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behavioural attitude to this noise pollution source is the study this
work is aiming at achieving. The SpectralPlus® audio software

gf))i):;ords. was used for quan?ifj}ing the noise pattern Jfrom rwo locally
Aggression c{)nstructe.d burr mill grinders — a ‘blgger one (for dried farm
Nigeria environment pr{)ducg like cassava, yam and maize) and. a smal.ler one (for
Burr mills things like pepper and tomatoes). The burr millers noise spectrum

was flat and with their peaks at about-24.51 dB and -26.06 dB.
The peak frequencies for different food materials were 1603 Hz
(Maize), 840 Hz (Cassava), 1012 Hz (Yam), 919 Hz (Tomato),
845 Hz (Beans) and 772 Hz (Pepper). The cut-in (when the
operators start perceiving sound) and cut-off frequencies (when
they stop perceiving sound) averaged between 183.93 Hz (at -4.59
dB) and 364.27 Hz (at -3.80 dB) respectively. Comparing this to
the optimum human hearing range of 1 kHz to 4 kHz, and normal
human conversation of 60 dB (or approximately -45 dB using
relative amplitude scaling) and ambient noise of -27.5 to -26.73
dB due to the burr mills, the operators will have to struggle to
hear clearly and shout to be heard because of the noise.
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1. INTRODUCTION

In Nigeria, many machines are operated, that are very noisy either by design or due to aging, for example
food grinding machine and portable electric generators (Haruna and Agu, 2012). According to USEPA
(2013) studies have shown that there are direct links between noise and health problems. Problems related
to noise pollution include stress related illnesses, high blood pressure, speech interference, hearing loss, sleep
disruption, and loss of productivity (Rabinowitz, 2000; Rosenlund e? al., 2001; Lusk, 2002; Raul et al., 2003;
Stansfeld and Matheson, 2003; Matsui ef al., 2004; McBride, 2004; Goines and Hagler, 2007; Okedere and
Elehinafe, 2011; NIDOCD, 2019). Noise-induced hearing loss (NIHL) is the most common and often
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discussed health effect, but research has shown that exposure to constant or high levels of noise can cause
an adverse health effect such as aggression (NPC, 1981; Schnell ef al., 2013; USEPA, 2013; Easteal et al.,
2014; Ni, et al., 2018). According to Schnell et al. (2013), a growing body of literature has been focusing on
effect of noise pollution and other environmental factors on stress and health of individuals with many of
these researches focusing on their impact on the subjective sense of discomfort. The studies were conducted
in indoor micro-environments, work places or on soldiers in extreme outdoor conditions. For example,
Clausen et al. (1993), Federspiel (2001), Federspiel et al. (2002), Toftum (2002), Fang et al. (2004), and
Mirella et al. (2013) conducted their studies indoor while Kirstel-Boneh et al. (1995), Rashid and Zimring
(2008) conducted their studies at respondent work place while Kjelberg and Landstrom (1994) as well as
Epstein et al. (2000) experimented on soldiers in extreme outdoor conditions. Haruna and Agu (2011)’s work
on Kaduna Airport noise in Nigeria shows a rather calmer environment when compared to that of a busy
airport like Dubai (Balooshi and Ahmad, 2008). Haruna and Agu (2012) also did a simulation work on some
old grinder and concluded that running them was a source of discomfort to those in the neighbourhood and
often caused quarrels. Vardhan ef al. (2004) in their work on industrial machineries concluded that there is
an increase and stringent regulations are coming into force, limiting the exposure of workers to industrial
noise. Industrial noise and its consequences are thus growing in importance to employers, local and central
government officials, trade unions, occupational hygienists and physicians and insurers.

Not all mechanical vibrations can be perceived by the hearing mechanism of the human ear. Firstly, the
vibrations have to be of a certain magnitude to be audible and secondly, the frequency has to be within
certain limits, normally 20 to 20,000 Hz (NPC, 1981). The weakest sound pressure that can be detected by
an ‘average person’ at 1000 Hz is found to be 0.0002 pbar (Gary, 1999; Steven, 2001). On the other hand,
the largest sound pressure perceived without pain is of the order of 1,000 ubar. Furthermore, Steven (2001)
presented the model of a human ear in his work. The way humans perceive noise within the dB range has
been modeled using ‘A’, ‘B’ and ‘C’ weightings and ‘D’ (Xin, 2013) and is shown in Figure 1. Weighting
emphasizes frequencies in the 500-10,000 Hz range, which envelopes the range of greatest sensitivity by the
human ear, that is 1 kHz to 4 kHz. The ‘A — weighting’ correlates well with hearing damage according to
Lamancusa (2000), hence it was used in the SpectraPlus® software for this work.
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Figure 1: ANSI standard A, B and C weighting curves (Roger, 2001)

As machines are a major source of noise in Nigeria (Haruna and Agu, 2012), it has become increasingly
important to evaluate the amount of noise that is being produced by various machines and the components
contributing mostly to the noise. This is important not just in the improvement of human life but also in the
improvement of machine life and efficiency. For example, a noisy bearing is an indication of an impending
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failure. It is thus crucial to determine the levels of noise being radiated from machines to be able to
adequately proffer means of attenuating these noises.

Furthermore, when measurements are made of the noise produced by a specific machine, the intent of the
investigation is often on what changes can be made in its design or in its environment so as to reduce that
noise on the people near it. The narrow bandwidth regions (regions within which the noise spectrogram has
the greatest complexities of frequencies) must thus be examined. This is where a device capable of splitting
the noise generated into its component is required (Erik, 1994; and Lamancusa, 2000).

The aim of this work is to quantify the noise from two types of common food grinding machines, both locally
constructed by using Fast Fourier Transform (FFT) analysis software (SpectralPlus® version 5.0). The mills
are not commonly used for milling the same type of products; the smaller burr mills are for wet products
(Tomato, Beans, Pepper) and the larger burr mills are mostly for dried products (Dry Maize, Cassava and
Yam).

2. MATERIALS AND METHODS

2.1. Instrumentation and Equipment

The instruments used for the experiments are, Sound pick up device (AHUJA® AUD-99XLR microphone),
Fast Fourier Transform (FFT) analysis software (SpectralPlus® version 5.0). An HP G42 laptop with Realtek
high-definition audio mixer with SpectralPlus® version 5.0 installed. The burr mills (Figure 2 and 3) are the
noise sources. Both work on the same principle. They consist of two roughened circular grinding plates
(Figure 4a) with one stationary and the other rotating. The space between them is adjustable using screw
with wheel as shown in Figure 4b. In between them, the materials to be milled are crushed as they pass
through them. The bigger grinder (heavy duty grinder) is used for crushing and pulverizing dry and really
hard foods like dried yams (Discorea sp.) and maize (Zea Maize) while the other one is smaller and is used
for wet foods like pepper and tomatoes. The two machines were selected to be about the same age of use and
everyday use pattern.

Operat
The hopper e

The Burr Mill

Electric motor
(Diesel engines
are used by

some operators
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a) Petrol engine version b) Electric engine version
Figure 3: Smaller burr milling machine meant for light duty works

Materials to be
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Moving plate
a) Grinding plates b) Operating principle of the grinding plates

Figure 4: Burr milling machine grinding plates

2.2. Measurement Process

The noise measurements were performed using BS (1987) standard. The standard assumes that noises from
machines were obtained under their operating conditions. The microphone orientation was ensured to be
within the free sound field (about 1 m from the noise sources). The free sound field is defined by American
Standard Acoustical Terminology as a homogenous, isotropic medium free from boundaries. In practice, it
is the field within which the effects of boundaries are negligible over the region of interest. Furthermore, an
A weighting (Figure 1) was used in the software as it correlates with human hearing damage zone (Agilent
2012; 2013) and is the one recommended for machinery noise measurement by BS (1987) standard. Since
the focus is on the damaging effect of the noise generated around the operators, the microphone was placed
at their head level and 1 m away in accordance to BS (1987) standard (Figure 5).

Figure 5: Microphone placements for measuring noise spectrum at grinding machines operators head level
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Finally, for testing operator hearing ability, audio generator within the SpectralPlus® was set to generate
pure tones with frequency sweep ranging from 5 Hz to 2 kHz with 20,000 msec as frequency sweep interval.
The frequency and decibel at which an operator is able to hear the sound (cut-in frequency) and when the
operator could not hear again (cut-off frequency) were also while the frequency sweep experiment was on.
The calibration of the microphone was done using the SpectralPlus® software utility for microphone
calibration. The FFT analysis software eliminates the need for an acoustic calibrator as the calibration can
be done directly from the software.

Following the BS (1987) recommendation in the course of the measurements, it was ensured that the ambient
sound level was at least 7 dB(A) lower than the sound level produced by each of the machine being tested.
Also abiding to the BS (1987) standard (the recommended environmental temperature range of 29 °C and
60 °C), all noise measurements were taken at an average environmental temperature of 34 °C.

3. RESULTS AND DISCUSSION

Table 1 summarize the measured relative amplitude (maximum) and the frequency at which they occur for
the big burr milling machine while Table 2 summarize the measured relative amplitude (maximum) and the
frequency at which they occur for the small burr milling machine. Table 3 is the cut in frequencies (when
the operators began to perceive sound) and cut-off frequency (when they stopped perceiving sound) all at
above -30 dB. Comparing the Tables 1 and 2 with Table 3, none of the operator was able to perceive the
machines average mid frequencies noise level. For example, in Table 1, dry Maize grinding will cause the
big burr mill to generate 1603 Hz mid frequency at -21.16 dB. The first operator will not be able to perceive
that sound clearly since his cut-off frequency is 379.52 Hz (-3.84 dB). That bur mill sound has to be amplified
for him to hear it, the meaning it that his hearing pattern has become damaged. Normal human beings hear
perfectly within the range of 500 — 20000 Hz and converse at 60 dB (approximately -45 dB using relative
amplitude scaling). The operator cannot hear what the person (a customer) is saying to them perfectly and
easily except customer shouts or the operator shouts. They are psychologically cut-off — that is, they feel the
person they are talking with is more composed if he/she is not shouting back while they are rather agitated or
rather vexed because of the hearing challenge, hence they can become aggressive in the process.

The results of these experiments are further illustrated in Figures 6 to 12. The vertical scaling unit of the
charts is in relative amplitude of the sound measured (in dB) while the horizontal axis for all the charts is
frequency (measured in Hz — 0 Hz to 20 kHz) and the scaling is logarithmic. The dB in relative amplitude
as used in this work means that 0 dB is equivalent to 90 dB(A) (A weighting) which is the maximum sound
power level a worker is allowed to be exposed to continually for 8 hours as agreed internationally by
Occupational Safety and Health Administrations (OSHA) (Lamancusa, 2000; Steven, 2001). This OSHA
recommendation will cause hearing damage in approximately 25% of the population (Lamancusa, 2000).
Figures 6 to 12 illustrate the spectrum of each material being grinded and the type of machine used. Of note
is the difference between the wet maize milling sound spectrum (Figure 11) and the dry maize sound
spectrum (Figure 10) when using the large burr mill. There is peaking (that is increase in the noise level
between 1.5 kHz and 2 kHz for the dry maize while the wet maize does not exhibit this behaviour, possibly
because the presence of water dampens the noise. However, the two-burr mill design generally have similar
sound spectrum pattern. The difference is the peak frequencies which is different for the materials being
grinded. Also, the noise levels of the lighter burr mills are higher than that of the large burr mill due to the
material used in constructing its milling chamber (Wei ef al., 2019). The heavy burr mill milling chamber is
made from cast iron whereas that of the lighter one is made from thin welded steel plates. There is a degree
of noise damping with the ones made from cast iron.

The wet materials dampen the noise (as noted in the case of the larger burr mill when milling wet and dry
maize (Figure 10 and 11) and the dried products are also expected to increase the noise level. However, the
small burr mills are rather louder despite being used for wet food. The thinking is that it may be because the
small grinding machines are made from sheet metals while the big ones are made from cast iron. Naturally,
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the sheet metal will have a reverberating or “drum” effect while the cast iron (which is thicker) will act as a
damper for the big ones. In the authors’ undocumented interaction with people who live in the neighbourhood
as well as the findings of Haruna and Agu (2012), it is seen that operation of the smaller burr mill is usually
characterised by unbearable noise. It was also observed that the burr mill machine operators are generally
aggressive and are prone to quarrel with their customers regularly. Furthermore, the results showed that their
average cut-in frequency 183.93 Hz (-4.59 dB) and average and cut-off frequency 364.27 Hz (-3.80 dB)
range were outside normal human hearing range of 500-20000 Hz and optimum human hearing range of 1
kHz to 4 kHz. Thus, they need loud sound (-4.59 dB for cut-in and -3.80 dB for cut-off) for them to perceive
what is being said. It is felt that their continuous exposure to the noise from these machines may be
contributing to this aggressive behaviour among other factors. Furthermore, the thinking is that they may be
having challenges hearing the conversation from their customers and thus needs to shout at them which
makes them seem or act aggressively without provocation.

Table 1: The peak noise level and its frequency for the big burr mill

Experiment Material being Relative amplitude Frequency (Hz)
grinded (dB)(Average) (Average)
1 Dry maize -21.16 1603
2 Wet maize -32.00 890
3 Cassava -25.78 840
4 Yam -25.30 1012
Average -26.06 1,086.25
Table 2: The peak noise level and its frequency for the small burr mill
. Material bein Relative amplitude (Db) Frequency (Hz)
Experiment grinded ¢ (Avelr)age) (?Averayge)
1 Tomato -25.76 919
2 Beans -24.50 845
3 Pepper -23.28 772
Average -24.51 845.33
Table 3: Hearing behaviour of the machine operators — consolidated
Cut-in Decibel (Relative Cut-off Decibel (Relative
Operator set ; litud .
requency amplitude) frequency amplitude)
a 199.18Hz -4.27dB 379.52Hz -3.84dB
b 166.88Hz -5.03dB 349.91Hz -3.75dB
c 185.72Hz -4.47dB 363.37Hz -3.82dB
Average 183.93Hz -4.59 dB 364.27Hz -3.80 dB
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Figure 6: Light burr mill sound spectrum while milling soaked beans
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Figure 7: Light burr mill sound spectrum while milling pepper
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Figure 8: Light burr mill sound spectrum while milling tomato
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Figure 9: Large burr mill sound spectrum while milling dried cassava
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Figure 10: Large burr mill sound spectrum while milling dry maize
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Figure 11: Large burr mill sound spectrum while milling wet maize
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Figure 12: Large burr mill sound spectrum while milling dry yam

4. CONCLUSION

The noise by the burr milling machines were successfully quantified using the Fast Fourier Transform (FFT)
analysis software (SpectralPlus® version 5.0). On the average, the smaller burr mill is generally louder than
the bigger burr mill, (-24.51 dB and -26.06 dB). The connection between the noise level and aggression
seems to be established by the authors’ observation of the cut-in and cut-off frequencies which are abnormal
for the operators and was also reported by other researchers. However, other factors may also be contributing
to this. Thus, there is a need to redesign the burr mills such that the noise pollution from them is reduced.
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