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Evaluation of Ototoxicity by Mixed Organic Solvents
Using the Upper Limit of Hearing

J Ho Lee, Cheol In Y 0o, Choong Ryeol Lee, Hun Lee, Y oung Hee Chai,
Nam Jung Kim, Yangho Kim

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

Objectives: This study evaluated the ototoxicity by mixed organic solvents on workers' hear-
ing using the upper limit of hearing(ULH).

M ethods: Seven hundred ninety-seven male workers in the ship building industry who were
evaluated by interview with an upper limit of hearing from August 2000 to July 2002 were
enrolled in the study. The subjects were divided into 3 groups according to exposure profile and
job: officers, field supporters, and painters. To assess the ototoxicity of mixed organic solvent
exposure on hearing, with regard to confounders, the general liner model was used.

Results: After controlling for the possible confounders, such as age, career, noise exposure
level, tinnitus, alcohol intake, and smoking, the estimated mean for ULH of the painter group
was higher than that of the officer and the field supporter groups. These differences of mean
ULH were at the borderline of statistically significance(p=0.069).

Conclusions: The results of this study suggest that a relatively lower level of mixed organic
solvent chronically affected the hearing organ or auditory pathway. ULH seems to be a useful
method for early detection of the ototoxicity of organic solvents.

Key Words: Solvent, Ototoxicity, Upper limit of hearing.
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000 0000 0000O0. 0000 000 00
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000 0000 000 (p<0.05)(Table 1).

Table 1. Genera characteristics of the subjects meant S.D.
officer supporter painter Tota
N=350 N=150 N=297 N=797
Age (years)* 35.3+ 8.3 446+ 5.4 45.8 5.8 41.0+ 85
Career (years)* 9.8+ 8.0 174+ 41 17.7+ 43 14.1+ 7.3
Noise level (dBA) - 82.2+ 11.8 82.5+ 89 824+ 9.7
Organic Solvent (Em)* - 0.04+ 0.03 0.66+ 0.78 0.51+ 0.73
ULH (Hz2)* 14656+ 2425 13285+ 2795 12543+ 2990 13610+ 2879
Smoking (%) 174 (49.7) 76 (50.7) 147 (49.5) 397 (49.8)
Alcohol drinking (%) 123 (35.1) 53 (35.3) 107 (36.0) 283 (35.5)
Tinnitus (%)" 26 ( 7.4) 39 (26.0) 87 (29.3) 152 (19.1)

ULH: Upper limit of hearing

*: p<0.05, by ANOVA,
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0000000 Table30 O0O. 00, O0O0O,
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o0 ob oooooo obbobob oooo oo
ugbooo.oboobo o ooo oo obb og
good bo boobobbh 000 ooo ooob o
0 000 00000(@p<0.010), OOOOD0O OO
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000000 OoOO0O0(@p<0.057). 0OODOOO O
Uoooopobbobo 0ooog 285% 0000.

4. 000000 OO ODDOboOOoOo O booo
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Table 2. Upper limit of hearings of the subjects by each variable according to organic solvent exposure level and job

characteristics meant S.D.
Variables officer supporter painter Total
Age(years)* -29 15749+ 815 16000 15820+ 401 15759+ 779

30-39 15284+ 1970 14422+ 2340 14878+ 2528 15165+ 2071
40-49 13089+ 2590 13612+ 2606 13080+ 2812 13231+ 2716
50- 11556+ 2909 11463+ 2865 10845+ 2595 11105+ 2713
Careers (years)* -9 15293+ 1898' 14600+ 1917 15930+ 249" 15312+ 1854
10-19 14064+ 2801 13432+ 2822 12784+ 2904 13146+ 2894
20- 12792+ 2775 12733+ 2767 11492+ 2927 12197+ 2899
Tinnitus® No 14938+ 2126 13922+ 2407" 12879+ 2889" 14090+ 2608
Yes 13031+ 3237 12166+ 3206 11935+ 3187 12818+ 3203
Noise level(dBA)* <85 - 13298+ 2849 12684+ 2926 13822+ 2804
> 85 - 13239+ 2647 12240+ 3120 12505+ 3023
Alcohoal drinking No 14499+ 2485 13373+ 2819 12625+ 2985 13573+ 2887
Yes 14947+ 2292 13123+ 2771 12399+ 3009 13549+ 2935
Smoking No 14571+ 2422 13087+ 2876 12418+ 3064 13489+ 2927
Yes 14743+ 2431 13478+ 2720 12671+ 2919 13734+ 2829

* p<0.05, by ANOVA or t-test for difference among total meansin each variable
' p<0.05, by ANOVA or t-test for difference among means in each variable according to group
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0000000000 Fig. 10 OO0. 000 O
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OO0 0000 0000 o0ooo0o (p=0-069).

Hr
1and

(1 e = R

I I +

(ficers Supporers  Panirs
Fig. 1. Comparisons of adjusted mean of Upper limit
hearing among groups
*: p=0.069, from GLM adjusted by age, noise
level, career, tinnitus, alcohol drinking, smoking

14000

12000

[LLLE]

EO00

Table 3. Results of regression analysis for upper limit hearing as a function of variables

Variables B SE adjusted B p-value
Age (years) -1243.2 1935 -0.376 0.001
career (years) -149.2 212.9 -0.039 0.484
Organic solvent (Em) -284.6 149.0 -0.090 0.057
Noise level (dBA)* -33.1 336.5 -0.004 0.922
Tinnitus (yes/no) -1124.7 266.8 -0.164 0.001
Alcohoal drinking (yes/no) -93.1 177.3 -0.030 0.428
Smoking (yes/no) 354.7 228.6 0.059 0.121

R°=0.285, adjusted R°>=0.276 Model F=29.7, p=0.001

*: analysis with three categories (officer(0), below 85 dBA(1), and over 85 dBA(2))

Table 4. Partia correlation coefficient between upper limit hearing and organic solvent exposure level and its typical

metabolites.
ULH Em Hippuric acid Methyl HA Mandelic acid
ULH' -
Em’ -0.127* -
Hippuric acid 0.080 0.057 -
Methyl HA 0.035 0.018 0.111* -
Mandelic acid 0.057 -0.008 0.007 0.004 -

*: p<0.05, partial correlation coefficient adjusted by age, career, tinnitus, noise level.
" ULH : Upper limit of hearing, *: Em: Exposure index of mixed organic solvent
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