cecccccccccscccscscscscssscsssesss Dimou: Noise Measurements in Timber Industries

Vasiliki Dimou’

Noise Measurementis
in Timber Industiries

Mjerenje buke u drvnoj industriji

Professional paper ° Strucni rad
Received — prispjelo: 3. 6. 2013.
Accepted — prihvaceno: 23. 6. 2014.
UDK: 630%*83; 674.02; 502/504
doi:10.5552/drind.2014.1334

ABSTRACT e The intensification of industrial production and the concurrent increase in machine operation
speeds has led to the rise in the intensity of noise generated in most workplaces. The purpose of the present paper
is to investigate occupational noise exposure in timber processing units. For this reason, a number of measure-
ments were carried out in various parts of three sawmills. Maximum allowable exposure limits (permissible levels)
were set at 85 dB(A) for the production area and warehouses, and 55 dB(A) for offices. According to the results
of the study, the production area in a sawmill gives rise to higher levels of noise compared to warehouses and of-
fices, which significantly exceed maximum permissible levels. More specifically, the highest noise levels recorded
were found to be produced by cutting machinery. In such cases it is imperative that employees be protected either
with the use of personal hearing protectors or with the implementation of a regular break scheme. In addition,
substantial reduction in noise levels can be achieved with the use of other protective measures such as control of
noise at its source or in its path.
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SAZETAK ¢ Intenziviranje industrijske proizvodnje i istodoban porast brzine rada strojeva dovelo je do porasta
intenziteta buke kojom je opterecena vecina radnih mjesta u drvnoj industriji. Cilj ovog rada bio je istraziti izloZenost
buci na radnim mjestima u pogonima za industrijsku preradu drva. Stoga su provedena mjerenja buke na razlicitim
radnim mjestima u tri pilane. Granicna vrijednost buke (dopustena razina) kojoj mogu biti izloZeni radnici iznosi 85
dB (A) za podrucje proizvodnje i skladista te 55 dB(A) za uredske prostore. Prema rezultatima studije, u proizvodnim
pogonima pilane izmjerene su vise razine buke nego u skladistima i uredskim prostorima, a izmjerene razine buke
znatno premasuju najvecu dopustenu razinu. Najvise razine buke izmjerene su na radnim mjestima uz strojeve za
mehanicku obradu drva. U takvim uvjetima zaposlenici moraju biti zasticeni od prekomjerne izlozenosti buci upotre-
bom osobnih zastitnih sredstava ili skracivanjem vremena provedenog na radnome mjestu uvodenjem redovitih stanki
tijekom radnog vremena. Osim toga, znatno se smanjenje razine buke moze postici i primjenom drugih zastitnih
mjera kao Sto su kontrola i smanjenje buke na izvoru ili na putu njezina Sirenja.

Kljuéne rijeci: buka, gubitak sluha, profesionalne bolesti, pilana

1 INTRODUCTION
1. UVOD

ginning of the 20" century, one of the fathers of modern
hygienology, Robert Koch, wrote that “the day will
come when man will have to fight noise as inexorably

Nowadays, noise is one of the main sources of
annoyance (Skenberg and Ohrstrém, 2002). Conse-
quently, it is considered as a form of “invisible pollu-
tion”, called noise-pollution (Dafis, 1998). At the be-

as cholera and the plague” (in Grivas, 2007). Noise is
defined as every kind of unwanted and disturbing
sound that threatens our physical, psychological and
social well-being (Peippo et al., 2000; Ouis, 2001).
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The methods used to assess noise levels that are
emitted from various types of machinery are described
in ISO 3740 (2001), which also includes all the basic
ISO standards related to noise. Besides, ISO TC 43 is a
point of reference for issues of noise (Laios and Gi-
annakourou-Sioutari, 2003).

Noise pollution can be the cause of a multitude of
problems that modern man is affected by, the most sig-
nificant being: damage to hearing resulting in hearing
loss, cardiac disorders, various health problems like
high blood pressure, migraines, ulcer, asthma, preg-
nancy disorders, learning disabilities in children, loss
of efficiency and concentration at work, sleep distur-
bance, etc. (Arana and Garcia, 1997; Stansfeld, 1992;
Ouis, 2001; Skenberk and Ohrstrom, 2002; Job et al.,
1996).

At the workplace, exposure to high-level noise
can seriously impair communication between employ-
ees and, depending on the level, frequency and dura-
tion of exposure, it can adversely affect workers’ phys-
ical and psychological health (Shaikh, 1999; Kryter,
1970; Donald-Siu, 2001). One of the most serious con-
sequences of high-level noise is the irreparable damage
to human hearing (Irle ef al., 1998; Niu-Canlon, 2002).
Exposure to high noise levels at work has been associ-
ated with a significant increase in work-related acci-
dents; in addition, the so-called “occupational noise-
induced hearing loss” is considered the most frequent
work-related disease.

According to the 2" European Survey on Work-
ing Conditions (ESWC), the workplaces that are most
exposed to noise are (HSE, 1998):

- Metal Industries

- Timber Industries

- Base metal industries
- Paper industries

- Construction

- Fiber Industries.

Out of the above listed workplaces, Metal and
Timber Industries are the most hazardous noise-gener-
ating environments, on the grounds that they use a se-
ries of processes and a great number of machines for
the shaping and handling of materials (HSE, 1998).
These processes produce extremely high and protract-
ed volumes of noise at the workplace. For this reason,
the European law sets certain limits to the exposure of
workers to noise, according to which noise should, un-
der no circumstances, exceed an average of 87 dB(A)
on one hand and on the other for levels exceeding 80
dB(A), proper hearing protection (earplugs or ear-
muffs) is compulsory (MSFC-STD-267).

Hearing loss is listed among the occupational
diseases included in Article 40 of Disease Regulations
issued by the Greek Social Security Organization - /KA
(published in Government Gazette No. 132/12.2.1979).
The same document specifies that a minimum of 5
years of employment is required to officially recognize
a hearing loss and establish it as an occupational dis-
ease. Table 1 shows the percentage of workers suffer-
ing from hearing loss in relation to years of exposure
and noise levels over an eight-hour working day.

244

Table 1 Probability of hearing loss among workers in
relation to years of exposure and noise levels for an
eight-hour day (Grandjean, 1997)

Tablica 1. Vjerojatnost gubitka sluha radnika u ovisnosti o
razini buke i godinama izloZenosti buci tijekom osamsat-
noga radnog dana

NO].S ¢ level S years 10 years 20 years
Razina buke 5 godina | 10 godina | 20 godina
dB(A)
80 0% 0% 0%
90 4% 10 % 16 %
100 12% 29 % 42 %
110 26 % 55 % 78 %

Under the Control of Noise at Work Presidential
Decree 85/91, the health of the workers receiving high
noise doses should be protected. More specifically, the
Decree makes it imperative that employers take certain
technical and organizational precautions, should levels
reach 85 dB(A); in addition, maximum exposure limit
for an 8-hour day is set at 90 dB(A) (Marhavilas, 2010).

Physicists use a logarithmic scale for measuring
sound pressure (Sound Pressure Level - SPL), namely
the decibel (dB) scale. The decibel is a number that
represents the logarithm of a ratio between a given
sound pressure and a reference value:

SPL =20 - log (P/P,) (1)

where P is the square root of the mean square
value of the sound pressure of a stimulus and P, the
reference pressure (usually a barely perceptible sound,
called the threshold of human hearing) (Laios and Gi-
annakourou-Sioutari, 2003).

The decibel as a logarithmic unit has a very sig-
nificant role in determining sound levels at workplac-
es: every increase of sound intensity equal to 3 dB(A)
doubles the energy that the human ear receives, mean-
ing that the double of 85 dB(A) is not 170 but 88 dB(A)
(Grivas, 2007).

Most sound measuring instruments take into ac-
count the variations in the sensitivity of the human ear
as far as the frequency of the sounds is concerned. For
this reason, various frequency weighting methods have
been developed to approximate the way the human ear
responds to noise levels. The most widely used method
of measurement is called “A-weighting” and the equiv-
alent unit of pressure is dB(A) (Laios and Gianna-
kourou-Sioutari, 2003).

Sustained exposure to 80 dB(A) throughout the
working day is considered to be the safety limit under
which a worker does not run the risk of developing oc-
cupational noise-induced hearing loss (HSE, 1998).

Noises equal to or exceeding 85 dB(A) with con-
tinuous distribution in the range of acoustic frequen-
cies (from 15 to 20.000Hz) are considered dangerous,
regardless of exposure duration, necessitating the use
of hearing protectors. Maximum permissible noise ex-
posure is set at 115 dB(A) for a period that does not
exceed 2 min per 24 hours (Laios and Giannakourou-
Sioutari, 2003). Presidential Decree 85/1991, in accor-
dance with the European Union Directive, requires the
reduction of noise at its source so that a worker’s daily
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exposure does not exceed 90 dB(A). For this reason,
when exposures exceed 85 dB(A), employers are
obliged to supply workers with Personal Protective
Equipment (PPE). Table 2 shows the recommended
use of PPE in relation to noise levels.

Table 2 Use of Personal Protective Equipment (PPE) in
relation to noise levels (Presidential Decree 85/1991)
Tablica 2. Uporaba osobnih zastitnih sredstava ovisno o
razini buke (Presidential Decree 85/1991)

Noise levels, Use of PPE
dB(A) Description Uporaba osobnih
Razina buke, Opis zastitnih
dB(A) sredstava
Good conditions Use not required
<74 S .
dobri uvjeti ne zahtijeva se
Tolerable conditions | Use not required
75-80 e "
podnosljivi uvjeti ne zahtijeva se
Noisy conditions Use not required
81-84 e iy
bucni uvjeti ne zahtijeva se
Very noisy conditions |  Use required
85-87 L .
vrlo bucni uvjeti zahtijeva se
88 Intolerable conditions |  Use required
nepodnosljivi uvjeti zahtijeva se

In the USA, under the Occupational Safety &
Health Administration, workers with daily exposures
to an average noise level of 85 dB(A) or higher must be
protected with the implementation of proper preven-
tive measures (reduction of noise emissions, removal
of noise sources, etc) or with proper personal protec-
tive equipment. The maximum permissible exposure
levels are shown in Table 3 (Laios and Giannakourou-
Sioutari, 2003).

Table 3 Maximum Permissible Exposure Levels (OSHA
1910.95/1998)

Tablica 3. Maksimalno dopustena razina izloZenosti buci
(OSHA 1910.95/1998)

Daily exposure (hours) Noise level
Dnevna izlozenost (sati) Razina buke
dB(A)

8 90

6 92

4 95

3 97

2 100

1.5 102

1 105

0.5 110

0.25 115

Workers who live in environments with high-
level noise have reduced opportunities for communica-
tion, the consequences of which are far-reaching since
it is difficult for signals or warnings of danger to be
heard.

Systematic research on occupational noise-in-
duced hearing loss has never been carried out in
Greece. There are certain publications, of course, but
they do not contain epidemiological data and conse-
quently the extent of the problem is not fully known.
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The Greek law is in accordance with the European law;
however we do not know if it is thoroughly applied.
For this reason, it is considered crucial to carry out the
present research in order to highlight all the aspects of
the problem so that protective measures may be taken
for employees.

The aim of the present study is to investigate the
noise levels to which timber industry workers are ex-
posed on a daily basis.

2 MATERIALS AND METHODS
2. MATERIJAL | METODE

Research was conducted in timber industries.
Three typical sawmills, located in Drama, Northern
Greece, were chosen, in which numerous measure-
ments were carried out. The aim of the study was to
assess noise generated by various timber processing
machines, both at individual workstations and in its to-
tality, as well as the extent of its impact on the staff,
consisting of machine operators and the rest of the em-
ployees.

At the beginning, the machines were classified
into groups depending on the kind of processing they
performed. As a result, the following groups were
formed:

- Cutting machinery (multi-rip saw, band saw, log
cutter, edger, circular saw, planer — moulder, wood
profile cutter, etc);

- Planing machinery;

- Other machines (absorption machines, boilers, etc).

Measurements were carried out while machines
processed timber coming from spruce (Picea excelsa),
beech (Fagus silvatica), black pine (Pinus nigra) and
poplar sp. (Populus sp.) Subsequently, it was deemed
equally necessary to conduct measurements in areas
located outside the productive process, such as ware-
houses and offices, so as to acquire a complete picture
of the problem and its effects.

All noise monitoring was conducted with a digi-
tal, portable sound level meter designed in compliance
with DIN 45633, JIS 1502, IEC 651 specifications.

During the sampling process, two kinds of mea-
surements were performed: a) measurement of the
overall noise pollution generated in the place, and b)
measurement of the noise pollution recorded in each
operator workstation. In total, 7 locations were chosen
in the general area and their selection was made on the
basis of the layout of the place. Finally, it was decided
that the individual workstations of the operators should
be of the same number as the machines.

In each assessment site in the general area a total
of 40 measurements were carried out (1 every 15 sec-
onds), whereas in each machine area 80 measurements
were performed (40 with the machine in operation and
another 40 with the machine in idling mode.) The pro-
cessed timber was classified into two groups: the first
contained logs of small dimensions, whose diameter in
the middle was below 30 cm, whereas the second con-
tained thick logs, with a diameter in the middle of over
30 cm.
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3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

The results of noise monitoring are shown in Ta-
ble 4 to 8. Table 4 illustrates noise levels produced in
three sawmills, with Sawmill A consisting of two pro-
duction places, Room 1 and Room 2. It can be observed
here that noise levels are on average high (in excess of
90 dB(A)) in all sawmills and on certain occasions they
reach almost 99 dB(A).

reaching approximately 97.46 dB(A), whereas planing
machinery generates the lowest noise levels (an aver-
age of 88.76 dB(A)). The rest of the machines produce
levels falling between these two extremes. It is note-
worthy that all groups of machinery cause noise that is
higher than the 85 dB(A) permissible level.

Table 5 Intensity of noise generated by various types of
machinery in timber processing units

Tablica 5. Intenzitet buke $to ju emitiraju razliiti strojevi u
pogonima za preradu drva

Tabl.e 4 Noise level.s produc.ed 1n.the sawm111§ . Number | Noise intensity, dB(A)
Tablica 4. Rezultati mjerenja razine buke u tri pilane .
T £ hi of Intenczitet buke, dB(A4)
Noise intensity, Sawmill A Saw- | Sawmill Vype Ol MACAIMErY | 1 achines| Mean .
dB(A) Pilana A mill B C rsta stroja Broj Srednja Al;/lzz( ]It\/[/hn
Intenzitet buke, Room 1 | Room | Pilana | Pilana strojeva | vrijednost RS- -
dB(4) ogon 1. | pogon 2. B C ; i
poson £ pos Cutting machinery 20 9535 | 97.46 |94.47
Mean 90.1 88.46 96.14 96.59 Strojevi za rezanje
MAX 91.6 89.67 97.56 97.8 i i
Planing machinery 2 8876 | 91 | 87
MIN 89.5 87.56 94.56 95 Strojevi za blanjanje
Number of Other machines
2 2.54 . .
measurements 240 840 520 360 Ostali strojevi 92:5 935 | 905
Broj mjerenja Total number of measurements: 1680

Table 5 provides a comprehensive picture of the
volume of noise produced by different machine groups.
Cutting machinery produces the highest level of noise

Table 6 presents noise levels corresponding to
each machine. The noisiest machines (producing al-
most 100 dB(A)) were found to be the wood profile

Table 6 Noise levels generated by various machines in timber processing units
Tablica 6. Razina buke koju emitiraju razli€iti strojevi u pogonima za preradu drva

Machine Number of Mean Max Min Type of
Naziv stroja machines Srednja vrijednost Maks. Min. machinery
Broj Vrsta stroja
strojeva |in operation | inidling | inopera- | inidling | in opera- | in idling
pod optere- mode tion / pod mode tion mode
Cenjem | u praznom | optereCe- | u praznom | pod opte- | u praznom
hodu njem hodu recenjem hodu

Multi-rip saw 95 94.28 97 95 95 93
viselisna pila 1 1
Total / ukupno 94.64 96 93.5
Band saw 92.1 9155 | 9425 | 92,83 | 928 | 9216
tracna pila 8 1
Total / ukupno 91.83 93.54 91.37
Log cutter
iveradi za trupce ) 99.33 96.88 100 100 100 96,5 |
Total / ukupno 98.105 100 95.5
Edger / stroj za 96.08 94.33 97.67 95,67 | 95,67 95
okrajcivanje 3 1
Total / ukupno 95.21 96.67 94.17
Circular saw 95.42 9395 | 9683 | 9817 | 9517 | 945
kruzna pila 4 1
Total / ukupno 94.68 96 92.75
Absorption 1 99.75 100 97 3
odsisni uredaj
Planer — moulder
Blanjalica - glodalica ! 93.92 100 93 !
Wood Proﬁle cutter | 99.77 100 99 |
profilni centar
Boiler / kotao 1 85.32 87 84 3
Sharpening machines 2 88.76 91 87 2
strojevi za oStrenje

Total number of measurements: 1680
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cutter, log cutter and absorption machine, followed by
multi-rip saw, planer and edger (around 95dB(A)).
Less annoyance is produced by the boiler, whose noise
level is at an average of 85.32 dB(A). In other words, it
can be seen that only the boiler is within the 85 dB(A)
permissible noise limit.

The results also reveal that the noise produced is
higher in large width logs (with a mean diameter of
over 30 cm). This is true for most cutting machines
(such as the band saw).

It is noteworthy that in the general area, and not
only in the proximity of a machine operator (Table 7),
noise levels are clearly in excess of 85 dB(A), reaching
an average of approximately 90 dB(A). At an opera-
tor’s workstation, the difference between levels pro-
duced by a machine in operation and in idling mode is
on average 1.5 dB(A). This difference is considered
significant bearing in mind that a 3 dB difference in
actuality means that the ear receives double energy.

The majority of the employees participating in
the present study were between 35 and 45 years of age.
When asked if noise was a nuisance during work, most
of them answered that it was quite annoying but they
have become used to it and, generally speaking, they
had no hearing complaints. They also said that they
made no use of earmuffs or plugs. Their tolerance to-
ward an everyday problem such as noise pollution can
be accounted for only by their short period of employ-
ment since most of them said that they had been work-
ing in sawmills for less than 5 years.

Table 7 Noise generated in various assessment sites
Tablica 7. Razina buke na razli¢itim radnim mjestima

Noise intensity, dB(A)
. Intenzitet buke, dB(A4)
Measurement site M
Mjesto mjerenja S Zan. Max | Min
eI Maks. | Min.
vrijednost
Production area 892 | 913 |88.6
Proizvodni pogon
Operator site (machine in
operation) / quno m]'efto 95.6 971 | 957
operatera stroja (stroj je pod
opterecenjem)
Operator site (machine in idling
mode) / Radno mjesto operatera 94.2 96.3 |192.2
stroja (stroj je u praznom hodu)

Total number of measurements: 1720

As illustrated in Table 8, in the rest of the work
areas noise levels are tolerable since they often drop
below 55 dB(A) (e.g. in offices).

As far as offices are concerned, as well as places
where employee concentration is essential, internation-
al standards require that maximum noise exposure be
set at 55 dB(A). Under Norwegian law, in jobs where
critical communication is involved, noise levels must
not exceed 55 dB(A) (Koukoulaki, 2008).

Figure 1 gives a comparative picture of noise
generated by the machines monitored in the study, in
relation to the 85dB(A) permissible level for an 8-hour
work day.
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Table 8 Noise levels generated in various parts of the timber
factory

Tablica 8. Razina buke u razli¢itim prostorima tvrtke za
preradu drva

Noise intensity, dB(A)
Measurement site Intenzitet buke, dB(A4)
Mjesto mjerenja Mean Max | Min
Srednja vrijednost | Maks. | Min.
Warehouse / Skladiste 67.7 69 67
Office / Uredski prostori 21.15 25 18

Total number of measurements: 80

3 Planer - moulder
blanjalica - glodalica

B Multi-rip saw / viSelisna
kruzna pila

B Wood profile cutter
profiler

O Band saw / tracna pila

B Log cutter / prikrajac trupaca
B Boiler / grija¢
B Edger / okrajcivac
O Sanders / brusilice
O Circular saw / kruzna pila o .
B Permissible Noise Level Exposure

0O Absorption / ekshaucija dozvoljena razina buke

105

100 —

95 1

90 A

Noise / Buka, dB

85 1

80

75 A

1
Machines / Strojevi

Figure 1 Noise generated by different machines in various
parts of the timber factory in relation to the 85 dB(A)
permissible level

Slika 1. Izmjerena razina buke razliCitih strojeva i u
razli¢itim prostorijama pogona za preradu drva u usporedbi
s grani¢nom razinom buke od 85 dB(A)

4 CONCLUSIONS
4. ZAKLJUCAK

According to the findings of the present study,
noise levels generated in sawmills are generally above
the rationally accepted exposure standards in all parts
of the sawmill with the exception of the offices.

The highest volume of noise is emitted from the
cutting machinery, especially the multi-rip saw, log
cutter and wood profile cutter. The boiler is the only
machine that does not exceed the 85 dB(A) permissible
level.
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The extent of annoyance is also in close relation
with the dimensions of the material that is cut and the
type of timber.

The production area generally gives rise to high-
level noise, above the acceptable threshold, whereas in
the offices and warehouses noise levels are compara-
tively low.

Workers and especially operators of most ma-
chines are exposed to such noise levels that it is quite
possible that their health will be adversely affected on
a temporary or permanent basis. The precautions that
are necessary to be taken so as to reduce the amount
and impact of noise are, first of all, the proper marking
by the organization of noise generating zones with suit-
able notices. In addition, it is imperative that a special
program of hearing protection be implemented. In the
attempt to improve the noise environment at the work-
place, crucial preventive actions to be taken include
control of noise at its source; this can be done with
measures such as the design of the whole productive
process in a specific area aimed at minimizing the
amount of noise-pollution.

Other measures that organizations can take in-
clude:

- Improve the design of machines (e.g. by supplying
them with shock absorbers and anti-vibration
mounting, installing protective Plexiglas enclo-
sures, etc). Where possible, use special covers, si-
lencers and generally materials with strong anti-vi-
bration capacity.

- When technically feasible, reduce emission of
noise by placing a barrier between the noise source
and the employee (e.g. a sound-proof cabin).

- Increase the distance between the noise source and
the worker.

- Use special sound absorbing materials on the walls,
ceilings and floor of noisy areas. Provide workers
with personal protective devices such as suitable
earmuffs and plugs.

- Use tools and equipment with anti-noise design.
Choose electrical tools instead of compressed air
tools. Fit rubber pads that are specially designed to
absorb vibration. Maintain equipment properly
since poorly maintained machinery can increase
sound emissions. Reduce the speed of cutting, saw-
ing and spinning (Facts)

- Limit the amount of time an employee spends at a
noise source. This can be implemented when work-
ers take it in turns to spend time at very noisy areas.

- Provide quiet areas where workers can spend time
in order to gain relief from hazardous noisy envi-
ronments.
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