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(Miedema & Vos 1998) and that obtained in a survey along the North-South transportation route
through the Austrian Alps (Lercher 1998b). The differences may be explained in terms of the
influence of topogmphy and meteorological factors on acoustical measures, as well as the low
background noise level on the mountain slopes. .

Stronger reactions have been observed when noise is accompanied by vibrations and contains
low frequency components (Paulsen & Kastka 1995; Ohrstrém 1997; for review see Berghmd et
al. 1996), or when the noise contains impulses, such as shooting noise (Buchta 1996; Vos 1996;
Smoorenburg 1998). Stronger, but temporary, reactions also occur when noise exposure is
increased over time, in comparison to situations with constant noise exposure (e.g. HCN 1997;
Kizboe et al. 1998). Conversely, for road traffic noise, the introduction of noise protection
barriers in residential areas resulted in smafler reductions.in annoyance than expected for a
stationary sftuation (Kastka et al. 1995).

To obtain an indicator for annoyance, other methods of combining parameters of noise exposure
have been extensively tested, in addition to metrics such as L.Aeq,24h and 1y, When used for a
set of community noises, these indicators correlate well both among themselves and with
LAeq,24h or Ly, values (e.g. HCN 1997). Although LAeq,24h and Ly, are in most cases

le approximations, there is a growmg concern that all the component parameters of the
noise should be individually assessed in noise expomn’e investigations, at least in the complex
cases (Berglund & Lindvall 1995).

3.9. The Effects of Combined Noise Sources

Many acoustical environments consist of sounds fromm more than one source. For these
enviropments, health effects are associated with the total noiss exposure, rather than with the
noise from a single source (WHO 1980b). When considering hearing impairment, for example,
the total noise exposure can be expressed in terms of LAeq,24h for the combined sources. For
other adverse health effects, however, siuch a simple model most likely will not apply. It is
possible that some disturbances (e.g. speech mmference, sleep disturbance) may more easily be
attributed to specific noises. In cases where one noise source clearly dominates, the magnitude
of an effect may bo assessed by taking into account the dominant source only (HCN 1997).
Furthermore, at a policy level, there may be littie need to identify the adverse effect of each
specific noise, unless the responsibility for these effects is to be shared among several polluters
(¢/. The Polluter Pays Principle in Chapter 5, UNCED 1992). )

There is no consensus on a model for assessing the total annoyance due to a combination of
environmental noise sources. This is partly due to a lack of research into the temporal patterns of
combined noises. . The current approach for assessing the effects of “mixed noise sources” is
limited to data on “total annoyance” transformed to mathematical principles or rules of thumb
(Ronnebaum et al.- 1996; Vos 1992; Miedema 1996; Berglund & Nilsson 1997). Models to
assess the total annoyance of combinations of environmental noises niay not be applicable to
those health effects for which the mechanisms of noise interaction are lmknown. and for which
different cumulative or synergistic effects cannot be ruled out. When noise is combined with
different types of environmental agents, such as vibrations, ototoxic chemicals, or chemical
odours, again there is insufficient knowledge to accurately assess the combined effects on health
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(Berglund & Lindvall 1995; HCN 1994; Miedema 1996; Zeichart 1998; Passchier-Vermeer &
Zeichart 1998). Therefore, caution should be exm:lsed when trying to predwt the adverse health.
effects of combined factors in residential populations.

The evidence on low-frequency noise is sufficiently strong to warrant immediste concern.
Various industrial sources emit continuous low-frequency noise {compressors, pumps, diesel
engines, fans, public works); and large aircraft, heavy-duty vehicles and railway traffic produce
intermittent low-frequency noise. Low-frequency noise may also produoe vibrations and rattles

as secondary effects. Health effects due to low-frequency components in noise are estimated to
be more severe than for community noises in general (Berglund et al, 1996). Since A-weighting
underestimates the sound pressure Ievel of noise with low-frequency components, a better
assessment of health effects would be to use C-weighting.

In residential populations heavy npoise pollution will most certainly be associated with a
combination of health effects. For example, cardiovascular discase, annoyance, speech
interference at work and at home, and sleep disturbance. Therefore, it is important that the total
adverse health load over 24 hours be considered and that the precautionary principle for
sustainable development is applied in the management of health effects (see Chapter 5).

3.10.  Vulnerable Groups

Protective standards are essentially derived from observations on the health effects of noise on
“normal” or-“average™ populations. The participants of these investigations are selected from the
general population and are usually adults. Sometimes, samples of participants are selected
because of their easy availability. However, vulnerable groups of people are typically
underrepresented. This group includes people with decreased personal abilities (old, ill, or
depressed people); people with particular diseases or medical problems; people dealing with
complex cognitive tasks, such as reading acquisition; people who are blind or who have hearing
impairment; fetuses, babies and young children; and the elderly in general (Jansen 1987; AAP
1997). These people may be less able to cope w1th the impacts of noise exposure and be at
greater risk for harmful effects.

Persons with impaired hearing are the most adversely afﬁected‘ with respect to speech
intelligibility. Even slight hearing impaitments in the high-frequency range may cause problems
with specch perception in a noisy environment. From about 40 years of age, people typically

. demonstrate. an impaired ability to understand difficult, spoken messages with low linguistic

redundancy. Therefore, based on interference with speech pm-cept:on, a majonty of the
population belongs to the vulnerable group.

Children have also been identified as vulnerable to noise exposure (see ‘Agenda 21: UNCED
1992). The evidence on noise pollution and children's health is strong ¢nough to warrant

" monitoring progremmes at schools and preschools to protect children from the effects of noise.

Fol!owup;n'ogmmmwmsmdythemmnhmltheﬁwts ofnoiseonchildran,includingerlfectson
speech perception and reading acquisition, are also warranted in hea\nly noise polluted areas
(Cohen et al. 1986; Evans et al. 1998).
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