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Noise is pervasive in everyday life and can cause two kinds of
health effects - auditory and non-auditory health effects. The
most investigated non-auditory health endpoints for noise
exposure are perceived disturbance and annoyance, cognitive
impairment (mainly in children), sleep disturbance, and
cardiovascular health. The article presents case study of non-
auditory effects of noise on humans. This study assessed the
exposure of noise on respondents, especially on their
cardiovascular system. Measurement results are statistically
evaluated and consulted with experts. The measurement was
repeating after one year and the results were also statistically
evaluated and compared to results measured one year before
and that is the main strange of this article. The final part of this
article is comparison of results from two experimental
measurements. The paper proposes a methodology of noise risk
assessment, taking into consideration legislative requirements
as well as non-auditory effects of noise. The article is a
continuation of the article: STUDY OF NON-AUDITING EFFECTS
OF NOISE, which was published in the MM Science Journal in Juni
2016.
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1 INTRODUCTION

The adverse effects of noise on health have been intensely
explored in the past 50 years [Argalasova 2014]. Noise derived
from industrial activities is considered as an important
occupational risk [Meddeb 2016]. Noise nuisance in industry,
particularly in manufacturing plants, is more crucial than in other
working areas [Razavi 2014]. Occupational noise exposure has
been linked to numerous adverse health effects [Deshaies 2015].
Moreover, the daily exposure of workers to elevated noise levels
can cause hearing loss [Meddeb 2016]. The effects of exposure
to noise on the human organism are subject to the specific
characteristics of the noise, such as the level of noise, frequency,
intensity, and exposure time, impulsiveness, intermittency,
duration of noise influence and also individual susceptibility
[Vianna 2015], [Nilsson 2007], [Prashanth 2008]. Furthermore,
sex, health status, occupation, personality, sensitivity,
adaptability, and other factors are also closely related. Human
beings are continuously exposed to noise in different daily
activities, so it is important to develop tools for evaluating the
annoyance occurring during leisure time, at work and at home
[Nilsson 2007]. Although the reported discomforts are mainly
focused on direct hearing impairment, noise can also have
serious physiological and psychological consequences, including
heart disease, drowsiness and lack of concentration
[Molesworth 2013]. Sound becomes noise when it causes
adverse health effects, including annoyance, sleep disturbance,

cognitive impairment, mental or physiological disorders, stress
reactions, endocrine imbalance including hearing loss and
cardiovascular disorders [Babisch 2011]. Exposure to noise
hinders communication between workers and may also result in
different type of physical, physiological and psychological effects
on workers [Basner 2014]. Effects of exposure to noise on
workers have been divided into two significant groups auditory
or non-auditory. The auditory effects include hearing
impairment and permanent hearing loss due to excessive noise
exposure. The non-auditory effects include stress, related
physiological and behavioral effects [Ismaila 2014]. The auditory
system is continuously analysing acoustic information, including
unwanted and disturbing sound, which is filtered and
interpreted by different cortical (conscious perception and
processing) and sub-cortical brain structures (non-conscious
perception and processing) [Babisch 2017]. There is ample
evidence that occupational noise exposure is also linked with
cardiovascular diseases [Prashanth 2008]. The cardiovascular
effects of noise have been the source of growing interest and
they have been intensely explored in the last 50 years. One of
the most explored hypotheses is that persistent noise stress
increases the risk of cardiovascular disorders, including high
blood pressure (hypertension) and ischemic heart disease
[Argalasova-Sobotova 2014]. Continuous exposure to noise is
reported to have many adverse effects, both physiological and
psychological, and it is a very serious problem among people
working in an industrial environment [Solc 2011]. The three
general physiological responses to sound are voluntary
musculature mediated by the somatic nervous system, smooth
muscles and glands mediated by the visceral nervous system,
and the neuroendocrine system [Prashanth 2008].

2 MATERIALS AND METHODS / MEASUREMENT

The aim of the paper is to point out the influence of physical
factor (noise) on human health, concretely on the cardiovascular
system, which subsequently affects the quality of work activity.
Case study of non-auditory effects of noise on selected group
was guided by eight individual steps: 1. Formulation
experimental tasks, 2. The measured input variables and plan the
experiment, 3. Implementation of the experiment, 4. Conditions
and time of measurement, 5. Selection and editing of measuring
points, 6. Measurement procedures and measurement
parameters, 7. Evaluation of experimental data, 8.
Interpretation and application of the results of the experiment.
Experimental task consisted also in repeated measurement over
a period of one year, which was realized with the same group of
respondents. Measurement took place in the same conditions,
with the same technology and working activity. Microclimate
conditions and also other factors at work at point of
measurement remained unchanged. Technical equipment was
operated with the same worker.

The experimental group consisted of fifteen students from 21 to
30 years of age, 60 % of whom were males. This is measured in
diffuse fields. Respondents during the measurement were
standing (not performing movement), their eyes were open.
Heart rate measurements took place gradually. For excluding a
significant effect on heart rate of respondents and for more
reliable results were implemented measures like covering eyes
and respondents were at rest before the experiment. According
to the questionnaire responses, it can be stated that no one in
the observed sample of people suffers from significant health
problems, their BMI index ranges from 18.5 to 24.9, which is
considered normal, and health risks related to overweight or
underweight are minimal. Majority of respondents were not
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under medical treatment and only one person smokes. The
questionnaire showed no factors that could affect the test
results.

Basic numeric data of the respondents, their age, height and
weight are listed in Table 1.

Table 1. Parameter characteristics of the respondents involved in the
experiment (n=15)

Standard . -
Parameters Mean L. Maximum Minimum
deviation
Age (years) 23.40 3.09 30 21
Height (cm)  174.07 8.48 192 160
Weight (kg) 72 16.04 96 50

Measuring point took place in the woodworking workshop. This
experiment was measured in working order. The measurement
took place before midday. Table 2 presents microclimate
conditions (atmospheric pressure, air temperature, air humidity)
during experimental measurement in the workplace.

Table 2. Microclimate conditions during measurement in the workplace

Microclimate conditions

Atmospheric pressure 994 hPa
Air temperature 19 °C
Air humidity 54 %

The measurement was carried out in the workplace (hall) with
dimensions of 4 x 6 x 7 m, the hall is bricked. Experimental
measurement was in the middle of the hall. Due to elimination
of factors affecting respondents, background noise was
eliminated, i.e. all machines in the workplace (hall) were at the
time of the experiment turned off. The measurement was
conducted during woodworking. A milling cutter of 1400 W input
power was used.

This measurement was performed in terms of standard ISO
9612:2009(en) Acoustics - Determination of occupational noise
exposure - Engineering method. The microphone was placed 1.5
m above the ground near the noise source.

It was measured equivalent noise exposure level Laeq , Which is
the Sound Pressure Level in dB, equivalent to the total Sound
Energy over a given period of time. It was measured heart rate
of respondents, which is the speed of the heartbeat measured
by the number of contractions of the heart per minute (bpm).

2.1 The measuring instruments

The measurements were made by the instruments:

e sound analyser 2250. Measured data were recorded using
the BZ 5503 software,

e heart activity was monitored using the ECG testing device
and recorded by OMRON ECG Viewer software.

2.2 Measurement procedures

Measurement procedures and also measurement of parameters
of the influence of noise on the heart activity were measured as
follows:

* ECG record before the presence of individuals in the noisy
environment - first heart rate was measured respondents in a
quiet room out of service measurement lasted 30 minutes
(BEFORE 1- first experimental measurement, BEFORE 2-
measurement after a year)

* ECG record during the operation of noisy machinery. Then
respondents entered into operation for noise source - for milling

plates. While in operation were re-measured heart rate
measurement took 1 hour. (DURING 1- first experimental
measurement, DURING 2- measurement after a year)

e ECG record after the operation of noisy machinery was
completed, Respondents were returned to the out of service for
a quiet room, and after 1 hour they were again measured heart
rates. (AFTER 1- first experimental measurement, AFTER 2-
measurement after a year)

Measured noise level Ly eq in the measurement place was at the
time of operation 95.4 dB, L, qin a quiet room out of service was
48,4 dB.

The following values were recorded:

L LA,min =62.7 dB,

* Laymax=101.3dB,

o Lpeg= 95.4 dB.

The noise was during the measurement steady.

3 RESULTS AND DISCUSSION

Table 3 presents parametric data of 15 respondents during
experimental measurement. Average age of respondents is 23.4
years, average height is 174.07 cm and average weight is 72 kg.
Table presents also average, standard deviation, maximum and
minimum heart rate of respondents before, during and after
exposure in noisy environment.

Table 3. Parametric data of the respondents participating in the
experiment (n=15)

Parameters Standard . Minimu
Mean . Maximum
deviation m

Age (years) 23.40 3.09 30 21
Height (cm) 17;1.0 8.48 192 160
Weight (kg) 72 16.04 96 50

Before

exposure 76.8 18.80 107 57
Heart i

During 82.53 14.37 107 61

rate  exposure
After 80.93 12.72 107 64
exposure

We used the Friedman test to verify whether the heart rate of
the experiment participants changed at random or due to noise
present in the environment [KneZo 2011]. It results from the
tests that the null hypothesis about random influences on the
heart rate can be rejected (the value of test statistics 9.5, p-value
is 0.009). It implies that the heart rate depends on the
environment of the experiment participants.

With Shapiro-Wilk test we verify normality of data. The results
of the testing show that normality condition is not fulfilled in the
first set- before staying in noisy environment (BEFORE1), (p-
value=0.018).

Multiple comparisons of post-hoc tests prove that there is
evincible difference between the heart rate of the respondents
before and during their presence in the noisy environment. The
heart rate values rose, which means the heart activity increased
during the operation of noisy machinery. Similarly, their heart
rate values before and after exposure to noise differed.

Figure 1 shows the statistically evaluated heart rate of
respondents with chart of averages and 95 %-confidence interval
in first measurement.
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Figure 1. Chart of averages and 95 %- confidence interval from first
measurement

3.1 The results of measurement repeatability non—auditory
effects of noise impact after 1 year

After one year the measurement of non-auditory effect of noise
was repeated. The measurement was conducted during the
same woodworking, in the same place. Table 4 presents
parametric data of 15 respondent’s participing in this
experiment. Respondents are the same like in first experimental
measurement, but their age, height and weight has changed,
also their heart rate during measurement.

Table 4. Parametric data of the respondents participating in the
experiment after year (n=15)

Standard Maximu Minimu
Parameters Mean deviatio
n m m
Age (years) 24.40 3.09 31 22
Height (cm) 17;1'0 8.48 192 160
Weight (kg) 72 16.04 96 50
Before
exposur 90.67 13.37 120 75
e
Hear During
t exposur 89.80 15.38 126 77
rate e
After
exposur 93.60 14.23 129 78
3

With Shapiro-Wilk test we verify normality of data. The results
of the testing show that normality condition is not fulfilled in the
second set- during staying in noisy environment (DURING2) (p-
value=0.003<alfa=0.05).

We used the Friedman test to verify whether the heart rate of
the experiment participants changed at random or due to noise
present in the environment. Value of test statistics is 5.8. It
results from the tests that the null hypothesis about random
influences on the heart rate can be rejected. It implies, that the
heart rate is independed on the environment of the experiment
participants (p-value=0.061).

Next were used paired tests (Wilcoxon signed-rank test, paired
t-test) for comparing the values of heart rate of respondents
measured before staying in a noisy environment in first
experimental measurement (BEFORE1) and the values of heart
rate of respondents measured before staying in a noisy after one
year (BEFORE2). Testing shows, that there are statistically

significant differences between these files BEFORE1 and
BEFORE2.

Figure 2 shows the statistically evaluated heart rate of
respondents from experiment after one year with chart of
averages and 95 %- confidence interval.
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Figure 2. Chart of averages and 95 %- confidence interval from
measurement after one year

3.2 Comparison of the results from experimental measurement
of non-auditory effect of noise on human before and after one
year

Comparing results from two experimental measurements of
non-auditory effects of noise in one year repeatability Table 5
presents parameter characteristic of 14 respondents in previous
year (excluding respondent no.11).

Table 5. Parameter characteristics of the respondents involved in the
experiment (n=14)

Parameters Average Stal:\d?rd Maximum  Minimum
deviation

Before 78 18.90 107 57
exposure

Heart  puyring

rate  exposure | 3 14.80 107 61
After 80.64 13.15 107 64
exposure

Table 6 presents parameter characteristic of 14 respondents
after year (excluding respondent no.11). Standard deviation is in
this case lower (11.02) like it was in first measurement before
year (18.90). Other values are in this case higher.

Table 6. Parameter characteristics of the respondents involved in the
experiment after year

Standard

Parameters Average . Maximum  Minimum
deviation
Before 88.57 11.02 115 75
exposure
Heart  During 87.21 12.11 120 77
rate exposure
After 91.07 10.71 115 78
exposure

With Shapiro-Wilk test we verify normality of data. The results
of the testing show that normality condition is not fulfilled in the
set BEFORE1 (p-value=0.039) and in the set DURING2 (p-
value=0.005).
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Friedman test for set of measured files after one year shows,
that the null hypothesis about accidental influences on the heart
activity is again rejected

We can assume, that the value of heart rate does not depend on
the environment in which the respondents are (p-value=0.096).
The result does not change also in the case of older data. Also in
case excluding respondent no.11, there is a significant difference
in heart rate between respondents before exposure in noisy
environment and during exposure in noisy environment.

Paired tests (Wilcoxon signed-rank test, paired t-test) show, that
also in this case there are statistically significant differences
between sets BEFORE1 and BEFORE2 and also between sets
AFTER1 and AFTER2.

4 PROPOSAL OF METHODOLOGY OF NOISE RISK ASSESSMENT

Risk management represents a process of studying and
monitoring what can cause damage at a workplace in the form
of physical injury or damage to health.

This process is possible to describe schematically in the following
points:

¢ a description of a system and identification of dangers and
threats, defining of possible consequences (e.g. damage to
health),

¢ an estimate of risk and its evaluation,

e the setting of corrective measures with the goal of reducing
risk.

Risk analysis also identifies the probability and range of
consequences a negative event following from a given work or
other activity. Risks are then estimated on the basis of the
identified dangers. With the assessment of risk on the basis of
an analysis of threats, the seriousness of the estimated size of
the risk is assessed and the necessity to reduce it is evaluated. A
component of risk management of the basis of its assessment is
the proposal of measures, their implementation and the
monitoring of their effectiveness .

With estimates of the probability of damage, it is necessary to
take these viewpoints into consideration:

¢ the endangered persons,

e the type, frequency and duration of a threat — estimating the
consequences requires that the long-term effect also be noted,

¢ the relationship of exposure and its effects — the relationship
between the working of the danger and its effects in any
dangerous situation must be considered. It is also essential to
take into consideration a threat which is activated and its
synergic effect,

e human factors, e.g. the interaction of persons, education, the
degree of fatigue, ergonomic viewpoints, etc.

The conditions for the origin of damage, which can be an injury
but also damage to health which has a chronic character with a
long-lasting course. Dangerous situations, during which damage
originates in consequence of cumulative working during a
certain period of time (the non-auditory effects of noise), need
to be resolved in a different way than situations during which
sudden unexpected damage occurs [BalaZikova 2016]. The
probability of damage (consequence) arising depends on the
cumulative exposure to the threat. Therefore, the exceeding of
a certain level or measure above which the cumulatively working
can cause damage to health can be considered as a dangerous
event. Several exposures with different time durations and
relevant doses can create an overall dosage, e.g. with hearing
loss the dosage depends on the noise levels.

The first step with risk assessment is the identification of threats.
The aim of threats identification is the creation of a list of threats
which enable possible accident scenarios to be described with

respect to when and how damage may arise in a given threat
[Mascenik 2009].

The method of risk assessment is proposed specifically for the
reason of long-term noise exposure (even sub-limit noise
values), which can later lead to chronic damage to health. From
the long-term perspective this can lead to non-auditory effects
of noise which is necessary to capture in the beginning phase,
for which the method proposed in this work can serve as an
instrument.

The assessment of acoustic risks consists of a basic method for
risk assessment, which is described in standard ard STN EN ISO
14121 - 2 Safety of Machines. Risk Assessment. Part 2: Practical
instructions and examples of methods — Risk Matrix. The
assessment of acoustic risks is made up of two Risk Matrices. The
first is the matrix of auditory risks (Raugit.) and the second is the
matrix of non-auditory risks (Rnon-audit.). A risk matrix is a two-
parametric register of the probability of a negative event and its
consequence originating. The limits of probability in Raygit. and
Rnon-audit. are created by legislative limit values of exposure to
noise (Directive 2003/10/EC of the European Parlament and of
the Council). Consequences are set by subjective feelings, or by
quantitative values of non-auditory effects, e.g. in the case of
irritation of the automatic nervous system, this is an increasing
of heart activity (frequency) and the working of the internal
organs, raised blood pressure, and increased hormonal
secretions, or in the case of the endocrine system, this is the
release of catecholamine or cortisol with raised noise levels 17
[Balazikova 2012].

This proposed method for the assessment of acoustic risks is also
applied in practice, where the non-auditory effects of noise were
quantitatively described using the heart-rate that is the impact
of noise on the cardiovascular system. The software processing
of the developed method in the spreadsheet program Microsoft
Excel for Microsoft Windows is in Figure 3.

The resulting value of the acoustic risk can have values between
1 to 75. The weight of the risk is gradual with respect to the
effects of noise and the exposure time. In making this
assessment of acoustic risk using the proposed methodology in
the context of this measurement, where the measured noise
level Laeq at the time of operation was 95.4 dB, the acoustic risk
value is 28,125 - a significant risk.

T O ACOUSTIC RISK MANAGEMENT @
2 EVALUATION OF ACOUSTIC RISK

Equivalent A level of sound pressure  Lyeq= | 95,4/d8

Exposure time T,:T mn]mm

Calculated daily exposure to noise L =] 94,574031]d8

Determine the result of an acoustic load on the human AUDITORY organ
1 -C1 Minimum (short-term hearing problems, eg. Tinnitus)
2 - C2Mild [persistent auditory problems, eg. Tinnitus, which after a stay in another setting
time disappears)
3 - casignificant (permanent hearing impairment, eg reduced hearing)
<

3

Determine the result of an acoustic load on the human NON - AUDITORY organ

1 -C1 Minimal (short-term increase in blood pressure, changes in EEG, digestive problems)

2 - C2Mild (persistent rise in blood pressure, changes in EEG, digestive problems after
astay in another setting time disappears)
3 - C3significant (permanent health disorders - increased blood pressure, EEG changes, digestive problems)

|

ACOUSTIC RISK

FEns

Figure 3. Software for the assessment of acoustic risks

Possibilities for determining the integrated values of acceptable
risk:

¢ the acceptability of the vibro-acoustic environment can be
assessed as the tolerable measure of the load by unfavourable
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conditions of the simultaneous working of noise and mechanical
oscillation in the work environment,

¢ the vibro-acoustic acceptability of the environment can be
evaluated according to the criteria of subjective interruption,
interference with the activity of a person or performance, safety
of the work and protection of health or with their free
combination [Bi¢ejova 2009].

5. CONCLUSION

Itis a well- known fact, that a long-time and repeating stay in the
noisy area is unfavourable for hearing. However, it is not well
known usually also another important fact that the auditory
organ is not the sole point of the human body, which is able to
percept the noise. The noise is affecting the whole human body,
especially the cardio-vascular system, the central nervous
system and the vegetative nervous system.

Many people, however, believe that noise produced by an
individual, who also makes decisions about its origination and
transmission, is not serious enough to be reduced or eliminated.
This could be caused by the fact that consequences are not
immediately obvious.

The quality of working life is influenced by a number of factors
of physical and psychosocial nature. Individual factors can both
positively and negatively affect the health of the individual,
which may then be manifested in the form of short- or long-term
health problems.

Paper was focused on the analysis of the risk factor, namely
noise, on human health. In the presented experiment was
pointed out that noise may affect the cardiovascular system,
whose risk in terms of time exposure is increasing. If we were
based on the definition of risk R = P x C (where R - risk, P -
probability, C - effect), the longer the probability of noise
exposure is, the higher the presumption of impacts on the
auditory apparatus and the non-auditory effects of noise and
after that the decreasing the quality of work.
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