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— Abstract —

Impact of Solvent Exposure on the Occupational Hearing Loss

Ji Ho Lee, Young Ju Go, Hun Lee, Jung Hak Kang,
Cheol In Yoo, Choong Ryeol Lee, Yangho Kim

Department of Occupational and Environmental Medicine, College of Medicine, University of Ulsan

Objectives @ This study was to evaluate the impacts of simultaneous exposure to noise
and mixed solvents on workers' hearing threshold level(HTL) over five-year period.

Methods : The study was conducted by interview and annual audiometric test on
workers in ship building industry from 1994 to 1998. The cases(workers who exposed to
noise and mixed solvent simultaneously) were 43 male workers and controls(workers who
exposed to noise) were selected by matching method with regard to age, sex, carrier, and
noise exposure level. To assess the impacts of solvent exposure on hearing threshold level,
with considering other factors, general liner model was used.

Results : 1. The audiogram of all subjects showed typical sensorineural hearing loss pat-
tern. The mean HTLs were increased at high frequency(4000Hz and 8000Hz) for study period.

2. The HTLs of cases were more increased than those of controls at high frequen-
cies(4000Hz and 8000Hz), but there was not statistical significance.

3. The impact of age on the HTL was statistically significant at 250Hz and 500Hz(p<0.05),
and the impact of noise on the HTL was statistically significant at 250Hz, 2000Hz and
4000Hz(p<0.05), but the impact solvent exposure on the HTL was not significant.

4. The changes in HTLs of cases were higher than those of controls at high frequency,
there were not statistical significance at 4000Hz, but only at 8000Hz(p=0.087).

5. Statistical analysis of the general linear model implicated that the changes in HTL
was impacted by noise exposure level significantly(p=0.031) and impacted by solvent expo-
sure weakly(p=0.087) at 8000Hz.

Conclusions : The results of this study suggest that workers who simultaneously
exposed to noise and mixed solvent were at risk for more affected HTL than those
exposed to noise exposure only, but we could not find definitive evidence. Further
detailed studies must be made in large number of workers.

Key Words : Solvent, Noise, Hearing threshold.
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Table 1. Distributions of subjects at the beginning of study

Solvent Noise Age(years) Total
exposure level (dB) ~39 40~44 45~
Yes {85 7 12 2 21
>85 3 6 13 22
No {85 7 12 2 21
>85 3 6 13 22
Total 20 36 30 86
Table 2. General characteristics of subjects
Characteristics Solvent exposed workers Controls Total
Age(years) 42.5+4.6 42.5+4.5 42.5+4.6
Carrier (years) 13.7+4.3 14.1+3.9 13.9£4.1
Noise level (dB) 84.5+3.5 85.2+3.2 84.9+3.4
Solvent exposure® 0.837+0.922

*Exposure index of mixed orgnic solvent :

total 17 species(Toluene, Xylene, Stylene. Trichloroethylene,

MBK, MIBK, Isopropyl alcohol, Ethanol, Methanol, Trimethyl benzene, Acetone, Ethylbenzene, n-Butyl
acetate, 1,1, 1-trichloroethane, Butyl alcohol, Cumene, Butyl cellusolve)
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Fig. 1. Annual hearing threshold level at each
frequency for all subjects
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Fig. 2. Mean hearing threshold level exhibiting consecutive annual hearing

tests of all subject by solvent exposure
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Table 3. Hearing threshold level (dB) exhibiting consecutive annual hearing tests of all subjects

Test Solvent Frequency (Hz)
year exposure 250 500 1000 2000 4000 8000
1994 No 18.1(6.9) 16.6(7.5) 13.6(8.7) 23.0(15.0) 50.7(16.5) 41.4(23.0)
Yes 17.6(9.0) 17.4(8.3) 12.8(6.6) 22.4(16.5) 54.0(16.9) 42.2(26.3)
1995 No 18.2(7.3) 16.4(7.7) 13.4(8.7) 22.8(14.7) 50.9(16.6) 40.9(22.7)
Yes 17.7(10.0) 18.0(9.5) 13.3(8.0) 22.7(16.0) 54.1(16.9) 40.7(24.8)
1996 No 19.4(8.3) 15.8(5.8) 12.5(6.0) 21.9(11.8) 52.0(16.8) 39.5(22.0)
Yes 17.7(9.5) 17.4(8.4) 13.0(7.4) 22.5(16.2) 54.3(15.6) 40.9(23.7)
1997 No 17.8(6.8) 14.4(5.5) 12.8(5.3) 23.4(12.3) 53.4(15.7) 41.9(19.9)
Yes 19.6(8.0) 15.0(7.2) 11.4(6.0) 22.3(16.2) 56.4(15.1) 49.4(24.0)
1998 No 16.5(7.3) 13.3(6.5) 14.7(7.4) 25.1(14.6) 56.2(16.4) 45.4(20.7)
Yes 18.3(7.9) 14.3(7.0) 10.8(5.1) 22.1(15.6) 57.7(12.8) 51.4(22.3)

Table 4. Significance levels for hearing threshold levels using repeated measures ANOVA at each fre-
quency as a function of solvent exposure, age group. and noise level, respectively.

Solvent exposure Age group Noise level
F H: Ti Ti * Ti
requency (Hz) Time fme = Solvent Time tme * Age Time 1m_e . Noise
Solvent Age Noise
250 0.263 0.135 0.911 0.233 0.149 0.041 0.265 0.082 0.213
500 0.002 0.595 0.311 0.006 0.316 0.023 0.002  0.035 0.307
1000 0.133 0.078 0.373 0.080 0.666 0.748 0.136  0.922 0.601
2000 0.516 0.355 0.781 0.337 0.041 0.130 0.537 0.032 0.011
4000 0.007 0.797 0.412 0.006 0.581 0.370 0.008 0.422 0.041
8000 0.000 0.079 0.511 0.000 0.076 0.715 0.000 0.158 0.065

Table 5. Comparison of changes in mean hearing threshold(the last value-the first value) at each frequency

according to solvent exposure. Mean(SD)
Frequency Solvent exposed Controls value®

(Hz) workers(n=43) (n=43) P

250 0.63(9.31) -1.63(9.31) 0.213
500 -3.14(7.64) -3.37(10.04) 0.910
1000 -1.98(7.00) 1.05(7.12) 0.835
2000 -0.28(8.37) 2.09(9.14) 0.915
4000 3.72(11.60) 5.47(11.74) 0.485
8000 9.23(14.12) 3.98(15.04) 0.088

*p-value calculated by paired t-test
A AF = 2391 250Hz}
FEFe] URneH,
991 2000Hz<}F 4000Hz

IR 2L AT

542

b. #7ISHM =&7F0l WE



oAz & -

F718H-E0| AAA

Hzdo ojxls g

Table 6. Results of three way ANOVA of solvent exposure, age group, and noise level for difference of

hearing threshold(the last value-the first value) at each frequency using general linear model.

Frequency(Hz) Model Solvent exposure Age group Noise level
250 0.104 0.243 0.709 0.072
500 0.683 0.905 0.477 0.779
1000 0.373 0.054 0.823 0.756
2000 0.097 0.204 0.046 0.296
4000 0.874 0.496 0.689 0.650
8000 0.019 0.087 0.116 0.031
250Hz~4000HzoN A= FTitell BAAHCR fo 7lsdolrt o2 dez Ay g uA
gk Zpol7b gllem, 8000HzoAMRE AAIXS o 29 WEAM X Fo=x] L 13 A3d, HAA
& e ATH(p=0.088). 7, 5 SFgol o277 o vt o 3
= = Helet| Z &=
6. Heiotxlstol chet SIISH, I, S T B A ageil e
ronzmol olst Aol uFu4 A3 (upper frequency limit)e]
srETes AAA o] et ey Foke Zbe uleh 93]
FoeHE BV NEY] AgAX Wl o 7t A gadte AE Jehdd. gy 4%t
gk 7t 8Rle] JEE AT EAS AR #AF] =R1IAEHES ofUuRv o] 2F 1 Aolm ddliked
&l NP RFP S o] &ske] A3 A3 8000Hz AMFelA = 2 BfFAde] #Z3lth(Rosenhalld
o A5w 2do] BAFeR {5ttt 714 Pederson, 1995).
A I As G 8] AgFae] BALeR fe A gerEde] AYd nX e G tiE) A}
Sk S mX 2 e (p<0.05), 7184l =& S Uz A AL O U AS ERE oy
< Folee] AAIG| At (p=0.087) (Table 6). g o= O Fpgo] vdAIA] FA4AJAA EEA
sttt tiAld ez {71 8Ald g P AgA

A FEEARE IF, A, A", Qe A, A
o A3@g A g Al w=EHE oy 7
Fef At S G WAl "ok wEpA A
dg rAe] FYEde 940 TR v
3] gl 23 a5 W FAPBA N asE
gFolet Aol S A F e e A
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o 2eAdEEe agd ed ot =E3HoR <
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8. 3. 2kHz M= A= o] 52 Coh-dipd’d

S Yepdd(Morata®t Lemasters, 1995).
AGZTtel 23t w04 AL A EZFTolA e

2]
T 2~3dF vElE £ lon, &3 FA|

49 4% ¢ wgd = Jri(Morata, 1989).
v AT e fog die wEs)
Qe 5 o] Folof 753k
=4l (Jacobsen &, 1993), °]zfgk

fow
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2 AN EFHoz Yehue C5-dipd
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