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Differences in Temporary Threshold Shift and
Recovery Patterns Depending on Sound Type and Pressure

Chae Kwan Lee"

Institute of Environmental and Occupational Medicine, Department of Occupational and Environmental
Mediicine, Busan Paik Hospital. Inje University, Busan, Korea

ABSTRACT

Objective: This study aimed to investigate the differences in temporary threshold shift (TTS) and recovery
patterns according to different types of sound and volume.

Methods: TTS and recovery patterns were assessed for eight students after 30-minute exposure to both 70.0
dB and 90.0 dB of factory noise (noise) as well as music. TTS was measured before exposure and two minutes
post exposure, and recovery patterns were evaluated every 10 minutes for one hour. The subjects performed
activities of daily life and sleeping times as usual but taking drugs or drinking alcohol were prohibited. The
experiment was repeated three times with an interval of at least 16 hours. ANOVA and T—test were carried out

using SPSS 19.0 for Windows.

Results: The hearing threshold of all subjects before exposure was less than 30 dB at all frequencies. Mean
TTSs of 70 dB noise and 90 dB noise exposure were 0.14 and 4.48 dB (p<0.001). Meanwhile, the difference in
music was insignificant (-0.63 dB and 0.55 dB, p=0.063). A significance in the difference was also found
between the mean TTS of music and noise exposure, more obviously at 90.0 dB (p<0.001) than at 70 dB
(p=0.232). The TTS differences were found frequency-wise in terms of sound type. Mean TTS by frequency
was higher at 4,000 and 6,000 Hz than at other frequencies, and higher in noise than music at the same sound
pressure. The TTS difference in each frequency between both sound types was significant at 90 dB (p€0.001).
Subjects mostly recovered from TTS in one hour after exposure, but not with 90 dB—noise exposure.

Conclusion: TTS and recovery patterns were different depending on the sound type. When exposed to factory
noise, TTS was greater and recovery time was longer compared to music at the same sound pressure. These
results suggested that the difference in cognitive processes and psychological factors according to the type of

sound causes a change in TTS and recovery.
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Shift, TTS) = 944 HH <£4(Permanent
Threshold Shift, PTS)2 54 EHChoi et al.,
1996). TTS= &gl gk oM F-FE5 Hddh=
Hog Ao kEd F A7l= FHGAY IAA ¥
3= QusiH, YutEo R o] Tl 28 F &4
Sk TTS ZH(TTS2)S AHE3HHChoi et. al.,, 2001).
QLA FoHA H= Agle A 43 o]
=718 “Hol= a8t &33 o] “YehA| o= &
P2 g & Atk 349 B¢ AgE] 811 o
ot ApEHo R FUE Fobx == W, A2 AY
A T S4F olf o8 ElusH kEsH+=

ARl 1A A3} 44 aRlo] A= tEA 2Es
ng 22 37|19 AR =29 A7 &F
= 29 7wt 7 7|3 &5 UEhve=
AEA 32 g2k 4 QItK(Strasser et al.,, 2003).
dE =4, BAZ ¢ 22 =2 e S AF
o] ¢ EAsHEE Wi, 450 E5E o= =
Z5Ho| o EAsREHchoi et al., 2001; Reybrouck

Lot 5o tE2A JFE uFdE Hix o
(Kim et al, 2008; Kraaijenga et al, 2018).
Strasser et al.(2003)& ¥|=$t 7|9 A2 F:
AUAE B9 o] 7 =2dH AEE 119
TTSOl Ao|7h Slvk= AHES SAR, Ad9 7
b g8t I 2717 Zed =AQl ouA|Eo]
Zoug QA mA= IFE Fohe oo &
AS A7t d+= U9YcKStrasser et al., 2003).
g3t A4E2 €718 Hole =9, e Ve
dA = A3 Zol HE SR agE XSt
HFoll= AHA 8Rlo] tEA Z-Esto] H
7189 m2Ert gE2A Ued ¢ s A
o} tHStrasser et al., 2003; Halevi-Katz et al.,
2015; Reybrouck et al., 2019).

o] AFtoA= o=ttt JuEHS HWEZ =
T AT AT T SY9E ARESHe] HE
F79 &7 &0 E TTSe 38 FA9] Aol&E
= Ao tigt =14 Q1A TP A7 H
8119 Zpol7} 8 IA] ¥} & nA= JFS

o)

N
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I ZAMCHYE 3 Y

AR A7t 200 ey 8Ygolqler, Jd
&2 4:4 0|3t 0|59 =Y =& A & A &
< A 9X|(hearing threshold)= 500, 1000, 2000,
3000, 6000 HzollA R5 30 dB ||t 4000 HzofA]
= 55 25 dB w|¥tollom, Y 7| A%k §il
oh AY 7|7t BRF2 AR FHAIES BAAIHE #
Astelon, kg0 E&o|v S5 5 A Aol J3F
2 £ & S+ B8 P52 FAGUHKIm et al,
2010). o] A= UAHT ALY U

MR Sgehnt.

jag

ore Aol
o AYHAL, 222

AgolA =33t A Y 32 A :
H3E 2579 342 GoldWave Digital Audio Editor
(GoldWave Inc., Canada)® ARE3S}e] 500 Hz,
1,000 Hz, 2,000 Hz, 3,000 Hz, 4,000 Hz, 6,000 Hz
o tiste] FuigthE 489 A71E AT 5YsHA A
A5t 247 307 B SHIsHIH =& 52 70
dB o9 AZOAREEH TTSE doXitk= Hieh
OSHA, 1983)% °l& ZA& Hl= ARIPHEAA
(Occupational Safety and Health Administration,
OSHA)OIA Aet AFkE7]585 dB)S whyst
o] 70 dB¥} 90 dBE Aottt kF W2 o2
== W ol 7P ol ARESh=  oJofE
(a-JAYS Four+ earphone, Jays, Sweden)& A&
stolom, A9 F7|(dB)e ARIEES AF 2E
71502 AA3 T Edged dosimeter(3M, USA)ZE

o
_Orl"
)
T
1o

3. ¥ =10 H¥E A

=9 =& A P HAA mAEAR] o5 HY o
A|(hearing threshold)& Z} Furd] @& HAFSH
1 3 7155 A ¢Afol wEt o]o]&E(a-JAYS
Fourt)& Bot] 2 279 ol 30% & Eof
dom, F= 28, 108, 208, 308, 40%, 0% T
HAEAARE Fdok =& A3} vluste] dabg HA
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Table 1. Strategy of noise and music exposure and TTS assessment

TTS assessment (n=8, one—day interval, repeated for 3 times)

Order No. Sound type Sound pressure Post-exposure
Pre—exposure Exposure (10, 20, 30. 40, 60 min)

1 Music 70 dB 500 Hz 500 Hz

] 1,000 Hz Order 1,000 Hz

2 Noise /0 dB 2,000 Hz 1-2-3-4 2,000 Hz

3 Music 90 dB 3,000 Hz 3,000 Hz
4,000 Hz For 30 min 4,000 Hz

4 Noise 90 dB 6,000 Hz 6,000 Hz

HIHTTS) #= Akttt HARE Foke= 500,
1000, 2000, 3000, 4000, 6000 Hzol3omH, S99
L=Z &A= 70.0 dB &<, 70.0 dB &2, 90.0 dB &
°}, 90.0 dB &% &=°|tt. 70 dB o9l ago] ¥
Aot ZAR oA A FS T F9- AR o] &
S Ag A7Hnoise free interva)S AX & A&
A 3o Akt AAP) 7Rsslte R
At Z4Zke] Y =E AP A 16A1RE ol
(BFHY AIZEE FtHchoi et al, 1996). 4714 &
9] ol tiste] Aol wet E3 HHHAF 1
33 “}iﬁ}cﬂ‘:} TAAN S E A9 3
/\P W82 Table 13 2tk HEHA= 2 g d 3
HAAMA GSI61 =3 AA|(Grason-stadler,
Minnesota, USA)E AR&olo] AFAQHH B Aol A
FYote EFAATE P uE oAt £

Pstaict,

nﬁ

4. EAEN
ZF =2 A9 TTS 32 g4 #& Wf'n A A5k
o AL 7o H|Wo|= ANOVAE, Tt 719

HWoll= t-test® F~F5tATt. %ﬁ]ii_‘lm:
(version 19, IBM Corp.)E AR&ot3ith

SPSS

m.z

1. 229 SRt I7|0f IHE TTS

4289 7} 7o E 471A] =F 2| tigh
TTS B2 [Figure 1A, BIZ Yeidct 70 dB &
ko] =& & TTS ¥ -0.63 dB, 70 dB 429
TTS B2 0.14 dB, 90 dB 29t9] TTS BHS 0.55
dB, 181 90 dB &29 TTS B2 4.48 dBE %
AbElo] 90 dB 459] TTS el 714 Hoh 181 &
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Agt 7oA 4T &S 749 & & TTS & ]
WP, &30 TTS o] =2t v|ste] o, 1 2t
&= 70 dB x=3(p=0.232)°l HI3}o] 90 dB oA
= FYeFAtHp<0.001). &t A5 eS| 747}
o] 428 F7]d] W& TTSE H|wsPH £3(70 dB vs
90 dB, p<0.001)°l4 =°Hp=0.063)°1 ®Is}of 2to]7t
ZiTHFigure 1Al

47H] Z 20| djsto] zb ol
< [Figure 2BJoll YeRAAS. 70 dB =<F

[¢]

TTS Bt
(o]

=9 4¢

T -
T

70-Music

TTS (dB)
N B, O RPN W A~ U O

70-Noise 90-Music 90-Noise

Sound types

7 W 500 Hz W 1,000 Hz 2,000 Hz
3,000 Hz ® 4,000 Hz m6,000 Hz
5 I 1
3
: X iﬁ i i

TTS (dB)
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Figure 1. Mean TTS for eight subjects after the exposure to
70 dB/30 min and 90 dB/30 min music and noise
according to the exposure strategy. (A) Mean TTS
by sound type and sound level. (B) Mean TTS of 4
type of exposure conditions by frequency
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Figure 2. Mean restitution time course TTS for all 8 subjects
after the exposure to 70 dB/30 min and 90 dB/30
min music and noise by exposure strategy

3,000 Hz%+ 4,000 HzE ALt 47FA] FapoA] =
< 9o 29 TTSE Yerelth. 18]l 70 dB &3
90 dB -&2t9] A< 2,000 Hze} 3,000 HzolA= &9
TTSE, UHA FoeEolAs ‘M TTSE YeERH
o} I3y 90 dB 4&29 H¢ BE FupofA] g
TTSE Yet ot o=t 8 TTSS| ¥sh= 478%
A2 glolon, Zotof Hlsto] AgolA], T2 AF
7} 245 1 3] o, 90 dB kEoA= 500 HZ
£ ALt BE FupoA S A 7 {3t ¢
o5 YERHATHp0.001)[Figure 1BI.

2.2 2 NI SATT SEIEHHE1

47H] eZ 240 diste] =3 A FY QAE 7IE
0% LEF FE 2B ¥ 171 108 HFH0R 1Azt

Y TTS & 2 ”—[Flgure 212 YERRA
70.0 dB &9t9] A%, & A P 92 B ] =
£ R 28 ST TTS H42 -0.63 dB, 181 =& F
2 1IAZE 3 TTS a2 —1 22 dBO]‘}iE} 70.0 dB &
L9 AL i% A =& 28 28 3 TTS Hd2
0.14 dB, =& %8 m{P Zo= -0.70 dBeIUY,
90.0 dB 29t9] ALE k& A fH =& F7 28
%o 0.55 dB, & % 1A17F Fol= -0.44 dBE =&
Aol g TR AR Fole & A B O ol
o] EoE IEH :LEM 90.0 dB £89] A%
LE U & T2 28 F TTS B2 448 dB, &
€ T2 A7 Fol= 2,13 dBE & A Hr} ofH9]
52 52 Ao} tHFigure 2].

90 dB & &% kE&5dE 7 7 = ¥ TTS
315 P4 [Figure 3A, Blol UeFHALE 90 dB &
oto] A% 500 HzE AQIgt & FukpoA] k& A
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Figure 3. Mean restitution time course TTS by frequencies
for all 8 subjects after the exposure to 90 dB/30
min music (A) or Noise (B)

F= T Hop 32 &0 7 J1EE QI O Figure 3Al,
250 A e FuolA =& A Hy 52 o
o %xﬁoq 3% £57} “tHFigure 3Bl. 4714 %
A9 & 5 E]'E 35 FgofA okt B TTS %t
9] W3lol= AT HAFZ itk

V.

U2k

o] AtollA= Aol gt FH4 QA Igt Al
A QRlo] HE X #ske} 3&o| nA= JFE =
A}ﬁvl Asto] St 4222 9o F2 R

Z Al TTS Wgke} 35 S vlwsiltt. 5248 =2

71014 Seto] Blste] £ k=& Al TTS7F #loH, =
4 2971 255 1 Aok IA YEsth & It
AolA= 70 dB 2o 42, :Lﬂﬂ 90 dB &°F &
Ol A =2 T AT FoflE E A $F B 1

BPE SlEE9oH, 90 dB &2 }EE—’] %‘T 1A17E

Zo|x= ofA3] TTS H4to] 2.13 dBE |AI5HY 3=
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o] Lt} o]t Aol oJstH A9 FFL} A7
%= TTSO| @FE vIHoH, &Yt 27|94 vlast
H A9 FFol et TTS= &ol7t Atk

4289 Z7|9}F TTSO| High 7|& o8& AgE= &
23] o x]of Bl sto] ol FEAE(outer hair
celDoll F3FS v|A Yehtes @FCE distar ot
(Wang et al., 2011). 184 A&g9] £F0] 2 F
ARl QIA ¥, 183 424 BE wHgste] TTSE
ZARGE A= ofA2 &3 Aol o] A9 A
of oJstH &Yt 7oA et} H|w st Agof e
=2 4% TTS7F Y ZleH, 315 4 £ 90 dB =
=9 A% &30] 9 kg0 vls A ZFP= A
ozt A= A9 FF7F TTSO ¥F= v 5
lom wehA AeF TTSS] IAE ©<=s| HAIH
ALEE= YA AUAZFo =gt Brlsh] Hrg= 4
=9 ollA YAIRE v} o] "R = AaT"e}t =
ot} Zro] “Yot= AY"E RSk FHAERI 1A
At A a3E vtgsto] 7o g2 oju|git

o] A-toflA =3t 27H4] el thste] 70 dBt
90 dBo] oA k&t Ay} Skt H TTSe 2
= T Yo ddHeE [k TTS HEl
10 dB ©]8KHellstrém et al., 1998)0]3}tt. o= =&
AlZro] 30802 3o HF U AFFAIA Y A =&
T AAY k& AlZto] vt A7) TR &
A}, 18y e 24 AA ALoA9 e 24
aEsto] SRttt S A keEo| WE TTS?}
38 Y, 181 HY £449 Frole Aolrt &
Aoy, ot &g 7He] Aol ¥ Ad AR A4t
ok 4= Ut} ok o]l Ayt T2 A LA
2o A sk gl FFHo nA = JiFo] o
£ Ao H|5to T k= AMES Qju|ohn, wEbA

AP FHET g FAYS WEHE 2

1970~80¥IT JadSo] goke X WHe Av

52 F= olgatdrt. Tet A2 20~309 A
B 2371719 290kt AUFEE Abgo] Luishelw
A FE YUY ololEL olgstel goke FHatw 9
o). olgfat Batael Mok HadSo] o A
b2 Bl HEsEAL B2 ARk

A 3 AREA 52 5 A =l 22| o9
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02 FAHE9] FY &40 gk 929t A ojojE
AE AEI9E g &40 High RAPE o]Fo] A7|%
o} tHArlinger, 1991; Kim et al., 2009; Zhao et
al., 2010). =4 2719 ol HAEE9] 2 &
FHoll 2 8 &2 Bricke IHole ASske =
oto tiste] 718 HotA] o= A T2 7|EY
LE g7t S A8 o=A Ao gk 14 <l
A P AgA gRlo] wE A2 vhgo] Atolg
HHdSHR] Z5h9ict. Strasser et al., (2003)2 ALY
=2t tiste] 2814 oA 57F YF]of ot FLgt
7152 A-8oto] Bt A AA FAHEY e oA
2 %e} ofof] WE TTSO| Apo|7t S-S HISHTE
(Stresser et al., 2003; Halevi-Katz et al., 2015).
o] AFoNE Aol FFo WE FF QA A3t
AgA 8219 atol7t HE HX| Wl gJEof H|X|=
P AAE Boto Blustglon, 1 Adte A9
5ol w2t ApolE Hof 9 AA=e] Bargk 8
AT

Ay 23} F o|H9] A-Zte} v|wste] qrEo]
S HEL2 70 dB 293} &S =&, 181 90 dB
of & T IF FuollA 29 F(AA 22%)=
Uepd Zojt}. o= 9 B A4S S W F IF
oA LAHCE Q35]E HFHo| FoFlSS unltith
olgigt A= Aol Higt “AYMd #T™H HIZ
(sound conditioning-related protection)” A
H3t o]d9] A3t RFARE Ao}, Ao tigh
YAy B S @A o]t 7 3719 v
Alo] gk 9HEAQl kEo] QFEAEZE A5t
ojojA= A Al LE2HE HAAE HIgt=
2.8 WS KYoshida, 2000; Niu & Canlon, 2002).
Ao A 70 dBY] 23 &5, 183 90 dBE
oF LZolA 9] TTS 3 ERIT 4= U%eH, o]
E35] v dH9oE & 4 9= 70 dBOA, 1
1 Ao Hst] FAkEolA B A et 9
S FARRE 23E UEQIth 1=y o #gl ol&
A2 SEAY 2IE 7|Fe s HuE Zo] iR
o|E= o|F Aol Agslo] shte] o]go=w A4
of7|+= olftt. 181 90 dB &2 k=& Al9 4,000
Hzet 6,000 Hz tgoflAe] TTS Fto] oE Fubo]
H|g] zow, ol 7|&9 &g kEo] W& C5-Dip
o]&(Lehnhardt, 2009)2 F-ARRE 233t} 124 90
dB9] 2 LEoA= olegt A UAT 4 glof

o o

O rr do o 0
0

. fe rlo
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a5 Ede A7t AH.

o] A9 Al AAE ZANIAZE 200 H
27t 4 or FAgEfo] HAF Aol Higt g Al
L7} tha gojRiths Aoltt. I8y o] 4= ol
o AR S Best] flste] 299 Evlet kg 27,
I3 = & TTS #AARMY 59 e J8 =5
T2 SR AL Esto] 5T
FHAZE ST &3 7 Faed) @ 742 Aol
o F7HA] 2ol diste] Fuped] B S 37171
£ Algote] Yo 24T & kg Aol ARSI
oL}, gt SR 7|9t So® A Sk o
T FurE2 HAEE A v &2 B35 A
Aoz datt FupsR FAEHER SYVE AN
ofo] 28 dEjEhe AR AR 29 ole F

Zrf 8 4014 Tha Rol7h Qlrke Zolek.

=

819 Zfol7} g FA] Wglo|| v|X= FFE XA
7] 9lste] YshA] g AYE AR A3 Yske
A2 ASsl= SR SYeE ZH7F 70 dB# 90
dBofl 3087t &3 & A4
3 FFY Aol& H|wsth FYE A0 =&d
749 &t H[gte] &g kE Al TTS7F IA Yerst
on, kEH A7t S5 11 Aol AA YEHT
TTSY & F42 70 dB 243 &, 181 90 dB
= =20 AR =E TR K e 2 A £
£07 JEFOY, 90 dB &2 &9 HF 1A7H
Zox A3 &2 TTS FAIsH =8 38 FAS
HePAATt o]gt Ziks 49 R0 nE FHH
1A FF3}k A=A gRlo] TTSe 3|50 JFS nH
T 32 QUi 181 o]t A2 HgRt
Aol W Y &4 Friet 443 & T
oS A5 A2 &85 & S Aojtt
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