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Influence of Cutting Attachment on Noise
Level Emitted by Brush Cutter during
Tending of Young Forests
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Abstract
A brush cutter is the most frequently used equipment for tending young forests. When cutting
unwanted vegetation, the operator is exposed to various harmful factors, such as: a forced body
position, noise, vibrations and exhaust emissions. In this study, the impact of cutting attachment type on the noise level during tending of young pine stands was examined. The attachments used during the tests included: a wire head and cutting blades with 2, 3 and 24 cutting
teeth. The research was carried out on 2–3 year old Scots pine plantations covered with three
types of vegetation: herbaceous, mixed and woody. It was proven that the the wire head was
the device that generated the highest level of noise. In the case of cutting blades, the number
of cutting teeth was the important factor. The greater the number of teeth in the cutting blades,
the lower the noise level the device produced. There was no significant influence of vegetation
type on noise emission level. Based on the results, in order to minimize operators’ exposure to
noise, the use of wire cutting attachment should be limited.
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1. Introduction
Spring and summer are periods of intensive silvicultural works like weeding in young stands and
early cleaning. According to Jaworski (2013), the cultivation/tending of younger stands is mainly related
to weed control and soil care by loosening the soil with
the use of hand tools (hoes) or mechanical tools (disc
harrows, weeders). In older forests, early cleaning is
performed by removing or inhibiting the growth of
redundant admixture species, removing diseased, deformed and older trees or trees that are too large, and
thinning out overly dense parts of the plantation. In
2017, soil cultivation and weed cutting was carried out
on 178.1 thousand hectares on the area managed by
the State Forests National Forest Holding in Poland
(Statistical… 2018).
In the past, these tasks were performed using simple hand tools: machetes, axes and scythes. It was a
very hard and inefficient job requiring a significant
energy expenditure from the workers (Grzywiński
2009; International Labour Office 1998). Cutting weeds
on plantations with scythe caused energy expenditure
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of up to 10.1 MJ x 8 h-1 (Grzywiński 2009). Some features of plantation tending inhibit mechanization:
close spacing between trees and rows (approx. 1.5 m),
large number of trees (4–10 thousand per ha) and numerous terrain obstacles (e.g. stumps, stones). Workers carrying the tasks are usually paid per piece rate.
Their remuneration depends on the successfully managed area – irrespective of difficulty. Toupin et al.
(2007) claim that this may directly lead to hazardous
behaviours on the part of the workers who put their
health and safety at risk. As a result of the abovementioned factors, new technologies and techniques of
tending young stands are needed that would benefit
the workers’ safety and efficiency, and limit the energy
expenditure.
Brush cutters (mechanical scythes) are used for cutting herbaceous plants in forest plantations (Dubeau
et al. 2012; International Labour Office 1998; Więsik
and Aniszewska 2011). These are portable machines
hooked to a harness and controlled manually,
equipped with a cutting attachment on a rod, about 1 m
long (Więsik et al. 2005, Wójcik 2008, 2015). Professional
brush cutters weigh around 8–9 kg with accessories
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and their power is about 2 kW (Uusitalo 2010).
Grzywiński (2009) investigated the energy expenditure of tending forest plantations with a brush cutter.
This research showed that total energy expenditure for
an 8-hour shift was 3.9 MJ x 8 h-1, which classifies mechanical weed cutting as a moderately heavy work.
Mechanical brush cutters are equipped with an internal combustion engine, which affects the operators’
health and safety by producing noise, vibration and
exhaust emissions. Noise severely affects the health
among brush cutters (Dziurdź 2011, Ising and Kruppa
2004, Muzet 2002, Nelson et al. 2005, Pettersson 2013).
The most common symptoms are: hearing loss, stress,
irritation, memory loss and sleep disturbance (Nelson
et al. 2005, Ouis 1999, Shah et al. 2018, Stansfeld et al.
2000, Tengku et al. 2013). Long-term exposure to vibrations may also have negative health effects in the form
of vascular, neurological and musculoskeletal disorders (Dziurdź 2011, Ko et al. 2011, Pettersson 2013,
Truţa et al. 2013). Various aspects of working with a
brush cutter have been researched by many authors;
however, the issue of noise level emitted by different
cutting attachments while tending forest plantations
has not been assessed yet.
The aim of the study is to show the differences in
the noise level emitted by brush cutters with the use
of various types of cutting attachments in tending forest plantations affected by weeds of herbaceous,
woody and mixed plants. According to our hypothesis, cutting units aggregated to the brush cutter have
a significant impact on the level of emitted noise. The
results may prove helpful when selecting a proper cutting attachment for brush cutters to reduce arduousness at work.

2. Materials and Methods
Measurements of noise exposure were carried out
in summer 2018 during tending of forest plantations
in one of the forest districts of southwestern Poland.
The research was carried out on three forest plantations aged 2–3 years. The cutting devices used in the
study included: a wire head Speed Feed with an
Oregon Flexiblade 2.4 mm wire and cutting blades
with 2, 3 and 24 cutting teeth (multi-tooth blade)
(Fig. 1). All these devices were mounted on the same
brush cutter – a semi-professional Shindaiwa C 3410
with engine capacity of 34.0 cm3 and 1.11 kW power.
Measurements were conducted during sunny and
windless weather, and the brush cutter was operated
by the same person throughout the entire study.
Depending on the type of mown plant cover, the
study was executed in three variants: herbaceous veg-
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Fig. 1 Cutting devices used in the study
etation (grasses, sedges, etc.), mixed vegetation (grasses, sedges, brushes, blackberries, small trees) and
woody vegetation (trees with a diameter exceeding
1 cm). In the first two variants, all cutting devices were
tested in 15 repetitions, 5 minutes each (n = 2 vegetation variants × 4 cutting units × 15 samples). In the case
of woody vegetation, only the 3 tooth and 24 tooth
blades were examined, due to the risk of damaging the
brush cutter when using a 2 tooth blade, and to avoid
an excessive use of cutting wire (n = 1 vegetation variant x 2 cutting devices x 15 samples). The operator
worked at the same regular pace and using the same
technique in all variants. In order to calculate the Aweighted noise exposure in an 8 h working shift, a
constant effective working time of 4.96 h per day was
assumed – following the results of Sowa et al. (2002).
Measurements were done using a SVANTEK SV
102 dosimeter. The following parameters were registered:
Þ LAmax (dB) – A-weighted maximum sound pressure level
Þ LCpeak (dB) – C-weighted peak sound pressure
level
Þ LAeq (dB) – A-weighted equivalent continuous
sound pressure level
Þ LEX,8 h (dB) – A-weighted noise exposure level
normalized to a nominal 8 h working day.
Noise measurements were conducted according to
norm EN ISO 22868. In order to keep a fixed distance
between the sensor and cutting device during measurements, the microphone was mounted at the top of
the operator’s helmet – about 10 cm from his ear and
about 90 cm form brush cutter suspension hook. The
distance from the engine was about 60 cm.
The A-weighted noise exposure level normalized
to an 8 h working day was calculated according to the
formula (EN ISO 9612:2009):
Croat. j. for. eng. 41(2020)1
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nonparametric Kruskall-Wallis test was used. Nonparametric comparisons for each pair were made using Wilcoxon Rank Sums Test (nonparametric version
of Each Pair, Student’s t method; α=0.05). In Tables 1
and 2, average sound pressure levels calculated according to equation 2 and exposures calculated according to equation 1 are presented for various attachments and plant cover types. Different letters indicate
that the means are significantly different (p<0.05).

Where:
LAeqTe	A-weighted equivalent continuous sound pressure level for Te
Te	effective duration of the working day, in hours
reference duration, T0 = 8 h
T0
Average sound pressure levels were calculated according to the formula (Figlus et al. 2013):
n
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3. Results
The analysis of recorded data showed that the
acoustic energy LEX,8h received by the operator working
on the brush cutter equipped with wire head was significantly greater comparing to 24 tooth blade, regardless of vegetation type. Other cutting attachments
emitted much lower noise levels. The 2 tooth blade
generated significantly less acoustic energy than a wire
head when cutting herbaceous and mixed vegetation.

Where:
n
number of measurements
Lk
sound pressure level during k measurement, dB.
Statistical analyses were performed using the Statistica v. 13 software package (StatSoft Inc., Tulsa, OK,
USA). As the data were not normally distributed, a

Table 1 Mean values of measured noise parameters; different letters indicate that means are significantly different at p<0.05
Herbaceous vegetation
Cutting device

Mean

n

LAmax, dB

LCpeak, dB

LAeq, dB

LEX,8h, dB

Wire head

15

97.6060 a

122.1492 a

94.6602 a

92.5842 a

2 tooth blade

15

95.1992 b

118.5511 b

89.3025 b

87.2264 b

3 tooth blade

15

95.7070 b

117.8251 b

89.1312 b

87.0551 b

24 tooth blade

14

93.9280 b

Results of nonparametric
Kruskall-Wallis tests

114.1140 c

88.6901 b

86.6141 b

χ

p

χ

p

χ

p

χ

p

16.39

0.0009

39.65

<0.0001

39.02

<0.0001

39.02

<0.0001

2

2

2

2

Mixed vegetation
Cutting device

Mean

n

LAmax, dB

LCpeak, dB

LAeq, dB

LEX,8h, dB

Wire head

15

97.1779 b

122.7555 a

93.6899 a

91.6138 a

2 tooth blade

15

99.0419 a

121.6061 b

90.5396 b

88.4635 b

3 tooth blade

14

95.0285 c

116.3345 c

89.7766 b

88.0002 b

24 tooth blade

15

94.9587 c

Results of nonparametric
Kruskall-Wallis tests

115.4632 c

87.5689 c

85.4928 c

χ

p

χ

p

χ

p

χ

p

28.86

<0.0001

40.19

<0.0001

50.23

<0.0001

50.23

<0.0001

2

2

2

2

Woody vegetation
Cutting device

Mean

n

3 tooth blade

15

24 tooth blade

15

Results of nonparametric
Wilcoxon tests
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LAmax, dB

LCpeak, dB

LAeq, dB

LEX,8h, dB

99.1528 a

120.6737 a

91.5480 a

89.4719 a

96.6204 b

115.6657 b

89.3393 b

87.2632 b

χ2

p

χ2

p

χ2

p

χ2

p

8.93

0.0028

21.22

<0.0001

19.18

<0.0001

19.18

<0.0001
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Table 2 Mean values of measured noise parameters; different letters indicate that means are significantly different at p<0.05
Wire head
Vegetation variant

Mean

n

LAmax, dB

LCpeak, dB

LAeq, dB

LEX,8h, dB

Herbaceous vegetation

15

97.6060

122.1492

94.6602

92.5842

Mixed vegetation

15

97.1779

122.7555

93.6899

91.6138

Results of nonparametric
Wilcoxon tests

c2

p

c2

p

c2

p

c2

p

0.62

0.4302

0.95

0.3295

1.16

0.2806

1.16

0.2806

2 tooth blade
Vegetation variant

Mean

n

Herbaceous vegetation

15

Mixed vegetation

15

Results of nonparametric
Wilcoxon tests

LAmax, dB

LCpeak, dB

LAeq, dB

LEX,8h, dB

95.1992 b

118.5511 b

89.3025 b

87.2264 b

99.0419 a

121.6061 a

90.5396 a

88.4635 a

c2

p

c2

p

c2

p

c2

p

16.03

<0.0001

12.90

0.0003

21.71

<0.0001

21.71

<0.0001

3 tooth blade
Vegetation variant

Mean

n

LAmax, dB

LCpeak, dB

LAeq, dB

LEX,8h, dB

Herbaceous vegetation

15

95.7070 b

117.8251 b

89.1312 c

87.0551 c

Mixed vegetation

14

95.0285 b

116.3345 c

89.7766 b

88.0002 b

Woody vegetation

15

Results of nonparametric
Kruskall-Wallis tests

99.1528 a

120.6737 a

91.5480 a

89.4719 a

c2

p

c2

p

c2

p

c2

p

18.90

0.0028

23.18

<0.0001

33.25

<0.0001

33.25

<0.0001

24 tooth blade
Vegetation variant

Mean

n

LAmax, dB

LCpeak, dB

LAeq, dB

LEX,8h, dB

14

93.9280 b

114.1140

88.6901 b

86.6141 b

Mixed vegetation

15

94.9587 b

115.4632

87.5689 c

85.4928 c

Woody vegetation

15

96.6204 a

115.6657

89.3393 b

87.2632 b

Herbaceous vegetation

Results of nonparametric
Kruskall-Wallis tests

c2

p

c2

p

c2

p

c2

p

10.49

0.0053

5.03

0.0810

31.55

<0.0001

31.55

<0.0001

The 3 tooth blade was slightly quieter than the 2 tooth
blade in all vegetation variants. The 24 tooth blade
emitted the lowest amount of acoustic energy in all
examined vegetation types (Table 1).
Mean acoustic pressure level for measurement period (LAeq) was also the highest in the case of the wire
head. The difference between the wire head and 24
tooth blade was about 6 dB when cutting in herbaceous and mixed vegetation, whereas differences between blades were about 1–2 dB. The 24 tooth blade
emitted 2 dB less acoustic pressure (LAeq) while cutting
woody vegetation (Table 1).
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The statistical analysis of the amount of acoustic
energy (LEX,8h) emitted by the brush cutter and mean
acoustic pressure level (LAeq) showed significant differences between the wire head and the rest of the
cutting devices during cutting of herbaceous plants
(Table 1). In the mixed vegetation variant, significant
differences were found between the wire head and
cutting blades, as well as between the 24-tooth blade
and the rest of the blades. The statistical analysis also
confirmed significant differences between the 3-tooth
blade and the 24 tooth blade during cutting of woody
plants (Table 1).
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The type of cut vegetation also proved to have influence on noise level. In the case of all blade attachments, there was a significant difference in noise level
depending on the type of vegetation. In the case of
wire head, however, the type of cut plants did not have
a significant impact (Table 2).

4. Discussion
It is well known that noise has a significant impact
on human health, and the main risk connected with
exposure to noise at work involves a temporary or
permanent hearing damage. All workers who are or
are likely to be exposed to risks related to noise as a
result of their work should be protected against its
negative effects. Operators of motor-manual machines, like brush cutters while tending young forest
plantations, are particularly exposed to high noise
levels. The study showed that both cutting attachement and the type of cut vegetation influenced the
noise emission level. The obtained results indicate that
hearing protection must be used as the exposures in
all variants exceeded 85 dB, according to the Directive
2003/10/EC.
The wire head was the device that emitted the highest noise level in all vegetation variants. This may be
caused by various reasons. For example, the length and
thickness of the wire influences the cutting resistance,
which forces the operator to increase engine revolutions. According to Sorică (2018), the engine revolutions per minute have a significant influence on the
sound pressure and sound energy levels, which increase as the engine rpm increases. When cutting the
plants, the cutting wire encounters many different
types of obstacles, such as forest dead wood, small
trees, hard plant stems, which cause its radial and axial deformations. These deformations cause a significant increase in noise levels (Shao et al. 2010). According to Mallick (2010), the optimal length of the cutting
wire during cutting should not exceed 10 cm. As far as
cutting blades are concerned, it is possible to use the
inertia force of the cutting disc, which means that the
motor does not have to be maintained at a high speed.
Moreover, our study showed that the number of
cutting teeth had a significant impact on the emission
of acoustic energy. As the number of teeth in the cutting device increased, the noise emission level decreased. A statistical analysis confirmed that the least
noise was generated by the 24 tooth blade. Similar
conclusions were also achieved by other authors
(Kvietková et al. 2015).
There are many other factors that significantly influence the noise level when using a brush cutter. One
Croat. j. for. eng. 41(2020)1
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of these elements influencing the operator’s exposure
to noise is a cumulative effect of several operators
working in close proximity (Mallick 2009). While
working in teams, operators should keep a distance of
minimum 15 m between each other to avoid cumulative exposure to noise (Haron et al. 2015). On the other hand, the engine power and capacity, as well as its
technical condition, directly impact the noise level to
which the operator is exposed (Figlus et al. 2013).
The present study is one of the few dedicated to
the issue of noise level emitted by a brush cutter when
cutting unwanted plants in forest plantations. This
study focuses on the influence of the cutting attachment type and type of cut vegetation on the noise
level, which significantly affects the operator’s exposure to it. The authors realize that, apart from these
two, other factors (technical, organizational) may
have an impact on the noise level produced by brush
cutter work. It is therefore necessary to carry out further research on this subject, with a view to introducing solutions to minimize the harmful effects of noise
at work. It is also crucial to increase the awareness
and knowledge of employees about the harmful effects of noise, as well as to promote the use of personal protective equipment allowing to reduce its
negative effects.

5. Conclusions
ÞB
 oth cutting attachment and cut vegetation significantly influence the noise level
Þ The wire head is the cutting attachment that
causes the highest noise emissions
Þ The number of cutting teeth in the cutting blade
influences the noise level significantly – with the
increase in the number of teeth, the noise level
decreases.
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