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Effect of Long-Term Exposure to Traffic Noise on Acceptable
Noise Level Measures in Traffic Police Officers
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Introduction: The acceptable noise level (ANL) measure is a subjective way of identifying how much of noise a person is able to put up
with while listening to speech. Individuals with low ANL were observed to be satisfied hearing users than the individuals with high ANL.
However, the reason for large individual variations of the measure is still not well understood. Exposure to noise may be one such factor that
would affect the ANL which was never explored. Among the individuals who are exposed to noise, majority are exposed to occupational
noise. Traffic police is such a working population who is exposed continuously to traffic noise during their duty hours. Hence, the present
study was planned to investigate ANL measures in traffic police officers that might further provide insight toward the heterogeneity of the
measure. Methods: A total of 38 participants were divided into two groups. Group 1 consisted of 19 traffic police officers with minimum of
5 years of job experience and Group 2 consisted of normal hearing individuals without any noise exposure. All the participants underwent
routine audiological evaluations followed by ANL testing. Results: The mean ANL obtained in both the groups was statistically compared.
The results revealed that the traffic police officers yielded better ANLs than participants in Group 2. Conclusion: This ability of traffic
police officers to put up with more noise while listening to speech may be attributed to their long-standing experience in listening to wanted
signals in noise.
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INTRODUCTION the reason for large individual variations of the measure is still
not well understood. Exposure to noise may be one such factor
that would affect the ANL as it is shown to source various
auditory and nonauditory effects including subtle auditory
processing deficits, which was never explored. Among the
individuals who are exposed to noise, majority are exposed to
occupational noise. Occupational noise is well known for its
nonauditory and auditory effects. The nonauditory effects of
noise include sleep disturbances, annoyance, cardiovascular
disease, and cognitive deficits. Occupational noise also results
in outer hair cell dysfunction within the cochlea leading
to cochlear hearing loss.[”” However, these effects may be
temporary as in temporary threshold shift or permanent as in

The acceptable noise level (ANL) measure is a subjective way
of identifying how much of noise a person is able to put up
with while listening to speech. Although there are objective
ways of identifying the speech understanding capabilities of
an individual in the presence of noise, ANL measure stands
out as it is found to be well correlated with the hearing aid
outcome and benefit. Individuals with low ANL were observed
to be satisfied hearing users than the individuals with high
ANL." Thus, ANL is considered to be a tool that will further
help in counseling and selection of appropriate assistive
listening devices. Nevertheless, there exists a range of ANL
in individuals with normal hearing and impaired hearing.!
Few of the factors pertaining to variations in ANL among
population which are being reported in the literature are listener Address for correspondence: Mr. P G. Vipin Ghosh,
and speaker gender, hearing sensitivity, type of background JSS Institute of Speech and Hearing, M. G. Road,

noise, speech understanding capabilities, and personality.? M}é?g]r:": 3;%8%;#%3;#&:2?;?

Although many factors which would affect the ANL among
individuals with normal and impaired hearing are being studied,
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permanent threshold shift. Moreover, occupational noise has
also been reported to alter the temporal processing abilities of
an individual which plays a crucial role in voice identification,
pitch, and speech perception.®]

Traffic noise is considered to be one of the main sources
of environmental noise around us. Earlier researchers have
reported the nonauditory effect of continuous long-term
exposure to traffic noise. This includes sleep disturbance,
annoyance, hormonal imbalance, and psychological stress.”!
Traffic police is such a working population who is exposed
continuously to traffic noise during their duty hours. They
work in the midst of traffic noise throughout their duty hours.
However, there were few studies carried out on them to
understand the ill effects of traffic noise on their health. These
investigators reported that the traffic police officers who work
outdoors are at higher risk for nasopharyngitis, arthropathy,
photosensitive dermatitis, heat stroke, and noise-induced
hearing loss than the officers who work indoors.!'!'l However,
the subtle auditory processing abilities of such individuals who
are exposed to traffic noise are not well understood. Moreover,
there is a lack of literature on their efficacy to understand
speech in the presence of background noise. Hence, the present
study was planned to investigate ANL measures in traffic
police officers that might further provide insight toward the
heterogeneity of the measure. The aim of the current study was
thus to investigate the ANL measure in traffic police officers
who are exposed to continuous traffic noise. The objective of
the study was to investigate whether the exposure to traffic
noise results in variation of ANL in traffic police officers.

MeTtHoDS

The present study is a standard group comparison. The
study was conducted in the city limits of Mysuru, India.
The methodology adopted was reviewed and approved by the
research review board of the institution. Traffic police officers
from two different police stations were considered for the
study as they recruit the officers to peak points where there
is maximum number of vehicle movement in the city. All the
participants were recruited on a nonpayment basis and provided
written informed consent. The study considered two groups.

Excluded (n= 12 )
~ Not meeting inclusion
criteria (n= 11)
~ Declined to participate
(n=0)
~ Otherreasons (n=1)

Assessed for eligibility

(n=_50)

Randomized (n=19 )

ANL evaluation (n=19)

Figure 1: Flowchart depicting the participation selection procedure in
Group 1

Group 1 comprised 19 traffic police officers with at least
5 years of experience without any hearing loss or otological
concerns and Group 2 with normal hearing individuals without
any noise exposure and otological complaints. The age range
was limited to 50 years to avoid the influence of age-linked
hearing-related issues.

Fifty traffic police officers with 5 years of job experience in
traffic were considered for the study. Among them, six officers
who were beyond 50 years of age were omitted. Five of
them had middle ear dysfunction as evident from immittance
evaluation and they were also not considered for the ANL
experiment. Twenty traffic police officers were further selected
randomly from the list for ANL evaluation and considered
as Group 1. However, one officer could not complete the
evaluation restricting the participants in Group 1 (19). The
age range of the participants in Group | was 36-50 years,
with a mean age of 47.53 years. Group 2 also consisted of
19 individuals with normal hearing and no associated otological
problem or any noise exposure and served as control group.
All the participants in Group 2 were also randomly selected.
All of them were within in the age range of 2050 years, with
a mean age of 38.95 years. The subject selection procedure
in Group 1 is given in Figure 1 and in Group 2 is given in
Figure 2. All the participants in both the groups underwent
pure-tone audiometry and immittance evaluation to rule out
any hearing loss and middle ear disorders using an Inventis
Piano audiometer coupled with a calibrated Sennheiser HD
300 headphone and Inventis Clarinet immittance meter.

Further, participants underwent ANL testing in sound-treated
audiometric rooms with ambient noise within permissible
limits.['? Stimulus and noise for ANL measurement were
presented in a custom application through Matlab. 7.0.
A calibrated headphone was used to present stimulus and
noise binaurally to each participant. Stimulus used for ANL
measurement was a Kannada story, and the background noise
was speech babble. For ANL measurement, the procedure given
by Nabelek et al.'¥) was followed. Most comfortable level
(MCL) and the background noise level (BNL) were established
initially to determine the ANL in each of the participants. To
establish the MCL, the participants were asked to listen to

Excluded (n= 7 )
~ Not meeting inclusion
criteria(n=7)
~ Declined to participate
(n=0)
~ Other reasons (n= 0)

Assessed for eligibility

(n=_50)

Randomized (n=19 )

ANL evaluation (n=19)

Figure 2: Flowchart depicting the participation selection procedure in
Group 2
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a story through headphones. The level of the stimulus was
0 dB HL at the beginning. This level was gradually increased
10-dB steps until it became “too loud” for the listener. Further,
the level of the running story was decreased in 10-dB steps
until it was indicated to be “too soft” by each of the listeners.
One this is done, the level of the story was further adjusted in
5-dB steps till the loudness became most comfortable for the
listener. This level is considered as the MCL of the participant
and was used for ANL computation. To establish the BNL,
speech stimuli were presented at the MCL of the individual
along with added background noise. The intensity of the
background noise was kept at 0 dB at the beginning of the
trial. This level of background noise was then increased in
5-dB steps. The listeners were instructed to indicate when the
loudness of background noise becomes “too loud.” From that
level, the intensity of noise was reduced in 5-dB steps until it
was perceived as “too soft” by the individual. Noise level was
further adjusted in 1-dB steps until it reached the maximum
level that can be accepted by the participant while listening to
the running story without getting tired or tensed. This particular
maximum level of background noise is considered as BNL of the
participant. MCL and BNL were used to estimate the ANL of the
individual using the following formula: ANL = MCL — BNL.
Thus, by subtracting BNL from MCL, the ANL of each of the
participant was calculated and tabulated for further analyses. All
the statistical analyses were carried out in SPSS 16.0 software
(IBM corporation, Chicago, USA). The significance level for
the study was determined to be 5%.

ResuLts

Data obtained were subjected to statistical analyses.
Descriptive statistics were carried out to obtain the mean and
standard deviation (SD) of ANL obtained in both the groups.
The mean and SD of ANL obtained in both the groups are given
in Table 1. Figure 3 depicts the scattered plot of individual ANL
obtained in Group 1, and Figure 4 depicts the scattered plot
of individual ANL obtained in Group 2. The comparison of
mean ANL obtained in both the groups is showed in Figure 5.
From Figure 4, it is evident that the mean ANL in traffic police
officers is better (lower) than the mean ANL obtained from
their counterparts without any noise exposure. However, the
data were subjected to statistical comparison to check for its
statistical significance.

Shapiro—Wilk test was carried out to initially check for the
normal distribution of the data. The results revealed that the
ANL data obtained from traffic police officers (Group 1) did
not follow normal distribution while the data from the Group 2

Table 1: Mean and standard deviation of acceptable
noise level obtained from both the groups

Group Mean ANL (dB) SD
1 3.16 232
2 6.1 42

SD: Standard deviation; ANL: Acceptable noise level

followed normalcy pattern. Hence, nonparametric statistical
analysis was carried out further for statistically comparing the
ANL obtained in both the groups. Mann—Whitney U-test was
carried out for this comparison, and the results revealed that
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Figure 3: Scattered plot of individual acceptable noise level obtained in
Group 1
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Figure 4: Scattered plot of individual acceptable noise level obtained in
Group 2
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Figure 5: Comparison of mean acceptable noise level obtained in both
the groups
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the mean ANL score was significantly lower in traffic police
officers in comparison to Group 2 (U =104, P <0.05).

Discussion

The present study was conducted to assess the ability of traffic
police officers to abide noise while listening to speech or
other wanted signals around them. As the noise is considered
to be harmful for the body systems including the hearing
mechanism, traffic police officers also are considered to be at
risk of such problems due to the continuous noise exposure
in their working hours. Moreover, earlier studies confirm
the different nonauditory effects of continuous exposure
to traffic noise such as sleep disturbance and annoyance.”
Similarly, it is also reported that the police officers who work
outdoors are at higher risk for various health issues such as
nasopharyngitis, arthropathy, photosensitive dermatitis, heat
stroke, and noise-induced hearing loss!'®!!! ANL measure is
reported to be an efficient and reliable method for quantifying
an individual’s susceptibility to noise while listening to
speech. Hence, it was used for assessing the propensity of
these individuals toward noise while listening to speech. ANL
was assessed for all the participants in both the groups, and
the results were compared between the groups. The results
revealed that the ANL obtained by traffic police officers are
significantly better (lower) than the individuals without any
noise exposure. This observation appeared to be interesting as
the literature discussed only the detrimental effects of noise
on health either auditory or nonauditory. Earlier literature has
reported their susceptibility to temporary or permanent hearing
loss.> Few of the studies have even reported subtle auditory
processing deficits in individuals who are exposed to noise in
their work environment. !4

However, a previous study has reported that the fine
temporal resolution abilities in traffic police officers are
not compromised.t'”! The authors attributed this to various
properties of the noise to which the traffic police officers are
exposed to. The current study also observes that the ANL of
traffic police officers was significantly lower than the control
group. This suggests that they can put up with more noise
while listening to speech. Although the effect of experience
in listening in noise on ANL was never being investigated, it
is already been reported that training provided using degraded
speech including speech in noise improves an individual’s
speech perception abilities in noise.l'®! According to this
study, invoking such high auditory demands would further
strengthen the cortical processes which in turn improve
the sensory acuity at brainstem level which improves
speech perception in the presence of noise. Traffic police
officers being a group that works under such noisy situation
constantly are also under similar auditory demands during
their duty hours. This extensive experience in listening to
speech and other wanted signals in noise might have made
their auditory system much sturdier to noise, thus improving
their speech perception abilities in noise. This, however,
has to be substantiated in other populations who work in

noisy environment with different subjective and objective
measures.

CoNncLusIoN

The current study was planned to evaluate the effect of
exposure to noise and experience in noise on ANL. A group of
traffic police officers who are exposed continuously to traffic
noise for at least 5 years were studied. The results suggested
that the ANL were significantly better in them in comparison to
a group who are not exposed to continuous noise. This ability of
traffic police officers to put up with more noise while listening
to speech may be attributed to their long-standing experience in
listening to wanted signals in noise. The present study may be
extended to other populations who work in noise with different
subjective and objective measures to substantiate the findings.
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