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Abstract

Background: Prolonged exposure to occupational noise can lead to various audiological and non-audiological effects. The 
present study is a preliminary investigation of the temporal resolution ability of traffic police officers who had a history of ex-
posure to traffic noise for at least 5 years.

Material and methods: The study focused on an experimental group of 20 traffic police officers and a control group of 20 age-
matched individuals without noise exposure. A gap detection test (GDT) and a test of modulation detection thresholds for si-
nusoidally amplitude modulated noise (TMTF) at 8 Hz, 20 Hz, and 60 Hz were administered to all the participants.

Results: ANOVA was carried out to check for significant different in performance between the groups, which suggested a main 
effect of groups. A further t-test was done and no significant difference (p>0.05) between the groups in test performance was 
observed, suggesting that temporal resolution is not significantly affected in traffic police exposed to traffic noise.

Conclusions: The present study findings may be attributed to various factors that control the effect of noise on humans. These 
factors are discussed. However, the population cannot be considered as free from noise-related harms since nonauditory ef-
fects of traffic noise, including sleep disturbances, annoyance, hypertension, and stress, have been reported in earlier studies. 
More research is needed to clarify the situation.
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IMPACTO DE UNA EXPOSICIÓN PROLONGADA AL RUIDO DEL TRÁFICO SOBRE 
LA RESOLUCIÓN TEMPORAL EN LOS POLICÍAS DE TRÁFICO: 
ESTUDIO PRELIMINAR

Resumen

Introducción: Una exposición prolongada al ruido en el lugar de trabajo afecta el funcionamiento del individuo, incluido el 
área auditiva. El presente trabajo muestra datos preliminares relativos a la resolución temporal del sistema auditivo en los 
empleados de la policía de tráfico que han sufrido episodios temporadas de exposición al ruido del tráfico de al menos cin-
co años de duración.

Materiales y métodos: Se han comparado los resultados obtenidos en el grupo examinado, formado por 20 oficiales de poli-
cía de tráfico con los resultados provenientes del grupo de control de 20 personas seleccionadas en cuanto a la edad que no 
han pasado por episodios de exposición al ruido del tráfico. Los individuos examinados han sido sometido al test de los um-
brales de detección de brechas (GDT) y a la prueba de función de transferencia de modulación (TMTF) para el ruido con am-
plitud modulada de tipo sinusoidal para 8, 20 y 80 Hz.

Resultados: Para comprobar la importancia de las diferencias entre los resultados de los dos grupos se utilizó la técnica del 
Análisis de la Varianza (ANOVA), por la cual se estableció el resultado principal de cada grupo. A continuación se efectuó la 
prueba t de Student, que para el nivel de probabilidad p>0,05 no ha demostrado diferencias importantes entre los resultados 
de pruebas realizadas en los dos grupos. Estos resultados sugieren que la exposición al ruido del tráfico no afecta de manera 
importante la resolución temporal en los policías de tráfico.

Conclusiones: Los resultados del estudio comentado podían haber sido influenciados por múltiples factores que regulan el 
impacto del ruido sobre el individuo, los que se han debatido en el presente trabajo. No obstante, no se debe descartar por 
completo el impacto devastador del ruido sobre el funcionamiento psicofísico general del individuo, descrito en referencias 
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anteriores, incluidos los trastornos del sueño, la irritabilidad, la tensión alta y el estrés. Para una verificación mas profunda 
hay que realizar pruebas adicionales.

Palabras clave: trauma acústico • fenómeno de reclutamiento

ВЛИЯНИЕ ДЛИТЕЛЬНОГО ВОЗДЕЙСТВИЯ УЛИЧНОГО ШУМА НА 
ВРЕМЕННУЮ РАЗРЕШАЮЩУЮ СПОСОБНОСТЬ У АВТОДОРОЖНОЙ 
ПОЛИЦИИ: ПРЕДВАРИТЕЛЬНОЕ ИССЛЕДОВАНИЕ
Изложение

Введение: Длительное воздействие шума на рабочем месте влияет на функционирование человеческой едини-
цы, в т.ч. на сферу слуха. Данная работа представляет предварительные данные, касающиеся временной разре-
шающей способности слуха сотрудников автодорожной полиции, которые подвергались воздействию улично-
го шума в течение как минимум пяти лет.

Материал и метод: Было сделано сравнение результатов, полученных у исследуемой группы, состоящей из 20 
сотрудников автодорожной полиции, с результатами контрольной группы из 20 человек, подобранных по воз-
расту, у которых не имелось эпизодов воздействия уличного шума. У исследуемых лиц были проведены тест об-
наружения паузы (GDT) и тест обнаружения порога модуляции для шума с амплитудой, модулированной си-
нусоидально (TMTF), для 8, 20 и 80 Гц.

Результаты: С целью проверки, насколько существенна разница в результатах двух групп, использовался ме-
тод дисперсионного анализа (ANOVA), который показал главный результат каждой группы. Затем был прове-
дён t-тест (критерий Стьюдента), который на уровне вероятности p>0,05 не показал существенных различий 
между результатами тестов двух групп. Данные результаты позволяют предположить, что воздействие уличного 
шума не оказывает значительного влияния на временную разрешающую способность у автодорожной полиции.

Выводы: На результаты данного исследования могли повлиять различные факторы, регулирующие воздействие 
шума на единицу, которые были проанализированы в работе. Тем не менее не следует совсем исключать пагуб-
ного воздействия шума на общее психофизическое функционирование человеческой единицы, описанного в 
других исследованиях, в том числе в виде нарушений сна, раздражения, гипертонии и стресса. Для дальнейшей 
проверки следует провести дополнительные исследования.

Ключевые слова: акустическая травма • явление рекрутмента (recruitment)

WPŁYW DŁUGOTRWAŁEGO NARAŻENIA NA HAŁAS ULICZNY NA 
ROZDZIELCZOŚĆ CZASOWĄ U POLICJI DROGOWEJ: BADANIE WSTĘPNE

Streszczenie

Wprowadzenie: Przedłużona ekspozycja na hałas w miejscu pracy przekłada się na funkcjonowanie jednostki, w tym sferę 
słuchową. Niniejsza praca przedstawia wstępne dane dotyczące rozdzielczości czasowej słuchu u pracowników policji drogo-
wej, u których odnotowano co najmniej pięcioletnie epizody narażenia na hałas uliczny.

Materiał i metody: Porównano wyniki uzyskane u grupy badanej, składającej się z 20 funkcjonariuszy policji drogowej, z wy-
nikami grupy kontrolnej 20 osób dobranych pod względem wieku, u których nie wystąpiły epizody narażenia na hałas ulicz-
ny. U badanych wykonano test wykrywania przerw (GDT) oraz test wykrywania progu modulacji dla szumu o amplitudzie 
modulowanej sinusoidalnie (TMTF) dla 8, 20 i 80 Hz.

Wyniki: Celem sprawdzenia istotności różnic między wynikami obu grup wykorzystano metodę analizy wariancji (ANOVA), 
która wskazała na główny wynik każdej grupy. Następnie wykonano test t-Studenta, który na poziomie prawdopodobieństwa 
p>0,05 nie wykazał istotnych różnic między wynikami testów u obu grup. Wyniki te sugerują, iż ekspozycja na hałas uliczny 
nie wpływa w znaczący sposób na rozdzielczość czasową u policji drogowej.

Wnioski: Na wyniki opisywanego badania wpływ mogły mieć wielorakie czynniki regulujące wpływ hałasu na jednostkę, któ-
re omówiono w pracy. Niemniej jednak, nie należy całkowicie wykluczać zgubnego oddziaływania hałasu na ogólne funkcjo-
nowanie psychofizyczne jednostki, opisywanego we wcześniejszych doniesieniach, w tym: zaburzenia snu, rozdrażnienie, nad-
ciśnienie i stres. Celem dalszej weryfikacji należy przeprowadzić dodatkowe badania.
Słowa kluczowe: uraz akustyczny • zjawisko recruitment
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Background

Occupational noise is well known for its nonauditory and 
auditory effects. The nonauditory effects include sleep dis-
turbances, annoyance, cardiovascular disease, and cogni-
tive deficits. It is also a major cause of hearing loss due to 
the dysfunction of hair cells within the cochlea [1]. The 
effect of noise on peripheral auditory abilities can be tem-
porary, as in temporary threshold shift, or permanent, as 
in permanent threshold shift. In addition, earlier studies 
have also documented temporal processing difficulties as 
a consequence of occupational noise exposure [2]. Tem-
poral processing can be defined as the perception of sound 
or of the alteration of sound within a restricted or defined 
time domain. Voice identification, pitch perception, and 
speech perception is reported to be affected if the tempo-
ral processing is altered. Precise temporal processing is re-
quired to process the temporal aspects of a signal which 
is essential to perceive it in quiet as well as in noisy envi-
ronments. Temporal processing can be studied using var-
ious test procedures. The gap detection test (GDT) and 
the temporal modulation transfer function (TMTF) are 
the most commonly used procedures to check for tempo-
ral processing acuity. Gap detection testing taps the abili-
ty of an individual to detect a temporal gap between two 
stimuli. The threshold at which the gap is sufficiently wide 
to be detected is considered the gap detection threshold. 
TMTF requires the subject to identify modulations in a 
stimulus. A number of earlier studies have made use of 
these procedures to study the effect of noise on temporal 
processing and speech perception in quiet and under ad-
verse listening conditions.

The GDT, TMTF, duration pattern test, and speech in noise 
test have been used in an earlier study on train drivers to 
understand the effect of noise on the speech perception 
and temporal processing abilities in them [2]. Poor tem-
poral processing skills partially accounted for speech per-
ception difficulties under adverse listening conditions irre-
spective of their hearing capability. A similar finding was 
reported in teachers [3]. In teachers who were exposed to 
class room noise for a long time, the reported effect was 
temporal processing difficulties and reduced speech per-
ception in the presence of noise. However, similar stud-
ies are limited in the literature.

Among different noise sources, transport noise is a ma-
jor one, and road traffic noise is the most common type. 
Various studies have reported the nonauditory effects of 
prolonged exposure to traffic noise including sleep distur-
bance, annoyance, hormonal imbalance, and psychologi-
cal stress [4]. Traffic police officers work amidst road traf-
fic and are exposed to traffic noise throughout their duty 
hours. Hence, attempts have been made to understand the 
health implications of traffic police officers. It is reported 
[5] that the incidence of naso-pharyngitis, arthropathy, 
photosensitive dermatitis, heat stroke, and noise-induced 
hearing loss in traffic police who work outdoor among traf-
fic was higher than that of police who work indoors. More-
over, traffic police are reported to be 1.4 times more likely 
than civil servants to develop noise-induced hearing loss 
[6]. However, there is a lack of consistent literature on the 
effect of traffic noise on the auditory system of these indi-
viduals, suggesting the need to study the auditory abilities 

of these individuals, including their temporal processing 
abilities. Hence the present study was planned to inves-
tigate the effect of long-term exposure of traffic noise on 
the temporal resolution abilities of traffic police.

The study investigated their performance on the gap de-
tection test (GDT) and the modulation detection thresh-
olds for sinusoidally amplitude modulated noise (TMTF) 
at 8 Hz, 20 Hz, and 60 Hz, and compared it with an age-
matched control group.

Materials and methods

Participants

A total of 40 individuals participated in the study and were 
divided into 2 groups. Group 1 served as the experimen-
tal group and consisted of 20 traffic police officers within 
the age range of 25–55 years with a mean age of 38.9 years 
(standard deviation 5.61). All the participants in Group 
1 had been exposed to traffic noise during their duty pe-
riod (8 hours per day) for a minimum of 5 years. Group 
2, the control group, consisted of 20 age-matched adults 
with a mean age of 35.75 (SD 4.78) years. No participant 
in Group 2 reported continuous or high level noise expo-
sure. All participants were recruited on a non-payment 
basis and provided written informed consent.

Procedure

Detailed case histories were taken prior to testing to rule 
out otological complaints. Hearing levels of all subjects, 
including the traffic police officers, had bilateral pure tone 
thresholds within 25 dB HL, confirmed by audiological 
screening with a Menor clinical audiometer connected to 
TDH 39 headphones.

Psychophysical tests involved a gap detection test (GDT) 
and modulation detection thresholds for sinusoidally 
amplitude modulated noise (TMTF) at 8, 20, and 60 Hz 
modulation rates. These tests were carried out using a 
maximum likelihood procedure with the MLP toolbox 
of Matlab 2010 [7]. A three-interval alternated forced-
choice method was used and the participant was instruct-
ed to identify the variable stimulus out of the three pre-
sented. The stimulus used for GDT testing was 750 ms 
Gaussian noise with a temporal gap inserted in the cent-
er and having 0.5 ms raised cosine ramps at the beginning 
and end of the temporal gap. Depending on the respons-
es of the subject the duration of the gap was varied. Am-
plitude modulated Gaussian noise was used for TMTF. 
In TMTF the subject responses decided the variations in 
depth of modulation. Modulation detection threshold (dB) 
of each participant was thus obtained. A laptop computer 
was used to deliver the stimuli monaurally through Sen-
nheiser HD220 circumaural headphones. The output of 
the headphone was measured and controlled using a B&K 
2268 sound level meter. The test stimuli were presented 
to the participant at his most comfortable level. All tests 
were carried out in a silent room.

A commercially available statistical tool, Statistical Package 
for Social Sciences (SPSS) version 16.0 was used for statis-
tical analysis. Descriptive statistics along with independent 
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t-test and one-way ANOVA were carried out to study the 
findings and investigate the differences between control 
and experimental groups.

Results

Descriptive statistics including means and standard de-
viations (SD) were calculated for the scores of GDT and 
TMTF. The values are given in Table 1. Figure 1 is a plot 
of the gap detection thresholds and Figure 2 shows the 
modulation detection thresholds.

It can be observed that the mean scores in the experimen-
tal group are slightly elevated compared with the control 
group. In order to check the statistical significance of such 
a difference, an ANOVA was carried out. The results sug-
gested a main effect of groups. Further, a t-test was car-
ried out which revealed that the GDT scores did not vary 
significantly between the groups (t=–1.86, p>0.05). Sim-
ilarly, the results suggest that the modulation detection 
thresholds at 8, 20, and 60 Hz were not significantly differ-
ent between the groups (t=–2.85, p>0.05; t=–3.60, p>0.05; 
t=–2.26, p>0.05). The difference in parametric versus non 
parametric tests may be attributed to the small sample size 
and standard deviation.

Discussion

The present study compared the temporal processing of 
traffic police who had been exposed to traffic noise for a 

long time with an age-matched control group. Statisti-
cal analysis revealed that there was no significant differ-
ence between the performances of both groups, except for 
modulation detection threshold at 20 Hz. Though there 
is a general lack of reports on temporal processing abili-
ty in the population concerned, it has been reported that 
the incidence of noise-induced hearing loss is high in traf-
fic police [6,8]. Study of the occupational hazards faced 
by police officers working outside reported that the in-
cidence of naso-pharyngitis, arthropathy, photosensitive 
dermatitis, heat stroke, and noise-induced hearing loss in 
police working among traffic was higher than that of po-
lice working indoors [5]. Moreover, it is also known that 
continuous exposure to traffic noise can result in hyper-
tension, ischemic heart disease, annoyance, and sleep dis-
turbance [1].

Although the previous literature seemingly contradicts the 
present study’s finding, it is worth recalling that the report-
ed studies focused on the peripheral hearing mechanism 
whereas the current study focused on temporal process-
ing. The absence of temporal processing deficits in the ma-
jority of temporal competence tests, as carried out in the 
present study, can be attributed to the various factors that 
control the effect of noise on the human system. The effect 
of noise on humans is reported to depend on multiple fac-
tors such as sound pressure level, spectral characteristics, 
hours of noise exposure per day, distance from the sound 
source, and individual susceptibility [9]. Unlike many oth-
er professionals who work in noisy environments, the 

Test
Control group (40 ears) Experimental group (40 ears)

Mean SD Mean SD

GDT (ms) 4.13 2.0 5.02 2.20

TMTF

8 Hz –34.75 12.1 –28.86 4.9

20 Hz –36.37 2.14 –29.61 11.66

60 Hz –31.92 4.89 –29.59 4.37

Table 1. Means and standard deviations (SD) of gap detection thresholds (in ms) and modulation detection thresholds 
(in dB) for both the control and experimental groups
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Figure 1. Gap detection thresholds (in ms) in noise-ex-
posed participants and the control group. Error bars indi-
cate standard deviations and circles indicate suspected 
outliers

Control group
Experimental group

M
od

ula
tio

n d
et

et
ion

 th
res

ho
lds

 in
 dB

–10

–20

–30

–40

60 Hz
20 Hz 8 Hz

Figure 2. Modulation detection thresholds (in dB)ob-
tained in traffic police officers and the control group. 
Error bars indicate standard deviations and circles indi-
cate suspected outliers
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level of surrounding noise varies over time in the present 
study population as the level depends on the traffic load, 
which varies with time [10]. Noise measurement studies 
carried out in an Indian city reported that the minimum 
and maximum traffic noise level to be 74 dB and 86 dB 
respectively on working days and 71 dB and 81 dB dur-
ing holidays [11]. An earlier study also reported that ex-
posure to 86.6 dBA of music for half an hour did not give 
any statistically significant difference in otoacoustic emis-
sion parameters or pure tone thresholds [12]. Further, the 
damage risk criteria suggest an exposure to 85 dBA noise 
for 8 hours to be the maximum permissible safe dose. 
Each traffic officer tested performed a daily duty amidst 
this variable traffic and traffic noise for 8 hours, and the 
mean duration of exposure was 8.2 years. Moreover, the 
distance from the sound source also varies in the popu-
lation as the source and listener are mobile. Variability in 
the level of noise, distance between the source and the lis-
tener, and limited duration of exposure suggest a possible 
reason for absence of temporal processing deficit seen in 
the present study population. However, the present study 

population cannot be considered entirely free from occu-
pational noise related harm as noise-induced peripheral 
hearing loss [5,6] and nonauditory effects of noise have 
been reported [1].

Conclusions

It can be concluded from the present study that exposure 
to regular traffic noise may not result in temporal process-
ing deficits in traffic police officers as the effect is influ-
enced by various factors like sound pressure level, spectral 
characteristics, duration of exposure, and distance from 
the source. However, the population cannot be consid-
ered free from noise-related harm as earlier studies have 
reported noise-induced hearing loss and nonauditory ef-
fects of traffic noise. Thus it is necessary to create aware-
ness among traffic police regarding the possible harmful 
effect of noise on their health and recommend steps to 
reduce the noise exposure dose. The study adds to a long 
felt need for more research on various auditory and non-
auditory effects of traffic noise.
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