure

Measurements with all particle monitoring instruments were performed simultane-
ously. Each experimental trial was conducted following the same procedure. Zero-check
calibration of the particle monitoring instruments was completed prior to each sampling
event. The time resolution of the NanoScan SMPS was 1 min (45 s up-scan in which the
measurement occurred, and a 15 s retrace). The OPS recorded measurements with 1-min
frequency. The log interval of the DustTrak DRX was set to 1 s. The sampling inlets were
located at a fixed position in the breathing zone of operator. The samples were drawn
through a flexible black carbon conductive tubing. The length of the tubes were identi-
cal for all instruments (0.6 m). A plastic IOM sampler (IOM Multidust sampler, SKC Inc.,
Eighty Four, PA, USA) was connected to the DustTrak DRX. To obtain representative results,
UFP and CFP concentrations were always checked inside the test room before starting
the measurement. The measurement was composed of the following phases: (1) start of
the measurement devices and background reading (5 min); (2) sanding operation (5 min);
(3) sander stopped, and residual concentration was sampled (5 min).

2.6. Data Analysis

NanoScan Manager software (version 1.0.0.19, TSI Inc., Shoreview, MN, USA), Aerosol
Instrument Manager software (version 10.1, TSI Inc., Shoreview, MN, USA) and TrakPro
software (version 4.6.1.0, TSI Inc., Shoreview, MN, USA) were used for data post-processing.
NanoScan Manager software and Aerosol Instrument Manager software normalized the
number concentration to the sample flowrate and sampling time when extracting data.

One-way analysis of variance (ANOVA) combined with Tukey’s post hoc test was used
to determine the influence of abrasive grain size on particle concentration during sanding.
At a 95% confidence level, p-values < 0.05 were considered statistically significant. The
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average mass concentrations obtained by DustTrak DRX were paired with the calculated
average mass concentrations of the OPS; the calculation equation was as follows:

dM =
dN × ρ × π

6
× D3

p (1)

where dM is the particle mass concentration (µg/m3), dN is the particle number concentra-
tion (#/cm3), ρ is the density of particle (g/cm3) and Dp is the geometric mean of particle’s
diameter (µm).

A comparison to evaluate for statistical significance was conducted via a paired t test.
The level of confidence was set to 95%, and a p value < 0.05 was chosen to indicate statistical
significance. All statistical analyses were carried out using Statistica software package
(version 10, StatSoft Inc., Tulsa, OK, USA).

3. Results
3.1. Particle Number Concentration Results

Figure 3 shows the UFP and CFP number concentration results versus time profile
of each sanding paper grit performance. The measurements are shown from the time
as the experiments, i.e., when the sanding operation were performed and subsequent
sampling of residual concentration. Total concentration from each minute and replication
of the experiment was averaged. Periods with no activity before the sanding process
(until the fifth minute from sampling initialization) were excluded from the graph, because
the background number concentrations of UFP and CFP were always <5000 #/cm3 and
<150 #/cm3, respectively, in the test room, and the magnitude of the standard deviation
(SD) from the average value indicated insignificant fluctuations.
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Figure 3 shows long-lasting high concentrations of UFP and CFP in the breathing zone
of the operator with the peak moment being after the sanding process was over.

In Table 1, the descriptive statistics of the measured data from NanoScan SMPS and
OPS are available. Data were averaged out of 15 recorded minutes of each treatment in
10 replications. A comparison of the time profile results showed that fine sanding grit P240
generated the highest mean number concentrations of UFP and CFP, followed by P120 and
P60, respectively. On the other hand, the maximum observed number concentrations were
slightly higher for P60, compared with P120.

Table 1. Descriptive statistics of measured data by NanoScan SMPS and OPS.

Instrument Sanding
Grit

N
Min. Max. Mean ± SD MD Median Diameter GMD ± GSD *

[#/cm3] [#/cm3] [#/cm3] [nm] [nm] [nm]

NanoScan
SMPS

P60 10 3982 28,971 16,201 ± 5985 45.63 31.69 34.03 ± 2.08
P120 10 4341 28,832 17,618 ± 5987 40.33 26.02 29.32 ± 2.08
P240 10 4672 32,215 21,410 ± 3898 34.59 22.94 25.80 ± 1.97

OPS
P60 10 29 426 191 ± 110 1.17 × 103 0.61 × 103 0.79 ± 2.21 × 103

P120 10 70 421 225 ± 97 1.20 × 103 0.64 × 103 0.82 ± 2.23 × 103

P240 10 127 504 327 ± 93 1.30 × 103 0.72 × 103 0.89 ± 2.26 × 103

Note: * geometric standard deviation.

By comparing the average mean diameter (MD) and geometric mean diameter (GMD)
of UFP generated by particular sanding paper grits, a decreasing trend from P60 to P240
was found. On the contrary, the size of CFP increased with the fineness of the sanding grit.

The results of the ANOVA (Table 2) showed significant (p < 0.001) difference among
investigated sanding paper grit performance for both UFP and CFP in terms of number
concentration. Therefore, we used Tukey’s honestly significant difference (HSD) procedure.
Pairwise comparisons of means within data showed that the difference was remarkable
among UFP generated by P240 sanding grit. At micro-scale, each of investigated sanding
paper grits were significantly different compared with the other two. Moreover, similar
results were obtained by the statistical analysis of MD and GMD of the particles.

Table 2. One-way ANOVA and post-hoc Tukey’s test results comparing sanding paper grit by particle
number concentration.

Instrument
One-Way ANOVA and
Post-Hoc Tukey’s Test

HSD Q *

HSD0.05 = 1487.09 Q0.05 = 3.33

NanoScan SMPS
P60 vs. P120 1417.28 3.17 (p = 0.07)
P60 vs. P240 5208.77 11.65 (p < 0.001)

P120 vs. P240 3791.49 8.48 (p < 0.001)

HSD0.05 = 27.87 Q0.05 = 3.33

OPS
P60 vs. P120 33.36 3.98 (p = 0.01)
P60 vs. P240 135.94 16.22 (p < 0.001)

P120 vs. P240 102.58 12.24 (p < 0.001)
Note: * studentized range.

3.2. Particle Size Distribution Results

Figure 4 shows the particle normalized number-sized distribution (dN/dlogDp) and
surface area concentration (dS/dlogDp) of airborne PM that was generated during the oak
wood sanding process. According to Hinds and Zhu [32], the normalized concentration
is the total number, surface or mass concentration (dN, dS or dM) within the measured
range divided by the difference between the logarithms (dlogDp) of the lower and upper
diameter of the counted particles. This makes the normalized concentration independent of
the channel width of the instrument, thus results from instruments with different channel



Appl. Sci. 2022, 12, 7644 8 of 14

widths are mutually comparable. Data showed in Figure 4 were calculated as the arithmetic
mean from each treatment.
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concentration measured with NanoScan SMPS; (b) Normalized number concentration measured
with OPS; (c) Normalized surface area concentration (LDSA) measured with NanoScan SMPS;
(d) Normalized surface area concentration (LDSA) measured with OPS.

During the monitoring of the background number concentration of UFP before the
sanding of the oak planks, the shape of a typical Gaussian curve was observed. Thus,
particles with diameter approximately from 75 to 100 nm were dominant in the air. In the
case of CFP, a clear peak was detectable even before the start of sanding, at a size bin from
0.300 to 0.374 µm. Immediately after the start of sanding, the particle distribution in the
test room was rearranged. As seen in Figure 4, the concentration patterns differed between
the investigated sanding paper grits in terms of normalized number concentration as well
as LDSA, similarly, size distribution of particles showed the same trend. Apparent peaks
of UFP and CFP number concentrations were regularly found at size bin in the range of
13.3 to 17.8 nm, and 0.897 to 1.117 µm, respectively. However, the maximum values of
CFP remained at the level of 0.3 µm, with a subsequent sharp decrease. Interestingly, UFP
in size bin midpoints from 64.9 to 154.0 were generated in higher number concentrations
during P60 and P120 grits performance, compared with sanding paper with grit P240.

As can be seen from the graph, despite their dimensions, UFP detected by the
NanoScan SMPS had an order of magnitude higher LDSA than the particles detected
by the OPS, peaking at 154.0 nm. The curves of LDSA associated with particular sanding
paper grits showed higher maximum surface area for P60 (5.39 × 108 nm2/cm3) and P120
(5.12 × 108 nm2/cm3) sanding grits compared with P240 (4.86 × 108 nm2/cm3) sanding
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grit. This was directly associated with the determined UFP number concentration in the
size range of 64.9 to 154.0. On the contrary, the LDSA for CFP determined during the
performance of sanding paper grits P60, P120 and P240, ranged from approximately 135 to
3600, 161 to 3700, and 200 to 6500 µm2/cm3, respectively. Peak LDSA was found for the
CFP diameter of approximately 7 µm.

3.3. Mass Concentration Comparison of Instruments

The sampling frequency of the DustTrak DRX instrument resulted in 900 records from
each measurement. Mass concentration was monitored in four channels, i.e., PM1, PM2.5,
PMresp and PM10. Data were averaged to be comparable with OPS.

The mass concentration determined by OPS was averaged in each of the 16 channel
midpoints for 10 treatments and 15 min of records in each treatment. Subsequently, a
particular fraction of PM was calculated by summing the corresponding range of midpoint
averages: PM1 (from 0.337 to 1.007 µm), PM2.5 (from 0.337 to 2.421 µm), PMresp (from
0.337 to 4.672 µm), and inhalable fraction PM10 (from 0.337 to 9.016 µm).

The normal distribution of data was tested by Shapiro–Wilk test. Figure 5 shows
particulate mass concentration and comparison of used instruments conducted by paired
t test.
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The compared instruments showed no statistically significant difference for PMresp.
Other size categories of PM showed statistically significant differences. Therefore, the
results from DustTrak DRX and OPS did not agree with PM1, PM2.5 and inhalable frac-
tion PM10.

4. Discussion

Wood processing has been known to emit a large amount of inhalable wood dust, but
the emissions of particles with diameters smaller than 10 µm and ultrafine particles, as
well as their exposure levels, remain unclear [33]. The Institute for Occupational Safety
and Health of Germany (IFA/DGUV) recommend two benchmark levels for airborne
particles in the range of 1 nm to 100 nm, based on their density. For materials with a density
exceeding 6 g/cm3, the benchmark level is 20,000 #/cm3, and for materials with lower
density, the benchmark level is twice as large in range of measurement, between 1 and
100 nm [31,34]. The number concentration of 20,000 #/cm3 is recommended for metals,
metal oxides and other bio-persistent granular nanomaterials. Determining the density of
oak wood UFP is beyond the scope of this paper, nevertheless, based on the composition
of oak wood and its standard tabular density at approximately 0.75 g/cm3, a benchmark
level of 40,000 #/cm3 would be more suitable. By comparing this benchmark level with the
measurements of P60, P120 and P240 sanding paper grits at peak values, approximately
81% of this benchmark level was reached by sanding paper with grit P240. Sandpapers
with grits P60 and P120 reached both approximately 72% of the benchmark level. Our
experiment showed that the choice of grit size during sanding process requires serious
attention in association with health impacts in the wood-processing industry.

From the analysis of the time course of the measured data, we found a high degree
of risk for workers after the end of sanding. The decrease in the concentration of airborne
particles in the test room was relatively slow, the original background value from before
the start of sanding was reached only after approximately 3 h, however the test room
was not equipped with suction. Professional sanding commonly means that personal
protective equipment (e.g., respirator) should be used. If so, the worker usually pulls it
down immediately after finishing work, which leads to exposure to high concentrations of
particles in the occupational environment.

Rim et al. [35] investigated the differential effects of coagulation, deposition, and
ventilation on UFP size distribution indoor. They concluded that coagulation is a significant
aerosol process for UFP dynamics and the primary cause for the shift of particle size
distribution following an episodic high-concentration (>20,000 #/cm3) UFP release with no
fans operating. Previous research concluded that a variety of processes and phenomena
can influence indoor particle levels and fates [36,37]. However, when comparing our
results to those of older studies, it must be pointed out that primary attention has been
addressed to residential environment quality. Therefore, it remains unclear how the particle
size distributions shown in Figure 4 were affected, and what causes distinct peaks at
certain particle sizes. The obvious peak might be a result of particle formation due to
combustion initiated by friction between sandpaper and wood. Combustion as a side
effect of abrasion produces particles <50 nm scale [38–40]. These particles might be volatile
organic compounds, semi-volatile organic compounds, elemental carbon, black carbon or
any other products of combustion.

There is also a less distinct peak in Figure 4, at approximately 30 nm. Our data are
generally comparable with those reported in previous literatures, e.g., Zhang et al. [41]
reported bimodal size distribution during the period from 0 to 10 min of wood combustion
process, with a nucleation mode in the size range of 10–20 nm and an Aitken mode peaking
at 40–50 nm. Subsequently, the bimodal distributions gradually became unimodal during
the combustion period from 10 to 15 min. Compared with this study, our results need
further investigation to precisely describe the particle presence at <50 nm, where coarse
sandpaper with grit P60 seems not to produce as many particles from potential combustion
as P240 sandpaper. Moreover, it will be necessary to explain the behavior of particles in the
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size range of approximately 100 to 150 nm, where sandpaper grit P60 increased the number
concentration above the level of both P120 and P240 grits.

In our opinion, there is clear evidence that the surface area is an important metric
for carcinogenic oak wood particles. Cancer of the upper respiratory tract develops after
exposure to many kinds of wood dust. In addition, the wood dust of oak wood seems to
be highly carcinogenic. It is assumed that exposure to wood dust can cause an increased
incidence of other cancers, especially lung cancer and Hodgkin’s disease [42]. In this regard,
we consider oak wood sanding with an orbital sander to be a risky occupational activity,
where the average LDSA for worker is approximately 120,000 µm2/cm3, for each investi-
gated sanding grit. There is a lack of knowledge in the field of wood processing, especially
in terms of occupational exposure to UFP. Comparing different occupational environments,
Buonanno et al. [43] detected LDSA concentrations ranging from 49 to 3200 µm2/cm3

for UFP generated by welding process in the automotive industry. Guerreiro et al. [44]
found LDSA concentrations for welding process ranging from 8325 to 42,896 µm2/cm3 UFP,
with a size of primarily 10–20 nm. According to Salo et al. [45], LDSA in an underground
mine ranged from 137 to 405 µm2/cm3. Our results underline the importance of future
investigation of wood sanding in terms of LDSA, as it appears to be the most relevant
physical metric for quantifying occupational exposure to smaller oak wood dust particles.
Therefore, occupational exposure limits should also include LDSA values.

Several studies have indicated a relation between the coarseness of the sanding paper
and the mass concentration of the generated micro-sized aerosol [18,27,28]. The present
study was designed to determine the effect of sandpaper grit size on airborne particle con-
centration and size distribution in UFP and CFP levels during oak wood sanding. The re-
sults of this study are in contradiction to results of study performed by Fransman et al. [46].
They concluded that the coarseness of the sanding paper did not influence the particle
number concentration. However, they investigated the potential release of nano-objects,
their agglomerates, and aggregates (NOAA) as a result of the sanding of wood surfaces
treated with manufactured nano-object (MNO)-containing coatings.

Exposure to wood dust at different wood working processes was studied by
Scheeper et al. [47] in the Netherlands. It was observed that during hand sanding of wood,
the exposure limit of that time, set at 5 mg/m3, was regularly exceeded. The sanding was
identified as the activity which was responsible for all measured high concentrations. In
contrast, our results showed that sanding of oak wood was always <5 mg/m3 and it was
confirmed by both used instruments, the DustTrak DRX and the OPS. However, when
comparing the results from each instrument, differences were found in PM fraction, except
the respirable. Mass concentrations were normalized to flowrate. Thus, the discrepancy
was most likely caused by calibration. While the DustTrak DRX is calibrated to so-called
Arizona test dust A2 particles [48], the OPS measures number sized distribution primarily
and is calibrated for size with polystyrene latex (PSL) spheres per ISO 12501-1/4 at TSI [49].
To calculate the mass concentration obtained by the OPS, the standard tabular density of
oak wood was set. In addition, the DustTrak DRX uses a cloud of particles to obtain a
scattered signal, while the OPS uses single particle signal.

There are several limitations to the scope of this study. The first limitation is that our
research was not supported by a visual analysis of particles, e.g., using electron microscopy.
Such an analysis would be appropriate for determining the shape of the particles and their
origin, because it is necessary to verify whether the particles came only from oak planks, or
also from aluminum oxide abrasives. It is also necessary to verify whether the contribution
of particles from the sander itself (e.g., from the carbon brush) is negligible. In the future,
more comprehensive study is needed to consider the above-mentioned factors. Therefore,
our future work could extend our study to the analysis of particles via scanning electron
microscopy and determination of the weight of the tested wood planks and sanding papers
before and after the sanding process, with accurate scales. Future research should consider
the effects of particle density more carefully. However, this will require a different approach
in terms of the experiment design and sampling method.
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5. Conclusions

Only for a few nano-objects is there currently large enough knowledge of their ex-
posure, interactions and subsequent health impacts. The objective of this study was to
determine the exposure of workers in the wood-processing industry to airborne particles
generated during oak wood sanding. For comprehensive assessment, it is recommended
that the occupational exposure is determined in parallel with more than one metric. In
accordance with this recommendation, we focused on the measurement of number con-
centration, number size distribution and surface area of airborne particles in ultrafine
and micro-scale sizes. The research was supplemented by the comparison of the used
instruments in terms of mass concentration measurements of CFP.

The main findings and conclusions drawn from the measurements and observations
made during the oak wood sanding are as follows:

• Fine grit (P240) generated the highest mean number concentrations of UFP and CFP,
followed by medium grit (P120) and coarse grit (P60);

• The maximum obtained UFP number concentrations were slightly higher for P60,
compared with P120 grit size;

• By comparing average MD and GMD of UFP generated by particular sanding paper
grits, a decreasing trend from P60 to P240 was found. Conversely, the size of CFP
increased with the fineness of the sanding grit;

• Size distribution of airborne particles was not affected by grit size. Apparent peaks of
UFP and CFP number concentrations were constantly found at approximately 15 nm
and 1 µm, respectively;

• Statistically not significant difference was found for the respirable fraction when
DustTrak DRX was compared with OPS in terms of mass concentration.
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