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Institucte for Hygiene and Oceupational Physiology of the
Federal Technical College, CH-8092 Zurich

How great is the extent and frequency of annoyances due to noise and
air pollution in ecity conditions? Subjectively perceived annoy-
ances which form the basis for setting limiting values were

determined in a survey in the city of Zurich.
1. Introduction and Statement of the Problem.

Environmental hypgiene no longer concerns itself at present with the
demonstration of toxie effects of foreign substanece in the water and air,
but is extending to environmental conditions as well;which do not produce
a pathological condition directly, Such environmental conditions such as,
e.g., nolge or air pollution, can nevertheless also lead either to
physiological processes of change (e.g., like biochemical changes or central

nervous system reactions), or they are perceived subjectively as disturbing.

Such annpoyances due to environmental emilssions of various types do,
to be sure, impalr the physilcal and mental well-being and therefore - in
accordance with the definition of health from the WHO - also represent
an impairment of health, In order to be able to determine health iInjuries
caused by the environment, criteria for evaluatinpg the annoyance are also
necessary. In the course of determining the annoyance, a number of technical
measurement problems result, since it is not possible to rely solely on
physiological parameters or to perform only direct surveys concerning a
given disturbing factor. Rather, attention must be paid to the fact that

judgmenta concerning various disturbing factors always have to be compared
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with each other. In addition to such judgments, surveys concerning direct
reacticns and changes in the behavier also provide important peinters from
which one can draw conclusions as to what extent an intended behavior is

impaired or obstructed.

Additlonal factors which can influence the type and intensity of an
annoyance are habltwation and sensitization; in addition, generalization and
transfer effects have to be taken into considevation as well such as chose
which can be causad by an opinion, with respect to a given disturbing factor,
as well as by its general social significance. These complex relatlouships
result In the fact that, e.g., the annoyance caused by traffic noise cannot
be equal for all of those effected; for example, in the case of young people
and of old pecple or in the case of residents of different quarters, one
must expect different evaluations and reactions. In this connection, the
problem of forming representative groups arises - particularly with respect

to the determination of acceptable stresses and of limlting values.

In previous studies concerning the annoyance due to street traffie noise
the relationships between the number of disturbed persons and the noise
levels measured in éach case were relied upon, Such "dose-efFfect relation-
ships" do provide valuable bases for the evaluation of the extent of the
dlsorders; nevertheless, difficulties always rasult in the case wich the

question as to what noise level can still be considered acceptable for what
percentage of disturbed people. For such evaluation, marginal
conditions auch as the attitude with respect to the source of disturbance
as well as the influence of additional disturbing Ffactors have to be talken
into consideration as well, In addition, this perceived annoyance, 1if

possible, would alse have to be tested with ocher methods (e.g., physio-

loglcal studies).

In the present study, the annoyances due to two of the obviously most

important disturbing factors of street traffic - namely nolse and air
pollutions -~ are compared with each other, the influences caused by the
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local situntilon belng taken intoe censideration as far as possible. The resi-
dents of streets in four quarters with different traffic loads and construction
density were surveyed., The survey was made within the framework of a research

projeet concerning air pollutieon in streets supported by the Swiss National

Fund [Ref, 8].

2, Description bf the Quarters.

The streets which were studiled were located in older, relatively centrally
located quarters of the city of Zurich. Three of the quarters (Wehntaler
Street, Winterthur Street, and Long Street), the residences are locdted in
the direct viecinity of highly frequented streets; the Qerlikon quarter was.

selected as a comparison quarter with purely lecal traffic.

Figure 1 shows the four quarters with statements concerning the average
traffic frequencies at day and at night in a schematle presentation, They

can be characterized in the following way with respect to construction and

utilization:

- Oerlikon (0E): residential quarter with multi-family houses as well as
small single~family houses in gardens; age of the houses: 20 to 40
years; the overall randem building with a great deal of green is located

betwaen twoe large arterial streets.

- Wehntaler Street (WE): residential quarter along an arterial street;
multi-family dwellings of a similar construction, all approximately 40
years old; random methed of building with a great deal of green, 1In
this quarter, two groups can be distinguished: dwellings which are
located direetly on the street and dwellings which are somewhat set
back behind this row of houses; these two groups are always designated

below as "front" (NEV) or "rear" (WEh).

Winterthur Street (WI): residential quarter - partially mixed with
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office rooms ~ on an arterial strect with a street car line; multi-
family houses of similar construction, all built approximately 50 to

60 ycars ago; dense method of construction, no greecn space.

- Long Street {LA): residential and business quarter with office rooms
and restaurants, Multi-family houses usuvally are older construction
type, partlally with poor structural conditions; very dense constructilon,

no green space.

Quarterson garliken Wehntaler Wintemhr Long
Construc wgtion . Yo '
Pas Elﬁ‘on ) i E":% . s:a"v_—_""d:a =oor | 48 n
meEsErem RE pioad | o 555 | 13e

Lioas | oo EﬁL 1!
rraffic load

vehIlele/bs” i
ring,da w o s
dgam—ED Y ) : ": n
a . )
Ngotr Ef fe H * strdat , !
Lageslc car trackk

Figure 1. Schematic representation of the four quarters, Wehntaler Street:
formation of two groups:

""front" (houses on the street)

"rear' {rear houses)

noise {continuous measurement Ffor 24 hour,)

noise (30-minute-measurements)

=1 =
1T 0 uu

gaseous alr poellukion (30-minute-measurement)

u

floating dust (long-term measurements for one vear).

=il
u

The noise stresses measurad in the four quarters are summavized in
Table 1. The measurements wepe taken oo two days each in the summer and
in the winter for 24 hour perieds each; in three quarters additional short-
term measurements for 30 minutes each were Laken so that an average stressing
of the entire quarter could be determined. The three through streecs are

typical examples of highly travelled city streets with high noise levels,
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while Qerlikon can be designated a relatively quiet city residential quarter.

Table 1.

NOISE STRESS TN THE FOUR QUARTERS, AVERAGE VALUES OF FOUR CONTINUOUS MEASURE-
MENTS EACH FOR 24 HOUR PERIODS. IN PARENTHESES: RANGE OF THE 30-MINUTE
SAHMPLES AT ADDITIONAL MEASUREMENT POINTS (see Figure 1),

Nolse stress  QUartaers
— ———
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night
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Table 2.

ALR POLLUTION IN THE FOUR QUARTERS, AVERAGE VALUES 0OF THE GASEQUS COMPONENTS
{30~-MINUTE-SAMPLES, MEASUREMENT DAYS TN THE SUMMER OF 1975 AND IN THE WINTER
OF 1976/76) AND OF THE FLOATING DUST (WEEKLY SAMPLES FROM OCTOBER 1975 TO
SEPTEMBER 1976). POSITION OF THE MEASUREMENT POINTS: sece Figure 1.

Components Quarters
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The most important data concerning the air pollution measured can be
seen in Table 2. TFor the gaseous components, 20-25 simultqneous measurements
ecach were taken at various measurement points in the summer and in the winter
in each quarter. The floating dust was measured throughout a year at a
measurement point in Oerlikon, on Wehntaler Streat, and on Long Street. The
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measurement methods, the results of additional measurements, and their hygienic
evaluation have already been published in a detailed form elsewhere [Refs.

1 and 6].
3. Conducting the Survey.

The survey was carried out using a written quastionnaire. All of cthe
residents in a segment of approximately 1 km were questioned on Long Street,
Wehntaler Street, and Winterthur Street; on Long Street, the residents of
the first hduses ent the side streets were questioned in addicion. In Oerliken,
the residents of ten astreets of the quarters were included in the study.

In households with several adult family members, only one person was included
in each case so that the persons surveyed would be distributed as uniformly

as possible among the age groups and sexes,

Out of a total of 1,958 persons who were addressed, a total of 1,297
responded, which corresponds to an overall return rate of 66%. Distributed
by quarter, this rate was 71% in Oerlikon, 67% on Wehntaler Street, 75% on

Winterthur Street, and 50% on Long Street,
4.  Comparability of the Quarters from a Social Viewpoint.

The age and social structure of the residents and their average duration

of residence can be designated the most important social structure charac-

teristics.

The age structure of the four quarters which were studied differ signifi-
cantly in that the structurally oldest quarter, Winterthur Street and Long
Street, are also markedly over ape with respect to the population. The
percentage of persons over 60 years old who were included in the survey

therefore differs in the Individual quarters:

- Qerliken 287
- Wehntaler Street 21%
- Winterthur Street : 40%

- Long Street 427,
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As a comparison with this, the percentage of persons over 60 in the

total adule population of the elty of Zurieh is 30% [Ref. 7).

The soclal structure of the residents in the various quarters differs
only slightly, but not significantly. The occupational structure and the
income conditions in the four quarters are definitely comparable, The

majority are memhers of the lower middle class (workers and employees with

an average income of approximately 3000 Franes).

'

Certain differences are found only in schoel training. The majority
of the men in all the quarters went to secondary school and finished an
occupational training. In this, the residents of Long Street deviated
slightly downward (237% of the males had visited only grammar school), and
those of Winterthur Stféét deviated slightly upward (34% of the males had i

attended intermediate school).

The percentage of persons not employed (housewives, pensioneés) among
the persons surveyed, which can be significant for the annoyance due to
emissions, is likewise not significantly different, since the high percentage
of pensioners on Long Street and Winterthur Street, in Cerlikon and on Wehn-

taler Street is compensated For by a higher percentage of housewives.

In addicion, in the case of the duration of residents, ne significant
diEferences were found between the guarters. Since quarters of older con-
struction were involved in all of the cases, more than half of the resddents
have been there for more than ten years, while approximately 25% have lived

there for four to ten years and 25% for less than three years.

~ In all, it can be stated that the four quarcers do not differ essantially
in their social structure so that marginal sceial conditienms should not have

any different influence on sensitivity to noilse and air pollution.
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5. Perceived Annoyance due to Nolse and Air Pollution,

Table 3 shaws a summary with the data concerning the frequency of dis-
turbances due to traffic noise referring to the most disturbed time of day.
The persons surveyed indicated that time during which they felt most dis-

turbed; when this was done, only one mention was possibla.

Table 3.

FREQUENCY OF THE DEISTURBANCE DUE TO TRAFFIC NOISE REFERRED T0 THE MOST
DISTURBED TIME OF DAY .
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Tt was Found that with the exception of Oarliken, a large portion and
in the case of thase living directly on the large streets, even the majority
of the reaideats felt disturbed frequently. To be sure, the time of day
differs at which the persens surveyed felt particularly highly disturbed.
In general - with the exception of Winterthur Street - the highest proportion
of disturbed people is found at nlght; this deviation is significant, to be

sure, only on the rear at Wehntaler Street and on Long Street.

In addition to the frequency of the perceived disturbance, its intensity

was also determined. This extent of the perceived disturbance was measured

by means of self rating on a noise thermometer which has already been tested
saveral times [Ref, 9] using a scale range from 0 to 10. When this was done,
the classification on the level 0 indicates that the noise is not disturbing
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at all, while the level 10 at tihe top end of the scale indicates that the

nolse is intolerably disturbing.

Table 4 shows a suvvey concerning the extent of perceived disturbances,
during the day and at night. As in the case of the frequency, it is also
found here - with the exception of Winterthur Street - that there is a
larger percentage of highly disturbed pecple at night compared to day.

Table 4,

EXTENT OF DISTURBANCE DUE TO TRAFFIC NOISE REFERRED TO THE MOST DISTURBED
TIME OF DAY. CLASSIFICATION OF THE RATING ON THE NOISE THERMOMETER:
U~3 = WEAK, 4-7 = MODERATE, 8-10 = HIGH,
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Figure 2 shows these data as a functiocn of the corréspending neise

values.,

The relationships between the measured noise values - expressed as the
average noise level L50 and the equivalent continuous sound level LEq -

and the extent of the disorder ave clearly higher during the day tham at

night. To be sure, neither the L50 nor the Leq values show a clear relation-

ship to the proportion of highly disturbed persons. The following is
striking:

- At equivalent noise levels (both L50 as well as Leq)’ 39% are highly
disturbhed on Long Street during the day, but 57% are highly disturbed
on Winterthur Street; in addition, at the same LEq range in Oerlilon,

7% are highly disturbed, while 20% are highly disturbed on Wehntaler
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street (rear); the divergences at night are even clearer in this case:
Oerlikon, 7%, and on Wehntaler Street (rear) 31% at approximately

equivalent L50 or Leq values.

The percentage of highly disturbed people at night on the Wehntaler
street (front), on Winterthur Street and on Long Street are on the same
order of magnitude, although the nolse levels differ markedly, measured
at these locatlons; even at Leq values of 61-65 dB{A), ovar 50% of the
residents are highly disturbed - nevertheless, the percentages do not

become greater as these noise levels increase .

The percentageas of persons highly disturbed at night on the main streets
can he designated particularly high. Of those who designateﬂ the noise
as "intolerable" (Thermometer - level 10), e.g., 75% of the people on
Long Street Indicate night as the most disturbed time,

B £ o« e, . -
% of hi
pegplg g&%yngisturbed day (6 amp-10 pm)

Figure 2. Nolse stress
and percecived annoyance
- during the day and

at night.
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people ﬁungng night B (0_pr-6 am)

TSR AR

41 4% <33 5% SR 43 .10 5) =85 i3 -85 70 -5 2ul)
lsa Leg




11

% of highly ez - day {6 aw=10 pm)

disturbed people 63 -night (10 p-
- ] 6 am)
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5§ Figure 3. Comparison of
B the noise stressand the
perceived noilse - during
the day and at night.
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The sensitivity at night is also clear in Figure 3: although the Leq

values are lower at night (particularly clearly in WEh), the percentage of

highly disturbed people on Wehntaler Street and Long Street increase markedly,

Figure 4 shows. the tendency of the number of highly disturbed persons
on the traffic frequency. A relatively good relationship resulted during
the day; the difference in the percentage of highly disturbed people between
Winterthur Stfeet and Long Street could be related in part with the different
traffic frequencies. On Winterthur Street, therefore, occasional disturbances
due to the street car also had to be taken into consideration, which was not
determined in the course of the survey. At night, on the other hand, a

gimilar picture results here as in the case of the noise measurements; as

soon as an average of 100 vehicles/hour (Wehntaler Streer), over 50% are highly-
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disturbed; this level remains constant and is not higher even in the gase of

approximately 600 vehieles/hour en Long Street,

. ; ~day (6-10)
% of highly disturbed Thinhe 8‘0"
: o'}
[ = 1.
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Figure 4, Disturbance due to the nolse as a function of
quencles, during the day and at night.

the traffic fre-

As in the case of traffic nolse, frequency and the intensity of the

perceived disturbance was determined in the case of the alr pellution as

well, the intensity beilng measured on a thermometer by subjective rating

in this case as well.

Table 5 shows the extent and frequency of the perceived disturbance

due to air pollution.

FREQUENCY AND EXTENT OF PERCELVED ANNOYANCE DUE TO AIR POLLUTION.
OF "FREQUENTLY" AND PERCENTAGE OF "HIGHLY'" DISTURBED PERSONS (SCALE POINT 8-10).

¢ %ﬁgﬁgbed

Table 5.

PERCENTAGE

FeqUEnE
Quarter " is urbeé[y

\ '
oL o 13 1
WE,, 97 3 12
wE, 16l 5 2%
w1 248 ] 50
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The subjective disturbance does not correspond very well with the actual
air pollutilon which is highest on Long Street. This is a function of-
two factors: on the one hand, the gasecus alr pollution (CO and NOZ portions)
can be perceived only partially by the effected persons, and on the other
hand, we were not able to find a very strong correlation between the antnoy-
ance due to noise and due to the air, so that it has to be assumed that the
residents on‘a noisy street immediately assume as well that the air is bad

too.

+

Tn all, the following correlations resulted batween the anuwsyunce

measurements:

- Frequency of the disturbance to the air pellution and frequency of

the disturbance due to noise: vy = 0.78

- Extent of the disturbance due to the air pollutien and extent of the

nolse: vy = 0,72,

This relationship is also shown in Flgure 5, It can be seen from this
figure that, on Wehntaler Street, in spite of relatively low exhaust gas
concentrations, the number of persons disturbed by the air pollution is

already two to three times higher than Oerlikon: in addition, approximately

-an equal number of residents on the Winterthur Street complalned of the

alr pollution as on Long Street, although the concentrations of dust and
gaseaus air pollution there are approximately twice as high, The fack that
definitely high correlation values resulted between the perceived disturbance
due to the noilse and the disturbance due to the air pollution permits the
conclusion that the disturbances due to the air pollution are highly dependent

upen the extent of the disturbance perceived due to noise,
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. Figure 5. Comparison of the percelved annoyance due to nolse and air

pollution.
6. Social and Spatial Influences.

The strongest varilable influence on the perceived disturbance due to

noise and air pollution is age (Table 6):

Table 6.

THE EXTENT OF THE DISTURBANCE DUE TO NOISE AND AIR POLLUTION AS A FUNCTION
OF AGE. EVALUATION USING THE "THERHOMETER" (SCALE RANGE 8-10 = HIGHLY
DISTURBED) .

Age group Ovarall gercenc of hi&hly
{in yrs.) disturbed persqns- due to
% noige - air pollution
] »

« 20 22 T FH
8 - 0 e 21 in
e 14 N 1

The more strongly perceived aunnoyances by the older people is found
primarily in the different reactions as well, For example, the older people
are frightened significantly more Erequently and take sleeping agents more

frequently against noise (see Ks section 7).




WEE S

T

A o T M e A A T e TR e

RHEIR S OR

e A T

e T L Lk ik

15

No influence of the duration of residence can be recognized on the
frequency of the disturbances due to npoise - connected with a posaibilicy of

becoming accustomed or increasing sensitization.

The spatial influences were. all of slight significance with resp&ct-

to the perception of noise, A weak influence of the fleor in the house was de~

cermined: .in the case of residents on the ground floor and the second [loor,
the number of highly disturbed people was slightly lower than the case of

the people residing on upper floors.

The position of the room with respect to the street had a certain in-
fluence on the pefceived disturbance due to the noise: the percentage of
Yhighly disturbed persons' due to noise 1s significantly higher in the cases
of people surveyed where their,living'rbom or bedroom faces the street. To
be sure, this difference is valid only for the residences directly on ‘the
streetk, The extent of annoyance due to air pollution, on the other hand,

is not dependent upon the location of the room.

7. Effects and Reactions.

Sleep disorders are partilcularly significant among the effects of noise
injurious to health. As can be seen from Table 7, between 35 and 40% com-
plain of disorders of recreational functions (sleeping, relaxation) dn the
highly stressed quarters. ~Approximately a third of the residents in these
quarters also percelve disturbances of communication funetions, These dis-

turbances are somewhat lower on Long Street than on Wehntaler and Winter-

‘thur Streets, althoupgh the nolse level ig on the same order of mapgnitude.

This corresponds to the differcneces already found in the case of the extent
of the disturbances - particularly during the day between Long Street and

Winterthur Street {see Table 4).
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Table 7,
DISTURBANCES OF VARIOUS RESIDENTIAL FUNCTIONS DUE TO NOISE.
Residential " g :
functions ﬁtﬁgnéﬁgquiﬁt dffnui:
1 3 Ih \v [} 1
Recreative functiom
el Gideoles Bomoom e
Communiecation s 16 n
functions ooon
s tcleph§£g§io'
Br
RCHENTr 0w v ow
(work)
Table 8.

REACTIONS TQ THE PERCEIVED NOISE DISTURBANCE.

Reactlons T4 Of Lrequent redctions
14 l\':" h‘lv w1 LA

4 [} 4 N} i

s 0 B
ranqufllzers

Use of *Chropax + ¥ :
5F Oppers v oo

Closing windows u n 1 0 1
{duritg the day)

~mproved home 1 i 14 3 !
insulation

In the reactions, two types can be distinguished in principle: these
which refer to better adaptation as an alternative than to woving away.
Table 8 shows the extent of such "adaptation reactions". In addition to
the widespread reactive habit of closing the windows, consumption of sleeping
agents, and the uée of Ohropax appear abave all the most frequent. These
statements correspond in general with the percentage of ."highly" disturbed
people in the eorrespending quarters. In the case of the people over 50

T e e e e+
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years of age who have a higher percentage of "highly” discurbed people, the
percentage of those who take sleeping agents because of noise also inereases
to 28% (compared to 21% in the case of 30 to 50 year old persons, and 9%

in the case of persons younger than 30 years).

Clear differences hetween the quarters are also found in the statements
concerning intentions te move away (sece Table 9). Clnssifiéntion according
to age group shows that the younger people think of moving away sooner than
the older people. The reasons for moving away can diifer; essentially, the
fact remains that for the young people, the residential situstion does not
have such a definitive character as a rule. The older people probably have
a closer bond with their domicile and therefore react more "individually
resisting” cto the percelved disturbance by protecting themselves from the
digturbances of noise using sleeping agents or Ohropax. These differences
are greatest on Winterthur Street: Intentlons to move away because of
noise were expressed by 57% of those younger than 30, but only 26% of those

over 50 years of age.

Table 9.

INTENTIONS TO MOVE AWAY BECAUSE OF NOISE AND AIR POLLUTION (WULTIPLE HE“TIONS
POSSIBLE),

. Z ol residents w*th inr;ntiou
Quarters « of maving away baca

n01be air pollunlon
LY (1N T L]
azh 57 a7 ) ]
wI, H3) 12 14
L3 i1 IH 17
A s:t 1a 12

8. Conclusions.

The following can be stated in conclusion: of the residents of highly
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travelled through streets, approximately two/thirds are disturbed "fre-
quently" by the noise and air pollutlon, and approximately half arve

"highly" disturbed; the percentage of persons who are disturbed only

"weakly ", 'rarely", or "never'" is less than 10%. In the comparison quarter

of Oarlikcn with only local traffic, on the other hand, the percentage .

of "highly" disturbed persons 1s only 7%, while approximately two/thirds

are disturbed only "weakly" and 40%Z "rarely" or never', In general,

the disturbances are perceived more markedly at night than during the day,
particularly by the old people. This is shown alse in the different
reactions to the noise disturbances: approximately'a third of the residentcs
of the through streets complain of sleep disturbances, and approximately

TRR DAL FITAE UL ¥ i s T e e eanas kS

the same number take sleeping agents or tranquilizers; and approximately

25%, the communication funections are disturbed, and approximately a third

St S

have intentiens to move away because of noise or air pollution. In the
comparison quarter of Oerlikon, the percentages of these disturbances and

! reactions range from 5 to 10X.

If one compares the Erequency and extent of the annoyances percedived

ﬂ with the measured noise levels or the concentrations of dust and gaseous ailr
pollutdion, then no uniform picture results in the four quarters which were
studied. TFor example, the percentage of "highly" disturbed people in the
ecase of the resldents of the rear house row of Wehntaler Street is essencially
higher during the day as well as night than in Oerlikon, although approxi-
mately the same stresses exist due to noise and air pollutien. The location -
in the direct vicinity of the through street probably influences the judgments,
even if the noise and erxhaust emissions are clearly reduced by the front

rows of houses. Additional disturbances due to the heavy traffic ~ such as
increased danger of accident, difficulties in crossing the street, separatiloen

of a previously uniform quarter - therefore probably have an influence on
On the other hand,

the perceived disturbances due to noise and air pollutien.
i the residents in Oerliken - occasionzlly the owmers of single family houses
with gardens of their own - tend to have a more positive relationship to
their quarter so that, in spite of the noise levels which can still be
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desipgnated as relatively high for a residencial quarter, the percentage of

"highly" disturbed people remains below 10%,

An "influence of the quarter" of a different type probably influences
the judgment of the persons surveyed on Long Street: the clearly lower
percentage of parsens "highly' disturbed during the day as well as the

" lower disturbances of communicational functions than on the Winterthur

Street which 1ls approximately equally heavily travelled, is prebably
related to the fact that on Long Street, due to the numerous sources
of nolse belonginé to the quarters such as businesses and restaurants, a '
genarally higher level of noise is accepted, and that a large portion of I
the residents are involved cccupationally with Long Street, In all, these
results showed that conclusions about the number of disturbed persons cannot
be made without difficulty based on the méasured level of nolse; the

specifiec situation of a quarter likewise has to be taken into consideration.

A relatively good relationship resulted during the day between the
number of "“highly" disturbed persons and the traffic frequency in each
case. At night, on the other hand, even at an average of 100 vehicles/hour,
the proportion of approximately 50% of "highly" disturbed people was reached,
which did not increase further even at an avarage of 600 vchicles/hour,
Additional indications that the traffic frequency can be a suitable parameter
for evaluation of the disturbing effects have been provided by studies per-
formed in Sweden [Ref. 5]; in the course of this, it was found that the
best correspondence was wlith the number of trucks. To be sure, the extent
to which these relationships can be universalized nust await further studdies.

With respect to the determination of limiting values, the differences
in the disturbances perceived during.the day and at night, which ocecaslonally
differ considerably, have to be taken intoe particular consideration. At
night, the percentage of “highly" disturbed persons.is overall more frequent
tﬁan during the day - in contrast to the results of the survey in the city

of Vienna, where more people were annoyed during the day by noise than at
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night [Ref. 4). In addition, the Viennese study also showed gned correlations
between the statements concerning annoyances due to nolse and air pollution,
the noise likewise proving to be the decisive disturbing facter in this case

as well,.

Comparison of the resulcs in the four municipal quarters with the
questions asked within the framework of the study "living in new construction”
[Ref. 9] as well as of the "aviarion noise study" [Ref, 3] concerning dis-
turbances due to street traffic noise shows the following; in these tﬁo
surveys; approximately 10% were "highly" disturbed during the day at Lyg
values of 56-60 dB(A) - i.e., approximately the same as in Oerliken; at
66~70 dB(A), the fipgure was approximately'soz - i.e,, somewhat more than
at the comparable noise level on Wehntaler Street {front}; the percentages
of disturbance of communication function reactions at comparable noise levels
were also on the same order of magnitude, - A relationship bhetween the per-
ceived noise annoyance and the general satisfaction with the quarter was also
found in a Paris study [Ref. 2], the satisfaction with the quarter there
being regarded as the variable influencing the extent of the annoyance due

to nolse which was perceived,

Table 10 shows classifilcation of noise ranges which wereestablished on
the basis of results of the two Swiss studies [Ref. 9], In accordance with
this evaluation, the noise disturbances on the Wehntaler Street, the Winter-
thur Street, and on Iong Street - with LSO values between 67 and 74 dB(A)
during the day and between 48 and 67 dB(A)} at night -~ can be designated very
high; this is done on the basis of the "highly" of over 50%, The critieal
threshold for noise stresses which can be expected and in which the signs,
interesting from the viewpoint of healthjaccompanying the noise disturbances

inerease sharply is clearly exceeded in these quarters, In these cases,

clean-ups due to structural or traffic engineering measures - are indispensable.

Even the case of 20-25% "highly" disturbed people - as in the case of Wehn-—

taler Street (rear) - clean—up measures are desirable,
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Table 10,
NOISE RANCES AND RESIDENTIAL QUALITY [Ref. 9].

ngluﬂLlG'ﬂ Wttt
reshdaneifl quality
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up to 50 :.s quiet residential zone

TV
th¥arhad
persons

- .- sidential zone with
Moo -- e Tesddentias ranC ¥rtls
Viean - + -z high noise stress;
measures desirable
aver » 9Ver  yapy high noise stress;
t cledn-up necessary

The criteria for evaluations for noise stresses which can be expected
during the night are still deficient - primarily with respect to the suitable
amount of noise as well. In any event, one must find that when there are
more than 50% "highly" disturbed peoble at night as 1s the case with the

residents in the streets which were studied, the amount expectable has been

axceeded.

With respect to establishing guidelines and limiting values for planning
or for clean-up measures, evaluations such as thosc cstablished within the
scope of this study on the basis of the disturbances due to noise and air
pollution, should be used as bases for decisions. Whan this is done, if
possible, the spatial requirements of city quarters should be taken into
consideration. In addition, the question of further relevant parameters
remains open; in additien to the noise level, further criteria sueh as the
air pollution, the traffie loads, and the traffic composition, the type of

construction, the locatlon of the quarters should be taken inte copsideration

as well.
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The sammspunce due to avise ind gie pillution b he residents

ol hewsily fregpentel strecis

The resnlenis wif derterent strevis with vorsing taffie densaty and
Bulding sdemsity were guestioned about aatesanes-doe 10 brallic
e dd i pedlution, Frequenes and esiert ob arnosanee felr,
elects of immissions on such living aspects us recreation, or come
municaien, s also the reactions to the distudhaace felt (sueh ay
ehmitng wanhows dnd takmg sleeping pdis) wene imvestigited, Noiwe
Tevuls as well as particubae matier and gaseoas arr pulluzant soowens
e were miniired ahatg the steeeis under invesiigation,

The evabaadivon of L3I0 guestionaires s ed (it resctnns o noise
were different in Jilferent yuartery atthough poass Juseds were the
same., In pencral, about 40 % of resideniy were heavdy disturbedd
during dustinie when the poise hevel Loy way apwnd A5 JB(A);
while for the sume noise level a1 might about 55 % reparted to be
heavily disturbed, Strong corretations were abo ohtsined between
annoyance Jue W poise and that Jdae 10 air pollutien, The results
show thut anouyanee fult is dependeat not only on the measured
noise levels andior aie pullution concenteations, but thut theee do
aaist interactiony between the residential quartess and annosence,
These interactions should be considered while fixing the limis and
standarnds
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