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ABSTRACT

Introduction: Colored noises with acoustic and psychoacoustic characteristics have several biological
effects on human or animal health. While studies on auditory effects focus on noise’s physical aspects, its
psychoacoustic aspects can also result in health and safety risks. Therefore, this study aims to investigate
frequency-based damages due to exposure to colored noise in an animal model.

Material and Methods: Twenty-four male Wistar rats were randomly divided into four groups (6 in each
group). The groups included the control (no exposure) and three exposure groups (white, pink, and violet).
The rats were exposed to 110 dB SPL for 4 hr/day for 14 consecutive days. Auditory brainstem responses
(ABR) with click and tone-burst stimuli were recorded one day before (baseline), 7, and 14 days after
exposure. Statistical analyses were conducted using ANOVA and repeated measures ANOVA.

Results: There was a statistically significant increase in ABR threshold values in exposure groups (p<0.05).
Hearing threshold shifts in the white noise group showed a homogeneous pattern, violet noise showed an
increasing pattern, and pink noise showed a decreasing pattern in low frequencies and a homogeneous
pattern with increasing frequency. The highest shift in hearing threshold was observed in exposure groups
from day O to 14. Additionally, the shift in hearing threshold in the second week was less than in the first
one.

Conclusion: The current study observed that noise’s power spectral density affected hair cells” damage
severity. Accordingly, pink noise causes less damage to the cochlea compared to white and violet. Over
time after noise exposure, cochlear pathogenesis gradually decreases and hair cell lesions become stable.
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1. INTRODUCTION

Exposure to high levels of noise damages the
hair cells of the cochlea and causes Noise Induced
Hearing Loss (NIHL). The damage induced
by noise exposure greatly depends on acoustic
characteristics, including intensity, duration of
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exposure, frequency content, and bandwidth.
Noise spectrum or noise color, which is one of the
features related to noise frequency, refers to noise’s
power spectral density (power distribution in the
frequency spectrum). Each color noise has its own
acoustic characteristics. White noise is a mixture
of random signals with a flat spectral density and
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equal intensity over the entire audible frequency
range (20 to 20,000 Hz). Pink noise’s frequency
spectrum is linear in logarithmic scale and its
power spectral density is reduced by 3 dB per
octave (density proportional to 1/f) compared to
white noise. Violet noise’s power density increases
by 6.02 dB per octave with increasing frequency
(density proportional to f2) in a limited frequency
range.

Colored noises with acousticand psychoacoustic
characteristics have several biological effects on
human or animal health. Studies on auditory
effects focus on noise’s physical aspects, while
psychoacoustic characteristics, including noise
color, can also induce health and safety risks.
Therefore, this study aims to investigate frequency-
based damage induced by exposure to colored
noises in an animal model.

2. MATERIAL AND METHODS

Twenty-four male Wistar rats were randomly
divided into four groups of six, including exposure
to white, pink, and violet noise groups, as well as
a control group (animals with no noise exposure).

According to the group to which the animals
belonged, they were exposed to white, pink, and
violet noise with a level of 110 dB SPL for 4 hr/day
for 14 consecutive days (Fig. 1). The background
SPLs for the control group was 40-50 dB in all
phases of the study, as well as for other groups at
times outside the specified exposure level. During
the study period, all ethical principles regarding
care and use of laboratory animals were carefully
observed based on the declaration of Helsinki.

Noise exposure was done in a soundproof
chamber. White and pink noises were made using
Adobe Audition software (Adobe Inc, v22.4.0.49)
and violet noise was made using MATLAB software.
The noise produced was amplified by an amplifier

ABR

and broadcasted through a speaker installed on
the ceiling of the room. The hearing threshold
of all animals was measured by ABR (Biologic
Navigator pro, Natus, USA) with click stimuli (with
a frequency range of 1000 to 4000 Hz) and tone-
burst (at frequencies of 4, 8, 12, 14, and 16 kHz) one
day before exposure (baseline), seven and fourteen
days after exposure (two hours after exposure).
Animals whose hearing threshold was higher than
20 dB with click stimulus were excluded from the
study. During the entire test duration, animal body
temperature was maintained at 37+0.5°C and all
measurements were performed under general
anesthesia using intraperitoneal injection of 10%
Ketamine and 2% Xylazine. The noise stimulus
was sent in click method using Insert Earphone
(Biologic Navigator pro, Natus, USA) and tone-
burst stimuli were sent through a loudspeaker
located directly above animal ear at a distance of five
centimeters at an angle of 30 degrees to external ear
canal. Threshold was defined as lowest observable
and reproducible intensity level for wave II. Results
were recorded for right ear.

Mean and standard deviation were used as
descriptive statistics. To compare ABR results in
defined periods (baseline, days 7 and 14), repeated
measures analysis of variance and Bonferroni post-
hoc test were used. Comparison of ABR results
between groups was conducted by one-way analysis
of variance.

3. RESULTS AND DISCUSSION

In all groups, baseline means of ABR thresholds
at frequencies of 4, 8, 12, 14, and 16 kHz tone-
burst and click stimuli did not show statistically
significant differences (p>0.05). Throughout the
study, stable thresholds were observed in the
control group, indicating no age-related hearing
loss during the experiment.
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Fig. 1: A flowchart of the experimental design via ABR measurements and noise exposure.
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Fig. 2: Mean ABR threshold shift measured with tone-burst stimulus study groups. *** p<0.001, ** p<0.01, * p<0.05, ns
P>0.05

White noise group: A significant increase in
ABR threshold values was observed on days 7 and
14 after exposure compared to baseline values
(P<0.05). The rate of changes in the second week
was less compared to the first one; however, at
frequencies of 4, 12, and 16 kHz, changes were
not statistically significant (P<0.05) (Fig. 2). A
homogeneous pattern was observed in ABR
threshold changes. White noise with constant
amplitude over the whole frequency spectrum
caused homogeneous damage throughout the
cochlea.

Pink noise group: ABR threshold values on
days 7 and 14 after exposure were statistically
significantly different from the control group
(P<0.05). Resulting hearing changes were
statistically significantly different from baseline
values in all investigated frequencies (P<0.05) (Fig.
2). During exposure to noise, there was no decrease
in rate of changes, indicating permanent threshold
shift in animals. ABR threshold changes had a
decreasing pattern along frequency spectrum so
that pink noise caused greatest amount of damage
to apex of cochlea; however, with increasing
duration of exposure, damage did not reach higher
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frequencies (base of cochlea).

Violet noise group: At all frequencies, ABR
threshold values increased significantly on days
7 and 14 after exposure compared to baseline
values (P<0.05). In second week of exposure, rate
of changes made in 4 and 8 kHz frequencies was
significantly higher than in first week (P<0.01),
while in 12, 14 and 16 kHz frequencies rate of
changes was less than in first week (P>0.05) (Fig.
2). ABR threshold changes followed an increasing
pattern along frequency spectrum so that violet
noise caused most damage to basal part of cochlea
which was more intense with increase in duration
of exposure to damage at lower frequencies.

ABR threshold values measured using click
stimulus had stable thresholds for control group
during study (P<0.05). In pink group, despite
increase in hearing threshold no statistically
significant difference was observed between days 7
and 14 after exposure to noise with baseline values
(P<0.05). Highest hearing threshold increase was
related to white group (10 dB increase for first week
of exposure and 20 dB increase for two weeks) and
lowest hearing change was related to violet group
(Fig. 3).
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Fig. 3: Mean of ABR threshold shift measured with click stimulus in study groups. ** p<0.01, * p<0.05, ns P>0.05

4. CONCLUSIONS

The results of this study showed that noise’s
power spectral density is effective on hair cells’
damage severity, so that pink noise causes less
damage to the cochlea than white and violet noises.
The frequency content of noise determines the
pattern of cell damage and severity of hair cell
damage, so that high-frequency noise is more severe
than lower-frequency sound damage but with the
same level. Additionally, this study showed that
with passing time after exposure to noise, cochlear
pathogenesis gradually decreases and damage
becomes stable. Since one of occupational health’s

Journal of Health and Safety at Work 2023; 13(2): 236-251

aims is to control workplace noise to prevent its
auditory and non-auditory effects, current findings
may be useful evidence to control harmful levels
of noise in the workplace by masking environment
noise using pink noise.
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