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= Abstract =
The effects of aircraft noise on the hearing loss,
blood pressure and response to psychological stress

Sang-Hwan Han', Soo-Hun Cho', Kyungshim Koh?, Ho-Jang Kwon?,
Mina Ha?®, Yeong-Su Ju', Myung-Hee Shin*

Department of Preventive Medicine, Seoul National University College of Medicinet
Department of Obstetrics and Gynecology, Dankuk University College of Medicine?
Department of Preventive Medicine, Dankuk University College of Medicine3

Samsung Medical Centert

In effort to determine whether aircraft noise can have health effects such as hearing
loss, hypertension and psychological stress, a total of 111 male professors and admin-
istrative officers working a college near a military airport in Korea(exposed group) and
a total of 168 males and 112 females matched by age groups(control groups) were anal-

yzed.

Personal noise exposure and indoor and outdoor sound level of jet aircraft noise
were measured at the exposed area. And pure tone, air conduction test and measure-
ment of blood pressure were given to the exposed(males) and matched control groups
(males and females). BEPSI(Brief Encounter Psychological Instrument) and psychologi-

cal response to aircraft noise were examined for the exposed group.

The noise dosimetry results revealed time-weighted averages(TWAs) that ranged
from 61 to 68 dBA. However the levels encountered during taking off jet airplanes

reached 126 dBA for two half minutes time period.
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The audiometric test showed that mean values of HTL(hearing threshold level) in
exposed group at every frequency(500, 1,000, 2,000, 4,000, and 8,000 Hz were much
lower than them of male and female control groups. And in old age groups, interac-
tion of age and noise was observed at 8,000 Hz in both ears(p ¢ 0.05).

Conclusively, aircraft noise does not appear to induce hearing loss directly in high
frequency, but may decreased hearing threshold level by interaction of aging process

and noise exposure.

However, difference of mean values of exposed and control groups on blood press-

ure was not significantly.

In psychological test, annoyance was the most severe psychological response to nois-
e in exposed group, but mean value of BEPSI was not correlated with job duration in

exposed group.

Key words : aircraft noise; blood pressure; interaction; NIHL; presbycusis; psycho-

logical response
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Table 1. Age and sex distribution of exposed and control groups in this study
Exposed Control
Age groups
Male Male Female
30- 34 yr 5 8 5
35-39 15 22 15
40- 44 19 30 19
45- 49 19 29 19
50 - 54 23 35 23
55 - 59 21 31 21
60 - 64 9 13 10
Total 111 168 112
Table 2, Age and tenure distribution of the exposed group in this study

Tenure{yr) 1-9yr 10-19yr 20-29yr 30-39yr 40-45yr Total
Age groups
30-39 yr 10 14 0 0 24
40 - 49 7 17 9 1 0 34
50 - 59 2 10 17 15 0 4
60 - 65 0 1 0 7 1 9
Total 19 42 26 23 1 111
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Table 3. Environmental noise level by aircraft noise in exposed area

Measurement Time Noise Level Measurement Time Noise Level
area (dBA) area {dBA)
Near the student  09:59:45 - 10:02:30  100.0 Restaurant 12:00: - 13:00(one time) 113.0
center(outdoor) 10:35:45 - 10:37:20  104.5 {indoor)
11:58:55 - 12:00:10 107.5
Lecture building  13:26:00 - 13:28:30 126.0 Library building  10:01:50 - 10:02:50  95.0
(outdoor) 13:35:10 - 13:37:01 1145 (indoor) 10:16:45 - 10:17:45  93.0
13:38:50 - 13:40:55  116.0 . 11:00:02 - 11:01:08  92.0
13:44:00 - 13:46:10 119.5 12:00:01 - 12:01:06  93.0
14:26:10 - 14:27:16 95.0
Table 4. Individual noise levels(dBA) by dosimeter
Person 1 Person 2 Person 3
L(OSHA} 66.5 61.8 67.8
L{Max.) 113.5 111.5 118.5
L{Min.) 41.5 40.0 42.0
Table 5. Mean value of hearing threshold levei(dB) for total study subjects
Right ear Left ear
500(Hz} 1,000 2,000 4,000 8,000 500 1,000 2,000 4,000 8,000
Exposed(male) 10.4 14.1 14.0 23.0 38.0 11.6 12.7 123 24.2 35.8
(n=111)
Control(male) 11.7 13.5 128 22.8 29.8 12.4 123 13.3 21.7 29.7
(n=168)
Control{female) 12.9 12.4 11.4 12.2 24.6 11.6 10.8 1.1 13.5 25.0
(n=112)
Table 6. Mean value of hearing threshold level(dB) for 35 - 44 age groups
Right ear Left ear
S00(Hz) 1,000 2,000 4,000 8,000 500 1,000 2,000 4,000 8,000
Exposed(male) 9.7 14.0 10.7 20.7 32.7 13.0 10.0 10.6 183  23.7
(n=15)
35-39 yrs  Control(male) 16.2 15.2 13.8 23.3 27.1 14.8 13.8 13.8 190 210
(n=22)
Control(female) 9.2 10.0 7.1 8.2 11.1 7.8 7.8 7.5 100 111
(n=15)
Exposed(male) 8.9 12.1 12.1 208 255 8.7 8.7 89 234 247
(n=19)
40-44 yrs  Control(male) 10.8 11.3 106 213 253 9.5 98 113 215 250
(n=30)
Control(female} 12.1 10.8 9.4 11.0 16.8 11.0 7.6 5.8 87 150
(n=19)
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Table 7. Mean value of hearing threshold level(dB) for 45 - 64 age groups

Right ear Left ear
500(Hz) 1,000 2,000 4,000 8,000 500 1,000 2000 4,000 8,000
45-49 yrs  Exposed{male) 12.1 17.3 15.2 242 363 15.2 13.9 11.8 2.8 349
(n=19)
Control(male) 11.7 13.3 12.4 24.3 324 10.4 11.2 10.0 22.8 29.4
(n=29)
Control{female) 12.2 11.6 10.8 94 233 11.1 12.2 10.5 122 243
(n=19)
50-54 yrs  Exposed(male} 9.6 12.4 13.7 248  40.2 10.2 10.7 133 27.2 415
(n=23) )
Control(male) 12.3 13.7 12.7 21.8 30.8 12.2 12.5 12.3 23.7 31.4
(n=35)
Control(female) 13.6 13.0 12.5 12.7 21.3 11.9 11.2 12.5 13.6 23.4
(n=23)
55-59 yrs  Exposed(male) 11.4 14.3 15.9 23.3 51.6 10.2 12.6 145 27.4 469
(n=21)
Control(male) 13.1 13.8 14.7 23.4 341 15.2 13.3 17.4 253 381
(n=31)
Control(female) 15.0 15.2 14.8 15.9 33.9 13.6 12.7 14.7 20.7  35.0
(n=21)
60-64 yrs  Exposed(male) 133 194 194 316 500 161 17.7 167 216 511
(n=9)
Control(male)  14.2 15.4 16.2 28.5 40.4 17.3 16.5 20.7 3.1 400
(n=13)
Control{female) 16.0 15.0 16.0 17.5 46.0 16.0 16.0 19.0 190 430
(n=10)

—361—



Table 8. Multiple linear regression analysis of mean value of hearing threshold shift for total study

subjects at 4,000 Hz and 8,000 Hz

Right ear Left ear
Variables parameter estimates parameter estimates
(p-value) (p-value)
8,000 Hz Age 14.35(( 0.05) 15.89(¢ 0.05)
Sex 8.24(¢ 0.05) 7.24(( 0.05)
Exposure® 0.23( 0.48) 0.49( 053)
Age X exposure® 0.53(¢ 0.05} 0.38( 0.07)
4,000 Hz Age 3.99(¢ 0.05) 4.10(¢ 0.05)
Sex 11.25(¢ 0.05) 9.11{( 0.05)
Exposure® 0.05( 0.45) 0.28( 0.23)

* Hearing level of noise exposure changes logarithmically(Corso 1980), so exposure duration was transformed logarithmi-

cally.

Table 9. Multiple linear regression analysis of mean value of hearing threshold shift for study
subjects more than 50 years old(n=186) at 8,000 Hz

Right ear Left ear
Variables parameter estimates (p-value) parameter estimates {p-value)
Age 15.43 {.0.05 16.81 { 0.05
Sex 7.52 {0.05 6.40 (0.05
exposure duration* 0.34 0.45 0.82 . 0.41
Age X exposure duration® 0.58 {0.05 0.41 {0.05

* Hearing level of noise exposure changes logarithmically(Corso 1980), so exposure duration was transformed logarithmi-

cally.
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Table 10. Mean value of blood pressure, blood
cholesterol level and body mass in-
dex(BMI*) for total study subjects

Subject Mean value
Systolic blood pressure Exposcd(male) 126.5+14.9
(mmHg) (n=111)

Control(male) 128.9+19.4

(n=168)

Control(female) 126.24+23.4

(n=112)
Diastolic blood pressure ** Exposed(male) 836t 9.9
{mmHg) Control(male)  82.4%12.2

Control(female) 76.2+14.5

Blood cholesterol Exposed{male) 195.6+32.1

(mg/dl) Control(male)  201.6+34.3
Control(female) 208.2+37.5
Body Mass Index(BMI)* Exposed{male) 23.4%+ 26
Control(male) 24.4%+ 25

Control(female) 229+ 2.8

* weight(kg) over ht(m)2. *p (0.05

Table 12, Distribution of hypertension™* in
exposed and control groups

No. of person No, of person Per cent of

with with hypertension
Hypertension normal BP
Exposed 11 100 11.0%
(male)
(n=111)
Control 28 140 16.7%
(male)
(n=168)
Control 16 9% 14.2%
(female)
(n=112)

* systolic blood pressure is more than 160 mmHg or di-
astolic blood pressure is more than 95 mmHg.

Table 14. Mean values of BEPS! and sub-
jective perception on aircraft
noise by job in exposed group

professors administrators
(n=35) (n=73)

BEPSI 1.64 1.71

Subjective disturbed 90.5% 75.9%

perception noisy 89.6% 81.2%
annoying 86.1% 78.2%
irritated 83.2% 75.5%
not concentrated 71.0% 73.0%
not efficient 70.8% 67.6%

Table 11. Multiple linear regression analy-
sis of mean value of systolic and
diastolic blood pressure for total
study subjects

Variable A
Systolic blood pressure

Age 0.67*

Sex -1.68*

BMI 1.84"

Blood 0.02

cholesterol

Exposure 1.84
Diastolic blood pressure  Age 0.31*

Sex -5.15*

BMI 1.21*

Blood 0.01

cholesterol

Exposure -1.63

* p value { 0.05.

Table 13. Mean values of BEPSI and sub-
jective perception on aircraft
noise in exposed group

BEPSI 1.69
Subjective perception on  noisy 84.1%
aircraft noise annoying 81.1%
irritated 78.4%
not concentrated  72.6%
not efficient 69.1%
disturbed 81.4%
o3
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A9e Aol 9 vl £ & g ¥ oy
g, 22379 74 Aol 1F £ AFF-Ho| R i
T AgA ZdAgel AAEAL e 33 Y8
o] ARG AARIA &3 002 vl&g A3
AAR FFolgtn £ & oA ABIZEAAL Ao
o 93 JFE HAHAS AT Add. AFE
F W8 wel HEEd 550 g2t 7= Asd
(sociocusis), F i 25 ARAAA FFol 2 I
oo} Agel ZF2E 713 FAR JdoE A%
gog F F7l ¥ 24X (comparability) "9 =
& 4 9l

s Zuloll A AR YA 1. 617 HE tdeR
19 HHAAE AA G vk AeH(PFS, I
&, =AF, 1995), & d7olN ZHE @A dzT
168 H¢ AFHAAL A9} v|wdte] B AUTHTable 4.
1). F A7 APloA Zp Fald, AFER o7l 5
dB oJWj¢] }olE Kol gloy, AutHoz B A
oM Z4€ ol AF8(1995) 59 A7RTG 2
FHARGE 20 AL & 7 Ut

dubygog 837 A3 783 (intermittent)©.
2 B3 Z2sHe E4E AR i s
A88 ‘FYUoA a7 equal energy principle) ™
Bof| A48 Hlste AH oz e Fo] HAE
e fisithe AL o & geiA Urhward,
1991). 130 dB A9 TASol| BFAHoR T2y
= F37] QAN 47Ed 294 dHE R
Bz grethe A7 2 AZH7IE Sl tHsat-
aloff, 1953; Kopra 1957; Ward 1957). 1&]\} 7183
Ao £ Z2He B39 AFdede 9
nx)z] ot nFwrAME FHELE FEE T
Aths AF7F 1980\dthe]] HHEEEH, Gty o
254 AL nFA AFEle AFas 4

7R FEEL W7 F7RI 38E 23dMe
A7 22 Fox nFs FAox FHEHE
$absithe Ao|rHsataloff, 1984). Sataloffy: 2] A
T A Lgol 93 HEEHde 2 3EE F
oug m sy AT He&do] JgEnt
1 FeHAcH1984). L2ivt =914 B (presbycusi-
s) GA] DFas P90 ALE EXXTL FUshe
Aoz U4#A Uo}(Rosenhall and Pederson, 1995),
Sataloff7} AAISE nF-gpolj A o] FYEHo] g
g guelx], oy AH Fvld o FIRIAE
TEsRe AL ¢ gl EAt & F9leng &
ZojAdztel 7S st Faal A
845 TEskx| Eo2H AdE FAE 7
the Aol dvae] ddeltt. 2 ddAME vlagd
kel g zlol7}t 7HFae F %H(500-2.000 Hz)ollA
UeRtA) 1L, 4,000 Hz% 8,000 Hz 5 L3I
Aol Mt FEH Yo, 1 FHe= ZEAA Rope
ZAEZ AR 2RV AR A3 AE(in-
teraction)°l] 23 A o2 HFHE.

A Ao ol oigt 5] G A
7R o] HopllA wf¢ B Jde FAFgL & F
Ak g3 AraiEe] FEAYS 53t 528
3 AAE 294 Aes b ded, 9% wet
BYFEo] Ak A3 (mice)! C57BLAGIH HE
W37} 9l CBA/CaE A BAV] & F FYH &
Lo ZENZE ©, ¢57BL/6)7} T 280 AAR A
o2 819 4} 21 01(Shone G, Altschuler RA, Mil-
ler IM 5, 1991), 3U AFHE 7T A5 9%
o 898 zdYg Aroie AFH L9
a3 27l el 71 o2 A8, Usl
= “block like interaction”& K.olA| Ho], Z7lol=
T 270 f2E 2lolE Holtil, AF 9] Aol F
71 F5 5 209 Aozt At B3N
CHLi, 1992a).

3hH A Li(1992b)7} AAE FEAYS IY
Age 43 AEe] HAFFE AT Rolgt 3
# e, 2= 447 A9 ge A 2

r\l

i o rir

o ot
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A3 38 7He43S MM c57BLISH CBA/CaE
ol 83l FUF &gl T2 H, T AFT Al
o Y& FEE WhsEd, 23 90N
$2402 way viel Uge A ES 3
BEae HATRE Aolel, AAE o] =R 93
3 40 €18 Feedol $4H 299 ol F3
Setkn 295 o8 2L ARIAME &
27 4200l AREU 188 7Pe4e ANEE
RolE2 1 Solsh ok A0k @ 4 ok Wl
3t £90) FPLE WYY Y7} GO o
$2 93989 7F54E ¥AHOE Wise A7
ARe £ AAH Yok F &5 F2 outer
hair cell ¥-9lo] G3E viX e WA, ol o3 &
1= hair cell& E33}9] stria vascularis, spiral gan-
gion Sl U 4% 21§ 7HsAe] Aoke A
o|tHBoettcher FA, Gratton MA, Schmiedt RA,
1995). 97 A8 Aol i3t F3 e FHH
o FA3y] AT Alert gtatg ] #4E Fat
of o]Fo{Z =, Corso(1980)= TFH 2] Wslo] ulz}
253 939 g3pt M2 g2 A 2H8ethe “vari-

able ratio” 71\ g9l A3k “restrictive additive mod-

el”& AAI3 v} glt}. 7oA 2E § 849 “in-
teraction”©] YITh= XFUCIA “additive” & 7S Al
431} Dr. Corsod] F40l WE 724, AYHeR
A% E2de 73 Y2ed 448t FE5rES
vlushd AHHZd M 1 Aot AT HFo
F71 45 1 Aol 248 dcHRosenhall F,
1990). 3+ Bies?} Hansen(1990) HA] FH T 452
=gidog e3ea A5 B (additive)! &3
g 71 ok 8kt

B A& 8,000 HzoAM ol F71E 58
vl 7ke] zojr} F7I Ao EMHH,
AP 4220 77} “additive” 3HA] ¥ “multipli-
cative” @ A0 2 TAHUL}. 1Y £ A7e 1HE
Hog ushe 3a7) 2% Z2doe U
7] W, AP A& TAsI Mad FHed
o] mgo] ¥ o) AHH oz H8E & gtk A

oA} etoln], B Ao Aol we} H8H
oz wAske 3] Agol o3t HEEHL &5
o] AFz Fuche 487 dH A3A8S
S8l 134 GQel| A HHEH0| BAE THsA
& AARE Aolga & 4 ot

280 =E2HW wMIAA7L g, A
275220 ola] & 9] epinephrines} norepin-
ephrine®] FH] Z7i¢} ofdf] whE YzIHTZOZ
Ur|Hog Hato| “J53THKryter and Poza, 1980).
aeu A ARl ASERT) HAAR] 1
He frdtahs Aol dsidE oA =&o] i
t}. 90-100 dB(A)9] H]wH 2 S4E A=
fFold gatpol Qlthe HUEE on, £57]
2 ojghy] ke 45E HA9FE A77Hising T
1980) AE7} 519, o197] ke Feuhe Mg A
HAndren 5, 1980)% Ut} ASEE Hrle o2
Qg HEEA Ryl s 2 1Y T EA
2ozt Hols Aol gt A-PAT] ofatd, Joh-
nson and Hansson(1977)2 A% #HHEAE Hole
(3,000, 4,000, 6,000 Hz)ol A BFH(EE FHAA
20 dB o|3}9] HE&A)R n¥Ye) i E] Fo
1 31924, Hedstrand 5(1977)%} Takata 5-(1977)
2 #93 Zo|E Holx] gt st T I
o] dr2e 1E3e ©133(1987) LAY
I ArSAYY ZEAE APl 18t fFHEdE
Zol7h gidou HEEAY] Fxe olgy] gt
frold #AE Bgivkn B b Qct 8 AAS
R} 4SRRI 571 B o]97] ol
Fol3t ZolE RHolx) gdrhe Bk YrHEHE st
o 758, 1991).

B AT frof3t ¥gte] Aolg HolAE X
gt 28U dizge e A3E Fdol AR
Fog FgolnZ Yutyog A7 wijo] B
Feolgln & & e, IATATNA AAE AA
g Zzdud ¢ W gz 28 fada
Hlgo] 3L 0|8 AARKe a7ole} shlct. wet
A ol ko] AR M W] AFS FE3IN
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de-Jong-RG, 1993; Reijneveld, 1994)%F YA & -

AFAME Agol tist F3F A zMe “Al1L
HTHnoisy)" 9t “A7FAItHannoying)”oll thg &=l
e gEof Hlgte] ZRAEC] F2 hdhke 4
A oz EMEHeH, H Yot 87] Afol
FRE Yelsn AR FLPTHE X Dlstan-
sfeld, 1992; Vallet M. and Vallet I, 1993; Reijneveld,
1994; Horne 1994)7} QlEd], A2ld 2Eg A 8 o}
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