2.1

(air conduction testing)
(dB HL)

2.2

4000, 6000 8000

2.3

2000 25
500-8000

(hearing threshold)

500, 1000, 2000, 3000, 4000, 6000 8000

(normal  hearing)
500, 1000, 2000, 3000,

25 (dB HL)
(hearing loss)
500, 1000
(dB HL)
25 (dB HL)

24 dB HL (decibel in hearing level)

(sound)

- 2524)



20T LOYEU )

t>f jMt'nrtnny 5

(noise)

( . 253h)
( , 2528)

.. 2514 2515 33

( ,

2524) Grabowski Miller (1977)
100 ()

Chung, Gannon, Willson Mason (1981) ; Talbott, Brink, Burks, Palmer, Engberg,
Cioletti Inman (1996)

3 (Pelausa, Abel and Dempsey,
1995)
(2534)
52.30 6000
10.25
6000 ( , 2533)
18.97 6000

( - 2539)



(Fiake,

1993)

(repeated impact noise)
(narrow  band  noise)

Taira, Nakasone and Yamamoto, 1994)

10

(et noise)

252)

130
1995]
turbojet

()

65 () 109 ()
15 () 95 () (Ito, Hiramatsu,
24 10 ()
( , 2538)
(eddies)

(USAF School of Aerospace Medicine, 1956)

(compressor)
( o
[Ribak, Rayman and Froom (eds),

turbofan (Raney and Cawthorn, 1979)
(impulsive)



‘vlade-slap” (Ohshima and Yamada, 1993)
(Kaminski, 1993)
(Ohshima and Yamada, 1993)

Consumer  Association (CA) 1974

(take-off)  British Airports Authoriry (BAA) (Dix, 1981)
2.1
hovercrafts
2.1 (Bisio, Magrini and Ricciardi, 1999)
21
1 (PNdB) (PNB )
CA
1974 BAA
VC-10 1965 110 6
DC-8 1967 112.4 114 0
Boeing 707 1967 115 4 114 5
Boeing 737 1967 110.7
Boeing 727 1967 112 .9 112.0
DC-9 1968 11 .7 108 .0
BAC 111 1968 119 .0
HS Trident 3 1971 119.5
Boeing 747 1972 114 7 114 0
DC-10 1971 110.6 100 .0
Lockheed Tristar 1093 1973 105.1
. Dix (1981)
Helicopters
Jet aircraft
Propeller aircraft
"Hovercrafts"
Buses
Railcars
Automobiles
A-weighted dB 60 70 80 90 100 110

2.1 (Bisio étal., 1999)




USAF School of Aerospace Medicine (1956)

F-80, F47, T6
R-6 (helicopter) 2.2
C130, C123, C41, C33
F-5 102-120, 105-120, 90-109, 90-104  94-112 ()
( , , 2519)
100 A310
95.9-110.5 (Royal Thai Air Force, 1989)
2.2 AN26 16,000
10 130 ()
(Ninh, 1999
130
120
<) = 7} N| 8
n \
i .* |
70 g 7 I.
50 twgzoo%m%m%mgéim}% 4800
2.2 (USAF School of Aerospace

Medicine, 1956)



2.2 A310

)
- 45° 40° 50°
63 108.2 110.5 106.3
125 109.4 110.9 108.1
250 107.2 107.7 106.7
500 103.4 103.3 103.4
1000 100.0 99.9 100.2
2000 98.7 98.3 102.5
4000 96.2 95.9 98.2
8000 97.9 96.7 100.1
45° 40°  50°

- Royal Thai Air Force (1989)

Ploeng  Schuller (1993)

60 () 71
(Horne,
Pankhurst, Reyner, Hume and Diamond, 1994) Horne,

Reyner, Pankhurst Hume (1995)

(mental  diseases)
(Ito et al., 1994)
100% 0.99 45-54
(Meecham and Shaw, 1993)



10

100-140

125 ()
3000 4000
(Ising étal., 1993) , Lai, Shen, Yu
Chang (1995) 11-13
Chen (1992)
' 65.2
69
8
(Ninh, 1999) 0’ Neill Qyer (1966)
(2521) 38 107
Daungrussami (1999)
3

36.2



il

(Melnick, 1994)

L
(World Health Organization : WHO)
8 85 ()
F-6
17 128 () (, Liu Wang and
Wang, 1989) 90-100 ()
(Jasinski, 1982)
2,
(Webster, 1964) , Liu,
Wang Wang (1988)
4 20-25, 26-30, 31-35  36-40
40.8, 48.0, 643 69.6
8500 (Jasinski, 1982)
(Fitzpatrick, 1988)
3.
( , 253b)

( | 2522)



12

0" Neill Oyer (1966)

4000-8000
F-6 6000
Webster (1964)
(2521)
8000 38 4000
8000 (500-2000 ) 11
3
38.3
0.8 4000 6000
(Daungrussami, 1999)
4,
41
(hair cells)  organ of corti
high
frequency sensorineural hearing loss ( ,
, 2516 ; , 2537 ; , 2539 ; Davidson,
1992) (presbycusis) 40
( , 2539)
4.2

(Harris, 1979)
3:2 ( , 2528 ; , 2539)



13

43

(Home etal,
1994) '
(Pearson, Morrel, Gordon, Brant, Metier and Klein, 1995 Daungrussami, 1999)
4.4
( , 2516)
( , 2528)
L
2
(
, 2516 . 2528) 3
(outer or external ear) (middle ear or tympanic cavity or
tympanum) (inner ear or labyrinth)
2 (catilage)
(bone) ' (temporal hone) ( , 2516
; ', 2539)

2.3



14

Vestibulocochlear nerve
Pinna Semicircular canal utricle

Ossicles in Middi¢ ear

A Vestibular division
-"\ ~?
oah €52 <iad}
3B (R A, e,
Ear canal g s TR < Saccule
3 v 9 V2 o4 E
A A - Cochlea
e NS S &
3 R A\ 35
N N
SO\ - =:- 7. Cochlea Divislon

Tympanic membrane  Inner ear

Eustachian or audlotory tube

2.3
. 2516 : . 2524
, 2539 ; Harris, 1979)

11

3 (pinna) (ear canal)
(ear drum or tympanic membrane)

’

pars flaccida pars tensa

12

(malleus) (incus) (stepes)



muscle  stapedius muscle

(eustachian  tube)
(atmospheric pressure)

13

(cochlea portion)

2 3
cochlea duct scala tympani

vestibular membrane basilar membrane

cochlea duct cochlea duct  scala tympani
cochlea duct organ of corti basilar membrane
endolymph organ of corti
2 (outer hair cells) 12000-
20000 (inner hair cells) 3600
nerve)
(cerebrum)
2.
3000 15 (Pierson,

Gerhardt, Rodriguez and Yanke, 1994)

15

(oval  window)
2 tensor tympani

(vestibular portion)

scala vestibuli 1scala media
(membrane)
scala vestibuli



16

" (mechanical vibration)

800 1
1
(foot plate of stapes) perilymphatic  fluid
stapes  footplate
mechanical pressure hydraulic pressure perilymphatic fluid
vestibular membrane  endolymphatic fluid
(electrical
response) (acoustical ~ or
cochlea pathway) ( , 2516 ;

, 2539 ; Dix, 1981)

organ of corti

J (basal turn of cochlea)
(apical turn of cochlea)
( . 2524)
20-20000
40 15000
55-65 10000 75
8000 (USAF School of Aerospace Medicine, 1956)

! 125-8000

( ;2516 ; . 2539)



500-2000
500-2000
30-40 (HL)
(
2539
(

| 2524)

1 5

| 2539)

11 Conductive Hearing Impairment

1.2 Sensorineural Hearing Impairment

1.3 Mixed Hearing Impairment

17

(Speech)



25

18

14 Functional or Psychological Impairment

1.5 Central Hearing Impairment

ANSI-1969
5 ( 2.3)
2.1 (normal hearing)
(pure tone) 500, 1000 2000

(hearing threshold)
25

2 (mild  hearing  loss)
500, 1000 2000
(hearing threshold)
40

2.3 (moderate hearing loss)
500, 1000 2000
(hearing  threshold)
40 55

24 (moderately severe hearing loss)
500, 1000 2000
(hearing  threshold)
55 10



2.5 (severe hearing loss)
500, 1000 2000
(hearing  threshold)

10 90
2.6 (profound hearing loss)
500, 1000
2000 (hearing threshold)
90
2.3
(dB HD)
500, 1000, 2000
1 - 25
2 25 40
3 40 5
3-5
4 55 10
5 10 90 1
6 90
1 25
2 25
5
37
70 25
5 37 42



and Health

Tn

24

Administration : OSHA)

24

CUTL+ C2IT2 +

( ()

Slow response
85
90
95
97
100
105
110

115

 OSHA (1998)

O O = N W > o

OSHA

20

(Occupational  Safety

00
00
00
00
00

30

15



I s 37
| iwifuninjirnTj " A

(hearing - conservation

program)
85 () 8
140 () 85 () 8
(monitoring program)
(World Health Organization : WHO)
8
75 () 85 ()

(United States Environmental
Protection  Agency : US.EPA)

24 10 ()
2
21
211 7
o0 ()
2.1.2 7 8
0 ()
213 8
B0 ()
2.1.4

()



2

2.2 4( .. 2514)

80 ()
(ear plug)

3 (source)

(path)
(receiver)

11

12

1.3
14 (enclosure)
15
1.6

17

2.1



23

2.2 (acoustic shield bari

31

3.2

321 (ear plugs) , ' 2

- cotton wool 6-8

- wax cotton wool  glass fibre wool

20
- mass  produced  rubber plugs
18-25
3.2.2 (ear muffs)
heavy 40
medium 35

light 30
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