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ABSTRACT: The knowledge of the spatial variability of noise levels and the build of kriging maps
can help the evaluation of the salubrity of environments occupied by agricultural workers.
Therefore, the objective of this research was to characterize the spatial variability of the noise level
generated by four agricultural machines, using geostatistics, and to verify if the values are within
the limits of human comfort. The evaluated machines were: harvester, chainsaw, brushcutter and
tractor. The data were collected at the height of the operator's ear and at different distances.
Through the results, it was possible to verify that the use of geostatistics, by kriging technique,
made it possible to define areas with different levels for the data collected. With exception of the
harvester, all of machines presented noise levels above than 85 dB (A) near to the operator,
demanding the use of hearing protection.
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VARIABILIDADE ESPACIAL DO NIVEL DE RUIDO EM MAQUINAS AGRICOLAS

RESUMO: O conhecimento da variabilidade espacial de niveis de ruido e a construcdo de mapas
de krigagem podem auxiliar na avaliagdo da salubridade de ambientes ocupados por trabalhadores
agricolas. Portanto, este trabalho teve como objetivos caracterizar a variabilidade espacial do nivel
de ruido gerado por quatro diferentes maquinas agricolas, utilizando a geoestatistica, e verificar se
os valores se encontram dentro dos limites de conforto humano. As maquinas avaliadas foram:
derricadora, motosserra, rocadora e trator. Os dados foram coletados na altura média do ouvido do
operador e em diferentes distancias. Por meio dos resultados obtidos, foi possivel verificar que o
uso da geoestatistica, através da técnica de krigagem, possibilitou definir areas com diferentes
niveis para os dados coletados. Excetuando a derricadora, todos 0s outros equipamentos
apresentaram niveis de ruido acima de 85 dB(A) proximo ao operador, demandando o uso de
protetores auriculares.

PALAVRAS-CHAVE: ambiéncia humana, conforto acustico, salde ocupacional, geoestatistica.
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INTRODUCTION

Concern for the welfare of workers is directly based on factors that allow the work with safety
and a greater degree of comfort. The agro-industry workers are exposed to risks to their physical
and psychological integrity, which may result in his dismissal from the company for considerable
periods of time, damaging them and causing damage to businesses as well (SAMPAIQ et al., 2007).

Noise is one of the most common harmful physical agents found in work places. Unlike other
types of pollution, noise pollution leaves no visible traces of its influence on the environment. That
is, after the air pollution and water, the environmental problem which affects many people
(NASCIMENTO et al., 2007).

Given this, the noise as unwanted factor to humans has been receiving more attention.
Increasing emphasis on air pollution, water pollution and environmental quality in general, created
the need to examine the acoustic environment that surrounds the man, especially in the work place
(MINETTE et al., 2007; DAMASCENO et al., 2008; BRAVALHERI et al., 2010).

According to the Regulatory Standard NR-15 (1990), in Annex No.01 (Limits of tolerance for
continuous or intermittent noise), the levels of continuous or intermittent noise should be measured
in decibels (dB) with an instrument of sound pressure level operating in the compensation circuit
"A" and slow response circuit, and the readings should be taken close to the ear of the worker. The
maximum intensity of exposure to salubrious conditions for people working daily is 8 hours with a
level of 85 dB (A) and 7 minutes to noise level of 115 dB (A), and it is not allowed the exposure to
noise levels above this limit for individuals who are not adequately protected, it may provide
serious or imminent risk to them.

CUNHA & TEODORO (2006) evaluated the noise caused by agricultural machines and
concluded that the transactions were extremely uncomfortable for the operator. Even with the use of
hearing protection may still be noticeable health risks. RODRIGUES et al. (2006) evaluated the
effectiveness of small, medium and large protectors and concluded that to fulfill their role; they
need to be specific in size for each worker.

One way to assess and characterize the noise in the work place is through the use of
geostatistics. This basically consists in geospatial modeling allowing interpolation by kriging and
with the advantage of providing accurate contour maps (VIEIRA, 2000; MACHADO et al., 2007).

Given the above, this study aimed to assess the level of noise from farm machinery and using
geostatistics to characterize the structure and magnitude of spatial dependence of noise levels, in
order to evaluate the comfort of workers.

MATERIAL AND METHODS

The experiment was conducted in Lavras, Minas Gerais; with geographical coordinates 21°
14'S latitude, 45° 00" W longitude, altitude 918.8 m. Data were collected in an area free of obstacles,
with dimensions of 45.0 x 90.0 m, with all the surrounding vegetated with bamboo species
Bambusa vulgaris and soil covered with Bahia grass (Paspalum notatum).

The machines evaluated were: agricultural tractor, engine model AGCO Sisu Power
maximum power of 62.5 kW at 2200 rpm and 3-aspirated cylinder; agricultural chainsaw, engine
with maximum power of 2.6 kW at 13,500 rpm and 50.2 cm® of displacement, motorized backpack
brushcutter, engine with maximum power of 2.0 kW at 12,000 rpm and 39 cm?® of displacement;
portable harvester, engine with maximum power of 1.3 kW at 12,300 rpm and 30.8 cm® of
displacement.

The evaluations were performed according to methodology described in the NBR-9999
(ABNT, 1987) in which the temperature should be between -5 and 30 °C and wind speed must be
less than 5.0 m s™. Noise levels were determined using sound pressure meter in the slow response
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circuit and of equalization "A", expressed in dB (A), and the draft shield of decibelimeters was used
in all measurements.

Readings were taken at the height of the operator's ear and one meter in circumference
equidistant to the edge of the sample area with a radius of 22 meters. In each circle were distributed
12 registered sensors equally spaced, and the collection time in each circle was 1 minute 1 second
interval between collections, totaling 60 repetitions per circumference (Figure 1), according to the
methodology proposed by BAESSO et al. (2008) and MION et al. (2009). By studying changes in
the level of noise as a function of radius distance, it was possible to determine the noise levels to
which operators and also workers are subject near the machines.
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FIGURE 1. Lay-out of the experimental area.

The spatial dependence was analyzed by means of adjustments semivariograms (VIEIRA,
2000), assuming the intrinsic hypothesis. The semivariance was estimated by (eq.(1)):

N(h)

#(h)= == [2(x,)- Z(x, + )P

2N(h) = (1)

In which,
¥(h) - estimated semivariance between pairs of points Z(x;) and Z(x; + h), observed in x; e x; +
h,
N(h) - number of pairs of experimental observations Z(x;) e Z(x; + h), separated by distance h.

The semivariance estimates 7(h)were graphed as a function of the values of h, resulting in
the experimental or empirical semivariogram. The semivariogram characterizes the behavior of the
spatial dependence of the studied phenomenon (SANTOS, 2010). From the experimental
semivariogram proceeded to fit a theoretical model to the values calculated, from which parameters
were estimated from the theoretical model for semivariogram, called nugget effect, Co; level, C; and
range, a.

According to McBRATNEY and WEBSTER (1986), the nugget effect is an important
parameter of the semivariogram, and indicates the variability is not explained, taking the shortest
distance of a sample used. The level indicates the stability region of the semivariogram, or from a

Eng. Agric., Jaboticabal, v.32, n.2, p.217-225, mar./abr. 2012



Tadayuki Yanagi Junior, Leonardo Schiassi, Diogo F. Rossoni et al. 220

given value of the distance between the samples the region where there is more space dependence
(FARIA et al., 2008).

The range parameter determines the distance within the samples are presented spatially
correlated, then, beyond the range is considered that there is no spatial dependence (CHAVES &
FARIAS, 2009; JOHANN et al., 2010).

To analyze the degree of spatial dependence of the attributes under study, it was used the
classification of CAMBARDELLA et al. (1994), where in the spatial dependence is classified
according to the value of the relative nugget effect, that constitutes the division of the nugget effect
(Co) at level (C), being considered: strong spatial dependence when (Cy / C) <25%, moderate spatial
dependence when 25% < (C, /C) < 75% and weak spatial dependence when (Cy /C) >75%.

The semivariograms models considered were spherical (eq.(2)), the exponential (eq.(3)) and
the Gaussian (eq.(4)).Subsequently, it was performed a kriging interpolation of the data in order to
enable the visualization of spatial distribution of the noise of the machines tested.

0 . |h=0
y(h)= c0+c{1,5(@j-0,5[@n , O<|n<a (2)
C,+C, . |h>a
0 . |h[=0
7(h)= co+cl[1—exp(—@ﬂ . |n[=0 ®)
0 . |h[=0
7(h)= C0+cl{1—exp£#H . |h|=0 )

The reference area was carried out based on the coordinates obtained in the demarcation of
sampling points (meters). For the geostatistical analysis and to obtain the kriging maps was used
statistical computing system R (R DEVELOPMENT CORE TEAM, 2010), through the package
geoR (RIBEIRO JUNIOR & DIGGLE, 2001).

RESULTS AND DISCUSSION
The minimum, maximum, average, standard deviation and standard error of the noise data are
evaluated for the machines presented in Table 1.

TABLE 1. Minimum, maximum, mean, standard deviation and standard error for noise levels
(dB(A)) in equipment evaluated.

Noise Level(dB(A))

Equipment

Minimum  Average = Maximum Average Standard error
Harvester 53.49 65.94 81.85 64.29 0.41
Chainsaw 73.85 85.18 102.28 84.13 0.39
Brushcutter 71.64 84.45 99.31 83.40 0.38
Tractor 70.93 83.43 93.75 82.71 0.57
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From the analysis of the minimum and maximum values, and also the average noise levels,
you can see that there is great variation in the data. This range shows the problems that can occur
when using the mean to establish safety standards for workers, because at the same time that an
individual is being subjected to a noise level below the maximum allowed, others may be being
subjected to an unhealthy situation, generating productivity losses and damages your health.

Given this, only the knowledge of this range is not enough to know which the places are
where there are high levels and the lowest values of this variable. In this case, it is interesting to
make use of appropriate methodologies to characterize the spatial variability of the data, as well as
to obtain maps, to enable the satisfactory management of the necessary interventions.

For all units evaluated, the theoretical semivariogram model that showed the best adjustment
was the Gaussian, and the estimates of this parameter for machines evaluated are presented in Table
2. This model is transitive (FARIA et al., 2008), it possesses level, or from a given value of the
distance between samples there is no more spatial dependency (the variance of the difference
between pairs of samples becomes invariant with distance), and similar results were observed for
MILES et al. (2008) and FARIA et al. (2008).

TABLE 2. Parameters estimates of the experimental semivariogram for the variable noise level on
the equipment evaluated.

Equipment Parameters
Nugget Effect (Co) Range (a) Level (C) 'Cy/C
Harvester 3.23 12.66 76.29 0.04
Chainsaw 7.38 15.11 71.60 0.10
Brushcutter 3.99 13.05 64.58 0.06
Tractor 5.76 13.68 43.22 0.13

ICy/ C = Degree of spational dependency

The nugget effect reflects the variability not explained by distance from the sample used, as
local variations, errors of analysis, sampling errors and other errors. As it is impossible to quantify
the individual contribution of these errors, the nugget effect can be expressed as a percentage of
level thus facilitating the comparison of the degree of spatial dependence of the variables under
study (TRANGMAR, 1985). Therefore, the ratio Co/C showed that the noise data showed strong
spatial dependence grade for equipment rated.

Based on the results obtained with the use of geostatistics, it was possible to quantify the
magnitude and the structure of spatial dependence of varying noise level in all analyzed equipment,
which can be seen in FIGURE 2.

For each of the sources of noise, it had the intention of making other adjustments in addition
to the Gaussian model used the spherical and exponential models. However, the latter two models
did not fit the sample data, so could not be used.
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FIGURE 2. Semivariograms for the Gaussian function of the noise data for the equipments: a)
harvester b) chainsaw, ¢) brushcutter and d) tractor.

Later noise values were estimated by kriging, based on the spatial dependence of the
semivariogram models (FARACO et al., 2008; SOUZA et al., 2010). Thus, it was noted that kriging
performed well in estimating the values of this variable that was not sampled due to the
achievement of best fits of the semivariogram. Therefore, it was possible to construct maps of
spatial distribution for all equipment in this study (Picture 3), which allowed to visualize the spatial
variability of the data, and enables the observation of variability between devices.

For each map of the spatial distribution of noise is shown in Figure 3 the image of the
positioning device and the operator. Analyzing the Kriging maps and positioning machines it can be
observed the effect of the directional distribution of noise in the direction of motor position,
reflecting the need for greater distance of the equipment so that the sound pressure level is not
harmful to humans and higher attention on the use of personal protective equipment for those
people who are working in the area around the engine.

A visual analysis of all maps shows how the data noise varies in the space. It is also evident
that each farm equipment possessed a distinct spatial distribution pattern, similar to results found by
CUNHA & TEODORO (2006) and SILVEIRA et al. (2007).
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FIGURE 3. Spatial distribution of noise level (dB(A)) for the equipments: a) harvester, b) chainsaw,
c) brushcutter and d) tractor.

By analyzing the maps, it can be found a high concentration of high noise levels on all
machines tested. This shows the necessity of using personal protective equipment for operators and
other workers that remain around the equipment making maintenance or monitoring activities.

Looking at the maps to the chainsaw and harvester is possible to identify locations where
noises above the maximum level recommended for sanitation by the NR-15 and these devices
requires a greater distance from the center of the noise so that do not occur exposure to unhealthy
environment. Therefore, the use of these maps can contribute to the study or the development of
management techniques from different machines, thus enabling more efficient operations and safety
for the worker.

CONCLUSIONS

It was possible to characterize the spatial variability of the magnitude of the noise data
evaluated on the machines, harvester, chainsaw, mower and tractor. Since the variable studied
showed spatial dependence structure, this allowed the mapping by kriging.

The Gaussian model was adjusted for the variables studied in all equipment evaluated, and the
use of geostatistics enabled set points with different spatial variability in these devices.

From observations of the maps is possible to define management zones adequate of protection
for workers, and it can thus define work plans and personal protective equipment for the different
machines studied.
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