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An investigation of effects of equal energy
exposure to 0,1 ms impulse noise on hearing damage of cavy

Gao Wenyuang,Zheng X1angyang, Ruan Fangmmg and
Liu Yianjium

ABSTRACT

The validity of the equal energy hypothesis for impulse noise exposure was investiga-
ted, 37 albino guinea pigs,implanted with chromnic electrodes,were divided into five groups,
Each group was exposed to one of following impulse noise conditions, 163 dB SPL 10
impulses at 1/10s, 163 dB SPL 10 impulses at 1/90s, 163 dB SPL 10 impulses at 1/0_5s,.
166 @B SPL 5 impulses at 1/90s and 172 dB SPL 1 impulse, The impulse noise had a
duration of 0,1 ms, After exposure, threshold shifts were systematically measured at 24,
48h and 8 days respectively, The results were as follows, (1) There were significant
differences in threshold shifts among these groups, (2) The 3dB doubling rule was mnot
valid for all combinations of different peak levels and numbers of impulses, (3) The
repitition rate was a critical variable which may affect the degree of hearing damage

during equal energy exposure to impulse noise,

BREEELEHTRERETRGBRENE
ESK. DAWE, WhRGYITE SR
FRBHXRETESHEEFN (egual  ene-
rgy hypothesis, EEH)!''! RIAH&se 8 1Y
WA PR IR AR B AT 4R 4G, R IR

BE5 RERR HA A X R A3dBRN, BE
Bm3dB, REHS AR, WXFUT IR R
BEARART B SR SRR BB N
BTHRGERINENRZ SRR E
Rs BKUPIRTS RER BT BUIWT 1 05 R A

1135 3 5 (1992)



SREEFN? BEHELAMT, HESkk
ARG R EFNEE? (R E AR ER
TR, 7% ST LAWT A B0 R 45 WA B RS
TabR, KRB IO5 AE B RK i R R R BE X 0T
B RIS R R, REE R
TRBERER, R Bk o 75 453 45 07 g B
B ALK,

1 7k
KBIK: 107 GOEIEME, HalEit

KR, BEBRSTER, 4hE250~400g,KE
B 2B R RREE T, BU Bz R T XA R ST
AREBHEME SRR, FHKREE, KE
5 KRG, AN A 3 R (6 H) AL kg
FERBATR(TAHE), shisrH Rk s
SKUHREL,

Bk, KA HtE HHESSE
TRk R BB, Bk rhiRrs By D—86RK iR
PR R ERCE, KRR A
o R, B8 D RAMESTE .3

®1 IPSERRIREFRRERH

4 Zh B 4 & #
Y (EEO - .
3 {H Bk % B2ER¥K AR
ZI (dB SPL) (ms) 3 ¥
A 10 20 163 0.1 10 1/10s
B 8 16 163 0.1 10 1/90s
C 7 14 166 0.1 5 1/90s
D 7 14 172 0.1 1
E 5 10 163 0.1 .10 1/0.5s

gt 4 RO BENESRUZREREN, B
ML, 2mIEX B O, Sk IEE, W
BRTTT, FHENSWBEE DT O R M
%, BHBREAFEHHY, REL0.5dBRA,
WA MR RER, AER PR
IF] D Py B o MR 7 . % R A B & K 413845 7 8%
BIANGTE TIPS EED, E#RB&K2610

T B A A% M B 75 4%, B & K700 438 R AL

B, 2 RESBEEBR. £EEMK
WIS IE AR, AR RIIN 0.1ms,
PR ehE & Bl H S T E .

XA RFER # 7 B PI(<45dBA)YIH
Fo

EEERRENEMEANT. 2845
VAERK PR P BB R UG, 24/DB . 48R,
8 R4+ HIBEAT B e BB 75 5 2% M AE ik
MR EREEEEN, ShPEERRET
AT, WiRfES MM, M0, 1ms FEMA

PR

B, MAEE R s HBRETR
ZFZG-81H K B BK JE # Super H
BiAE S0, AilnE00ms, #iE WK
30~300Hz, BiM0KIETFY, RERR 2
W BT, EEEE NIRRT E5dB BR
W LA BUTTHEIA B B R AR R B 4 7 R

JE g SR o o HE L7 L B R ) 3R

2 %X

NEAMERBHRBITFHERRN
W% 2. BREMTOTEIEY, KUAR
MRABETBEEEZR(P>0.05),

PR s RER S5 24/hRf, D#(172dB 1
)BT BB A B (LR BRI R B
EZEFBB, TR, 24HBE 2 BB#EHN10
dBSt, HRBHRBIEI~5dB, A ¥ HRB
2,5dB, HEMRERBIHBEER, 163



%2 MRAMKBARRA FHEEH (B SPL)
5 A B C D E PO
Fi@
(n=) (20) (16) (14) (14) (10) (6)
X 23.8 21.3 22.1 23.8 23.5 23.3
1.32
SD 4.6 2.2 3.2 3.1 3.4 2.6

dBOA=MEBEERXNERABKTEREH B
KRB, BAHQ/10s)RBEK, AFHE
41.3dB, ZABRKEB70dB, B/MABHEA
20dB; BZ1(1/90s)BIB K2, FHIME % 29.7
dB, AAANERBEHE; E4(1/0.55)
IR AN B, H19.5dB, =B

B ZL0ABLES, AREBEEER,
C#(166dB, 5 %1/90s)ZWtLTEREN B
W, FHHRBSB.ENAZNAEE, H
EHpHZERBEE, S4ATHRBE W E
3, RO ENT, EREN BEPL
0.001),

%3 BEkpEE24/MEEHAFH@ME B
2zhill A B C D E
Fi
(n=) (20) (16) (14) (14) (10)
X 413 29.7 24.3 2.5 19.5
23.6
SD 14,4 14.5 12,2 3.8 5.5

BB 48/h e, DA 72dB 1 R) 3193
EREZRZBAIKE, HA 4 4524005
BHE, #IKHE 8 ~10dBEEH, K4 TN
W5 RBAML, 2REFEE. 163dB 10
REBRZAHTFHRBIULALARK, B

Hkz, E4E8/D. AATPHEBEB, E
RS, HRERLER, EHAMLILE,
ERERB¥. CAZYTHAHdBER
W, 5A. DRNAZRMEREE. £4
PHEBLE 4, HEMNERTHBE,

x4 RB DR ELSDEEEHEEIRE (IB)
SRR A B C D E
Fi
(n=) 20) (16) (14) (14) (10)
X 30.3 éo_e 14.6 0.7 11.5
7.29
SD 13.1 14.1 11.7 1.8 3.4

BRBIS 8K, 163dB 1/0.5sH 5L ¥
HEeWE 25dBLIK, 7 2 B A10dBR
, 47 EBsdB, ERERBITK F

1/90s41 ¥ Fi#10dB, 51/0.5s 41(E41)
FBEER, KHALKERKEE5dB L
P, (HABEREBRBEA, ik 25~50dB;

113 3 #1(1992)



1/10s A 4D s BB LR ok, 20 B
3 HBBHEEB, EREEEARBNE
25dBLL b, HPHBESERMB AxRIEH
B3, CH166dB5 R)FHYRMBWKE I8 &

%5

H, AFHRB5IB, SAHFBERE RS
B5B, EW4ZEHERBE, FATHHA
B 5 o X 2 S5 T S AT AR R s ) 0
Wt B, I T 2 3 B

BREDIBRESXEEAFHNBB)

AR A B C

(n=) 20 (18> (14)

D E

Fig

(14) 10)

X 215 10 . 5

SD 14.1 15.1 6.8

S 5

7,23
3.3

*DH B & IE R R

3 it

7P BT T A R R BT AR R I 5
. T SESE T B SR ok ol R 7 A R IR T
e, LA TEME, REMREREK
LEMBHMHA S, ALEA. B, E=4
RBRBREE RSB LM, RERK
PR A8, E, EIRBNAR
BRI M. FEEENN, NTFE—FH
PR, BRI EA BT, %
- 3dBEN (WA I 3dB, KBRS —) 4
AHBRNRSRFSHERE Y ), A%
BCAMDILLENAS, HETHAN, &
S1EhYrE A BRI R S A R R R

HB RN REWEENGF. ALRE
41 3 Y Bk i R B R BB T R — SR B 1 B
B, EAEBHERIIRE MRS, 54
HFHIRE, HHHETSBE, BREE24N
B, R4 BB (AL N41dB, B
SEY R (DAY A2 .5dB, B2 38dB;
BBIF 48/, DAY ERE RBEIATE,
B4 HARELI~30dBE B R B8
X, XEAEWARBKE B5dB, HAHK Ty

EFERA

RBE20d B ke J7ZAHT, KARTH
RBHERENER. XHERRN, S5
Bk R g & AR R RS
$k, BRSBTS EERRMAE.
$3d BiE N AR SME R HALAME 6
BERHIRERE, REERASRENTS
R, RAEBHRME, HNE KR
{£(<<147dBSPL) (K& 4 Bk s rs LR P &2
B, 2 HE AN R WA R B AR Bk rp B
2R, PHENTTSHPTSHI S, Grenner
as e RETRENR 7 10 3h Yy S P L ESE, #% 3dB
EMHANZ A RBAMUTR 18 & M
ET, {HAEANERBREMK M RERELE
o, RPN AR, WG s
RENEBLMES RERGTE, A
EEREEHRBNEEERE .. A LR
B. C. D=AKMESE KHF, % 3dBi
WAL, FBRK £ W, B(163dBloR)M
C(166dB5 )AL RBEENAHIL B F
MR, EDAQT2dB1 RIMTEHR B 5
MHALRN+4 8%, ZARBKEHE
HkTRESN, THHAZRRES X
{4 10dBFISABRI RS, XiXHH, ek
RREAAX 7 MGN SRR EM AR T
WERE, BRIAFLESEEENMRE. &

— 27 —



FEBEEFT, BREBRRRZRBITERSE
0 B e E T E T S B, MR
B T B B 22 BB JR R R RE R PR BE R,
Ve B TR A % 5 28 LA A 40 P Y L E T 3
HERERKIRFERBENERIZY, H
WEZEREIRZ RIS 81 45 1 2
Mot HH HEH NN, EEHERRE
o, BEERNREBEART LS T A R ME
HAUY A2 A, B, EZAzhY R Bk
WA {E (163dB) fIR (10 ) MFE, E &R
RGBS ARE, BEE24/PE, AHQ/10s)H
BEK, BAKZ1/90s), E 41(1/0.55)5%
AN, HEEHREBMIZE10dB, g BEME
R BERSDE, BABMEHARBER
EAEE, BAHSEMNNERDT4BE;
EBWI XK, E4ARBOKEZF5dB, HAA
Y E21dB, L RS, Bkrbig
PR ES RN SRR NI RN
BB B RA— eRERNEW, EEEAR
s X3 7 4 07 O 78 BE 4, T B R TH .
AR R Uy M R B A E
IR, BMREE R(Q/0.5s)F1 18 E H &
(1/90s ) X3 W Jfy 45347 B R B8 LX) 0 b A 2, K
B g, MEEERQA/10s)RER 1 &
H, FAERIMEZER. MIXFR A R
BEATAERE, WA EI A4S
WEARKKREIEER DY, RELEN
Bk e e F R B I TR, B HUL A Re sk
Wedg, XERKMEEBIER, NEBEN
HEZNEER" A NESL, Ve ik
BB SERME, A—MRESR, 7Eld
FEARGE AT, FFUR Ay TR S R B3 2 % R
E)SmEEmBE Y ALK BHABE
HERZBRDGRE, WHEEF R EBE
EEERBREE, '
. AILBERER, FREEFRMME
AIEAE APk P 58, $:3dB P kb
W 7 N 7] 2 A 0 W 7 1Y 2 [ 40405 4 2 5 11

#, K@ EEEEEERE RGN EER
P o 7E B ST K e P R A 07 01 2 AR e
WA T B A TR RS A .

8% M

1 Burns W, et al, Hearing and noise in
industry, HMSO Loadon 1970

2 Grenner J, et al, J, Acoust Soc Am
1989; 86; 2223 ‘

3.ISO/R 1999, International Organiza-
tion for Standardization, Acoustics-Asse-
ssment of noise exposure during work for
hearing conservation purposes (Geneva
1971)

4 Pfander P, In hearing and hearing
prophylaxis, Proc, of Oslo International
symposium on the effects of noise on hea-
ring, ed by Borchgrevinik 1982

5 Hamernik RP, et al, J Acouss Sac
Am 1987; 91; 1118

6 Martin AM_ Effect of noise on hear-
ing, N.Y. 1976; 421

7.Grenner J, et al, Audiology 1988;
27: 356

8 Henderson D, et al, A parametric
evaluation of the equal energy hypothesis,
In RI Salvi, et al,
aspects of noise-induced hearing loss. Ple-
num N.Y, 1986. 369

9.GIB—82, EHEHRELHRBENENFEN
ARt RERE, EFREEARATVRRAS,
1982

10, NAS-NRC CHABA 1986,

working group 57, proposed Damage-risk

Basic and applied

Report of

criterion for impulse noise (gunfire) . °

11 P2 RE, EHEGREFE, FEER,
1982; 7. 372

12 Henderson D, et al, J, Acoust Soc
Am 1986, 80, 569

13, Price RG, J, Acoust Soc Am 1976,
59: 709

1135 3 #1(1992)



