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Résumé

Le Dr Odile Mekel et ses collegues nous proposent dans cet article de quantifier I'impact du bruit induit par le trafic routier
(BTR) sur la santé des enfants. La démarche adoptée par les auteurs s’inscrit dans une réflexion sur la faisabilité et la
pertinence de ce type d’évaluation. En effet, 'évaluation de I'impact sanitaire (EIS) du BTR sur la santé des enfants se heurte
a un écueil majeur : alors qu'il existe des fonctions exposition risque (FER) liant des expositions au bruit issu du trafic routier
a des évenements sanitaires chez les adultes (tels que maladies cardio-vasculaires, géne, perturbation du sommeil, stress
et effets somatiques, altération des capacités cognitives) suffisamment robustes pour réaliser des EIS, trop peu d’études ont
jusqu’a présent été menées chez les enfants pour disposer de FER valides. Cependant, étant donné I'importance des expo-
sitions au BTR, la plus grande vulnérabilité a priori des enfants a ces expositions, et le besoin d’arguments sanitaires pour
orienter les politiques de lutte contre le BTR, les auteurs s’attachent dans cet article a rendre compte de I'impact sanitaire du
BTR chez les enfants. Cette EIS porte sur la géne et la perturbation du sommeil chez les enfants de 14 ans et moins, dans
deux villes du lander Rhénanie-du-Nord-Westphalie en Allemagne. Ces villes ont été choisies car elles disposaient de données
d’expositions au BTR (obtenues par modélisation), qui, intégrées dans un systeme d’information géographique, permettaient
d’estimer le nombre d’enfants exposés par niveaux de 5 dB(A). Ceux-ci variaient entre les villes : 17 a 34 % des enfants
étaient exposés a plus de 60 dB(A) durant la journée, et 21 a 34 % a plus de 50 dB(A) durant la nuit. Pour réaliser les EIS,
les auteurs ont appliqué les FER obtenues chez les adultes aux enfants, et calculé la part attribuable au bruit. La transposi-
tion des FER des adultes aux enfants constitue une hypothése forte du travail de Mekel et al., dont les limites sont largement
discutées dans I'article. Cette discussion constitue un des points forts de I'article, les auteurs ayant par exemple recours a
des analyses de sensibilité pour rendre compte de I'impact de certaines hypothéeses sur les résultats. Le bénéfice attendu
d’'une diminution des niveaux de bruit sont également évalués selon deux scénarios. Dans le premier, les niveaux de bruit
sont rendus conformes aux recommandations allemandes (niveaux ne dépassant pas 60 dB(A) le jour et 50 dB(A) la nuit).
Dans le second, les niveaux de bruit sont diminués uniformément de 5 dB(A) dans les villes.

Au final, les auteurs estiment que, selon la ville, le BTR est responsable d’'une géne forte pour 5 a 10 % des enfants, et
que 4,6 a 5,2 % d’entre eux connaissent des perturbations fortes du sommeil. Le premier scénario de réduction des nuisances
permettrait de réduire la géne engendrée par le BTR de 20 a 29 %, les perturbations du sommeil de 19 a 26 %. La diminu-
tion de 5 dB(A) examinée dans le second scénario permettrait de réduire de 38 % la géne induite, et de 25 a 28 % les
perturbations du sommeil.

Cette étude montre ainsi qu'il est possible de rendre compte de I'impact du BTR sur la santé des enfants, au prix d’'un
certain nombre d’hypotheses qui semblent certes raisonnables mais dont la justesse reste a préciser par d’autres travaux
épidémiologiques. Elle permet néanmoins de rendre compte du poids du bruit engendré par le trafic routier sur la géne et les
perturbations du sommeil des enfants.
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Abstract

Environmental noise and especially road traffic noise has a high impact on the European population, affecting ca. 32 %
of the population with noise levels exceeding 55 dB(A).

Exposure to road traffic noise is associated e.g. with cardiovascular diseases, annoyance, sleep-disturbance, stress related
somatic effects, and impacts on cognitive performance. Quantitative exposure-response-functions (ERFs) are known for
adults but have not yet been studied in detail for children. Under the assumption that ERFs derived for adults are valid for
children, adult ERFs were used after some adjustments and further evaluation.

For exploring the feasibility of applying quantitative HIA methods for road traffic noise in children, case studies in two cities
in North Rhine-Westphalia (NRW) were performed. Based on exposure distribution data of road traffic noise in children (0-14
years) in these cities and the ERFs, the number of children highly annoyed and highly sleep disturbed by road traffic noise
was estimated.

The exposure distribution in the case studies varied by city. 17-34 % of the children is likely to be exposed to noise levels
> 60 dB(A) during the day, and 21-34 % to noise levels > 50 dB(A) at night. From the total child population in the two cities
(> 30 000 children) > 2500 children are estimated to be highly annoyed by road traffic noise, and over 1 500 children to be
highly disturbed during sleeping time. Scenario analyses were performed illustrating the health gains that could be achieved
by noise abatement measures.

For the two cities our exposure-based calculations were considered to be a good estimate of the local situation. It is not
possible to extrapolate the findings to the whole of NRW or of Germany due to the spatial and regional differences in expo-
sure and population structure. In comparison with similar data from other countries (the Netherlands, Norway, Sweden) our
findings seem to be plausible.

Improved exposure assessment of road traffic noise as well as studies on exposure-response-relationship especially for
health effects in children induced by road traffic noise should help reducing uncertainties in the quantification of health effects.
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Environmental noise, health impact assessment, children’ health, annoyance, sleep-disturbance.

Introduction

Environmental noise (“hoise from all sources
except noise at the industrial workplace” [4]) has a
high impact on the European population. As one of
the main sources of environmental noise, road traffic
noise affects approximately 32 % of the European
Union’s population with noise levels exceeding
55 dB(A) daytime. 13 % of the European population
are exposed to levels of road traffic noise of more
than 65 dB(A) daytime [14, 15]. The WHO ECEH esti-
mates environmental noise becoming one of the
major environmental health issues, which concerns
policy-makers as well as the public [16, 34, 35]. A
reason for the increase of road traffic related noise is
an increase of the extent of road traffic in Europe.
EUROSTAT-data support this assumption: from 1995
to 2009, the number of cars per inhabitant in the EU-
27 increased from 375 to 473 per 1 000 inhabitants.

Due to the increasing transport demands in all EU
member states (MS), noise and especially road traffic
related noise is an increasing issue, not only in major
cities but also in rural areas with heavily trafficked
roads crossing. To handle this issue, the EU introdu-
ced the EU Directive 2002/49/EC (Environmental
Noise Directive — END) [17] which requested the MS
to produce noise maps e.g. for cities with more than
250 000 inhabitants as well as for heavily trafficked
roads (> 6 million vehicles per year) in stage 1 until
2007 and for all of the cities with more than 100 000
inhabitants (“agglomerations”), major roads (>3 million
vehicles per year) in stage 2 until 2012. Based on
these maps, the MS have to set up and implement
noise reduction plans. But a link between those expo-
sure-maps and possible health effects is still missing.

Noise exposure at community levels is associated
with various health effects. The major effect of envi-
ronmental noise is annoyance [1, 35]. Beside
annoyance, exposure to road traffic noise (the most
predominant noise source) is associated with e.g.
sleep-disturbance, cardiovascular diseases (such as
hypertension, ischemic heart disease, myocardial
infarction and stroke), stress related somatic effects,
and impacts on concentration and cognitive perfor-
mance [1-4, 31-35]. Valid quantitative exposure-
response-functions (ERFs) are known for annoyance,
sleep disturbance, cardiovascular diseases, and
cognition [1, 35]. For annoyance and sleep disturbance,
ERFs are known for adults [1, 5, 6, 7] but have not yet
been studied in detail for children.

Regarding the exposure to noise, children can be
defined as a more sensitive group than adults, because

* noise may affect them in critical development periods,
* their coping repertoire may be less developed and
* they are not able to control their environment [1, 8].

But studies on child specific health effects of noise
are rare and partly inconsistent [1, 3, 8, 9, 32]. Most
studies investigating children’s exposure to traffic-
related noise mainly focused on the effects of expo-
sure to aircraft noise [10, 11, 32]. Only a few studies
have investigated the effects of children’s exposure to
road traffic noise [9, 12, 32]. Although the findings of
studies on children’s exposure to traffic noise are
difficult to interpret and not consistent, they indicate
that road traffic noise related annoyance in children
seems to be comparable to noise related annoyance
in adults [10, 13]. For sleep disturbance conclusive
evidence is still missing. Nevertheless, the studied
literature about children indicates that there is a causal
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relationship between road traffic noise and sleep
disturbance for children, too [9].

The purpose of this study was to assess the fea-
sibility of conducting a quantitative Health Impact
Assessment (HIA) on health effects in children (0-14
years) induced by road traffic noise at European level,
since children living in the proximity of heavily traffic-
ked roads may be exposed to high ambient air pollu-
tant concentrations and high noise levels. As health
outcomes in this HIA study, annoyance and sleep
disturbance were assessed.

Methods

Following the “WHO recommendations for the use
of epidemiological data for Health Impact
Assessment” [18], we assessed in 2007 the feasibility
of conducting a HIA on health effects in children induced
by road traffic noise. In an exposure-based approach
[6, 7, 37] the number of children which are highly
annoyed by road traffic noise as well as the number of
children highly sleep disturbed can be estimated by
combining the exposure distribution with the exposure-
response-function (ERF).

It was not feasible to conduct an HIA on health
effects in children induced by road traffic noise for all
of the European member states due to a lack of sui-
table noise pollution data. The available data in 2007
were mainly from the 1990s and were based mainly
on calculations that differ from those done in the
member states for implementation of the EU Directive
2002/49/EC (END) [17] on environmental noise. But
unfortunately these results were not available in 2007.
As the preparation of the noise exposure data accor-
ding to the END was still ongoing and not available,
we used the noise exposure levels as reported before
the introduction of the END.

Exposure assessment

Due to missing data on a national or international
level, we examined which data on children were avai-
lable on a regional level in the German federal state
of North Rhine-Westphalia (NRW). It was not possible
to get state-wide exposure data. Five cities in NRW
were chosen for case-studies and asked for exposu-
re distribution data of road traffic noise in children (O-
14 yrs). Two of the cities (city A and city B) supported
us with data(?).

Both cities provided data on traffic noise exposure
levels for the requested age groups in their popula-
tions. The data on traffic noise exposure levels in both
cities were based on noise modelling. In these models
the noise levels are usually calculated via geographi-
cal models of the regarded area including information
about buildings and their height, zoning maps, and
the distribution of road traffic during 24 hours (based
on traffic census) with special regard to lorries.

Additionally, the type of paving was included in the
modelling for city B, they gave a penalty up to 3 dB(A)
for noisy paving. In the modelling for city A, the star-
ting phases of cars at traffic lights were included. The
noise levels estimated by these models reflect the
highest noise level at 4 metres height at the outdoor
facade of buildings.

Total numbers of people exposed to different
noise levels per 5 dB classes at daytime (Lg,y, 6-22
hour), at night-time (Lpjgnt, 22-6 hour) and during 24
hours (Lpy) (city B only) were provided. As the noise
levels were determined (e.g. modelled) before intro-
duction of the END, these noise levels were not yet
reported as Lpgy. In case study A, we did not receive
data about L(py). We calculated Lpy) from Lgay) and
L(night) using Equation 1:

Equation 1 Conversion of Lpy,

% of people exposed day-night =

(% of people exposed at daytime * 16/24)
+ (% people exposed at night-time * 8/24)

In line with the recommendations of the END, we
shifted the data of people exposed at night within 10
dB(A) before calculating the L(DN), e.g., we subsumed
the day’s 40-45 dB(A) class with the night's 50-55
dB(A) class and so on.

Data for health outcomes; exposure-response-
functions (ERFs)

As health outcomes, annoyance and sleep distur-
bance were selected. Data on annoyance and (self-
reported) sleep disturbance are not collected on a
routine basis but measured by standardised ques-
tions in population health surveys or specific epide-
miologic studies (e.g. RANCH [11, 32]).

A definition of annoyance is given in the WHO-
Guidelines for community noise [4]: “annoyance is a
feeling of displeasure associated with any agent or
condition, known or believed by an individual or group
to adversely affect them”.

For road traffic noise and sleep disturbance,
exposure-effect relations are only available for adult
populations [7, 34, 35]. So we used them very cau-
tiously to get an impression of the effects of road traffic
noise in children.

The selected ERFs were derived by Miedema and
Vos [5], Miedema and Oudshoorn [6] and Miedema et
al. [7]. These ERFs are generally accepted and
recommended for adults [3, 19, 20, 35, 36]. Even
though there are no special ERFs for children, there
are indications that road traffic noise related annoyance
in children seems to be comparable to noise related
annoyance in adults. For sleep disturbance a causal
relationship between road traffic noise and sleep dis-
turbance in children is at least probable. Therefore
adults ERFs were used for children in our case-study.

(1) The colleagues from the environmental agency of city A preferred to remain anonymous.
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The ERF for annoyance was based on pooled
data from 26 datasets from studies mainly in Western
Europe. After establishing curves for each dataset
showing the percentage of people highly annoyed
(HA) as a function of Lpy), the authors combined all
curves to one curve [5]. For sleep disturbance the
ERF was based on pooled data from 15 datasets [7,
20]. In the derived ERFs, annoyance and sleep dis-
turbance both are divided into three categories,
dependent on their severity: “lowly annoyed (LA)” and
“lowly sleep disturbed (LSD)”, “annoyed (A)” and
“sleep disturbed (SD)”, “highly annoyed (HA)” and
“highly sleep disturbed (HSD)”. In our case studies we
only used the outcomes “highly annoyed” and “highly
sleep disturbed” for an “at least’-approach, because
we did not want to overestimate the effects.
Furthermore we wanted to avoid a discussion on whe-
ther mild annoyance is counted as a health issue [35,
37]. In an exposure-based approach, the number of
children which are highly annoyed by road traffic
noise as well as the number of children which are
highly sleep disturbed was estimated by combining
the exposure distribution with the ERF.

The proportion of the exposed people (in percent)
for Lpn), who are highly annoyed (HA) or highly sleep
disturbed (HSD) at a certain noise level can be esti-
mated with the following equations.

Equations 2 for calculating the percentage
of highly annoyed or highly sleep-disturbed
people by road traffic noise for L(DN)

Health Exposure Response Function (ERF) Ref.

outcome

% HA 9.994*107* (Lpn-42)° - 1.523*10°2 (Lpy-42)°
+0.538 (Lpn-42) [5],(6]

%HSD | 20.8 - 1.05 Lyjgy + 0.01486 (Lyjgny)? 7]

HA = highly annoyed people
HSD = highly sleep-disturbed people

The ERF for annoyance is only valid in the range
of L(DN) > 45 dB(A) and Lpy) < 75 dB(A), because
the authors of the ERF excluded exposures below 45
dB(A) and over 75 dB(A) [5, 6]. For sleep disturbance,
the ERF is valid in the range of > 40 dB(A)-70 dB(A),
but extrapolations to lower exposure (40-45 dB(A))
and higher exposure (65-70 dB(A)) are possible
in this case [7]. In these ranges, we calculated the
percentage of the people highly annoyed and the per-
centage of highly sleep-disturbed respectively. E.g. at
a level of LDN 45 dB(A), 1.5 % of exposed people are
highly annoyed (HA); at a level of Lpy 47.5 dB(A) =
2.66 % HA; Lpy 50 dB(A) = 3.84 %, etc.

Due to the fact that the ERFs are only valid in the
described ranges we had to make some assumptions.
The proportion of children exposed to noise levels
<45 dB(A) or 40 dB(A) or > 75 dB(A) or 60 dB(A) was
set to the noise level 45 dB(A) or 75 dB(A) or 65 dB(A)
respectively.

After calculating these percentages of HA and
HSD we subsumed the single values to categories

(45-50 dB(A), 50-55 dB(A), etc.) by taking the mean
of the associated single values. In this way we calcu-
lated the number of HA and HSD children per noise
level category by combining the number of exposed
children in each category with the appropriate per-
centage value. The total number of HA and HSD
children per city is derived by summing up the numbers
over all categories.

To assess possible variation in our results, we
estimated the range of number of the expected
annoyance and the expected number of people sleep
disturbed in our case studies making use of the 95%
confidence intervals of the ERFs [5-7]. Data points of
the confidence intervals were kindly provided by the
authors of the exposure-response functions [5-7].

Participating countries, cities, regions

Case study City A:

City A has a municipal area of approximately 123
km?2, about 7.7 km? (6 %) of this area are used for traffic.
This city is a core city in an urbanised area, a typical
situation for about 9 % of the cities in North Rhine-
Westphalia (NRW) [29]. From the 52 538 inhabitants
in 2007, 8 589 (16 %) were children between 0-14
years of age.

Case study City B:

With its municipal area comprising about 91 km2,
city B is located in western NRW as part of the largest
industrial area in NRW. About 12 km? (13 %) of the
municipal area are used for traffic, e.g. roads. City B
is a core city in a highly-compressed urban agglome-
ration. This situation is typical for about 4 % of the
NRW cities [29]. In the year 2007, 171 160 inhabitants
were living in city B, 22 050 (13 %) of them were chil-
dren between 0-14 years of age.

Comparisons of the method and results

Based on data of the general population exposed
to different noise levels (over 24 hours averaged
values) in the Netherlands [3, 21], Norway [22], and in
Sweden [23] the number of highly annoyed people
was calculated to evaluate our results. As for
Germany exposure distribution data for the night was
available, the number of highly sleep-disturbed people
was calculated additionally [30].

Scenatrios

We developed two noise reduction scenarios for
the case studies. For each of the case studies, we
assumed noise exposure levels not exceeding 50
dB(A) at night and 60 dB(A) daytime (scenario 1).
These values are threshold values for noise exposure
in residential areas according to the 16. BImSchV
(German regulation on noise pollution due to road and
railroad traffic) [28]. In a second scenario we exami-
ned the effect of decreasing noise levels. We calcula-
ted a scenario with a decrease of 5 dB(A) for both
cities. The use of low-noise asphalt may lead to a
noise reduction of about 7 dB(A) [24]. As we do not
know in which ranges this value may vary we selec-
ted 5 dB(A) to avoid overestimating of the effects.
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Results

Exposure levels

The percentage of children exposed to the diffe-
rent road traffic noise related noise levels (day and
night) has been determined for both cities. In compa-
rison, the exposure distribution of road traffic noise in
children (0-14 years) for the two cities in North Rhine-
Westphalia varied per city. 17 vs. 34 % of the children
were exposed to noise levels of more than 60 dB(A)
during the day, and 21 vs. 34 % were exposed to
noise levels of more than 50 dB(A) at night.
Comparing the two cities, the road traffic noise expo-
sure is higher in city B. Hence there are proportional-
ly more children in city B exposed to road traffic noise
exposure at higher levels than in city A.

Calculation of health impacts

Based on the exposure levels, for the health out-
comes “high annoyance” and “high sleep disturbance”
the number of affected children was calculated. While
there was only a minor difference in sleep disturbance
between the two cities, the estimated percentage of
highly annoyed children in city B was twice as much

as in city A (see table 1). In comparison with city A, the
proportion of highly annoyed children in the noise
level classes higher than 55 dB(A) was quite high
(see figure 1).

Table I. Estimated number of highly annoyed

or highly sleep-disturbed children by road traffic
noise in city A and B with the appropriate
confidence intervals (Cl).

Health outcome City
A B
Annoyance
Highly annoyed children (%) 5.4 10.06
(3.97-6.53) | (7.9-12.22)
Highly annoyed children (n) 471 2217

(345-569) | (1742-2695)

Sleep disturbance

Highly sleep-disturbed children (%) 4.60 5.21
(8.27-7.45) | (3.65-8.17)
Highly sleep-disturbed children (n) 395 1149

(281-640) | (804-1802)

Cl = Confidence interval (2)

30

N
w

m City A
m City B

N
o

children [n/1000]
>

N
o

RE.

<45 >45-50 >50-55

> 55-60
noise level day-night [dB(A)]

>60-65 >65-70 >70-75 > 75

Figure 1. Estimated number of children (per 1 000) highly annoyed by road traffic noise,
by noise level category in two NRW cities.

(2) For sleep disturbance only in the range between 45 dB(A) and 65 dB(A).
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Figure 2. Estimated number of children (per 1 000) highly sleep-disturbed by road traffic noise,
by noise level category in two NRW cities.

For the total child population in the two cities of
approximately 31 000 (30 759) children in the age up
to 14 years, 2 700 children were estimated to be highly
annoyed by road traffic noise, and 1 500 children to
be highly disturbed during sleeping time. A detailed
picture about the estimated distribution of highly
annoyed and highly sleep-disturbed children is shown
in figures 1 and 2. The 95 % lower and upper confi-
dence limits of the expected annoyance in our case
studies are presented in table 3, too. For sleep distur-
bance they are only available in the range between 45
dB(A) and 65 dB(A).

The accumulation of HA or HSD children in the
lowest exposure categories in figures 1 and 2 and in
the highest exposure category in figure 1 may be cau-
sed by the ranges, in which the ERFs can be applied.
The numbers of children exposed to noise levels
lower than 40 dB(A) or 45 dB(A) and higher than 70
or 75 dB(A) had to be subsumed to these values.

Comparisons of findings

Our findings are comparable to the results of the
calculations we made with data from the Netherlands,
Sweden, Norway, and Germany (source: [3, 21-23,
30]). In the Netherlands, there are approximately 2 %
of the people highly annoyed because of road traffic
noise. These include adults as well as children.

With the same method as used in our HIA study,
we calculated approximately 3.1 % of the people
living in Sweden and 3.4 % of the people living in
Norway may be regarded as highly annoyed because
of road traffic noise in the year 2003. The percentage
of highly annoyed people varied per city. While in
Stockholm (S) and Oslo (N) 7.6 % and 7 % of the
inhabitants were estimated to be highly annoyed, the
proportion of highly annoyed people in Gothenburg
(S) and Akershus (N) was only 3.5 % and 2.8 %.

And also with the same method we calculated
approximately 8.9 % of the people living in Germany
as highly annoyed because of road traffic noise. 7.8 %
of the people living in Germany are estimated as highly
sleep disturbed due to road traffic noise.

Scenarios

We calculated the proportion of highly annoyed
and highly sleep-disturbed children in the two cities
with a noise exposure not exceeding 50 dB(A) during
night-time and 60 dB(A) daytime (table 2). In a
second scenario, we calculated the situation of the
highly annoyed and highly sleep disturbed children in
the two cities with the assumption of a noise level
decreasing for 5 dB(A) in each noise level category
(table 3). The results show a clear decrease of the
outcomes in both cities for both scenarios.
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Table Il. HIA scenario analysis 1 — noise exposure is not exceeding 50 dB(A) (at night) and 60 dB(A) (daytime).

Current situation Exposure reduction measure 1 Pme"gg}er:%?‘léz gain/
Health outcome City City City

A B A B A B
Annoyance
Highly annoyed children (%) 5.4 10.1 44 7.2 19.1* 28.9
Highly annoyed children (n) 471 2217 381 1576 90 641
Sleep disturbance
Highly sleep-disturbed children (%) 4.6 5.2 3.7 4.0 19.2* 26.3"
Highly sleep-disturbed children (n) 395 1149 319 847 76 302

* Proportion (in %) of the HA or HSD children which could be avoided by the exposure reduction measure

Table lll. HIA scenario analysis 2 — a 5 dB(A) decrease throughout all categories

Current situation Exposure reduction measure 2 Poteng;};zilég gain/
Health outcome City City City

A B A B A B
Annoyance
Highly annoyed children (%) 5.4 10.06 3.36 6.22 38.0* 38.1*
Highly annoyed children (n) 471 2217 292 1372 179 845
Sleep disturbance
Highly sleep-disturbed children (%) 4.60 5.21 3.44 3.77 25.3" 27.7*
Highly sleep-disturbed children (n) 395 1149 295 831 100 318

* Proportion (in %) of the HA or HSD children which can be avoided by the exposure reduction measure

Discussion

For the two cities investigated in our feasibility
study, our exposure-based calculations seem to be a
good estimate. Even though it is not possible to extra-
polate these findings to the whole area of North
Rhine-Westphalia or Germany due to the spatial and
regional differences in exposure and population struc-
ture, there are some cities which are comparable to
the cities in our case study (a total of 13 % of the cities
in NRW) [29]. In these comparable cities approxima-
tely 5 million inhabitants (5 095 226) were living (28 %
of the inhabitants of NRW) in 2006.

In comparison with results of the calculations for
Germany, our case study findings seem to be plausi-
ble, even though the exposure data for Germany was
not complete. We estimated 5 % and 10 % of the chil-
dren to be highly annoyed in our case studies, for
Germany we calculated approximately 9 % of the
people highly annoyed. For sleep disturbance, we
estimated 5 % for both cities, for Germany we calcu-
lated 8 %. The comparison with results from the
Netherlands supports our findings, too. Even though
there are only 2 % of the people highly annoyed by
traffic noise (whereas we estimated 5 % and 10 % of
children to be highly annoyed), it has to be noted that
in the Netherlands the whole country (including rural
areas without heavily trafficked roads) was examined,

while we were looking only at cities as was done for
the comparison with Norway (3.4 %) and Sweden
(3.1 %), too. Furthermore, the comparison with
Norwegian and Swedish cities shows a bigger pro-
portion of highly annoyed people (Gothenburg,
Stockholm, Oslo, except Akershus). The second diffe-
rence is, that while in the countries compared (the
Netherlands, Norway, Sweden) adults and children
were examined, we focussed on children only. For the
data from Norway and Sweden there may be an
underestimation of the percentage of HA people,
because the number of people exposed to noise
levels <55 dB(A) was missing in the data source. So
this proportion was not included in the estimation.

Our assumption that the ERFs on annoyance for
adults were valid for children, too, is not without
controversy. Lercher et al. [13] demonstrated that
road traffic noise induced annoyance in mothers was
very comparable with the annoyance of their children.
But at the same time Lercher et al. [13] showed a dif-
ference between children and adults regarding road
traffic noise induced annoyance. Children seem to be
more annoyed at lower noise levels than adults, while
adults seem to be more annoyed at higher levels.
Ohrstrom et al. [12] showed similar differences, child-
ren seem to be more annoyed at noise levels lower
than 55 dB(A) while they are significantly less
annoyed at noise levels higher than 64 dB(A). Due to
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these differences it is possible that the proportion of
highly annoyed children for the lower noise levels may
be underestimated, especially in city A, where more
than half of the children are exposed to noise levels
lower than 55 dB(A). On the other hand, the propor-
tion of highly annoyed children at noise levels higher
than 64 dB(A) may be overestimated. But this possi-
ble overestimation would not affect as many children
as a possible underestimation in the lower exposure
levels.

For sleep disturbance the controversy about using
the ERFs for children which had been derived for
adults is even bigger. As Ohrstrom et al. [9] showed
there are indications that children’s and adults’ slee-
ping behaviour in relation to noise seems to be similar.
But the parameters shown by Ohrstrom et al. (sleep
quality, awakenings, tired-alert in the morning) are not
necessarily the same as sleep disturbance. So it is
not feasible to estimate possible over — or underesti-
mation of our sleep disturbance calculations.

Due to the fact that the ERFs are only valid in the
ranges from 40-75 dB(A) for annoyance and 45-70
dB(A) for sleep disturbance, the percentage of HA
and HSD children could be overestimated in the
lowest noise classes and underestimated in the
highest noise classes. Accordingly to these uncertainties
the estimated confidence intervals are not the definite
range in which the results may vary. For showing the
sensitivity of our calculations below the lower end of
the ERF, we calculated the number of children highly
annoyed and highly sleep-disturbed assuming 0 %
high annoyance or high sleep disturbance below
noise levels of 40 dB(A) or 45 dB(A). There is a diffe-
rence of approximately 0.2 % in high sleep disturbance
for both cities and of 0.4 % (city A) and 0.01 % (city B)
in high annoyance.

Due to the method used for modelling the expo-
sure to road traffic noise in the cities, there might be
some uncertainties which could lead to an underesti-
mation of the health impacts. The modelling did not
include the vibrations caused by lorries, in city A the
type of paving was not differentiated, and in city B
starting phases of the traffic were not included. It has
to be discussed if the calculation of sleep disturbance
with the used ERF based only on Lghy (22-6 hr)
could be an underestimation because of the increa-
sed sensitivity of children in the evening resulting from
earlier sleeping habits in younger ages. Another
uncertainty for calculating the highly annoyed children
in city A may result from the exposure data for city A.
As we did not receive data about L py), we calculated
the L(pn) from L gay) and Linigny) in @ very simple way.

The noise exposure is modelled at the fagade of
houses and not inside. This does not limit these
calculations, because the used ERFs are developed
for these conditions, too. Another point which may

limit the estimations generally is that the location of
the bedroom and the bedroom-windows is not being
included in the modelling and in estimations.
Furthermore information about the socio-economic
status of exposed people is useful for a complete esti-
mation but could not be considered [37]. There are
some indications that more people with a lower socio-
economic status often live near heavily trafficked
roads. However, specific ERFs for these populations
are not available.

Recommendations

With results from noise mapping according to the
END meanwhile available, HIA calculations should be
carried out to update the presented preliminary
results from this study. This has been done for the
overall population in different countries in the EBoDE-
project regarding sleep disturbance lately [37].
Furthermore, new calculations could be presented on
annoyance and sleep disturbance taking END-data
into account [35, 37]. But still, these newer approa-
ches have not accounted for children separately.

Because of the high impact of road traffic noise on
children’s health, it is important to conduct further HIA
making use of standard reported noise exposure dis-
tributions. Thus it is crucial to change the report obli-
gations, because currently the stratification of the
noise exposure distribution by age groups is not obli-
gatory according to the END.

Using the new noise maps, it could be useful to
combine the addresses of primary schools with
modelled road traffic noise levels to assess the expo-
sure of children to road traffic noise during the day in
a more differentiated way. All in all, exposure-respon-
se-relationships for health effects induced by road
traffic noise specifically in children need to be improved.

Acknowledgements

This HIA case study was realized in the framework
of the so-called ENHIS-2 project co-financed by the
European Commission — DG Sanco and coordinated
by WHO/Europe. We thank Elise van Kempen and
Danny Houthuijs from the RIVM (Rijksinstituut voor
Volksgezondheid en Milieu — Netherlands National
Institute for Public Health and the Environment) who
reviewed our report and gave valuable comments.

We also would like to thank Henk Vos from the
TNO (Nederlandse Organisatie voor Toegepast
Natuurwetenschappelijk Onderzoek — Netherlands
Organisation for Applied Scientific Research) who
made additional datapoints to their published ERFs
available.

350 POLLUTION ATMOSPHERIQUE N° 216 - OCTOBRE-DECEMBRE 2012



ARTICLES - Recherches

References

. Van Kempen E, Staatsen BA, Van Kamp |. Selection and evaluation of exposure-effect-relationships for

health impact assessment in the field of noise and health. RIVM report 630400001/2005, RIVM,
Bilthoven.

2. Babisch, W. Road traffic noise and cardiovascular risk. Noise Health 2008 ; 10: 27-33.
3. Staatsen BA, Nijland HA, van Kempen EM et al. Assessment of health impacts and policy options in rela-

tion to transport-related noise exposures — Topic paper noise. RIVM Rapport 815120002/2004 RIVM,
2004, Bilthoven (THE PEP Topic paper noise, WHO Europe and UNECE).

4. Berglund B, Lindvall T, Schwela DH (ed.). Guidelines for Community Noise. WHO, Geneva 2000.
5. Miedema HM, Vos H. Exposure-response relationships for transportation noise. Journal of the Acoustical

10.

11.

12.

13.

14.

&,

16.

17.

18.

19.

20.

21.

22.

23.

24.

Society of America 1998; 104(6): 3432-45.

Miedema HM, Oudshoorn CM. Annoyance from transportation noise: relationships with exposure metrics
DNL and DENL and their confidence intervals. Environmental Health Perspectives 2001; 109(4): 409-16.

. Miedema HM, Passchier-Vermeer W, Vos H Elements for a position paper on night-time transportation

noise and sleep-disturbance. TNO Inro report 2003; 2002-59. TNO, Delft.
(http://ec.europa.eu/environment/noise/pdf/noisesleepdisturbance.pdf. Accessed 26.09.12.)

Bistrup ML (ed.). Health effects of noise on children — and perception of the risk of noise. National
Institute of Public Health, Copenhagen, 2001.

Ohrstrém E, Hadzibajramovic E, Holmes M, Svensson H. Effects of road traffic noise on sleep — studies
on children and adults. Journal of Environmental Psychology 2006; 26: 116-26.

Haines M M, Brentnall SL, Stansfeld SA, Klineberg E. Qualitative responses of children to environmental
noise. Noise and Health 2003, 5(19): 19-30.

Van Kempen E, Van Kamp |, Fischer P et al. Noise exposure and children’s blood pressure and heart
rate: the RANCH project. Occupational and Environmental Medicine 2006; 63: 632-9.

Ohrstrdom E, Holmes M, Svensson H, Hadzibajramovic E. Adverse effects of road traffic noise —
Comparison between young children and adults. Proceedings of the 8th International Congress on Noise
as a Public Health Problem, Rotterdam, The Netherlands 29 June-3 July 2003: 276-7.

Lercher P, Brauchle G, Kofler W et al. The assessment of noise annoyance in schoolchildren and their
mothers. Proceedings of the 29th International Congress and Exhibition on Noise Control Engineering.
27-30 August 2000, Nice, France: Paper IN 2000/567.

EEA (2001): Traffic noise: exposure and annoyance. EEA, Copenhagen. (http://themes.eea.europa.eu/
Sectors_and_activities/transport/indicators/consequences/noise_exposure/Noise_ TERM_2001.doc.pdf.
Accessed 13.08.07).

Roovers C, van Blokland G, Psychas K. Road traffic noise mapping on an european scale. Proceedings
of the International Congress on Noise Control — INTER-NOISE 1998; August 27-30, Nice. Soc. Franc.
d’Acoustique, Paris 2000: 3587-90.

WHO ECEH: Quantifying burden of disease from environmental noise: Second technical meeting report,
2006, (Bern, Switzerland, 15.-16.12.2005).

EU. EU Directive 2002/49/EC of the European Parliament and of the Council relating to the assessment
and management of environmental noise, 25 June 2002.

WHO. WHO Guidelines on evaluation and use of epidemiological evidence for environmental health risk
assessment, Copenhagen, 2000. (http://www.euro.who.int/document/e68940.pdf. Accessed 26.09.12).

European Communities. Position paper on dose response relationship between transportation noise and
annoyance. Office for Official Publications of the European Communities, Luxembourg, 2002.
(http://ec.europa.eu/environment/noise/pdf/noise_expert_network.pdf. Accessed 26.09.12).

European Commission Working Group on Health and Socio-Economic Aspects. Position paper on dose-
effect relationships for night time noise, 2004.
http://ec.europa.eu/environment/noise/pdf/positionpaper.pdf. Accessed 26.09.12.

Knol AB, Staatsen BA. Trends in the environmental burden of disease in the Netherlands 1980-2020.
RIVM report 50029001/2005, RIVM, Bilthoven, 2005.

Eurostat/OECD. Joint questionnaire 2004. EU Statistical Work Programme 2367/2002/EC.
http://cdr.eionet.europa.eu/no/oecd/colgapeba/envqvgisg. Accessed 26.09.12

Eurostat/OECD. Joint questionnaire 2004. EU Statistical Work Programme 2367/2002/EC.
http://cdr.eionet.europa.eu/se/oecd/colgolgga/envgolgxq. Accessed 26.09.12.

Wende H, Ortscheid J, Hintzsche M. Larmwirkungen von StraBenverkehrsgerauschen — Auswirkungen

eines larmarmen Fahrbahnbelages. Umweltbundsamt, Dessau, 2006.
(www.umweltdaten.de/publikationen/fpdf-1/3047.pdf. Accessed 26.09.12).

POLLUTION ATMOSPHERIQUE N° 216 - OCTOBRE-DECEMBRE 2012 351



ARTICLES - Recherches

25. EEA. Towards a transport and environment reporting mechanism (TERM) for the EU — Part 1: TERM
concept and process. EEA, Kopenhagen, 1999 (= Technical report 18)
(http://reports.eea.europa.eu/TEC18/en/technical_18_part_1.pdf. Accessed 26.09.12)

26. Vos, H (personal communication). Data points for confidence intervals of the exposure response func-
tions of high annoyance and sleep disturbance by road traffic noise (10-07-2007).

27. Umweltbundesamt. Gerduschbelastung der Bevdlkerung (alte Lander) durch Verkehrslarm. Daten zur
Belastung der Bevélkerung durch Larm, Berlin, 2000.

28. BGBI. Sechzehnte Verordnung zur Durchfiihrung des Bundes-Immissionsschutzgesetzes Regulation on
noise pollution due to road and railroad traffic (Verkehrslarmschutzverordnung — 16. BImSchV) from
12.06.1990 (BGBI. | S. 1036), 1990.

29. BBR. Laufende Raumbeobachtung- Raumabgrenzungen- siedlungsstrukturelle Gebietstypen, 2007.
(http://www.bbsr.bund.de/cin_032/nn_340582/BBSR/DE/Raumbeobachtung/Raumabgrenzungen/
SiedlungsstrukturelleGebietstypen/gebietstypen.html?__nnn=true. Accessed 26.09.12).

30. Umweltbundesamt. Daten zur Belastung der Bevoélkerung durch Larm, Berlin, 2000.

31. Babisch W, van Kamp |. Exposure-response relationship of the association between aircraft noise and
the risk of hypertension. Noise Health 2009; 11(44): 161-8.

32. Van Kempen E, van Kamp |, Nilsson M et al. The role of annoyance in the relation between transporta-
tion noise and children's health and cognition. J Acoust Soc Am 2010; 128(5): 2817-28.

33. Serensen M, Hvidberg M, Andersen ZJ et al. Road traffic noise and stroke: a prospective cohort study.
Eur Heart J 2011; 32(6): 737-44.

34. WHO Regional Office for Europe. Night noise guidelines for Europe. Copenhagen, 2009.
(http://www.euro.who.int/__data/assets/pdf_file/0017/43316/E92845.pdf. Accessed 17 March 2012).

35. WHO. Burden of Disease from Environmental Noise: Quantification of Healthy Life Years Lost in Europe.
Copenhagen: World Health Organization (WHO) Regional Office for Europe, 2011.
(http://www.euro.who.int/__data/assets/pdf_file/0008/136466/€94888.pdf. Accessed 02.04.12].

36. EEA. Good practice guide on noise exposure and potential health effects. Technical report, 11/2010.
Copenhagen, European Environment Agency (EEA). http://www.eea.europa.eu/publications/good-practice-
guide-on-noise/at_download/file (Accessed 26.06.2012).

37. Hanninen O, Knol A (ed.), Jantunen M et al. European perspectives on Environmental Burden of
Disease. Estimates for nine stressors in six countries. Helsinki, Finland, 2011. (=THL Reports 1/2011).

352 POLLUTION ATMOSPHERIQUE N° 216 - OCTOBRE-DECEMBRE 2012



