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Abstract

To evaluate indoor noise levels and to investigate the potential factors that may be related to,
an eight-day noise measurement campaign was conducted in the homes of 44 schoolchildren
attending the public primary schools of Besancon (France). The presence of the inhabitants in
the dwelling and the noisy events occurring indoors and outdoors were daily collected using a
time-location-activity diary (TLAD); 902 time periods were analysed. The indoor noise level
increased significantly with the outdoor noise level, along with the duration of presence or
level of activity of the inhabitants at home. However, this effect may vary according to the
period of day and the day of the week. Moreover, a significant part of the day and evening
indoor noise level variability was explained by factors collected by the TLAD: 46% and 45%
in the bedroom, 54% and 39% in the main room, respectively. Our results highlight the
complexity of the indoor environment in the dwellings of children living in an urban area.
Combining the inhabitant presence and indoor noise source descriptors with outdoor noise
levels and other dwelling or inhabitant characteristics could improve large-scale
epidemiological studies. However, additional efforts are still needed, particularly during the
night period.

Key words: noise exposure; indoor noise sources; children; dwelling; multilevel model; field
study

Practical implications

The relationship between the ambient outdoor and indoor noise levels at home is complex.
The indoor sources contribution can be the predominant fraction of the day and evening noise
levels in the dwellings of children living in an urban area. Considering the time spent at home
by a child, both outdoor and indoor noise sources should be considered to improve the
exposure assessment. The use of a TLAD seems to be a solution for large-scale epidemiologic
studies to evaluate the detrimental effects of noise on the human health.

Indoor Aié- PROOF
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1. Introduction

The relationship between noise pollution and human health has been the subject of
numerous studies over the last two decades. Researchers have recently focused increased
attention on the relationship between noise and non-auditory effects, such as annoyance,
hypertension, cardiovascular diseases, sleep disturbance, and cognitive impairments (Clark
and Stansfeld, 2007; Passchier-Vermeer and Passchier, 2000; Paunovic et al., 2011).

People are exposed to environmental noise of various origins: transport (road, rail, or
air traffic), construction and industry, community sources (neighbourhood, bars and
restaurants, discotheques), and social or leisure sources (World Health Organization, 2011).
The assessment of exposure to noise requires the consideration of many factors, including
measured or modelled exposures, choice of noise indicators, population distribution, time-
activity patterns of the exposed population and combined exposures to multiple sources of
noise (World Health Organization, 2011).

Advances have been made in assessing the actual exposure of populations to noise
sources, such as air traffic and road traffic (World Health Organization, 2011). Thus, noise
exposure mapping is a commonly adopted step in the process of estimating the noise exposure
of a population (European Commission, 2002; Murphy and King, 2010; Seong et al., 2011;
Xie et al., 2011). However, only outdoor exposure is estimated, typically in front of either the
most exposed facade or the bedroom facade of the dwelling in which the participant subjects
reside.

According to the United States Environmental Protection Agency (US EPA), children
spend approximately 90% of their time indoors and over 60% of their time within their own
residence (US EPA, 2009). Generally speaking, noise pollution within the indoor environment
is a complex mixture of agents migrating from outdoors, in addition to agents generated by

indoor sources (Le Cann et al., 2011). Pirrera et al. (2010) recommend to record the indoor
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noise level in the bedroom of each participant to provide the most exact and reliable noise
pollution estimates. Thus, several epidemiological studies have used indoor noise
measurements to assess the relationship between noise and health. However, these studies are
typically conducted using limited human samples (Aasvang et al., 2011; Graham et al., 2009;
Pirrera et al., 2011) or are based on short-term noise level measurements (Babisch et al., 2009;
Evans and Marcynyszyn, 2004). Alternative methods for determining the indoor noise levels
consider the indoor noise level to be the difference between the outdoor noise level and the
facade insulation (Amundsen et al., 2011; Ohrstrom, 2004; Pirrera et al., 2010; World Health
Organization, 2009). This attractive method can be applied to a large number of people and
allows researchers to calculate the proportion of subjects exposed to harmful noise levels.
However, this method introduces uncertainty of the inhabitants’ noise exposure assessment on
an individual level and is still under investigation.

A previous noise measurement campaign conducted within the places of residence of
schoolchildren examined the variability of weekly indoor and outdoor noise levels (Pujol et
al., 2012). The aims of the present study are to quantify the daily indoor noise exposure of
children living in an urban area and to analyse the factors that may influence noise level
variability. Specifically, day-to-day variability factors within the same dwelling (“within-
dwelling wvariability”) and variability factors that differ between separate dwellings

(“between-dwelling variability”) are examined.

2. Methods

The population characteristics and the methods used in this study have been previously

reported by Pujol et al. (2012). The major points are described below.

2.1 Population

Indoor Aiﬁ- PROOF

Page 4 of 24



Page 5 of 24

©CoO~NOUTA,WNPE

Indoor Air - PROOF

This study population consisted of 8- and 9-year-old school-children who were
randomly selected from among the 900 pupils attending one of the 35 public primary schools
in key stage 2, year 4 in the French city of Besangon in 2006-2007. The parents of the
children were contacted by telephone for consent to participate in the study and to determine
each child’s inclusion eligibility, which included the following characteristics: residence
within the city at the same residence for at least one year, the child’s bedroom being located
either higher than the ground floor or at ground level with a private garden or courtyard, and a
bedroom window of an appropriate size to affix the outdoor microphone. Forty-four dwellings
were selected and equipped with microphones in the order in which the families agreed to
participate, taking into account the availability of the inhabitants and the measurement

equipment and avoiding long holiday periods and unusual living conditions.

2.2 Dwellings and family characteristics

Before the beginning of the measurement session, the presence of indoor noise sources
in the dwelling (radio, television, musical instrument, computer, or others) and the number of
children sleeping in the bedroom were recorded by the operator. Standardised questionnaires
were distributed to the families to collect the household socio-economic characteristics (single
parenthood and parental occupation, employment status, and educational level); family size;
the number of residents; residency duration; the child’s age, sex, and birth order; and dwelling
characteristics (number of rooms, floor level, type of dwelling, and type of windows). The
families were also asked to record the following information for the duration of the
measurement session in a time-location-activity diary (TLAD) by periods of 30 minutes: the
presence of adults and children in the dwelling, noisy events occurring indoors (use of
television, radio, musical instruments, or household appliances), noisy events occurring

outdoors, and opening of the windows.
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2.3 Noise measurement

The study was conducted from December 2006 to July 2007 using three class 1
acoustic equipment chains, each composed of a sound level meter (Blue Solo®, 01dB-
Metravib) and a front-end acquisition equipment (Harmonie® or Symphonie®, 01dB-
Metravib). Three microphones were used in each dwelling: one microphone was used in the
room where the child spent most of the time, i.e. the main room; one microphone was used in
the child’s bedroom; and one microphone was used outdoors (2 m in front of the child’s
bedroom window). The microphone location was chosen carefully, considering acoustic and
family constraints and avoiding locations close to walls, windows, and doors. The microphone
was placed 1.15 m above the floor, corresponding to the approximate height of a child’s ear.

Equivalent continuous A-weighted sound levels (Laeq, in dB) were measured every
second during an eight-day period, according to the French standard (NF S 31-010, 1996).
The measurement chains were calibrated at the beginning and at the end of the measurement
sessions.

In parallel, theoretical outdoor noise levels in front of the main room facade were
calculated using a strategic noise map (Pujol et al., 2009) that was built in accordance with the
European environmental noise directive 2002/49/CE (European Commission, 2002).The noise
prediction software MITHRA (CSTB, 2002) was used to position virtual receivers were on

the floor of the dwelling, at 2m in front of the facade of the main room.

2.4 Data processing
For each measurement location, Lacq, day (6:00-18:00), Lacq, evening (18:00-22:00) and
L Acq, night (22:00-6:00) were calculated. Data recorded during the first day of measurement and

during the following unfavourable measurement conditions were excluded from the analyses:
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rainfall or strong wind (wind speed higher than 5 m.s™), unusual outdoor or indoor sound
events reported by families (fairs, demonstrations, and open-air concerts) and periods for
which acoustic data were available for less than half the time.

Three classes of socio-economic status were defined using the parents’ occupations,
according to the French National Institute of Statistics and Economic Studies classification.
The class of the more privileged member of the couple was used to determine the household
socio-economic status. Crowding was defined based on the number of people per room. Both
apartment buildings and semi-detached houses were defined as collective dwellings.

The data collected in the TLAD were used to quantify the inhabitants’ presence in the
dwelling, the occurrence of noisy events (in the child’s bedroom, out of the child’s bedroom,
outdoors), and the opening of the windows in the child’s bedroom and the main room for each
period (day, evening, and night). Periods were excluded from the analysis if the data were not
fulfilled during the totality of the period. The occurrence was defined for each period as the
number of 30-min periods associated with an event, as reported by the family, divided by the
total number of 30-min periods (i.e. 24 in the day, 8 in the evening and 16 in the night). The
occurrence values were multiplied by 100 for convenience. The school calendar was used to

determine school days, in addition to the evenings and nights before a school day.

2.5 Statistical analysis

Descriptive statistics are presented as the means and standard deviations (SD). To take
into account the hierarchical structure of the data, multilevel linear regression models
(Goldstein, 1995) were used to assess the associations between the indoor noise level and
independent factors, including the outdoor noise level, the TLAD variables, and the dwelling
or family characteristics. Two levels were defined, including “day of measurement” (level I)

and “dwelling” (level II), to partition the overall variability into “within-dwelling variability”
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(day-to-day variability, level I) and “between-dwelling variability” (from one dwelling to
another, level II). The variables that were associated with the indoor noise level at P < 0.2 in a
univariate analysis were then included in a multivariate analysis using a backward step-by-
step elimination procedure. These analyses were only performed on the time periods for
which both the TLAD variables and the noise level were available. The proportion of the
variance explained by a model was calculated using random effect variances of the “null”
model (containing only an intercept term) and those of the considered model. Multilevel
analyses were also used to test for the period effect on TLAD variables and noise levels. A P-
value of 0.05 was used as a threshold for statistical significance. The SYSTAT 12.02
(SYSTAT Software, Inc., Chicago, IL) and MLwiN 2.1 (University of Bristol, UK) (Rasbash

et al., 2009) software programs were used to perform the analyses.

2.6 Ethics
Permission to conduct this study was given by the French National Committee for the
Treatment of Information in Health Research (CCTIRS) and the French National Computing

and Freedom Committee (CNIL).

3. Results
3.1 Sample characteristics
Among the 44 dwellings included in the analysis, 80% were in a collective building.
The view from the child’s bedroom window was either a courtyard or a grassy area in 61% of
the dwellings, whereas the view was a street in 66% of the main room windows. Most of the
windows were double-glazed windows, both in the bedroom (75%) and in the main room
(82%). Forty-one per cent of the participant children shared their bedroom with another child

or two other children. A TV set was present in 32% of the children’s bedrooms. The main
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room was a living room in 89% of the dwellings (n = 39), a separate bedroom in 7% of the
dwellings (n = 3), and a kitchen in 4% of the dwellings (n = 2). The number of inhabitants
ranged between 2 and 6 (mean = 4.2), and each family had on average 2.4 children (range =
1-4 children). A majority (57%) of the families had an intermediate socio-economic status,
whereas 34% had a privileged socio-economic status, and 9% had an underprivileged socio-

economic status.

3.2 Living conditions

A total of 902 time periods were retained from the 1077 TLAD data. On average, the
participant children spent approximately 17 hours per day (67%) at home. A majority of the
evening and night periods were spent at home (77% and 90%, respectively), whereas only
48% of the day period was spent at home (Table 1). Unsurprisingly, the inhabitants were
significantly more present in the dwelling during the evening and the night periods compared
with the day period (all P < 107). Noisy indoor events were significantly more frequent
during the evening period (P < 107). Window-opening behaviour was prone to both
considerable day-to-day and between-dwelling variability. The windows were open every day

for 2:07 hours in the child’s bedroom and 2:45 hours in the main room on average.
3.3 Dwelling noise exposure
Measurements of noise level using Lacqday, Lacg,evenings a0d Lacq.night in the main room,
in the child’s bedroom, and outdoors are shown in Tables 2 and 3. During the evening, the

indoor L¢q in the main room was significantly higher than outdoors (+ 4.1 dB, P < 107).

3.4 “School day” and “Day before school day”

Indoor Aié- PROOF
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During school days, both children and adults spent significantly less time at home than
when there was no school: 37.1% of the day period vs. 58.3 for the participant child (P < 10
3), 36.8% vs. 48.8% for the other children (P < 10'3) and 60.0% vs. 67.6 for the adults
(P=0.01). The occurrence of the noisy events declared by the family was similar in the
child’s bedroom (4.2% of the day period on school days vs. 4.1% on days without school). In
the main room, the noisy events were less frequent on days of school (20.6% vs. 24.5% on
days without school, P = 0.01). The indoor Lacq, day Was significantly lower during school days
compared with days without school (-3.1 dB in the bedroom and -2.1 dB in the main room,
both P = 107) (Table 2).

Before a school day, both the participant children and the adults spend more time at
home than before a day without school (i.e. during the evening 84.0% vs. 68.7%, P < 107 for
the participant child and 88.4% vs. 80.3%, P = 0.01 for the adults, respectively and during the
night 95.8% vs. 84.1%, P < 107 for the participant child and 98.4% vs. 94.5%, P = 0.03, for
the adults, respectively). The indoor Lacq, evening Was significantly higher than before a day
without school (+ 2.3 dB in the bedroom and + 2.7 dB in the main room, P = 0.02 and 0.01,
respectively) (Table 3). Conversely, on a night before a school day, the Lacq, night Was
significantly lower than before a day without school in the child’s bedroom (- 3.9 dB, P < 10
*) but not in the main room (- 1 dB, P = 0.10).

The outdoor Lacq Was statistically significantly higher during the day periods of school
days (+ 1.2 dB, P < 10”) and slightly lower on a night before a school day (- 0.5 dB, P =

0.02). No difference was observed during the evening period.

3.5 Multilevel analysis results
Among the variables selected during the univariate analyses, four were no more

significant at the issue of the backward step-by-step procedure: type of windows, crowding,

Indoor Ai1r - PROOF

0

Page 10 of 24



Page 11 of 24

©CoO~NOUTA,WNPE

Indoor Air - PROOF

noisy outdoor event and the presence of a musical instrument in the main room. The

multilevel models for the child’s bedroom and the main room are presented in Tables 4 and 5.

Child’s bedroom

A significant and positive association was found between the bedroom La¢q and the
outdoor Lacq during the day and the evening (P < 10 and P = 0.04, respectively), whereas a
marginally significant association was found during the night (P = 0.06) (Table 4). Each time
the outdoor Leq, day increased by 10 dB, the bedroom Lacq, day increased on average by 3.6 dB.
However, this increase was lower during the evening (+ 2.3 dB) and the night (+ 1.7 dB). In
the models “day”, “evening”, “night”, the presence of people in the dwelling was associated
with an increased bedroom L.q. However, the influence of the presence of different people in
the dwelling depended on the time period. Only the participant child’s presence was
statistically significant during each time period. Compared with the bedrooms without a TV
set, the Laeq in the bedrooms with a TV set was higher during the day [+ 2.6 dB (P = 0.03)]
and the evening periods [+ 4.2 dB (P = 0.01)]. The indoor Lacq, night Was significantly lower
when the participant child was sleeping alone in his bedroom (- 2.7 dB, P = 0.05) or before a
day of school (- 4.1 dB, P <10).

The proportions of the variance explained by the “day”, “evening” and “night” models

reached 46%, 45%, and 17%, respectively. When excluding the TLAD variables, the

proportions decreased to 16%, 14% and 9%, respectively.

Main room
In the main room, the presence of adults was significantly and positively associated
with indoor Lacq, regardless of the time of day (Table 5). The other events described in the

TLAD (presence of the participant child, presence of other children, or a noisy event in the

Indoor Ai1r - PROOF
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dwelling) were also significantly associated with an increased indoor La¢q in the “day” and
“evening” models. A significant and positive association between indoor and outdoor Laeq
was found during the day (B = 3.8; 95% CI =[0.7; 6.8]; P = 0.02). Regarding the evening and
night periods, this relationship was not significant (f = 0.9; 95% CI = [-2.1; 3.9]; P = 0.55 and
B=1.2; 95% CI =[-4.3; 6.7]; P =0.67, respectively). The main room La.q was, on average,
1.9 dB lower on a night before a school day than on a night that was not before a school day.
The proportion of variance explained by the “day”, “’evening’’ and ‘’night’’ models

reached 54%, 39% and 3%, respectively. When excluding the TLAD variables, the proportion

of the variance that was explained by the models fell to 27%, 10% and 1%, respectively.

4. Discussion

This study on noise exposure in schoolchildren aimed to explore the between- and
within-dwelling variability of noise levels at home. In addition to the expected between-
dwelling variability, the within-dwelling variability of noise levels from the three time periods
was significant, as was the course of the week for both indoor and outdoor noise levels.
Among the identified factors that influence noise variability, dwelling characteristics and
home inhabitants’ presence or activities appeared to play a predominant role.

These results were obtained from a large data set based on a six-month acquisition
campaign that was conducted at the places of residence of randomly sampled schoolchildren.
To insure the quality of the data, approved noise measurement equipment, an adapted
standardised measurement protocol and questionnaires were used (Pujol et al., 2012).
Furthermore, data control and data processing measures were carefully conducted, including
the identification and exclusion of invalid or incomplete time periods and careful verification
of the TLAD with the family at the end of each session. However, biases due to the

underestimation or underreporting of noisy events due to the absence of parents or

Indoor Ai1r - PROOF
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wakefulness periods cannot be excluded. Similar to Diaz and Pedrero (2006), whose study
relies on a moderate sample size but a long measurement period, the sample size was
optimised to include an entire week to quantify fluctuations in family life, including days of
school vs. days without school and working days vs. days off. The multilevel multivariate
analyses were conducted to control for the repeated structure of the data, to better quantify the
day-to-day variability and the factors influencing the day-to-day variability, and to control for
confounding effects.

The indoor noise levels increased with the presence or activity of the inhabitants at
home, although the influence of these parameters may vary according to the period of the day
and the day of the week. Individuals, as well as household items in the dwelling, can be
considered to be indoor sound sources and can help to explain a large part of the level and the
variability of the indoor noise. This observation was especially true during the day and
evening periods, when the inhabitants were awake. The notion of indoor noise sources has
already been tackled by several authors (Aasvang et al., 2011; Pirrera et al., 2011). Our results
demonstrate the crucial necessity of quantifying noisy events and inhabitants’ presence for
indoor noise level assessment.

A complex relationship between indoor and outdoor noise levels was underlined.
Indeed, the indoor noise level was found to be associated with outdoor noise levels or opening
of the windows during the day or the evening periods. Fortunately, this finding strengthens
the results of numerous studies or noise regulation policies that are based upon outdoor noise
to assess human exposure or evaluate health effects (Belojevic et al., 2008; European
Commission, 2002; Mehdi et al., 2011; World Health Organization, 2011, 2009). However,
the correlation between increasing bedroom Lacq and increasing outdoor La.q was greater
during the day than during the evening; and, the correlation was over two times less during

the night and only marginally significant. The same trend can be observed in the main room
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results. Several factors could explain the nonlinearity of this relationship across the different
time periods. First, the concurrence of a higher outdoor noise level, a lower indoor noise
source emission and a longer opening time during the day should be considered. Thus, the
relationships between the outdoor noise levels and the window opening behaviour (European
Commission Working Group on Health and Socio-economic Aspects, 2004) or indoor noise
levels (Amundsen et al., 2011) should be taken into consideration. Secondly, the low
contribution of the outdoor Lacq to the indoor Laeq during the evening and night periods is
consistent with the moderate outdoor noise levels. As described in Pujol et al. (2012), the
main noise source in this city of 120, 000 inhabitants (INSEE, 2011) is ground transport,
including road and rail traffic; however, no motorways crossed the inhabited districts. Due to
the facade insulation, the amount of outdoor noise that enters the dwelling is relatively low,
especially when the windows are closed. Therefore, indoor noise source emissions become
the major contributors to the ambient noise level inside the dwelling. This finding is
particularly true in the evening period, when both indoor La.q and indoor noisy events, as
declared by the inhabitants, are the highest.

The World Health Organization (2009) proposed a default reduction of 21 dB(A) to
convert a theoretical outside night noise level on the most exposed facade to an inside night
noise level, thereby taking into account the possibility that the windows may be open a large
part of the year. Applied to our results, this default reduction index provides an average
indoor night noise level that is very close to the observed one (32.5 vs. the observed 33.5
dB(A), after using the +6 dB(A) correction proposed by Amundsen et al. (2011) to convert a
bedroom facade to a most exposed facade noise level). When the default reduction index was
applied to the main room, the predicted results diverged from the observed results, at,
respectively, 33.0 vs. the observed 41.5 dB(A). Thus, whereas the default reduction index

may be of interest in a child’s bedroom noise level assessment, this parameter does not have a
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clear predictive value in other rooms, including the main room in our study, or an adult’s
bedroom (Pirrera et al., 2011).

Many factors have been identified as independent sources of variability, including the
presence of people in the dwelling, noisy event occurrences, measurement before a day of
school, presence of a TV set in the child’s bedroom, the location of the dwelling in a detached
house, a child sleeping alone in a bedroom, a child being the eldest child or the number of
children living in the dwelling. However, the influence of these parameters may vary
according to the time period. When the parameters included in the day and evening models
were relatively similar, night-time appeared to be a specific period with its own variability
factors. A small number of TLAD parameters were included in the night period multivariate
analysis; the night period model explained only a fraction of the noise level variability.
Certain permanent noise sources, including ventilation, refrigerator, freezer, electronic
equipment, and low power setting, may have not been reported in the TLAD because their
contributions may have been masked by the other sources present during the diurnal period.
Noises created by the participant child, including body movements during sleep (motility) and
respiration, may also increase the ambient noise; these factors were only taken into account by
the inhabitants’ presence information. Furthermore, the presence and activities of the
inhabitants in the dwelling differ among days because the child’s activities, time of
awakening, and presence are regulated by school timetables. Additionally, school may also
influence the child’s activities during the night period. For example, a child may have an
earlier bedtime on a school night. Conversely, when there is no school the following day, the
child may be allowed to watch more TV. Pirrera et al. (2011) did not observe any influence of
the weekday on indoor nocturnal noise effects. However, the experimental design of this
adult-focused study was not able to compare the working day with the days off as the

measurements were performed excluding weekends.
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In the risk assessment process, the exposure is the result of the pollutant presence and
the time over which a person is in contact with that pollutant (Morawska et al., 2013). TLADs
have already been used to describe personal exposure to several pollution sources in
epidemiological studies (Meng et al., 2004; Saborit et al., 2009; Viel et al., 2011; Wallace et
al., 2006). A self-reported survey recently provided annual individual noise exposure duration
of urban adult residents (Neitzel et al., 2012). In our study, the TLAD variables allowed us to
assess the effect of the presence of the inhabitants at home on noise occurrence and to
quantify the indoor noise source activity. Our results on a child’s presence in the dwelling
were consistent with the statistics of the US EPA regarding time spent at the residence (US
EPA, 2009). Our use of TLAD variables in our multivariate models enhanced the
understanding of the indoor noise levels and highly improved the fit of the models. Further
studies could evaluate solely the amount of time a child spends at home instead of using
conventional noise indicators calculated on standardised time periods. Data obtained in this
manner could provide a more accurate assessment of a child’s noise exposure in everyday life.

The indoor environment within the dwelling of a child living in an urban area appears to
be complex and cannot be easily elucidated from any single factor, including the outdoor
noise level and the facade insulation values. Many variability factors differ based on the time
of day. In contrast to the outdoor noise level, which can be calculated at a city scale, indoor
noise level assessment requires the simultaneous consideration of dwelling and inhabitant
characteristics, in addition to outdoor noise levels and noise sources within the dwelling. The
use of a TLAD allows the recording of the inhabitants’ presence and activities without
resorting to the acoustical constraints of the equipment, the long-term recording, and the data
processing. The TLAD is a refined alternative that could be distributed to numerous people
and combined with the other identified variability factors to improve large-scale indoor home

noise exposure assessment.

Indoor AiIrG' PROOF

Page 16 of 24



Page 17 of 24 Indoor Air - PROOF

Acknowledgements

We are grateful to the families who cooperated in this research. We would also like to

thank Laurence Tilatti and Jean-Marc Cote for their dedication to this project and Sophie

©CoO~NOUTA,WNPE

1 Muraccioli for the graphic design. This research was supported by the French Ministry of
13 Environment and Sustainable Development (MEDD) within the third research programme

15 “Predit” (GO7).

Indoor A11r7- PROOF



©CoO~NOUTA,WNPE

Indoor Air - PROOF Page 18 of 24

References

Aasvang, G.M., Overland, B., Ursin, R., Moum, T., 2011. A field study of effects of road
traffic and railway noise on polysomnographic sleep parameters. J Acoust Soc Am
129, 3716.

Amundsen, A.H., Kleboe, R., Aasvang, G.M., 2011. The Norwegian Fac[Jade Insulation
Study: The efficacy of facJade insulation in reducing noise annoyance due to road
traffic. J Acoust Soc Am 129, 1381.

Babisch, W., Neuhauser, H., Thamm, M., Seiwert, M., 2009. Blood pressure of 8—14 year old
children in relation to traffic noise at home — Results of the German Environmental
Survey for Children (GerES IV). Sci Total Environ 407, 5839-5843.

Belojevic, G., Jakovljevic, B., Stojanov, V., Paunovic, K., Ilic, J., 2008. Urban road-traffic
noise and blood pressure and heart rate in preschool children. Environ Int 34, 226—
231.

Clark, C., Stansfeld, S.A., 2007. The Effect of Transportation Noise on Health and Cognitive
Development: A Review of Recent Evidence. Int J Comp Psychol 20, 145-158.

CSTB, 2002. MITHRA 5.0, manuel technique.

Diaz, C., Pedrero, A., 2006. Sound exposure during daily activities. Appl Acoust 67, 271—
283.

European Commission, 2002. Directive 2002/49/EC of the European Parliement and of the
Concil of 25 June 2002 related to the assesment and management of environmental
noise.

European Commission Working Group on Health and Socio-economic Aspects, 2004.
Position paper on dose-effect relations for night time noise.

Evans, G.W., Marcynyszyn, L.A., 2004. Environmental Justice, Cumulative Environmental
Risk, and Health Among Low- and Middle-Income Children in Upstate New York.
Am J Public Health 94, 1942-1944.

Goldstein, H., 1995. Multilevel Statistical Models, second ed. ed. Edward Arnold, London.

Graham, J.M.A., Janssen, S.A., Vos, H., Miedema, H.M.E., 2009. Habitual traffic noise at
home reduces cardiac parasympathetic tone during sleep. Int J Psychophysiol 72, 179—
186.

INSEE, 2011. Besancon, chiffres clés[: Evolution et structure de la population de 1968 a
2008.

Le Cann, P., Bonvallot, N., Glorennec, P., Deguen, S., Goeury, C., Le Bot, B., 2011. Indoor
environment and children’s health: Recent developments in chemical, biological,
physical and social aspects. Int ] Hyg Environ Health 215, 1-18.

Mehdi, M.R., Kim, M., Seong, J.C., Arsalan, M.H., 2011. Spatio-temporal patterns of road
traffic noise pollution in Karachi, Pakistan. Environ Int 37, 97-104.

Meng, Q.Y ., Turpin, B.J., Korn, L., Weisel, C.P., Morandi, M., Colome, S., Zhang, J., Stock,
T., Spektor, D., Winer, A., Zhang, L., Lee, J.H., Giovanetti, R., Cui, W., Kwon, J.,
Alimokhtari, S., Shendell, D., Jones, J., Farrar, C., Maberti, S., 2004. Influence of
ambient (outdoor) sources on residential indoor and personal PM2.5 concentrations:
Analyses of RIOPA data. J Expo Anal Environ Epidemiol 15, 17-28.

Morawska, L., Afshari, A., Bae, G.N., Buonanno, G., Chao, C.Y.H., Hanninen, O., Hofmann,
W., Isaxon, C., Jayaratne, E.R., Pasanen, P., Salthammer, T., Waring, M., Wierzbicka,
A., 2013. Indoor aerosols: from personal exposure to risk assessment. Indoor Air n/a—
n/a.

Murphy, E., King, E.A., 2010. Strategic environmental noise mapping: Methodological issues
concerning the implementation of the EU Environmental Noise Directive and their
policy implications. Environ Int 36, 290-298.

Indoor Ai1r - PROOF

8



Page 19 of 24

©CoO~NOUTA,WNPE

Indoor Air - PROOF

Neitzel, R.L., Gershon, R.R.M., McAlexander, T.P., Magda, L.A., Pearson, J.M., 2012.
Exposures to Transit and Other Sources of Noise among New York City Residents.
Environ Sci Technol 46, 500-508.

NF S 31-010, 1996. Acoustic- Environmental noise characterization and measurement -
Special measuring methods.

Ohrstrom, E., 2004. Longitudinal surveys on effects of changes in road traffic noise-
annoyance, activity disturbances, and psycho-social well-being. J. Acoust. Soc. Am
115, 719-729.

Passchier-Vermeer, W., Passchier, W.F., 2000. Noise exposure and public health. Environ
Health Perspect 108, 123—-131.

Paunovic, K., Stansfeld, S., Clark, C., Belojevic, G., 2011. Epidemiological studies on noise
and blood pressure in children: Observations and suggestions. Environ Int 37, 1030—
1041.

Pirrera, S., De Valck, E., Cluydts, R., 2010. Nocturnal road traffic noise: A review on its
assessment and consequences on sleep and health. Environ Int 36, 492-498.

Pirrera, S., De Valck, E., Cluydts, R., 2011. Nocturnal road traffic noise assessment and sleep
research: The usefulness of different timeframes and in- and outdoor noise
measurements. Appl Acoust 72, 677-683.

Pujol, S., Berthillier, M., Defrance, J., Lardié¢s, J., Petit, R., Houot, H., Levain, J.-P., Masselot,
C., Mauny, F., 2012. Urban ambient outdoor and indoor noise exposure at home: A
population-based study on schoolchildren. Appl Acoust 73, 741-750.

Pujol, S., Houot, H., Berthillier, M., Defrance, J., Lardies, J., Bongain, S., Levain, J.-P.,
Masselot, C., Petit, R., Mauny, F., 2009. Modélisation de I’exposition au bruit en
milieu urbain et études épidémiologiques[1: quelles sources sonores[]?, in: Actes des
Neuviémes rencontres de Théo Quant. Presented at the Neuviemes Rencontres de
Théo Quant, Foltéte J.-C., Besangon, p. 10.

Rasbash, J., Charlton, C., Jones, K., Pillinger, R., 2009. Bristol University | Centre for
Multilevel Modelling | Manual supplement for MLwiN 2.14.

Saborit, J.M.D., Aquilina, N.J., Meddings, C., Baker, S., Vardoulakis, S., Harrison, R.M.,
2009. Measurement of personal exposure to volatile organic compounds and particle
associated PAH in three UK regions. Environ. Sci. Technol. 43, 4582—4588.

Seong, J.C., Park, T.H., Ko, J.H., Chang, S.I., Kim, M., Holt, J.B., Mehdi, M.R., 2011.
Modeling of road traffic noise and estimated human exposure in Fulton County,
Georgia, USA. Environ Int 37, 1336—-1341.

US Environmental Protection Agency, 2009. Highlights of the Child-Specific Exposure
Factors Handbook (Final Report) ( No. EPA/600/R-08/135). National Center for
Environmental Assessment, Washington, DC.

Viel, J.-F., Tiv, M., Moissonnier, M., Cardis, E., Hours, M., 2011. Variability of
radiofrequency exposure across days of the week: A population-based study. Environ
Res 111, 510-513.

Wallace, L., Williams, R., Rea, A., Croghan, C., 2006. Continuous weeklong measurements
of personal exposures and indoor concentrations of fine particles for 37 health-
impaired North Carolina residents for up to four seasons. Atmos Environ 40, 399—414.

World Health Organization, 2009. Night noise guidelines for Europe. World Health
Organization, Copenhagen.

World Health Organization, 2011. Burden of disease from environmental noise.
Quantification of healthy life years lost in Europe. World Health Organization,
Copenhagen.

Xie, D., Liu, Y., Chen, J., 2011. Mapping Urban Environmental Noise: A Land Use
Regression Method. Environ Sci Technol 45, 7358-7364

Indoor Ai1r - PROOF

9



©CoO~NOUTA,WNPE

Table 1: Living conditions during day, evening and night

Indoor Air - PROOF

Day Evening Night
(n=304) (n=297) (n=301)

TLAD variables Mean (SD) Range Mean (SD) Range Mean (SD) Range P
Presence in the dwelling

At least one adult 63.7 (28.6)  0-100 84.5 (26.5) 0-100  96.4(16.5) 0-100 <10~

Child participant 47.5(27.1)  0-100 76.6 (33.4) 0-100  90.1 (28.4) 0-100 <10~

At least one other child  42.7 (35.3)  0-100 63.6 (42.9) 0-100  72.7 (44.0) 0-100 <10~
Noisy events*

In the child's bedroom 4209.3) 0-66.7 8.7 (21.2) 0-100 0.7 (4.5) 0-50 <107

In the main room 22.5(20.3) 0-87.5 48.2 (37.0) 0-100 12.2(15.5) 0-100 <10~

Outdoors 2.9(09.0) 0-66.7 2.8 (10.7) 0-100 1.3(7.4) 0-100  0.03
Window's opening

In the child's bedroom  12.0 (22.1)  0-100 10.1 (24.2) 0-100 3.4 (16.4) 0-100 <10~

In the main room 14.0 (25.0)  0-100 13.6 (28.7) 0-100 6.6 (23.6) 0-100 <107

The results are expressed as the percentage of time during the considered time period. As an example, at least one adult is present
in the dwelling during 63.7 percent of the day period.

SD: Standard deviation

P: Difference between day, evening or night P-value (multilevel analysis)
* Use of television, radio, musical instruments, household appliances, or other noisy event or activity

Indoor Air - PROOF
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Table 2: Lacq,day during days of school and days without school 4 (dB)

Time and place of measurement Total Days of school Days without school *

Day (6:00-18:00) n Mean (SD) Range n Mean (SD) n Mean (SD) p’®
Child’s bedroom 298 48.2(5.1) 23.6-66.2 153 46.7 (5.8) 145 49.8 (6.5) 107
Main room 289 55.2(5.4) 33.0-75.8 151 54.1(6.5) 138 56.2 (5.5) 10°
Outdoors (bedroom) 273 55.4(5.6) 40.5-68.5 140 55.9 (5.5) 133 54.7 (5.2) <10?
Outdoors (main room) 44 55.8 (3.4) 49.9-65.2 - - - - -

* Wednesday, Saturday, Sunday, legal holiday, and other school vacation
SD: standard deviation
® Difference between days of school and days without school: multilevel analysis P-value

Indoor Air - PROOF
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Table 3: Lacq,evening and Laeg night during evenings and nights before a day of school ¢ (dB)

Page 22 of 24

Before a day without

Total Before a day of school school °
Time and place of measurement n Mean (SD) Range n Mean (SD) n Mean (SD) p!
Evening (18:00-22:00)
Child’s bedroom 289 50.4 (6.5) 24.0-68.5 148 51.6 (5.6) 141 49.3 (8.3) 0.02
Main room 283 58.0 (4.8) 26.9-87.8 148 59.2 (4.8) 135 56.5 (5.5) 0.01
Outdoors (bedroom) 272 54.0 (5.9) 42.0-68.2 135 53.6 (6.3) 137 53.9 (5.8) 0.07
Outdoors (main room) 44 53.9(3.7) 47.5-64.4 - - - - -
Night (22:00-6:00)
Child’s bedroom 291 33.5(4.6) 20.8-65.5 149 31.8(4.2) 142 35.7 (6.5) <10?
Main room 287 41.5(6.0) 18.5-77.3 149 41.2 (6.5) 138 42.2 (6.9) 0.10
Outdoors (bedroom) 274 47.5 (5.6) 33.1-63.4 141 47.2 (5.6) 133 47.7 (5.8) 0.02
Outdoors (main room) 44 48.0 (3.1) 42.5-55.7 - - - - -

¢ Tuesday, Friday, Saturday, day before a legal holiday or other school vacation
SD: standard deviation
¢ Difference between before a day of school and before a day without school: multilevel analysis P-value
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1

2

3

4

5 Table 4: Bedroom noise level: day, evening and night multivariate multilevel linear models

6

; Day model Evening model Night model

9 Independent variable B 95% CI P B 95% CI P B 95% CI P
ig Intercept 46.55 46.86 36.94

12 Level "DAY OF MEASUREMENT"

13 Outdoor noise level* (unit = 10 dB) 3.57  [1.94;520] <I10° 228 [0.13;4.44] 0.04 1.76 [-0.02;3.54] 0.06
1‘5‘ TLAD variables (unit = 1 hour)

16 Presence of the participant child 0.65 [0.39;0.91] <107 0.80 [0.08;1.52] 0.03 0.88 [0.53;1.22] <107
17 Presence of one adult or more 0.21 [-0.02;0.44] 0.08 1.75 [0.88; 2.62] <107 0.54 [0.00; 1.08] 0.06
ig Presence of one other child or more 0.48 [0.25;0.71] <107 135 [0.72;1.99] <107 - - -
20 Noisy events in the child's bedroom 0.89  [0.16;1.63] 0.02 1.82  [0.13;3.52] 0.04 - - -
g% Bedroom window opening 0.30 [0.04;0.56] 0.02 - - - - - -
23 Measurement before a day of school - - - - - - -4.06 [-5.37;-2.76] <107
24 Level "DWELLING"

Sg Dwelling characteristics

27 Dwelling being in a detached house -3.17 [-5.68;-0.67] 0.02 - - - - - -
gg Presence of a TV in the bedroom 262 [037;487] 0.03 421 [1.14;7.28] 0.01 - - -
30 Inhabitant's characteristics

31 Participant child being the eldest child 3.05 [0.86;5.25] 0.01 5.63  [2.65;8.61] <107 - - -
32 Participant child sharing his bedroom

gi with (an)other child(ren) - - - - - - 2.66 [-5.25;-0.06] 0.05
35 Units level "day of measurement"” 273 272 274

36 Units level "dwelling" 43 44 44

g; Explained variance proportion (%) 46 45 17

39 B: the estimated change of the indoor noise level; CI: confidence interval; P: P-value.

40 * The outdoor noise level was measured in front of the bedroom facade.

41
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Table 5: Main room noise level: day, evening and night multivariate multilevel linear models
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Day model Evening model Night model
Independent variable B 95% CI P B 95% CI P B 95% CI P
Intercept 54.62 57.10 42.19
Level "DAY OF MEASUREMENT"
Outdoor noise level* (unit = 10 dB) 3.79 10.76;6.83] 0.02 - - - - - -
TLAD variables (unit = 1 hour)
Presence of the participant child 0.38 [0.18;0.58] <103 090 [0.21;1.59] 0.02 - - -
Presence of one adult or more 0.36 [0.13;0.59] 0.01 1.63  [0.79;2.46] <107 1.20 [0.56;1.84] <10?
Presence of one other child or more 0.40 [0.20; 0.59] <107 1.03 [0.44; 1.61] <107 - - -
Noisy events in the dwelling 0.25 [0.01;0.49] 0.05 1.15 [0.61;1.69] <103 - - -
Measurement before a day of school - - - - - - -1.91 [-3.58;-0.23] 0.03
Level "DWELLING"
Dwelling characteristics
Dwelling being in a detached house 245 [-0.11;5.01] 0.07 272 [0.00;5.43] 0.06 - - -
Inhabitant's characteristics
Number of children 1.48 [0.10;2.87] 0.04 1.27 [-0.15;2.68] 0.09 - - -
Units level "day of measurement" 289 283 287
Units level "dwelling" 42 43 43
Explained variance proportion (%) 54 39 3

B: the estimated change in the indoor noise level; CI: confidence interval; P: P-value.

* The outdoor noise level was calculated in front of the main room facade using a strategic noise map.
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