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Abstract

Previous studies have evaluated the influence of meteorological variables and
chemical pollutants on mortality and morbidity recorded on cities. In
comparison, little attention has been paid to the role of environmental noise as
risk factor in urban environments. The aim of this paper is to describe noise
values in Madrid and evaluate its effect on emergency admissions. Cluster
analysis is used to identify spatial patterns, spectral analysis is applied to
investigate time characteristics. Box-Jenkins models are used to evaluate cross-
correlation between the number of admissions and the rest of the variables.
Those representing acoustic pollution, meteorological conditions and air
pollution have been considered as model inputs. Noise levels in Madrid are
extremely high; during night the recorded values are above limits for 100% of
the cases, during the day values above limits range between 73.7 and 99.6%,
depending on the considered measuring station. Two clusters have been
identified in the city, with different noise levels. Annual and weekly cycles are
the most relevant noise time features. Diurnal noise is the most significant
external variable for emergency admissions, followed by atmospheric pollutants
and temperature. Noise levels in Madrid are unacceptable high, traffic and
leisure activities explain the spatial and time distribution of noise across the city.
The association noise-emergency admissions is strong and does not show
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seasonality, suggesting that noise must be considered when evaluating the heaith
effect of urban environments. Traffic appears to be the major environmental risk
factor in Madrid.

1 Introduction.

When studying the influence of urban environment on human health, much
attention has been paid to the effect produced by air pollutants of chemical origin
[1,2] or atmospheric conditions [3,4]. Different methodologies have been applied
to evidence such effects: Box-Jenkins modeling {5,6,7], Poisson regression [8],
or general linear models [9]. All these studies come to a common conclusion,
valid for most urban environments: air pollution has a measurable impact on
mortality and morbidity, even when the pollutant concentrations are under the
health standards. Additionally, a changing pattern has been detected for air
pollution in many cities, with decreasing values of pollutants emitted by
industrial or domestic sources, such as SO; or particulate matter, and increasing
values for those associated to traffic, such as ozone or NO, [7].

In the past little attention has been paid to the role played by environmental
noise in the morbidity levels of the cities, however, in the last decade an
increasing number of studies are focusing on the role of environmental noise on
health [10,11]. They evidence that the noise effects are auditory and non-
auditory, and that people’s response may be influenced by social status [12,13].
According to the Cooperation and Economic Development Organization
(CEDO), more than 130 million people suffer from exposure to noise levels
above 65 dB (A) [14], and, for most of them, the levels exceed the limits
established by WHO [15] or EPA [16]. Particularly, Spain is one of the noisiest
countries in the world, CEDO has estimated that 74% of the Spanish population
is exposed to unacceptably high noise levels [17].

Health problems associated to high noise levels include physiological
alterations of the hearing system, which can lead to a progressive and non-
conscious loss of hearing [18,19]. Non-hearing effects associated to
environmental noise have also been detected in the last years. They include
psychic disorders, associated with higher suicide attempts [20-24] and digestive
pathologies [25] in adults and children [26]. Cardiovascular diseases also seem to
be associated to noise levels. It has also been established that noise can be
considered as a risk factor for arterial hypertension [17,27-31]. Such relationship
was established even for moderate noisy environments, as those produced by city
traffic [32].

One of the main problems when trying to evaluate the role of environmental
noise on health is the scarcity of proper measurements of noise levels adequately
representing the real exposure to noise [11]. This has lead to a lack of studies
including environmental noise levels as input for the behavior of health
variables.

Most of these previous studies, even those centered in the role played by traffic
[27,33], do not control the synergic effect which can be originated by air
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pollutants of chemical origin, thus leading to uncertainties when assessing the
noise attributable effects.

The aim of this paper is to provide a description of the noise levels recorded in
Madrid and to evaluate its association with emergency admissions, controlling
the confounding effect produced by other environmental variables such as air
pollutants concentrations and weather.

2 Methodology

The time period used in this study was 1-1-1995 to 31-12-1997, when the
acoustic pollution measurements were available on a routinary and homogeneous
basis. Four kinds of variables have been used.

- Acoustic pollution variables. A real-time acoustic pollution network with 6
station is operated in the city. Diurnal equivalent Level, (Leqd) (including the
08-22h period), Night equivalent level, (Leqn) (including the 22-08h period)
have been considered for every single station and for the average of the whole 6
stations. Total daily values for the 24h period (Leqt), have also been considered.
Average values for the six stations, denoted as Leqda and Leqna have also been
considered. Data were provided by the Madrid City Council Noise Pollution
Measurement Network.

- Meteorological variables: maximum daily temperature (T) and relative
humidity (rH) at 07h. They have been chosen because in previous studies [7]
they exhibited the strongest relationship with the emergency visits in Madrid.
The reference observatory was Madrid-Retiro, located in the city, close to the
reference hospital. Data were provided by the Spanish National Institute of
Meteorology.

- Air pollution variables. The air pollution measurement network includes 24
stations distributed across the city. Daily averages from: SO2, PST, NOx, NO2
and O3 have been considered. Data were provided by Madrid City Council Air
Pollution Network.

- Emergency admission. The number of daily emergency inpatients in the
Hospital General Universitario ‘Gregorio Marafién’ has been considered as
indicator of the emergencies in the whole city [7]. They include daily non-
programmed in-patients for all the causes included in the ICD-9 codes except
traumatisms and births.

Usual descriptive methods have been applied to noise levels to obtain a
complete picture of the noise pollution within the city. Normality analysis was
performed on every variable included in the study. Deterministic components
(trends and seasonalities) were estimated through Fast Fourier Transform [34],
the non-deterministic (autoregressive and moving average) ones through Box-
Jenkins modeling.

In previous papers [5,7], a V-relationship between temperature and emergency
in-patients was established, with a minimum daily emergency admissions or
comfort value of 30.8 °C. To control the temperature effect, two additional
variables were used,

Te=30.8°C- T, if T< 30.8°C
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Th = T-30.8°C, if T> 30.8 °C.

A quadratic relationship with ozone had also been detected previously [7], with
a minimum value of 45 ug/m3, thus additional variables were considered.

03h= 03-45ug/m3, if [03] > 45 pug/m3

031 =45ug/m3- 03, if [03] < 45ug/m3.

Analysis of scatter-plots obtained in previous papers [6,7] recommended the
use of a log transformation for SO2 before entering the models. The rest of the
variables have been used without any previous transformation.

A cluster analysis was performed to investigate the spatial distribution of noise
levels across the city. Classical spectral techniques have been applied to evaluate
periodicities and trends in the time series [34].

To investigate the relationship noise level- daily emergency admissions scatter-
plots were drawn. To quantify the effect of theses variables above the 65 dB(A)
level established by WHO [14], Leq 65 values have been computed for day,
night and total (Leqd65, Leqn65, Leqt65).

A Box-Jenkins approach [35] has been used to evaluate those variables having
a bigger impact on the daily emergency admissions. Thus, a prewhitening
procedure has been used to eliminate spurious effects associated to common
seasonalities and trend patterns. With this aim, ARIMA models were built for
every series, using simple autocorrelation (ACF) and partial autocorrelation
(PACEF) functions as identification tools. Models goodness-of fit- were measured
through the Box-Ljung Portmanteau test [35] and the restriction of white noise
structure imposed on the residuals ACF and PACF. Once the series were
prewhitened, cross-correlation functions (CCF) were computed in order to
evaluate significant values and lags according to a t-test.

A Box-Jenkins model with exogenous inputs [35] was used to describe the
behavior of the daily emergency admissions variable in terms of the rest of the
considered variables. AR, MA and trend terms have been included. Annual,
semestral and quarterly seasonalities were introduced as sine and cosine
functions of 365, 180 and 90 days periods respectively. The effect of the
seasonal cycle was included through a qualitative variable ranging from 1 (for
Sunday) to 7 (for Saturday). Meteorological, air pollution and noise variables
were introduced in the model as exogenous inputs lagged according to the
significant values detected in the prewhitened CCFs.

Additionally, influenza effects have also been controlled through a dicotomic
variable (g1), with a value of 1 when influenza epidemy is declared and 0 for the
rest of the days. Data for the epidemic days were provided by the Public Health
Department of Madrid Regional Government.

A step-by-step modeling procedure was followed since the exogenous inputs
exhibited high collineality and we wanted to evidence the role of the noise
variables unambiguously. First an univariate model for the daily emergency
admissions was obtained, controlling trends and seasonalities. Next the noise was
included to evidence its overall influence on daily emergency admissions. Then,
meteorological and pollution variables were added to the univariate model. A
final model including the three types of exogenous variables was then produced.
This procedure has allowed a better comparison of every model performance in
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terms of the residual variance, and a better identification of every variable
contribution to the model.

Since most of the considered variables exhibited a high seasonality, three
periods have been chosen to evaluate the models: the whole year, winter period
(from October to March, both included) and summer period, including the rest of
the months. The statistical analysis was performed with SPSS windows package
(release 7.5)

3 Results
3.1 Noise levels

Six stations have been considered to evaluate the noise levels in Madrid. The
recorded values are very high The situation seems worst during the night that
during the day, since the range for night values is 61.7- 69.4 dB (A), which
means that night average values can be up to 14.4 dB (A) above the limits. For
Leqd, the range of the average values of the 6 stations is 65.2- 70.5 dB (A).
When examining the histograms (figures not shown) it can be seen, that during
Leqn values are above the limit in 100% of the cases. For Leqd values, the
percentage varies from 73.7%, for station 1 to 99.6% for station 2. Those figures
make Madrid a city with unacceptable high noise levels and one of the noisiest in
the world.

To investigate the spatial distribution of the noise levels, a hierarchical cluster
analysis has been performed, using as variables daily recorded values for every
station. For Leqd values, two clusters can be identified; the first one corresponds
to the lowest levels and includes stations 1 and 3 (cluster average is 65.5 dB
(A)£2.0. Cluster 2 includes the rest of the stations, with average value 69.3 dB
(A) £ 2.1 For Leqn values, there is no clear identifiable pattern. These spatial
patterns are coherent with the traffic distribution in the city.

Spectral analysis (spectrum not shown) reveals that no trend is detected and a
significant 7-days period. The average evolution along the week for Leqd values
follows a common pattern, with rather constant figures from Monday to Friday
and lower values during the weekends. This decrease is maximum for Sundays
and ranges between 5.4 and 1.9 dB(A), depending on the stations. However, the
evolution of the Leqn values is not uniform

3.2 Noise and emergency admissions.

To evaluate the noise-admissions relationship prewhitened CCFs were computed
between the daily number of admissions on one side and Leqd, Leqn and Leqt
for every single station, every cluster centroid and the global average of the six
stations. It can be seen that lag zero values are significant, the strongest
relationship being that for Leqa, thus being this variable the one included in the
models representing noise levels.



Eﬁ Transactions on Biomedicine and Health vol 5, © 2001 WIT Press, www.witpress.com, ISSN 1743-3525

208  Environmental Health Risk

Table 1 summarizes the step-by-step modeling results, after following the
procedure described in the previous paragraph, for organic causes.

It can be seen that the univariate model explains 52% of the total variance of
the daily admissions. As a first step, Leqda 65 was entered. It improves the
model, increasing the explained variance in 4.3%. Next, meteorological variables
were entered, T, and T, being the only significant ones. However, their role is
very poor, with an increase of 0.7%, only. When chemical pollutants are
included, only NO, and O; are significant, and they increase the model
performance in 3.1% of explained variance. When all the external inputs are
included, the model reaches its better performance, with an increase of 7.2% in
the explained variance. The significant variables are noise, Ty, NO, and Os.

It can be seen that noise is the exogenous variable explaining a higher variance
percentage, even higher than that attributed to the pollutants. From a quantitative
point of view, it can be seen, that every decibel above 65 dB (A), has an
associated increase of 3.3 cases in the number of admissions, which represents
around 5% of the total. This is highly important when considering that 94% of
the days, 65 dB (A) values are surpassed in the city. In the modeling results for
the two seasons previously defined, it can be seen that noise effects exhibit low
seasonality, since it is significant in both cases with similar coefficients. NO, is
also significant for winter and summer, O; exhibits, as expected high
seasonality, being significant only for summers, when high concentration values
are recorded.

4 Discussion and conclusions

Madrid is a city with an unacceptable high background noise level, which is
above the limits during 100% of the night periods, and 97% of the diurnal
periods. Two different areas can be identified in the city, according to the noise
level, with differences between them of 4 dB (A). Such difference can be
attributed to the traffic pattern, since those stations recording higher levels are
located in areas with heavier traffic. Time distribution is rather uniform across
the city, with day/night differences of around 4 dB(A), and higher values during
diurnal period of weekdays. Weekend night values are uniform across the city,
with higher values in the leisure areas, even higher than those of the weekdays
nights are . Monthly values show a different pattern depending on considering
Leqd or Leqn. The explanation for such a difference during day and night is
attributable to the fact that July and August are holiday periods, which makes
traffic less heavy, and noise levels lower. However, July nights are still very
busy in the city, with an increase of leisure activities, making that during July
nights, noise levels are similar to those of the rest of the year. August is the
month with lower business and leisure activity, with most of the people out of
the city, which explains the minimum for both Leqn and Leqd values.
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It must be emphasized that the global average is the best indicator, even better
that the stations close to the city hospital. This can be attributed to the fact that
the population move across the whole city, exposed to a combination of noise
levels, no individual station is capable of representing such value, while the
average captures much of this information.

Leqn values do not become significant in the model, they are above the limit
for 100% of the cases,, but their absolute values do not seem to produce relevant
effects on the population .

Thus, we can conclude that Madrid’s population can be globally considered at
risk from noise exposure, which can be globally represented by the diurnal
average values across the whole city.

The time series models evidence a clear association between noise and the
number of daily emergency admissions. As has been mentioned in the
introduction, physiological effects have been previously detected, as a result of
environmental noise exposure [13], our results suggest that the noise effect can
induce acute episodes of those pathologies related to noise. However, one must
be cautious with this interpretation, since there are not similar results for
industrial noisy environments, where the detected acute effects are mostly related
to the hearing system. More detailed studies, beyond the scope of this paper,
should be carried out to ellucidate the nature of this connection. However, it
must be emphasized that the methodology used in this study should prevent the
detection of spurious correlations and that there is a plausible association
mechanism for this effects.

Two major remarks can be made about the role of the chemical pollutants.
First, it must be noticed that only, O3 and NO, are significant, in comparison
with previous studies in Madrid [6,7]. This can be attributed that pollutants
related to domestic and industrial sources, such as SO, and particulate matter
exhibit a decreasing trend in the last years due to different emission reduction
policies implemented in the city [36]. However those pollutants related to traffic
are increasing, especially Os;, which presents a growing number of summer
episodes.

Secondly, noise explains more variance than any of the chemical pollutants
measured in the city , explaining more variance than the global contribution of
both, O; and NOx_ Thus, we think that noise should be considered as input
variable when modeling the effect of urban environments on human health.

Finally, it must be emphasized that traffic appears to be the main
environmental risk factor for health in Madrid, since it is the major common
source of those significant pollutants (noise included)of the model. Thus,
environmental health in Madrid should be addressed to a reduction of traffic
levels and their impact.
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