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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 EXPOSICION PROLONGADA AL RUIDO DEL TRAFICO SOBRE
LA RESOLUCION TEMPORAL EN LOS POLICIAS DE TRAFICO:
ESTUDIO PRELIMINAR

Resumen

Introduccion: Una exposicion prolongada al ruido en el lugar de trabajo afecta el funcionamiento del individuo, incluido el
area auditiva. El presente trabajo muestra datos preliminares relativos a la resolucion temporal del sistema auditivo en los
empleados de la policia de trafico que han sufrido episodios temporadas de exposicion al ruido del trafico de al menos cin-
co afios de duracion.

Materiales y métodos: Se han comparado los resultados obtenidos en el grupo examinado, formado por 20 oficiales de poli-
cia de trafico con los resultados provenientes del grupo de control de 20 personas seleccionadas en cuanto a la edad que no
han pasado por episodios de exposicién al ruido del trafico. Los individuos examinados han sido sometido al test de los um-
brales de deteccion de brechas (GDT) y a la prueba de funcion de transferencia de modulacion (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 utilizé la técnica del
Anilisis de la Varianza (ANOVA), por la cual se establecid el resultado principal de cada grupo. A continuacidn se efectud la
prueba ¢ 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 exposicion al ruido del trafico no afecta de manera
importante la resolucion temporal en los policias de trafico.

Conclusiones: Los resultados del estudio comentado podian haber sido influenciados por mdltiples 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 psicofisico general del individuo, descrito en referencias
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anteriores, incluidos los trastornos del sueno, la irritabilidad, la tension alta y el estrés. Para una verificaciéon mas profunda
hay que realizar pruebas adicionales.

Palabras clave: trauma acustico « fendmeno de reclutamiento

BJIMAHUE IJIMTEIBHOTIO BO3IEVICTBUA YIMYHOIO IIIYMA HA
BPEMEHHYIO PA3PEHIAIONIYIO CIIOCOBHOCTbD Y ABTOJTIOPOXKHOM
IO/ MN: IIPENBAPVUTEIIBHOE UICCIIENOBAHMUE

W3noxxenune

BBepnenmne: [InnrenbHOE BO3JeiiCTBIE LITyMa Ha paboyeM MecTe BausAeT Ha (PYHKIMOHMPOBaHYE YeTOBEYeCKOIl eHN-
LIbI, B T.4. Ha cepy cayxa. [JaHHasA paboTa IpefcTaB/IAeT IpeaBapuTe/IbHble JaHHbIE, Kacalollyecs BpeMeHHOII pa3pe-
LIaoLIelt CIIOCOOGHOCTH CIyXa COTPYFHUKOB aBTOTOPO>KHOI MOMNINY, KOTOPbIe MTOABEPTaliCh BO3EICTBIUIO YINIHO-
O IIyMa B Te4eHNUe KaK MIHUMYM IISTH JIeT.

Marepuan u MeToa;: BbuIo cienano cpaBHEHME Pe3yNbTaTOB, IOMYIEHHBIX Y MCCIENYyEMON IPYIIIbI, COCTOAIEN 13 20
COTPYJHMKOB aBTOJOPOXKHO IIOJIMIINY, C Pe3yIbTaTaMy KOHTPOJIBHOI TPyl 13 20 4e/oBeK, IoJ00paHHbIX MO BO3-
PacTy, y KOTOPBIX He MMeI0Ch STM300B BO3/e/ICTBIUA YINYHOTO IIyMa. Y MCCTIeAyeMbIX TN ObI/IN ITPOBeeHbI TeCT 06-
Hapy>xenns maysbl (GDT) u TecT 06Hapy>keHUsA TOPOTa MOLYIAIMN A IIyMa C aMIVTUTYOi, MOIyTMPOBAHHON CH-
HycoupanpHo (TMTF), nna 8, 20 u 80 It

PesynbraTer: C 1le/1bI0 TPOBEPKY, HACKOTBKO CYIeCTBEHHA pasHUIA B pe3yabTaTax ABYX TPYIII, MCIOIb30BaICA Me-
Tog, pucrepcuoHHoro aHanusa (ANOVA), KOTOpbIi IOKa3asl IIaBHbII pe3yabTaT Ka)K[o IPyNIbl. 3aTeM ObII IIpoBe-
1éH t-tect (kpumepuii Cmorodenma), KOTOPBIL Ha YPOBHE BepOsTHOCTH p>0,05 He IMOKasasl CYIeCTBEHHbIX Pas/Inamil
MEXJy pe3y/lIbTaTaMy TECTOB ABYX IPyIIL [JaHHbIE pe3yIbTaThl IO3BOJIAIOT IPEIIIONIOKUTD, YTO BO3/Ie/ICTBIE YINIHOTO
IIIyMa He OKa3bIBaeT 3HAYNMTETbHOTO BIMSHI Ha BpEMEHHYIO paspeliaoly0 CIIOCOOHOCTD Y aBTOJOPOXKHOI IO/,

BriBoppr: Ha pe3ynbraTbl JaHHOTO NCCIEOBAHNA MOI/IV IOB/IVATD pas/InyHble (aKTOPBI, peryaupyoliye BO3eiicTBIe
LryMa Ha e[UHIIY, KOTOpbIe ObUIN IPOaHaIN3NPOBaHbl B paboTe. TeM He MeHee He CIefyeT COBCEM MCKIIIOYATh Mary6-
HOTO BO3JIENICTBIA IIyMa Ha 061ee mcuxodusndeckoe GpyHKIMOHNPOBaHNE YeTOBEYECKON eMHMUIIbI, ONMCAHHOTO B
OPYIUX UCC/IelOBAHNAX, B TOM 4NCIIe B BUJle HAPYIIEHNII CHa, pa3/ipa>KeHs, TUIIEpTOHNM U cTpecca. I janpHeiiment
IPOBEPKM CIefyeT IIPOBECTU NOIOTHUTEIbHbIE CCIEIOBAHNA.

KnroueBble cmoBa: akycTudecKas TpaBMa e sBJICHIE PeKPyTMeHTa (recruitment)

WPEYW DEUGOTRWALEGO NARAZENIA NA HALAS ULICZNY NA
ROZDZIELCZOSC CZASOWA U POLICJI DROGOWE]: BADANIE WSTEPNE

Streszczenie

Wprowadzenie: Przedluzona ekspozycja na hatas w miejscu pracy przeklada si¢ na funkcjonowanie jednostki, w tym sfere
stuchowa. Niniejsza praca przedstawia wstepne dane dotyczace rozdzielczoéci czasowej stuchu u pracownikéw policji drogo-
wej, u ktérych odnotowano co najmniej pigcioletnie epizody narazenia na hatas uliczny.

Material i metody: Poréwnano wyniki uzyskane u grupy badanej, sktadajacej sie z 20 funkcjonariuszy policji drogowej, z wy-
nikami grupy kontrolnej 20 0s6b dobranych pod wzgledem wieku, u ktérych nie wystapily epizody narazenia na halas 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 istotnoéci réznic miedzy wynikami obu grup wykorzystano metode analizy wariancji (ANOVA),
ktora wskazata na gléwny wynik kazdej grupy. Nastepnie wykonano test t-Studenta, ktory na poziomie prawdopodobienstwa
p>0,05 nie wykazal istotnych réznic miedzy wynikami testow u obu grup. Wyniki te sugeruja, iz ekspozycja na hatas uliczny
nie wplywa w znaczacy sposob na rozdzielczo$¢ czasowa u policji drogowe;.

Whioski: Na wyniki opisywanego badania wplyw mogly mie¢ wielorakie czynniki regulujace wplyw halasu na jednostke, kto-
re omowiono w pracy. Niemniej jednak, nie nalezy catkowicie wyklucza¢ zgubnego oddzialywania hatasu na ogélne funkcjo-
nowanie psychofizyczne jednostki, opisywanego we wcze$niejszych doniesieniach, w tym: zaburzenia snu, rozdraznienie, nad-
ci$nienie i stres. Celem dalszej weryfikacji nalezy przeprowadzi¢ dodatkowe badania.

Stowa kluczowe: uraz akustyczny o 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, TMTE, 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
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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 TMTFE.
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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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

Control group (40 ears)

Experimental group (40 ears)

Test
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
12 ] -10 Control group
o3 I Experimental group

Gap detection theresholds in msec
(=2}

Control group Experime-n-tal group

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

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
TMTFE. 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
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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

Modulation detetion thresholds in dB

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
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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
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