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a b s t r a c t

To investigate residential exposure to environmental noise among children in an urban area, a noise mea-
surement campaign was performed at the residences of 44 schoolchildren. Outdoor and indoor noise lev-
els were simultaneously recorded during one week inside and outside each child’s bedroom and in the
other room where each child spent most of his or her time, called ‘‘the main room’’. Associations between
equivalent noise levels and familial or environmental characteristics were explored.

The recorded equivalent continuous sound levels (LAeq) were prone to large variability between dwell-
ings regardless of the measurement location and time of day. Factors linked to outdoor noise level dif-
fered from those associated with indoor noise level. Indoor noise levels were associated with the
number of children present and noise sources present in the dwelling, whereas outdoor LAeq depended
significantly on the socio-economic status (SES) of the household. An association was found between
the type of view from the window and outdoor LAeq, but no significant association was observed between
view from the window and indoor LAeq. These results support a complex link between noise exposure and
the characteristics of the dwelling and of the family, and highlight the contribution of the indoor noise
sources to the ambient noise level.

Considering the observed acoustic levels and their variability, the sensitivity of children to noise, and
the length of time they spend at home, research efforts are needed to better quantify noise exposure at
home if the actual burden of noise on child health is to be identified.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Noise is a ubiquitous environmental pollutant with well-
documented adverse effects on hearing. Exposure to noise can also
cause non-auditory effects, including hypertension, cardiovascular
disease, annoyance, or sleep disturbance, and can impair some cog-
nitive processes [1–5]. In urban areas, the most widespread noise
sources are transportation and industry.

Approximately 26% of the population of the European Union is
subject to environmental noise levels greater than 55 dB Lden,

which is considered potentially harmful to health [6]. Children
are particularly vulnerable to the effects of noise because of its po-
tential to interfere with learning at a critical development stage.
Furthermore, children’s abilities to anticipate, understand, and
cope with stressors are less developed than those of adults [4,7].

Several indicators can be used to describe noise exposure. The
most commonly used is the equivalent continuous sound level
(LAeq,T, in dB), which represents the predicted or measured sound
energy average over a stated time period T. Most epidemiological
studies that have focused on the effect of noise on health have been
based on theoretical models that used traffic counts and patterns
of sound propagation in the environment to assess outdoor long-
term sound levels [8–11]. Some studies considered noise measure-
ment in front of residences [1,12] to accurately reflect the outdoor
noise level. These approaches deal with outdoor conditions, but the
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relationship of ambient noise with the indoor environment, where
people spend more than 80% of their time, is complex and unclear.

Indoor noise levels appears difficult to quantify at home, espe-
cially when children are considered, and are likely related to the
presence and number of people living in the dwelling, as well as
their activities. To account for spatial and temporal fluctuations,
noise levels should be measured in several locations over an ex-
tended time period. Thus, the living habits and conditions of a fam-
ily at home may be poorly represented by the usual acoustic
measurements. To our knowledge, few studies have focused on
measuring indoor home noise exposure [13–16], and the actual le-
vel of noise exposure remains unknown.

This survey was conducted among families living in urban
areas. The aim of this study was to quantify children’s exposure
to indoor and outdoor noise levels and to investigate the factors
influencing these levels.

2. Methods

2.1. Population

This study was conducted among pupils attending one of the 35
public primary schools in key stage 2, year 4 in the city of Besançon
from 2006–2007 (aged 8 and 9 years). Among these 900 children, a
calling list was randomly drawn up. The parents of the sampled
children were invited by phone to participate in the study and
were screened for the following inclusion criteria: residence in
the city of Besançon at the same location for at least 1 year; child’s
bedroom located on the first floor or higher or at ground floor with
a private garden or courtyard; and the size of the bedroom’s win-
dow being suitable for fastening measurement equipment. Dwell-
ings were equipped in order of acceptance of the families,
according to the availability of inhabitants and measurement
equipment, and avoiding long holiday periods. Despite the uncer-
tainty on indoor noise level and its variability, we calculated a min-
imum number of dwellings to be included in the study to insure a
statistical power of 80%. Calculation for a two-group comparison
(with the following parameters: difference = 5 dB; standard devia-
tion = 5 dB; mean = 50 dB) as well as for a correlation test
(r P 0.33) provided a minimum sample size of 35 dwellings. To
take into account the unknown family acceptance rate, noise
equipment availability, and the school calendar, the calling list
was set to 10% of the 900 schoolchildren.

2.2. Social survey/Potential confounding factors

At the first visit, the following information was obtained: type
of view from the main room and bedroom windows, type of win-
dow (single glazed, double glazed, extra glazed, double window),
and presence of indoor noise sources (radio, television, musical
instrument, computer, or others). Standardised questionnaires
were distributed to the parents and collected at the end of the
measurement period. The type of neighbourhood (whether the
majority of households were in collective buildings, detached
houses, or whether the neighbourhood was mixed) and dwelling
(detached house, semi-detached house, or collective building)
were recorded. Measured household characteristics included so-
cio-economic characteristics (single parenthood and parental
occupation, employment status, and educational level), family size,
number of residents, duration of residency, child’s age, sex, and
birth order, number of rooms, and floor level of the dwelling. Fam-
ilies were asked to report the presence of adults and children in the
dwelling and noisy events occurring indoors (use of television,
radio, musical instruments, or household appliances) and outdoors
each day by periods of 30 min.

2.3. Noise measurement

The study was performed at the subjects’ homes from Decem-
ber 2006 to July 2007 using three measuring chains in parallel.
Each chain was composed of a sound level meter (Blue Solo� from
01 dB-Metravib) and a front-end acquisition equipment
(Harmonie� or Symphonie�, 01 dB-Metravib) that was connected
to a computer. The acoustic equipment was class 1 and complied
with technical standards NF S31-010 [17]. An omnidirectional
loudspeaker (JORAN from ATOHM) was used to emit pink noise
generated by the digital analyser. Noise level was measured at a
height of 1.15 m (child ear height) using the following two kinds
of microphone support: ‘‘conventional’’ tripods (Manfrotto�) and
‘‘adapted’’ support, where lamps developed for the study were
equipped with a specific fastening and a lampshade to hide the
microphone without disturbing the noise signal. The measurement
chains were calibrated at the beginning and end of the measure-
ment sessions (Cal 21, 01 dB-Metravib).

An acoustic characterisation was performed in the child’s bed-
room and the room where the child spent most of his or her time
outside the bedroom, termed the ‘‘main room’’. Background noise
levels were measured during 20 s in accordance with NF EN ISO
140-4 [18] in the following conditions: windows closed, usual lay-
out and door positions maintained. To choose the location of the in-
ner microphone for the 8 days of measurement, sound levels were
first evaluated at four different locations in the two rooms
(Fig. 1). Two ‘‘conventional’’ locations were defined according to
usual acoustic characterisations (room centre and 1/3 of the length
of the diagonal on the opposite side of the room from the noise
source). In two ‘‘adapted’’ locations, microphones were placed
based on a trade-off between conventional locations and family
constraints. The ‘‘trade-off’’ measurement location was maintained
for the eight measurement days (avoiding locations close to walls,
windows, doors) and measurement locations were considered to
have ‘‘deteriorated’’ if the microphone was moved by the family.
The noise level differences between the four locations were less
than 3 dB for all the study dwellings. The reverberation time (RT)
was also measured in accordance with NF EN ISO 140-4 using an
interrupted stationary signal in octave band (63 Hz–4 kHz).
Weighted standardised sound level difference between the child’s
bedroom and the main room (DnT,A) was measured in compliance
with NF EN ISO 140-4 and NF EN ISO 717-1 [19] when the doors be-
tween the bedroom and the main room were arranged in the fol-
lowing three ways: the doors were all closed, the doors were all
opened, and the doors were opened as usual during the night. The
omnidirectional loudspeaker emitting a continuous pink noise of
100 dB was located in the main room. LAeq and noise spectra based
on one-third octave band sound levels were measured simulta-
neously for 20 s in the child’s room and the main room. The refer-
ence RT was 0.5 s.

Acoustic equipment was installed for an eight-day period. The
LAeq and noise spectra (12.5–20 kHz, one-third octave band) were

Fig. 1. Microphone placement during the acoustic characterisation and the eight-
day measurement period in the bedroom.
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