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Abstract 

Wood dust produced in medium-density fiberboard (MDF) processing is a major occupational hazard in wood 
industry and may damage processing equipment. In many wood processing factories, dust collecting systems need 
to be optimized for the distributional and morphological characteristics of dust in the workshop so that economical 
and efficient dust control can be achieved. In this study, weighting, image analysis and scanning electron microscopy 
(SEM) were applied to explore the effects of different cutting speeds on the distribution and morphology of dust gen-
erated in MDF milling. The results showed that most dust particles were less than 100 μm and that the aspect ratios 
(AR) were between 0.6 and 0.7. There was significant difference in particle number size distribution (PNSD) between 
the dust at different sampling positions. Less amount of dust was located close to cutting center, and fine dust was 
more likely to appear far away from cutting center. Cutting speed was associated with PNSD, but had little effect on 
AR. The findings provide spatial distribution characteristics of MDF dust during milling, which can be helpful for opti-
mizing cutting parameters and locating dust collecting hoods to minimize dust exposure.
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Introduction
Medium-density fiberboard (MDF) is an important 
wood-based panel product in wood industry, which is 
mainly composed of lingo-cellulosic fibers often bound 
together with urea–formaldehyde resin [1]. It has been 
widely applied in the manufacturing of furniture, cabinet 
and wall panel owing to its smooth surface and uniform 
edge [2]. The Food and Agriculture Organization (FAO) 
2018 survey reported that the global output of MDF 
surpassed 99 million  m3, more than half of which was 
contributed by China alone [3]. However, massive quan-
tities of dust are generated when MDF is being cut and 
milled in industrial woodworking. A recent study found 
that the amount of dust produced during MDF milling 
reached up to 30 times of that in pine milling, which was 

far higher than the fold number of 6, as reported in an 
earlier research [4].

Wood dust presents potential safety risks like fire, 
explosion, etc. [5, 6]. Excessive exposure to MDF dust can 
also cause great harm to human health [7]. Some stud-
ies have demonstrated that there is a strong association 
between wood dust and various respiratory diseases like 
asthma, chronic bronchitis, nasal symptoms, and chronic 
impairment in lung function [8]. It has been issued by the 
International Agency for Research on Cancer that wood 
dust is one of carcinogens to induce nasal and paranasal 
sinus malignancies according to extensive epidemiologi-
cal evidences [9]. Meanwhile, wood dust can also affect 
the performance stability of milling machining center if 
it is not cleaned in time and accumulated in the machine. 
This probably causes disordered operation and short cir-
cuit of electronic components, leading to abnormal wear 
of the equipment inducing the increase of maintenance 
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costs and the decrease of equipment life span, and the 
damage to product quality [10, 11].

The most effective way to minimize dust emission is 
directly reducing the dust generated in milling opera-
tion by optimizing cutting parameters especially for the 
milling apparatus not suitable for the installation of dust 
collecting hoods [12]. Among these factors, the cutting 
speed of milling cutter is the most crucial factor, which 
significantly affects spatial distribution characteristics of 
the dust in workshop. Thus, it is necessary to explore the 
impacts of cutting speed on the shape and flowability of 
MDF dust in milling.

Morphological characteristics including particle size 
distribution (PSD) and shape distribution are the fun-
damental factors influencing dust handling behaviors 
such as flowability, bulk density and compressibility, 
etc. [13, 14]. Ockajova et  al. analyzed the factors affect-
ing the granularity of wood sanding dust and considered 
the proportion of dust smaller than 80 μm in diameter is 
89.21%–96.29% [15, 16]. Mazumder found that the aero-
dynamic diameter of most MDF dust particles was less 
than 10 μm [17]. Some reports found that the morphol-
ogy tended to be more uniform with the decrease of 
particle size [18, 19]. Saad et al. used roundness, aspect 
ratio, convexity and filling rate to characterize the mor-
phology of wheat grinding powder and found that small 
particles had more regular morphology than large parti-
cles [20]. However, the distribution of irregularly shaped 
wood particles in space has been rarely studied, and in 

particular limited studies have been performed on size 
and shape characteristics and spatial distribution of MDF 
milling dust.

In the study, spindle rotation speed in milling opera-
tion was set as the main variable, and then spatial distri-
bution and morphological characteristics of MDF dust 
at the same height as the cutting plane were detected for 
qualitative description and quantitative analysis. Flatbed 
scanning image analysis was utilized to measure particle 
number size distribution (PNSD) and aspect ratio (AR) of 
MDF dust [21, 22]. Scanning electron microscopy (SEM) 
was used as a direct assay to check dust morphological 
characteristics.

Experimental
Materials
MDF panels taken from Aiwei Industrial Develop-
ment Co., Ltd, Shanghai, China, was cut apart for 
preparing workpieces with geometric dimension of 
1000  mm × 300  mm × 18  mm (length × width × depth) 
as shown in Fig.  1a. The modulus of elasticity (MOE) 
and modulus of rupture (MOR) of the workpieces were 
4185  MPa and 46.8  MPa, respectively. The moisture 
content (MC) was between 8.7% and 10.4%, and the 
average density was 675.3  kg/m3. The 8-mm-diameter 
straight  shank  solid  carbide milling cutter with 3 edges 
(Huhao Technology Co., Ltd, Hangzhou, China) and the 
milling machine (MGK01, Nanxing Machinery Co., Ltd, 
Dongguan, China) were used for milling operation in the 

Fig. 1 Flowchart of dust sampling and scanning. a Diagram of MDF milling; b up-milling; c an acrylic disc held by a round dish was used to collect 
the falling dust in MDF milling at each sampling point; d flatbed scanning image analysis devices; e dust image
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workshop with the initial temperature of 24 ± 1 ℃ and 
relative humidity (RH) of 60 ± 1%.

Cutting methods
Background dust concentration was adjusted around 
0.07  mg/m3 by measuring initial dust concentration in 
the room before each milling. As shown in Fig.  1b, the 
cutter was rotated counterclockwise during milling while 
the workpiece fixed on the bench by a vacuum chuck 
was fed against the direction of cutter rotation. The cut-
ting parameters are shown in Table 1, the spindle speed 
was set at 8000, 12,000 and 16,000  rpm, and the corre-
sponding cutting speed was 3.351  m/s, 5.027  m/s and 
6.702  m/s, respectively. Actually, cutter rotation affects 
the formation of wood chips with different thickness 
when milling MDF. No matter how cutting parameters 
are set up, the thickness of wood chip exerts a decisive 
effect on the amount of dust [4, 23]. Average particle size 
and median diameter of PSD for MDF milling dust are 
elevated with the increase of average chip thickness [10]. 
Meanwhile, Rautio’s study [23] indicated that the amount 
of airborne dust was increased strongly when chip thick-
ness was lower than 0.05 mm. To generate more dust and 
exclude the interference caused by different chip thick-
ness, average cutting thickness for all of three groups in 
our experiments was set as 0.05 mm. Therefore, the feed 
rate was adjusted according to the following Eq. 1:

where u is the feed rate (m/min), hm is the average chip 
thickness (mm), n is the rotation rate (r/min), z is the 
number of milling edges on the tool, h is the milling 
depth (mm) and D is the tool diameter (mm). The feed 
rates of three groups were 3.394  m/min, 5.091  m/min 
and 6.788 m/min, respectively.

To ensure similar dust amount in total, the depth 
and width of cutting in the three groups was kept 
consistent, and the total volume for each group was 
3  mm × 1000  mm × 300  mm. The dust collection was 
kept 4 h after milling till the dust in the air was reduced 

(1)u =
hmnz

1000

√

D

h
(for h ≪ D),

to the initial level before cutting, which meant the dust 
generated in milling basically fell down to the ground 
rather than floated in the air. The falling dust was col-
lected using an acrylic disc with a diameter of 100  mm 
(Fig. 1c), which was then weighed and analyzed by flatbed 
scanning, etc. (Fig. 1d–e).

Sampling places
MDF workpiece was placed on the horizontal plane 
0.7  m above the ground, and XOY coordinate system 
was established by marking the center of the plate as the 
origin 0. Twelve sampling lines were arranged along the 
X-axis direction at an interval of 0.5 m, which was labeled 
as A to L, respectively. Likewise, 7 sampling lines marked 
as A’–G’ was distributed parallel to Y-axis direction. Then 
sampling points were located at the cross points of these 
lines. Dust mass around the cutting center changed rap-
idly, and 6 more sampling points are added near the cut-
ting center including (− 0.25, − 0.5), (0.25, 0.5), (− 0.25, 
0), (0.25, 0.5), (0.25, 0.5) and (0.25, 0.5) to improve exper-
imental accuracy. The top view of the layout of sampling 
places is shown in Fig. 2, where totally 90 sampling points 
were included.

Flatbed scanning image analysis
Flatbed scanning can be utilized to present the real size 
of needle-shaped particles like biomass materials. As 
shown in Fig. 1a, d, vacuum dispersion device (VDD270, 
Occhio s.a., Angleur, Belgium) were employed to disperse 
MDF dust, where 5 mg of the particles for each sampling 
place were placed on a cylindrical chamber covered with 
polyethylene (PE) film. The air inside the chamber was 
pumped out, and the particles fell into the chamber and 
gently settled on the glass plate of the image analyzer 
(scan600, Occhio s.a., Angleur, Belgium) for image analy-
sis once the vacuum level was low enough to destroy the 
PE film. The images of scanned samples were instantane-
ously analyzed by the built-in software CallistoEXPERT 
to calculate particle size and shape distribution (Fig. 1e). 

Table 1 Milling parameters at three cutting speeds

Cutting width, mm Cutting depth, mm Spindle 
speed, rpm

Cutting 
speed, 
m/s

Feed rate, m/min Total time of 
milling, min

Total volume of removed MDF,  m3

3 1 8000 3.351 3.394 105 9 ×  10–4

12,000 5.027 5.091 75

16,000 6.702 6.788 61
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Assuming that all particles had identical flatness ratios, 
the area-equivalent diameter was figured out by measur-
ing the projected area of particles on the scanning plane 
according to Eq. 2:

where dae is the area-equivalent diameter (µm), Ap is the 
projected area of particles on the scanning plane calcu-
lated by software (µm2) (Fig. 3).

PMSD can be converted from area-equivalent diam-
eter, which is quite different from actual value since 
MDF dust particles are irregular. Although it is not com-
monly used in wood industry, PNSD can be more intui-
tive and accurate to reflect dust characteristic in image 
analysis compared to PMSD. Therefore, spatial PNSD of 
MDF dust was calculated in the present study. Usually, 
the dust particles smaller than 10 μm were less than 10% 
of all particles by mass [1]. However, a large quantity of 
such fine particles was still able to cause great damage in 
human health and equipment safety.

The shape of the particles is tightly correlated to the 
flowability of a dust [24]. Unlike metal materials and 
coal, MDF dust mainly composed of wood fibers has a 

(2)dae(µm) = 2

√

Ap

π
,

larger length-to-width ratio. The particles with higher 
elongation have greater internal cohesion, resulting in 
the increase of the ability to resist external shear force 
and the decrease of flowability [25]. To describe particle 

Fig. 2 Top view of workshop of MDF milling and layout of sampling points

Fig. 3 The area, area-equivalent diameter, length and width of a 
particle projection
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geometric proportion, the shape characteristics of MDF 
particle are quantified by AR, which was calculated by 
Eq. 3:

where W is the width of the minimum box that contains 
the projected outline of a particle with the principal 
directions the same as the projection of the particle, and 
L is the length of the box (Fig. 3).

Scanning electron microscopy (SEM)
SEM together with image analysis can be used to meas-
ure particle size and distribution of airborne sanding dust 
[26]. Similarly, the particles obtained from the sampling 
points with spatial representativeness were in the oven 
till completely dried, and then they were coated with gold 
by a sputter coater (JFC 1600, JEOL Ltd, Tokyo, Japan) 
and placed in a SEM (JSM 7600F, JEOL Ltd, Tokyo, 
Japan) for photographing.

Results and discussion
Spatial distribution characteristics of MDF milling dust 
included spatial distribution of dust mass, spatial PNSD 
and spatial particle shape distribution. All of contour 
maps were generated by interpolation with the data in 
Additional file 1: Table S1–S18.

Spatial distribution of dust mass
The contour map of dust mass was drawn by measuring 
the net weight of the dust collected on the acrylic disc at 
every sampling place. No sampling places were located 
on the workpiece during milling, and the net weight of 
the dust in cutting center was defaulted to the maximum 
value of the scale, i.e., 10,000 mg. The contour maps dis-
played that the vast majority of the dust fell within a cir-
cular region centered on cutting origin with a radius of 
0.5 m (Fig. 4). The regions embraced by various contour 
lines represented the areas for equal dust mass, among 
which the areas heavier than 12 mg were expanded with 
the increase of cutting speed, indicating that cutting 
speed spread the diffusion gradients of MDF dust. In 
contrast, the wood dust of 6  mg was scattered around, 
especially at cutting speed of 3.351 m/s, which might be 
due to lacking the interference of air turbulence at high 
cutting speeds.

Sampling places located on the same line were selected 
to representatively quantify the trend of dust mass distri-
bution. When Y equaled 0, dust mass curves for the sam-
plings on Line F’ at different cutting speeds are displayed 
in Fig. 5. Dust mass reached up to the maximum around 
the cutting center, and it was asymmetrically decreased 

(3)AR =
W

L
,

on both sides of cutting center. Obviously, the change 
in the right side (X > 0) was slower than the other side 
(X < 0), regardless of cutting speeds. When X was located 
at − 1.0 m, the dust mass was all below 10 mg, and almost 
maintained the constant level till the left end. In opposite 
direction, the dust mass was decreased to about 10 mg at 
3 m away from the cutting center. Such directionality of 
dust mass distribution indicated the dust mainly flew to 
the positive direction of X-axis, which was 270° clockwise 
direction of the initial direction of cutting speed, suggest-
ing there might be a relatively safe position for workers 
in milling MDF. Meanwhile, the higher the cutting speed, 
the more the dust mass accumulated in the direction of 
X > 0. This might be caused by the particles having higher 
kinetic energy in the airflow with higher velocity result-
ing from higher cutting speeds, which traveled further in 
the rotating flow field.

Spatial particle number size distribution
The median sizes (the 50th percentile value) of MDF 
dust at three cutting speeds were very close, which were 
25.138, 26.077 and 27.226 μm, respectively (Table 2). The 
mean sizes (33.338, 34.042 and 34.35  μm) were much 
higher than the median values, though they were also 
rather close to each other (Table  2), so were the stand-
ard deviations. The difference between median and mean 
sizes might be due to massive existence of relatively larger 
particles at the sampling places around the cutting center.

According to American Conference of Governmen-
tal Industrial Hygienists, PNSD identified by flatbed 
scanning image analysis can be divided into the respir-
able (dae < 10  μm), thoracic (dae < 25  μm) and inhalable 
(dae < 100  μm) fractions [27]. Given that the dust with 
large size could cause damage to the equipment, the dust 
with dae > 100  μm was also set as another fraction. The 
contours of four fractions of MDF dust at each sampling 
place are shown in Fig. 6. The dust dropping on the work-
piece was sampled for analyzing the PNSD of the dust 
around the cutting center. The black areas missing data 
in contours resulted from less than 5 mg of the dust col-
lected at the sampling place.

The contour map showed that the majority (more 
than 80.51%) of the MDF dust was smaller than 100 μm 
(Fig. 6a), which could be breathed into nose and mouth 
[28]. Similar result was obtained in wood sanding by 
Ding and Ockajova [29, 30]. The proportions of thoracic 
particles were from 30.87% to 67.84%, which was able to 
penetrate head airways and enter lung airways (Fig. 6b). 
Respirable fraction (97.14%–21.75%), known as  PM10, 
penetrated deeply into the respiratory tracts, including 
bronchial, bronchioles and the gas exchange region of the 
pulmonary alveoli [31] (Fig.  6c). Although the particles 
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with dae > 100  μm accounted for a significant propor-
tion in mass as reported in Chaloupkova’s and Benthien’s 
studies [16, 17], they only covered about 3.97% of all 
MDF dust (Fig. 6d).

Notably, regular regional heterogeneity existed in the 
quantitative proportion of four particle fractions. The 
concentration of fine dust close to cutting center was 
lower than the places far away from it. The amount of 

respirable, thoracic and inhalable fractions increased 
with the extension of X positive direction. For example, 
both respirable and thoracic fractions at the coordinates 
of (3.5, 0) were nearly twice as much as at cutting center 
(0, 0) under three cutting speeds. Moreover, the propor-
tion of inhalable dust within 0.5  m around the cutting 
center was 19.17%, which was far lower than that of MDF 
sanding dust in Ding’s study (99.6%) [29], whereas the 

Fig. 4 The mass contour of dust particles collected from all sampling points at different cutting speeds
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particles with dae > 100 μm, was only 19.49%, as shown in 
the lower left part of the contour map (Fig. 6d). Interest-
ingly, for almost all fractions of particle sizes, the contour 
lines with the same value in the contour map preferably 
move toward the positive direction of X-axis with the 
increase of cutting speed.

To quantitatively compare PNSD at different places, 
three positions with an interval of 1 m were selected on 
the horizontal axis passing through the central point to 
create bar charts (Fig. 7), which displayed that MDF dust 
with the particle sizes of 20–30  μm accounted for the 
most proportion. The percentage for MDF particles lower 
than 30 μm increased continuously with the increase of 
the distance between the cutting center and the sampling 
points, whereas the particles larger than 30 μm had the 
opposite trend. Under all cutting speeds, cumulative 
curve at the position (0.5, 0) was smoother than the other 
two positions, suggesting that PNSD was more discrete 
near cutting center than in the areas farther away, where 
over 90% particles were less than 50 μm.

Cutting speed also affected PNSD at different positions 
as shown in Fig. 8. At the same sampling places, cutting 
speed was almost negatively correlated with the amount 
of the dust with dae less than 50 μm, but positively cor-
related with the dust with dae between 50 and 100  μm. 
The two fractions of dust with dae < 50 μm and dae from 
50 to 100 μm at sampling point (0.5, 0) had more obvi-
ous changes with the increase of cutting speed compared 
with the other two sampling points.

Herein, it can be seen that PNSD was relevant to cut-
ting speed and the distance from the cutting center both. 
The higher the spindle speed, the higher air velocity in 
the flow field and the more unstable the turbulence, and 
then the particles had a high initial velocity when they 
escaped from the MDF board in the case of high cut-
ting speed. As a result, the dust with large particle sizes 
obtained a longer stride when falling into the ground due 
to the influence of gravity. Higher air velocity could cause 
dust re-entrainment, so that the dust with larger dae was 
moved from the position near cutting center to the other 
positions. Thus, there was a positive correlation between 
the cutting speed and PNSD dispersion at each position 
in the workshop, which was very obvious in the positive 
direction of X-axis.

Spatial particle shape distribution characteristics
As shown in Table  2, the AR of dust particle obtained 
by two-dimensional projection scanning were displayed 
as the mean of AR, which was a little lower than AR 
median. AR contours of all sampling points at different 

Fig. 5 The dust mass curves for dust particles collected from sampling points on Line F’ (y = 0) at different cutting speeds

Table 2 The mean and median value of particle size and aspect 
ratio from all sampling points at three cutting speeds

Cutting 
speed, 
m/s

Particle size, μm Aspect ratio

Mean Median value Mean Median value

3.394 33.3 (14.6) 25.1 (6.5) 0.634 (0.016) 0.665 (0.008)

5.091 34.0 (11.9) 26.1 (6.4) 0.627 (0.018) 0.660 (0.012)

6.788 34.4 (11.5) 27.2 (6.0) 0.627 (0.015) 0.660 (0.010)
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cutting speeds are shown in Fig. 9. The area contained by 
the contour with equivalent levels of AR was increased 
with the increase of cutting speed where AR mean values 
was subtly varied between 0.60 and 0.66, corresponding 
to different sampling points. Although only a moderate 
variation in AR was found, the area contained in the con-
tour for similar average value was augmented with the 
increase of cutting speed, which also suggested that AR 
mean was affected by cutting speed slightly.

Then AR distribution at the coordinates of (0.5, 0), 
(1.5, 0) and (2.5, 0) on Line F’ was compared as shown 
in Fig. 10, where the percentage of quantity correspond-
ing to a series of AR had similar tendency under differ-
ent cutting speeds. The proportion of particles with AR 
between 0.65 and 0.75 accounted for 18.626–32.179%, 
which was at least 2 times higher than other particle 
groups attributed to the left-skewed distribution. The 
result revealed the reason why the AR mean was lower 

Fig. 6 The contour of number percentage of particles with a deq < 100 μm (the inhalable fraction); b deq < 25 μm (the thoracic fraction); c 
deq < 10 μm (the respirable fraction); d deq > 100 μm at different cutting speeds
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than AR median. The AR values of MDF sanding parti-
cles less than 10 μm ranged between 0.7 and 0.8, which 
was consistent with previous report [29]. AR distribution 
was relatively uniform in the range of 0.45–0.65 and very 
few particles were found when AR was less than 0.2 or 
more than 0.9. Notably, AR distribution was significantly 
influenced by the distance away from the cutting center. 
The farther away from the cutting center the sampling 
point, the more the dust with AR between 0.65 and 0.75, 
and vice versa, which might result from the high propor-
tion of small particles in size.

Regression analysis was performed to define the vari-
ations in average particle size and AR with the change 
of X-axis coordinates on line F’ as shown in Fig.  11. 
Under different cutting speeds, average particle size 
was decreased in a quadratic negative correlation with 
the distance from the cutting center, whereas AR was 
proportionally correlated with the range. The regres-
sion equations for smooth curves fitted to the change of 
average particle size at different cutting speeds were dis-
played as follows, respectively:

The regression lines of AR at different cutting speeds 
were crossed at the end of X positive direction, sug-
gesting that the effect of cutting speed on AR was not 
significant, which were also presented in the following 
equations, separately:

Importantly, the smaller the particles generated dur-
ing MDF milling, the more even the shape to a certain 

y = 58.91− 7.620x + 0.364x2(v = 3.351 m/s),

y = 83.352− 13.363x + 0.703x2(v = 5.027 m/s),

y = 102.995− 17.906x + 0.972x2(v = 6.702 m/s).

y = 0.580+ 0.007x(v = 3.351 m/s),

y = 0.538+ 0.012x(v = 5.027 m/s),

y = 0.564 + 0.009x(v = 6.702 m/s).

Fig. 7 The PNSD of dust particles collected from sampling points at the coordinates of (0.5, 0), (1.5, 0) and (2.5, 0)
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extent, i.e., the reduction of MDF dust in size gradually 
decreased the discrepancy of MDF dust in shape and 
made them more homogeneous. This was also consistent 
with bio-based particles in previous studies [20, 32, 33].

SEM analysis was also carried out to check the shape 
of particles, and the SEM image of the most typical par-
ticle is shown in Fig.  12a. The deq was approximately 
35 μm and AR was 0.71. A massive number of such parti-
cles existed in whole space, which became the maximum 
amount of particles produced in MDF milling. They 
were morphologically different from wood fiber, which 
are more like the chemical components of MDF panel, 
such as urea formaldehyde resin and the combination of 
chemical additives and wood fiber derived from the MDF 
panel. Most of the fiber bundles were fractured after tool 
extrusion as shown in Fig.  12b. The fiber was usually 
about 1 mm in length, and the broken fiber was 100 μm 
or so, close to the average cutting thickness of 0.05 mm, 
which proved the damage of the cutting tool to the fiber.

Fig. 8 The relationship between cutting speed and proportion of particles with deq of 0–50 μm and 50–100 μm collected at the coordinates of (0.5, 
0), (1.5, 0) and (2.5, 0)

Fig. 9 The contour map of mean AR of dust particles collected from 
the indicated sampling points at different cutting speeds
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Conclusions
In the study, the mass, PNSD and AR of the dust gen-
erated in workshop during MDF milling were investi-
gated by weighting, flatbed scanning image analysis and 
scanning electron microscopy. We found the majority 
of MDF dust spread in the direction of 270° clockwise 
of initial direction of cutting speed (positive axis of 
X). There were significant differences for PNSD at dif-
ferent positions. The amount of fine dust far from cut-
ting center was more than that around cutting center. 
Similarly, AR distribution was significantly affected, i.e., 
the farther away from the cutting center, the more con-
centrated the AR value of dust. The higher the cutting 
speed, the less the amount of fine dust far away from 
cutting center. The total amount of dust was increased 
with the augment of cutting speed, while cutting speed 
did not have significant effect on AR. The positions 

Fig. 10 The aspect ratios of dust particles collected from sampling points at the coordinates of (0.5, 0), (1.5, 0) and (2.5, 0)

Fig. 11 The means of particle sizes and aspect ratios showed the 
opposite trend with the increase of X value
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in the negative X direction near cutting center due to 
lower mass of dust and less proportion of respirable 
dust might be the most suitable location for operators. 
Conversely, installing dust collecting hoods in posi-
tive X direction could improve the efficiency of dust 
removal. These findings for spatial distribution charac-
teristics of MDF dust might provide a theoretical basis 
to better MDF dust control in wood processing indus-
try and offered constructive strategies for reducing 
harmful dust to humans and equipment by optimizing 
cutting parameters and location of operators.
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