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Aircraft noise—a global pollutant*

Ragnar Rylander

Introduction

Ever since the introduction of the jet engine and the coming of mass transportation by air, the
problem of aircraft noise has plagued the inhabitants around airports all around the world.
Early airports were built near the city centres or near sea shores within the cities to enable the
few passengers around at that time to reach their mode of transportation without loss of time.
Over the years, the increase in air traffic has outgrown the early airports and they have mostly
been moved outside of built up areas. In cities where this move did not take place, such as
Geneva, Switzerland, aircraft noise today is the major nuisance present in the environment.

The purpose of this review is to present some important problems relating to aircraft noise and
its effects on humans. The literature is extensive and the reader is referred to the publications
given in the reference list for further reading.

Noise sources

The introduction of the jet engine brought new standards of speed and reliability and quietness
to the passengers. On the same time, it exposed the populations around airports to previously
unknown levels of noise and, as traffic increased, also at unusual times of the day and night.
Fortunately, the development of jet engines with increasing thrust, led to decreases in the noise
emissions, due to the introduction of large fans. The air masses moved by the fans shield the
turbulent air created by the burning of fuel and the noise levels did not follow the increase in
thrust over the years. The engines have indeed become so quiet that the major source of noise
when landing is air friction around the aircraft body instead of the engine noise.

The emission of noise from aircraft—where take-offs represent the most important exposure
—can be measured at different distances from the aircraft and constitutes the basis for aircraft
noise contours. By superimposing noise contours from different aircraft on one another, the
noise exposure at a given point away from the airport can be calculated.

Apart from noise from starting aircraft, some additional aircraft noises should be considered.
Helicopters generate noise from the rotors which gives the noise particular acoustical character-
istics in terms of a “chopping” or irregular sound. Small aircraft used for pleasure flying, often
engaged in towing sailplanes on weekends, create another type of irregular noise. The sonic
boom, which is a rapid compression/decompression of the air caused by aircraft flying at

* Aircraft noise—a global pollutant, by Ragnar Rylander (Professor, Department of Environmental Medicine,
Gothenburg University, Sweden)




4 MAZEBERENTE No. 3, 1999

supersonic speeds, is a noise event that strikes without warning [Rylander et a/ 1974].
So what are the effects caused by these noises in the general population ?

Effects of aircraft noise

A large number of investigations has studied the effects of aircraft noise, either in the
laboratory with simulated noises or in field studies. Initially, a distinction must be made between
experience obtained under laboratory conditions with acute exposures and data from field
studies on exposed populations, where the effects are due to a long-term (chronic) exposure. It
has been shown that the effects in these different settings sometimes are contradictory, particu-
larly regarding the importance of the basic acoustical characteristics of the noise [Rylander and
Persson 1997]. Results from laboratory settings should thus be interpreted with care.

Aircraft noise in the environment is easy to identify and the noise level increases relatively
slowly, suggesting that the adaptation potential is quite large. Not until the noise is experienced
as interfering with different activities such as rest, recreation or verbal communication, will a
sensation of dissatisfaction develop. This event is related both to the noise level and the number
of events as will be shown in the following. Although the interference with activities and the
subjective dissatisfaction of the noise can be studied in the laboratory, it still does not correspond
to the real life conditions where the interference over days and months is experienced as a
disturbance, summarising all the interference on every day activities. This condition is referred
to as annoyance and has been defined as “a feeling of displeasure associated with any agent or
condition realised or believed by an individual or a group to be adversely affecting them”
[Borsky 1972]. The degree of physical exposure as well as intervening psycho-social variables
determine the occurrence and the severity of the annoyance response. Considerable efforts have
been spent on attempts trying to characterise the various psycho-social factors determining
annoyance and how they are interlinked [Lercher 1996 ; Job 1996 ; Osada et a/ 1997]. It has been
shown that individual sensitivity to noise is an important factor [Ohrstrém ef @/ 1988 ; Mat-
sumura and Rylander 1991]. Attitudes, previous experience of noise exposure and demands on
the particular environment also play important roles.

There is increasing evidence that a continuous feeling of annoyance could gradually lead to
the development of a defeat reaction [Folkow 1997]. This is well known from experimental
physiology and represents a situation where the individual gives up the mental fight—in this case
against the noise—and retreats into an apathic stage with reduced external responsiveness. Such
reactions were found in a study on road traffic noise where those exposed to high levels of noise
were more prone to have less of social contacts and feel more isolated and depressed [Ohrstrom
1989]. The presence of this reaction in the population may explain the indications found in
several studies that mental health is affected by noise exposure [ Tarnopolsky et a/ 1980 ; Kryter
1990 ; Hiramatsu et al 1997].

Of all the activities that may be disturbed by aircraft noise, sleep interference is the most
important from a physiological point of view [Ohrstrém 1993]. A normal sleep with appropriate
sleep depth and over a number of hours is a prerequisite for the normal functioning of the body
and a sound mental status. Disruption of sleep will be felt both as a severe interaction with
activities, promoting a feeling of annoyance, and cause fatigue, all of which favour the above
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mentioned defeat reaction.
Dose-response relationships

To control aircraft noise exposure, there is a need to establish dose-response relationShips.
The first attempts to relate exposure to aircraft noise and the extent of annoyance were made
by McKennell [1963] who used a questionnaire survey and related the average extent of
annoyance at different distances from the airport to the noise exposure. A large number of
similar studies was performed in the 1970 s and 1980 s. Common for these studies is the paradigm
that the noise exposure must be expressed as a single unit. This was achieved by combining the
number of events and the noise levels from each event into an average number—the equal energy
principle (Leq). This could be calculated for different time periods—24 hours, day or night—and
the relative importance of the acoustical measures could be weighed by correction factors.
When compiling data from a large number of studies, relatively good dose-response relation-
ships were found [Schultz 1978]. A dose-response relationship for sleep disturbances, based on
the same principle, has also been presented [Carter 1996].

Contrary to the current paradigm, a number of studies has evaluated the relative importance
of number of overflights and their noise levels as independent variables [Rylander et al 1972,
1980 ; Rylander and Bjorkman 1997 ; Bjorkman et @/ 1992]. In summary, these studies have
demonstrated that noise levels and numbers of overflights should be treated as independent
variables. Only overflights equal to or exceeding 70 dBA are taken into account—those with
lower levels would not cause any annoyance in built-up areas. When the number of overflights
exceeding 70 dBA is less than 50/24 hours, the extent of annoyance is determined by the
maximum noise level of overflying aircraft, defined as the average of the three highest noise
levels recorded in 24 hours. If the number of overflights exceeding 70 dBA is larger than 50/24
hours, the extent of annoyance is determined by the maximum noise level and the number of
overflights is then not important. This new principle is illustrated in Figure 1.

The future

Aircraft transportation is here to stay and projections for the future estimate that the annual
growth will continue. This implies that aircraft noise is also here to stay and that measures must

annoyance
5 T max dBA
4 1 90
31 80
24 70
14
0 t } } } } } {

10 20 70 80 90 100 150

owverflights 270 dBA

Figure 1 Relation between exposure to aircraft noise and extent of annoyance.
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be undertaken for its control. It is essential that the possibility to predict changes in the effects
among exposed populations is refined and that such predictions be used for planned alterations
in the traffic pattern. With the international trend to deregulate air traffic, there is a danger that
older, more noisy aircraft will be increasingly used or continue to be used. If the new principles
to express aircraft noise exposure as described above are correct, they would exert an increased
pressure against the use of such aircraft. It would also be possible to modify take-off routes to
more effectively avoid noise disturbances and to predict the consequences of alterations in the
fleet composition of aircraft using a particular airport.
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Environment Research Center).
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—Ny ZICEHL, TFRECELRY, Bl
ME2IT572, Tenax-GCHHEZICLD, K4
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SEEEA LT FID (FID: Flame Ionization
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7av NI 7LD SN RToT, 2D
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OB ba—Llw bty s — Nl

HP-5800 I A X 27 a~ k75
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To7ze HHTIELAT OMERR 2 v 72,
A AZaT ST T 7R E R R

GC8A
AT A L EFEVFAT—V—T5A
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cFy V7 —AR I iEFR B 40 ml min
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Y.

A
A

el
0 100 150 200
EIEHE FIKN)
—&-NOx -6-NO2 -W-NO  -A-CO |
—~—C02 -&THC ——Kk%p - AE—Y]

ZMBEOREL YU NOy: 0~500ppb, NO, : 0~500ppb,
NO:0~50ppb, CO:0~100ppb, CO,:0~6%, THC: 0~10ppb,

FONDIZRHE T, E-REFO—FILAELEL,

NS Ne=x K5 0~6% RE—Y: 0~T7 AE-I1TUN'—TdH b,
3) v DHESIDIE & % & fIRIRIbAK
%®%ﬁ%§§ {lp b, Mz vy UHfES X-4  Heiig
R-4 >V UHEEYERHEOFEE L EEIRE
WEEE—N TSR T7ARIL ISAT AR 770—F JL—= LN TAOAT
IVTD
Hhity Tl | TBERS] THE | EEBEY| THE | THEK] FHE | ZBHRK| FHE | ZTBER] THE | ZBHER
{EIEHD (KN)| 125 0.46% 15.02 1.37% 63.45 1.32% 124.85 | 0.06% 177.29 0.16% | 208.07 0.23%
NOy (ppm) 25.2 2.47% 27.0 1.05% 98.7 1.01% 267 1.70% 3N 2.20% 473 2.22%
NO, (ppm) 20.3 3.48% 22.0 1.34% 90.1 0.86% 248 1.98% 348 2.71% 438 2.26%
NO (ppm) 52 7.85% 5.0 1.63% 8.6 8.07% 19.0 6.56% 23.0 6.15% 35.0 2.33%
CO (ppm) 81.0 1.18% 50.7 3.93% 54 0.87% 3.8 1.24% 3.4 2.77% 43 1.90%
CO, (%) 2.0 0.40% 2.02 0.62% 2.63 5.20% 3.48 0.00% 3.65 0.52% 3.94 0.24%
THC (ppmC) ‘9.0 2.40% 43 9.37% 1.4 8.91% 1.1 14.85% 1.1 14.85% 1.2 18.00%
AE—Y 0
(RE=7Fn =) 0.0 0.0 0.0 1.6 0.00% 3.2 0.00% 6.5 0.00%
Ke ) 3.7 3.7 42 49 49 5.1
R-5 RAKFMHE (RFEG)
Bi{¥:ppbC
E—F | C1 c2 c3 c4 C5 [ c7 cs8 co [clofcti|c12| c183| c14 | ci5 | c16 | c17 |[c2~C17
[ as
TSR
7;4!3))1/ - 2510 710 890 101 717 513 680 594 470 560 330 256 216 165 85 160 8957
7%
73?%
FARL| — 1050 180 90 74 177 99 151 90 86 118 113 77 68 50 33 61 2472
(10%)
7T
o—F - 240 80 90 23 50 22 15 21 10 30 22 7 74 70 34 58 910
(30%)
-
— 180 N.D | N. D 32 27 19 7 14 10 4 9 25 18 33 95 78 551
(60%) .
TAYD
Ao - 210] N. D 75 41 77 24 19 18 13 14 18 50 49 58 13 26 705
(100%)
B4
Iy — 120/l ND|{ND|ND|ND|ND|ND|ND|ND|ND|ND|ND|ND|ND|ND|ND 120
()&
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&6 RACAHEMEARL

BT ppbC

bttt | Z7E | 2700 | yyns | on—x | 74047 |mATSVY
IFLY 1900 700 110 110 140 50
c2 |xTAY 610 350 130 70 70 70
NEH[ 2510 1050 240 180 210 120
c3 |[Fosy 710 180 80 N.D. N.D. N.D.
c4 [FEv 890 90 90 N.D. 75 N.D.
-y 24 14 7.9 10 12 N.D.
o5 1-RUFv 46 31 N.D. N.D. N.D. N.D.
C5LATFE#ESINDMS 31 29 15 22 29 N.D.
INET 101 74 22.9 32 41 N.D.
1-~Ft 170 16 N.D. N.D. N.D. N.D.
6 RoHy 460 110 49 44 78 N.D.
CoLiEEENBM S 87 51 45 23 69 N.D.
INEE 717 177 49.9 274 76.8 N.D.
1-~TFo 83 11 N.D. N.D. N.D. N.D.
o7 |FAT¥ 190 48 © 43 2.7 1.4 N.D.
CIEMESNEH S 240 40 18 16 23 N.D.
INEE 513 99 223 18.7 24.4 N.D.
223-FYAF LRI B 38 N.D. N.D. N.D. N.D. N.D.
-+ o7 42 9.1 N.D. N.D. N.D. N.D.
FHR2 40 12 N.D. N.D. N.D. N.D.
8 IFIRHY 98 25 N.D. N.D. N.D. N.D.
mp-F L 170. 37 2.8 1.9 4 N.D.
o—FILy 82 16 N.D. N.D. N.D. N.D.
CeeESINEA S 210 52 12 48 15 N.D.
INEE 680 151.1 14.8 6.7 19 N.D.
3-AF LA HEY 40 6.5 N.D. N.D. N.D. N.D.
1=/ | 31 5.1 N.D. N.D. N.D. N.D.
JFv 150 25 N.D. N.D. N.D. N.D.
C9 |FaEirEy 33 5.6 N.D. N.D. N.D. N.D.
RAFLRUEY 120 24 N.D. N.D. N.D. N.D.
COLTESNDHS 220 24 21 14 18 N.D.
INEE 594 90.2 21 14 18 N.D.
FhY 150 25 4.7 1 0.9 N.D.
C10 |C1o&#ESNBAS 320 61 56 8.7 12 N.D.
INEE 470 86 10.3 9.7 12.9 N.D.
U TAY 120 26 6.9 13 1.1 N.D.
C11 [Cl1EEESNBER 440 92 23 2.8 13 N.D.
ML 560 118 29.9 4.1 14.1 N.D.
KFhHY 110 24 15 24 25 N.D.
Cl12 |Cl12&EE SN DS 220 89 7.4 6.2 15 N.D.
/NEE 330 113 22.4 8.6 11.5 N.D.
FITHY 96 37 48 23 48 N.D.
C13 |C13EHERSNDHHSD 160 40 23 1.6 2.3 N.D.
NEt 256 77 71 24.6 50.3 N.D.
FrSTAHY 96 29 29 53 78 N.D.
Cl4 |ClaL#EESNBH S 120 39 45 13 41 N.D.
INEE 216 68 74 18.3 48.8 N.D.
RUBTHY 25 12 16 33 N.D. N.D.
C15 |CISEHESNBMS 140 38 54 30 58 N.D.
INE 165 50 70 33.3 58 N.D.
~EYTHY 20 14 11 5.1 N.D. N.D.
C16 |Cl6&HEESNBHD 65 19 23 44 13 N.D.
INET 85 33 34 9.5 13 N.D.
C17 |C17E#ESNEHS 160 61 58 78 26 N.D.
&5 8957 2517.3 910.5 464.9 704.8 120

ND. : RETET (B5JI52%:0.15ppbCLEIT . FN LIS DE—F:0.75ppbCLLT)

PEWEE T, TV 74 YRRIKEOHE  FRTAV T 4 YRRILKRE, 77144K
MR R T RIS REBR DD T 4 7 4 7RECIR BN RALKRREO PR
CAMTORIAENS W, Thbb, Eik  EXELR2ERSRONS, 2L, 77
YA INBCHDETA RV, RUO77u—  YRT7A RNV (7% £774 74w
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3.3 IUUUHHHAEARELAYE (&
Bt EE, R, PLIY, B
WWARZILE)

BERLBERYE OER T — F B OHEE RS

BER-TRURK-6(1)~(3)mrT, &B
- TWRTHIVATIVTER, 7 M7
FER, 7w snics, Faost
YTNVFER, FrzuavAy, zuakr7Nv
FE R, AFNVNZFNAVT Y, n-TFNT
VFER, RAFZNVTER, NVLVT VT

ER, mm MV AT ER, AFHTNTE

Rk, RSN Zh o7z,

oo AT XS BEESHERI N

720

1) ERERIERBY LRRICT >

CUMNPEL A CHEHEEEXEL R

%o

ppb
50
© FLLTATEN
t * PEMPLTEN
40 1 - 7y
30
20 —:\\
10 1
0
0 50 100 150 200 250
{EEHE N (N)

-6 (3) NEoAALEYEE

®-T BERKERWEA

B4 ppb

I S | BEEER /zp/pl;%)/ *(; ‘lﬁ; FLLTATEN| TR AT EN | TR
YIUNTAN I 530 460 190 37 44 16
73474 N 539.5 110 48 19 24 8
77a—F 560.8 4.9 43 N.D 11 0
gN—-X 729.1 4.4 2.7 N.D 11 0
954 L 788.7 - - — — —
FAGAT 945.8 7.8 1.4 N.D N.D N.D
5 3135 N.D N.D N.D N.D N.D

GE)RBONDITBEE T, FRPO-EERELL.
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R-8 BRI HE R
) ik o ASTM D 1655-81
L5 N HRME HAE ot Aot
HE(15°C) 0.79 0.78~0.82 0.78~0.84
SRR (°C)
10% Boiling Point 165.5 155~201 204.4 max
Full Boiling Point 255.5 235~283 300 max
RERE(J/ke) 43,400 42.860~43500| 42,795 min
TN BEE%) - 1.0~35 3 max
FEEN(BE%) 179 15~23 20 max
ZEm 255 20~28 25 max
H (B2 %) 13.8 13.4~14.1 -
SH(ER%) 0.03 <03 <03
BEEE(-20°C, mmY/s) 3.75 25~65 8 max
R-9  EEEED
s . ICAO
IOV SEOERMER [ 0.
EEHE—K ﬁﬁﬁ(ﬁbi%ﬁ$ﬁ)i}%§;
(%) (g/##ke) A
(g/ ¥k
TIUNTAN I 7 8.60 8.84
75474 L 10 7.67 -
co |7FE—F 30 1.51 1.36
L Py 60 0.31 -
RN 85 0.21 0.48
TAOAD 100 0.21 0.51
TITAN N 7 0.54 1.25
7734 74N 10 0.49 -
THe |77R—F 30 0.12 0.13
(e/ ¥, 60 0.05 -
RPN 85 0.04 0.12
TAOF2 100 0.04 0.15
TIUNTAN 7 4,90 4.10
754748 10 5.25 -
NOy 77a—F 30 12.91 9.80
(a/B¥D| 1), — 60| 2500 -
PSRN 85 36.87 30.00
FAOXD 100 42.82 38.50
TIVETAN W 7 0.00 0.00
754874 10 0.00 -
AE—Y |pFo—F 30 0.00 0.00
(RE—5
FoR—=) |7IL—X 60 1.60 -
D54 L 85 3.20 0.00
TFAOAD 100 6.50 4.60

CE) EBO-HSEOHNEREE—HBIIv a2 U FusRIC

ERLTNS,

RS

2) HEBROAZED > bR ¥y 0k
HEBERELS Mo 2~3ETh s, I-
2L, RV¥rE bV rOBOHIZ, HE)
HOBEWZBW TR Y Y Ic &k » TfiEd
500850, MZEEL Y THERETH
prBbhs,

3) RyEr, PV rRUOH LR
BN, —BLIRFER LR, oYU
TIDME L T2 21 EHRHIEE 3 < 7% 2 EEL
A o5,

3.4 fERABH

SRR 2 R-8 1T T, SEIFI 72 8K
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>
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Airline’s Activities on Environmental Issues,
by Noriyo Ohta (Manager, Secretariat of Envi-
ronmental Commitee, Japan Airlines Co., Ltd.)
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