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Abstract: Noise assessment for selected seed ex-
traction plants. In the process of seed extraction,
extraction plant staff is exposed to work in oner-
ous conditions due to noise. The article outlines
the results of noise measurements in the cone ex-
traction hall and office rooms within the extrac-
tion plant operating in the Czarna Biatostocka
and Grotniki forest districts. The measurements
were carried out in accordance with standard
PN-EN ISO 11201:1999, at work stations, while
the extraction cabinets, separators and thresher
riddle were in use for the purpose of seed extrac-
tion and processing. The results obtained were
confronted with the applicable standards and
provisions concerning admissible noise levels at
work stations. The average noise value (L Aeq)T) in
the production hall equalled 83.7 +2.0 dB(A) in
Czarna Biatostocka and 81.2 1.4 dB(A) in Grot-
niki. In both extraction plants, these values should
be considered onerous for the employees and the
risk due to exposure to noise should be considered
moderate. The most significant source of noise
emission in the Czarna Biatostocka seed extrac-
tion plant is the mechanical seed thresher riddle,
while in Grotniki, the biggest noise was produced
by the extractor matched with the thresher rid-
dle. The respective values of 55.9 +0.2 and 42.5
+0.9 dB(A) were obtained in the office rooms
immediately adjacent to the seed extraction hall.
According to these values, the risk of exposure to
noise in office rooms within the plant is low.
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INTRODUCTION

Noise is an audible sound that is detri-
mental or onerous to health, i.e. within
the range from 16 Hz to 16 kHz. Ex-
cessive noise has negative impact on
people as, depending on the sound level,
it leads to insignificant, average or sig-
nificant damage in the body, including
the auditory system. Exposure to low-
intensity noise, of ca. 55 dB, may cause
nervous excitability, annoyance or dete-
rioration of memory, while higher val-
ues, from 75 dB, lead to stress, or may
even cause damage to hearing (above
115 dB) [Mikulski et al. n.d.]. Statisti-
cal data show that noise [Pawlaczyk-
-Luszezynska et al. 2001, 2007] causes
occupational disease, for which often-
times there is no rehabilitation. The tests
concerning factual exposure to noise
in the working environment conducted
in Poland show that 41% of the nearly
700 thousand people working in hazard-
ous conditions were exposed to noise
exceeding the admissible values [Sad-
owski 2013]. Standards are being intro-
duced to define the admissible noise lev-
els in the working environment, methods
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of their measurements and requirements
concerning the measuring apparatus
[PN-N-01307:1994]. Noise is defined
by the following parameters: exposure
to noise in an eight-hour or weekly
working time and the corresponding
daily or weekly exposure, maximum
A — weighted sound level and peak C
— weighted sound level.

In practice, noise is measured by a di-
rect and indirect method. While the first
one consists in continuous noise meas-
urements, in the latter measurements are
performed throughout a short period of
time and the values obtained are con-
verted as appropriate.

In order to reduce the risk related to
audible noise, infrasound noise or ul-
trasound noise, dedicated technical and
organizational measures are used, which
to some degree protect the employees
against the detrimental effects of the
noise, but do not eliminate the root cause
of the risk. Among the most frequently
used technical measures are hearing pro-
tectors, sound mufflers, noise screens,
soundproof chambers, machine isolation
from the floor etc. Organizational sound-
-reducing methods, in turn, include: sepa-
ration of noise-generating machines and
their installation in separate rooms, at a
relevant distance from other work sta-
tions, breaks at work, rotation of staff at
the work stations, appropriate arrange-
ment of work stations in accordance
with their acoustics [Wilkus 2007, In-
gielewicz and Zagubien 2013, Sadowski
2013, Gorski 2014].

Noise tests and measurements have
been the subject of writings of numerous
authors from various sectors of the pe-
troleum, gas, drilling, wood, forest and
transport industries [Augustynska et al.
2000, Bednarz and Urba 2003, Macuda
2008]. The noise generated by machines
and fixed or transportable devices was
assessed through testing their impact on
the working environment [ Augustynska
et al. 2000, Mikulski and Augustynska
2000, Kaczmarska and Mikulski 2003,
Adamczyk 2004, Golec et al. 2006, To-
maszewski and Orczyk 2007, Wilkus
2007, Skarzynski et al. 2009, Ingiele-
wicz and Zagubien 2013, Skarzynski
and Lipinski 2013, Gorski 2014].

The literature lacks data concern-
ing the level of noise generated by ma-
chinery in commercial seed extraction
plants, which are basically fitted with
devices for preliminary cone cleaning,
extraction machines, thresher riddles,
dewinging machines, seed driers, seed
cleaning devices and separators, which
are operated simultaneously within the
production hall during seed extraction
and processing [Sarnowska and Wigsik
1997a, b, 1998]. As working conditions
in the seed extraction plants during the
extraction season are onerous, the au-
thors assessed and determined the admis-
sible exposure to noise of employees of
the seed extraction plants of the Czarna
Biatostocka and Grotniki forest districts,
i.e. two of the sixteen plants of this type
operating in Poland [Aniszewska and
Gendek 2014, 2016a, b, Aniszewska and
Kuszpit 2015].
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METHODOLOGY OF TESTS

Noise measurement tests were carried
out in two commercial seed extraction
plants in the forest districts of Czarna
Biatostocka (Regional Directorate of
State Forests in Biatystok) and Grot-
niki (Regional Directorate of State For-
ests in £.0dZ) [Aniszewska and Gendek
2014, 20164, b, Aniszewska and Kuszpit
2015]. Both seed extraction plants are
modern plants. The first one was estab-
lished in 1996 and the other in 2001. The
seed extraction plants are fitted with ful-
ly automated devices that are compliant
with applicable standards.

Noise at the work stations in the pro-
duction hall was measured with an indi-
rect method, while seed-extracting ma-
chines were being in use. The hall in the
extraction plant in Czarna Bialostocka
covers the area of 900 m* (30 x 30 m) and
is six-meter high. The hall in Grotniki, in
turn, covers 180 m? (30 x 6 m) and its
height equals 5 m. In Grotniki and Czarna
Biatostocka, the building has a solid roof,
with no skylights, and rendered walls.
The machines used in the process were
installed on a concrete floor surfacing.
The layout of the rooms, distribution of
machines and location of the measuring
device are presented on Figure 1.
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FIGURE 1. Scheme of the production hall: a — in the extraction plant in Czarna Biatostocka with noise
measurement points marked: in the hall (II-VII); b — in the extraction plant in Grotniki with noise mea-
surement points and directions marked: in the office room (I) and in the production hall (a—d) [Wigsik

and Aniszewska 2012]
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Noise measurements were also car-
ried out in the extraction plants adminis-
tration office (in Grotniki, the office was
located within the hall, while in Czarna
Bialostocka it was adjacent to the pro-
duction hall).

The noise was measured in accord-
ance with the procedure described in
standard PN-EN ISO 11201:1999 The
Briiel & Kjer soundlevel meter, type
2231, was used for the measurements.
The device enabled equivalent noise
measurement within 8 of work (L AeqT),
as well as the maximum (L, ) and peak
(Lpead sound levels with an accuracy of
0.1 dB. The microphone of the measur-
ing device was installed 1.55 m above
the floor (in the production hall) and
0.8 m above the seat of the chair, next to
the employee’s desk (in the office room).

In the extraction plant in Czarna
Bialostocka, the sound level was meas-
ured at six points within the hall and at
one point in the office (Fig. 1a). During
the noise measurements in the hall and
in the office, at all measurement points,
the microphone was at all times facing
one direction.

In the extraction plant in Grotniki,
the noise was measured at four points
within the hall (Fig. 1b, points a—d) and
at one point in the office room (Fig. 1b,
point ). At measurement points b, c, d
the microphone was oriented longways
the hall, forwards and backwards. At
measurement points a, the microphone
was facing only one direction.

In all seed extraction plants and at
all measurement points, the noise meas-
urements were repeated five times, with
measurement time of 15 s. Statistical
analyses of the test results were per-
formed in Statistica v.12, with the as-
sumed statistical significance o = 0.05.

RESULTS

The average noise measurement val-
ues for the production hall, during the
process of seed extraction in the Czar-
na Bialostocka and Grotniki plants are
presented in the table. The work station
number in the table corresponds to the
location of the microphone, in accord-
ance with Figure 1.

The results of noise measurements
for the average values L QT [dB(A)]
showed that the halls in both extrac-
tion plants are exposed to risk related to
noise. In accordance with the algorithm
used for the calculation of occupational
risk in a three-step scale (Fig. 2), both
in the extraction plant in Grotniki [av-
erage result: 81.2 dB(A)] and in Czarna
Biatostocka [83.7 dB(A)], the exposure
to risk is average.

At one point in the extraction plant
in Czarna Biatostocka (measurement V
on Fig. 1a), the measurements showed
noise level exceeding 85 dB, which
means that exposure to risk is high. Dif-
ferences between the highest and the low-
est values equal 6.6 dB for the extraction
plant in Czarna Biatostocka and 7.9 dB
for Grotniki.
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TABLE. Average noise level (AVG) with standard deviation (+SD) and minimum and maximum values
for the Czarna Biatostocka and Grotniki extraction plants

Work Aeq.T Amax Cpeak

station dB(A) dB(A) dB(C)

number | AVG +£SD ‘ min ‘ max | AVG+SD ‘ min ‘ max | AVG+SD ‘ min ‘ max

Czarna Biatostocka
II 83.5+0.5 | 83.0 84.2 | 858+2.0 | 83.8 | 88.5 | 107.2+7.0 | 1004 117.2
I 82.7+0.2 | 82.6 83.0 | 83.7+0.4 | 83.3 | 84.4 | 104.0+4.5 | 100.2 109.6
v 81.2+0.2 | 80.8 814 | 824+0.5 | 81.7 | 83.0 | 101.9+£3.9 98.7 106.4
\% 82.7+0.2 | 82.5 83.0 | 84.1+0.4 | 83.7 | 84.6 | 102.8+4.5 99.2 108.2
VI 87.2+0.2 | 87.0 874 | 883+0.3 | 87.9 | 88.7 | 110.1 +4.1 | 105.3 113.7
VII 84.9+0.1 | 84.9 85.0 | 86.8+0.2 | 86.7 | 87.1 | 107.5+4.7 | 103.6 112.7
Overall 83.7+2.0 | 80.8 874 | 852+22 | 81.7 | 88.7 | 105.6+5.3 98.7 117.2
Office | 55.9+0.2 | 55.7 56.2 | 56.8+0,2 | 56.6 | 57.0 814438 | 77.1 85.1
Grotniki

II 80.9+£0.2 | 80.6 81.1 | 83.3+1.5| 81.9 | 85.0 | 105.3£8.6 99.6 119.1
11 80.6 £0.1 | 80.4 80.7 | 82.0+0.3 | 81.5 | 82.2 | 104.9+4.9 99.6 110.1
v 81.2+0.2 | 81.1 81.3 | 82.9+0.2 | 82.7 | 83.1 | 104.7+4.8 99.4 109.3
\% 80.6 £0.1 | 80.6 80.7 | 82.0+0.2 | 81.8 | 82.2 | 104.1+4.0 | 100.3 108.9
VI 81.0+0.1 | 80.9 81.0 | 82.2+0.2 | 82.0 | 82.5 | 104.3+4.5 | 100.2 109.7
VII 80.5+0.1 | 80.4 80.5 | 81.9+0.2 | 81.5 | 82.1 | 104.1£3.8 99.9 107.8
VIII 83.5+2.8 | 81.1 88.3 | 88.5+6.4 | 84.5 | 99.7 | 102.2+4.0 98.9 107.2
Overall 81.2+1.4 | 804 88.3 | 83.3+3.2 | 81.5 | 99.7 | 104.2+4.8 98.9 119.1
Office] | 42.5+0.9 | 41.9 | 441 | 44.6=£14 | 434 | 46.7 78.0+3.9 | 72.1 81.7

FIGURE 2. Algorithm used to
calculate occupational risk re-
lated to noise exposure as a fac-
tor detrimental to the organ of
hearing (three-step scale) [PN-N-
-18002:2011]
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On average, the noise measured
(L,,.) 1s by ca. 2 dB lower for the
Grotniki extraction plant than for the
other plant. Nevertheless, when analys-
ing individual measurements, it was
concluded that the highest noise level
(99.7 dB) in the Grotniki extraction plant
was reported for measurement point VIII
(Fig. 1b). The measurement was made
after starting the extractor matched
with the mechanical cone seed thresher
riddle. In comparison, the noise level
registered in the hall within the Czarna
Biatostocka extraction plant near the
machine used for the same technological
operation was lower by 1 dB — 88.7 dB
(measurement V on Fig. 1a). The low-
est noise level (L, ) in the production
hall was recorded at point III in Grot-
niki (81.5 dB) and Czarna Biatostocka
(81.7 dB). In Grotniki, the microphone
was installed at the height of the closed
door of the extraction cabinet, while in
Czarna Biatostocka, it was near the wa-
ter and pressure seed separator and the
seed pickling machine. It must be noted,
though, that for technical reasons, dur-
ing the measurement the seed pickling
machine was off.

From the point of view of the em-
ployees, the most important noise-defin-
ing parameter for the extraction plant is
Ly The average level of noise in the
Czarna Bialostocka plant equalled 83.7
+2.0 dB and was by 2.5 dB higher than
in Grotniki. This means that the audible
noise accompanying seed extraction in
Czarna Bialostocka was almost twice

as high as in Grotniki. In both seed ex-
traction plants, the noise is mostly gen-
erated by the pollutant extractor and the
thresher riddle.

When comparing noise L
=7.82; P =0.0068) and L, . (F =
=37.37; P <0.0001) in both extraction
plants, statistical analyses showed sig-
nificant differences. In the seed extrac-
tion hall in Czarna Biatostocka the noise
level is higher than in Grotniki.

Average noise analysis (cheak) in both
extraction plants showed that the value
obtained was by 1.4 dB higher in Czarna
Biatostocka. Nevertheless, the high-
est noise was reported in the extraction
plant in Grotniki, at measurement point
II-119.1 dB (Fig. 1b), where the meas-
urement of noise was performed towards
the interior of the hall, at the point of in-
stallation of the extraction cabinet driver
mechanisms. In the hall of the other plant,
the highest noise level (117.2 dB) was
marked at point I (Fig. 1a). The measure-
ment was performed near the dewinging
machines and seed separators.

The analyses of homogeneity of the
variance of noise level comparison be-
tween the extraction plants in question
showed no statistically significant differ-
ences for cheak (FMS): 1.16; P =0.2850)
and the average results for both plants
can be considered a homogenous group.
The average value in the homogenous
group equals 104.85 +5.05.

In the office rooms in both seed ex-
traction plants the noise measured (L AcqT)
was lower than 80 dB, which means
that the risk stemming from exposure

Amax (F(1,63) =
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to noise is low. The average result was
55.9 £0.2 dB for the extraction plant in
Czarna Biatostocka and 42.5 +0.9 dB
for Grotniki. As showed by tests carried
out, the noise in Grotniki was lower on
average by 8 dB. The average level of
noise L, in the office room equalled
56.8 £0.2 dB in the first plant (in Czar-
na Bialostocka) and 44.6 +1.4 dB in
the latter (Grotniki). When it comes to
I the results for the plants equalled
81.4 £3.8 dB and 78.0 +£3.9 dB, respec-
tively. The maximum L, was 85.1 and
81.7 dB.

In the research carried out by Kacz-
marska and Mikulski [2003], the level of
audible noise L Acq.T dB(A) in office rooms
varied from 34.3 to 49.1 dB (42.6 dB on
average). Similar results were obtained
for the Grotniki plant [42.5 dB(A)].
When it comes to noise in the office
room of the plant in Czarna Biatostocka,
it was much higher and equalled
55.9 dB(A), which is marginally above
the admissible value of 55 dB(A) for ad-
ministrative and office rooms, as defined
in standard PN-N-01307:1994. Such a big
difference in the noise level [13.4 dB(A)]
results from the fact that the office room
in Czarna Biatostocka was built from
gypsum boards directly within the pro-
duction hall, while in Grotniki, it is lo-
cated outside of the hall and adheres to
a hollow-brick wall.

CONCLUSIONS

The tests performed show that at one
point in the extraction plant in Czarna
Bialostocka, the noise exposure level

obtained in the measurements exceeds
the admissible value of 85 dB, while the
maximum dB(A) and peak dB(C) sound
levels measured do not reach beyond the
permitted threshold of 115 dB(A) and
135 dB(A) respectively. Therefore, it can
be concluded that noise within the pro-
duction plant can be onerous and may be
the cause of distraction and stress, espe-
cially in those working near the machine
used for seed threshing from cones or in
the vicinity of an active extractor.

The analysis of noise measurement
in the production hall showed that the
noise (L Aeq,T) registered during works in
the commercial extraction plant in Czarna
Biatostocka is higher by ca. 2.5 dB than
in Grotniki. Analogically, higher L,
and Lepeu values (by 1.9 and 1.4 dB, re-
spectively) were reported in Grotniki. In
both extraction plants, the main source
of noise is the pollutant extract and the
thresher riddle.

The estimated risk stemming from
exposure to risk in both extraction plants
is moderate. To reduce the risk of noise
and, thus, improve the comfort of work
in the production hall, the solutions
listed below can be applied. Firstly, a
transportable or fixed noise screen can
be placed in the Czarna Biatostocka
extraction plant, near the thresher rid-
dle. Secondly, the sound absorption
properties of the hall can be improved
by cladding the walls and floors with
appropriate sound absorbing materials,
which may be particularly helpful near
the noise generating machine described
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above. In Grotniki, the extract can be
protected with a sound absorbing insu-
lating material, to disperse and damp the
noise and, therefore, reduce its impact on
the employees. Nevertheless, additional
tests are needed to assess whether the
solutions proposed will improve work-
ing conditions and reduce noise gener-
ated during seed extraction. The use of
personal protection measures should be
recommended in both extraction plants
(hearing protectors for employees stay-
ing within the production hall).
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Streszczenie: Ocena poziomu hatasu w wybra-
nych wyluszczarniach nasion. W artykule poda-
no wyniki pomiaréw hatasu w hali wyluszcza-
nia szyszek oraz w pomieszczeniach biurowych
wytuszczarni pracujacej w nadlesnictwie Czarna
Bialostocka oraz Grotniki. Pomiary przeprowa-
dzono przy stanowiskach roboczych podczas pra-
cy maszyn. Otrzymane wyniki skonfrontowano
Z obowigzujacymi normami i przepisami w za-
kresie dopuszczalnego poziomu hatasu na stano-
wiskach pracy. Wedlug wynikéw (L Aeq’T) na hali
produkcyjnej, gdzie hatas osiaga warto§¢ powy-
zej 80 dB(A), w obu wytuszczarniach ryzyko na-
razenia na hatas okre§lone zostato jako $rednie.
Uzyskane wyniki wskazuja, ze najistotniejszym
zroédlem emisji hatasu w wytuszczarni Czarna
Biatostocka jest mechaniczny wytrzasacz nasion,
a w Grotnikach wyciag wspotpracujacy z me-
chanicznym wytrzasaczem. W pomieszczeniach
biurowych bezposrednio przylegajacych do hali
wyluszczania nasion ryzyko narazenia na hatas
okreslono jako mate.
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