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Abstract: Noise-induced hearing loss is among the top ten work-related problems. Furthermore, 
mixtures of solvents in occupational settings might be ototoxic. The present study aimed to compare 
the effect of occupational organic solvents and noise on hearing loss. The study was designed as a 
cross-sectional analytic study in a ceramic factory. Exposed workers to organic solvents, to noise and 
administrative employees as controls were recruited in the study. Noise levels were measured using 
sound level meter. The participants were submitted to an interview questionnaire, otoscopy, bilateral 
pure tone audiometry to assess hearing loss and level of hippuric acid in urine. The exposed groups 
showed significant higher mean auditory threshold shifts than the control levels, but, with no 
significant differences between solvent and noise groups. Level of hippuric acid to urinary creatinine 
was significantly higher in the solvent group than the other two groups. It appears that the exposure to 
organic solvents might predispose to development of v-notched audiogram earlier and affect hearing at 
8 kHz mainly or earlier than that of noise. Whether hearing conservation regulations should be applied 
to all workers exposed to solvents is an issue to be raised. 
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INTRODUCTION 

 
During the last few decades, minimum standards and legislations to limit noise exposure have been enacted 

in many countries. Because of the normal variation in susceptibility between individuals, it is not possible 
scientifically to set a realistic protective standard for exposure to noise (Sulkowski, 2004). The National 
Institute of Occupational Safety and Health (NIOSH) still rates noise-induced hearing loss (NIHL) among the 
top ten work-related problems. It is estimated that approximately 600 million workers are exposed to 
occupational noise (NIOSH, 2005). While noise exposure is the most significant contributor to occupational 
hearing loss, evidence gained over the last 10 years, has pointed to organic solvents as additional contributors to 
occupational hearing disorders. Despite the implications of this finding, no significant measure has been 
undertaken to limit exposure to occupational solvents, or to occupational solvents and noise. Organic solvents, 
known to be hazardous chemical substances, can induce both central and peripheral neurotoxicity (Lowe, 1980). 
It has been suggested that organic solvents can injure the sensory cells and peripheral nerve endings of the 
cochlea, and affect the auditory pathways in the brain. It is widely acknowledged that outer hair cells in the 
organ of Corti can be considered as the first target tissue of solvents, while little is known about the action of 
aromatic solvents on the auditory efferent system. In a recent experiment using both the cochlear microphonic 
and compound action potentials, the authors have shown that toluene can inhibit the action of the middle ear 
reflex by modifying the cholinergic receptors. It is likely that toluene affects the cholinergic receptors at the 
brainstem level. By its anticholinergic-like effect, toluene could allow higher acoustic energy penetration into 
the cochlea exposed to both noise and solvent. The synergistic effects on hearing of co-exposure to noise and 
aromatic solvents are due to solvents depressing the central nuclei which mainly drive the middle-ear acoustic 
reflex (Campo, 2007; Rumeau, 2011). Hippuric acid is a metabolite of not only toluene but also a metabolite of 
benzoic acid or quinic acid in foods, phenylalanine, aspirin or ethyl benzene. Thus, hippuric acid was detected in 
healthy volunteers [0.43  0.31 g/g creatinine] (Fustinoni, 2009).  
 
Aim of the Study: 

The study aimed to compare the effect of occupational exposure to organic solvents and noise on the 
auditory thresholds in ceramic workers.   

 
Subjects and Methods: 

Study Design and Population The study was conducted as a cross-sectional study. Approval by the relevant 
authorities was taken before beginning of the study. Informed written consent to participate in the study was 
obtained from all subjects before enrollment. All subjects were males. The exposed groups consisted of workers 
employed at a ceramic factory in Sadat city which is one of the newly settled industrial areas at distance of 
about 95 Km from Cairo. The study included three groups of male workers of comparable mean age and 
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RESULTS AND DISCUSSION 
 
The estimated equivalent continuous sound levels in dB(A) (Leq) were between 85 dB(A) as a minimum 

and 100 dB(A) as a maximum for the noise group during the working hours (8-hours shift). These values were 
76 - 83 dB(A) and 48-60 dB(A) for the solvent group and controls respectively. The exposure data of organic 
solvents were from cited records of the factory. The Exposure levels to vapors of various organic solvents (ppm) 
in the air at worksite were under the levels of the corresponding Egyptian and international exposure limits for 
air are shown in Table1. 

There were no significant difference between the three groups as regards age, smoking, duration of 
exposure, history of diabetes and hypertension. The level of hippuric acid was significantly higher in the solvent 
group than the noise group and controls Table2. 

 
Table 2: Health-related characteristics of the study population. 

 
Solvent Noise Controls Statis

tic value 
p-

value N=44 N=73 N=87 
Age (yr)       
meanSD 362 38.17.3 373.5 1.8 .075 
<35yr (%) 12 (27%) 27 (37%)  20 (23%) 

3.9 .145 
≥35 yr (%) 32 (72%) 46 (63%) 67 (77%) 
Duration of exposure (yr)      
meanSD 166 159 - .7 .455 
<10 yr (%) 8 (18%) 24 (33%)  - 

2.3 .130 
≥10 yr (%) 36 (82%) 49 (67%) - 
Ever Smoking (%)  20 (45%) 34 (47%) 50 (58%) 2.6 .276 
History of diabetes (%) 4  ( 9%) 3 ( 4%) 5 (6%) 1.2 .557 
History of hypertension (%)   8 (18%) 8 (11%) 5 (6%) 4.9 .084 

Level of hippuric acid in urine [g/g 
creatinine] (meanSD) 

20.3a 10.3 10.3  
0.000*
* 

a  significantly higher than the other two groups 
** p<.01 

 
The frequency of almost all the studied symptoms were significantly higher in the exposed groups than the 

controls (p < 0.01) except for vertigo. However, on comparing the solvent  vs. the noise groups, there were no 
significant differences between them except for ear pain which was significantly higher in the noise than the 
solvent group (37.0% vs. 9.1% respectively, p < 0.05) Fig.1.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1: Percentage of clinical symptoms in the solvent and noise groups and the controls with the underneath 

table of chi-square test and p-value. 
 

 Fatigue  irritability Difficult 
concentration 

headache Ear pain vertigo tinnitus Diminished 
hearing 

chi-
squarea 

64.2 17.4 119.9 43.8 2.3 26.3 80.8 71.0 

p-value .000 .000 .000 .000 .316 .000 .000 .000 
chi-
squareb 

1.0 .1 .4 .7 9.6 .000 4.1 3.5 

p-value .316 .132 .549 .399 .002 .985 .043 .061 
a among the three groups              b between solvents and noise groups 
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The percentage of workers with headache was significantly higher in solvent non-smokers than solvent 

smokers (100% vs. 80.0%, p = 0.036 respectively), while vertigo was significantly higher in the solvent smokers 
than solvent non-smokers (60% vs. 16.7% respectively, p = 0.008). Otherwise, other symptoms did not show 
statistically significant differences between smokers and non-smokers in either group Table3. 
 
Table 3: Percentage of clinical symptoms in the solvent and noise groups as regards smoking status. 

 

             Solvent             Noise 
Smokers 
N=20 

Non-smokers 
N=24 chi p-value 

Smokers 
N=39 

Non-smokers 
N=34 chi p-value 

n (%) n (%) n (%) n (%) 
Fatigue 16(80) 18(75) .0 .734 31(94) 31(80) 2.2 .093 
Irritability 16(80) 18(75) .0 .734 27(79) 26(67) .9 .340 
Difficulty in 

concentration 
16(80) 20(83) .0 1.0 31(91) 33(85) .2 .489 

Headache 16(80) 24(100) 3.1 .036* 28(82) 33(85) .0 1.0 
Ear pain 0(0) 4(17) 1.9 .165 10(29) 17(44) 1.0 .313 
Vertigo 12(60) 4(17) 7.1 .008** 14(41) 14(36) .0 .825 
Tinnitus 4(20) 12(50) 3.0 .081 17(50) 17(50) 1.0 .328 
Diminished hearing  12(60) 20(83) 1.9 .164 19(56) 19(56) .025 .875 

* significant at p<0.05  ** significant at p<0.01   

 
The percentage of workers with hearing loss was significantly higher in the noise group than the solvent 

group at 0.5, 1 and 4 kHz (94.5% vs. 72.7, 69.9% vs. 45.5% and 67.1% vs. 45.5% respectively) (p - value < 
0.05). However, the percentage of v-notched audiogram was higher in the solvent group than the noise group 
(63.6% vs. 31.5% respectively, p < 0.01) Fig.2.   

 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 

Fig. 2: Percentage of solvent and noise workers with hearing loss (auditory threshold shift>25db) at different 
frequencies from 0.25-8 kHz and V-notch with underneath table of chi-square test and p-values. 

 
 0.25 0.5 1 2 4 8 v-notch 

chi .138 9.3 5.9 .000 4.5 .2 10.3 
p-value .527 .002 .015 .985 .035 .631 .001 

 
Both the solvent and the noise groups showed significantly higher auditory threshold shifts than the control 

levels. However, between solvent and noise groups, there was no significant differences in the auditory 
threshold shift (ANOVA) Fig.3a.     

 There were marked auditory permanent threshold shifts in the workers with longer duration of exposure 
(≥10yr) in both solvent and noise groups where they were more or less statistically the same across all measured 
frequencies. In the shorter duration of exposure (< 10 yr) there was a significantly high auditory permanent 
threshold shift in the noise group than the solvent group at all frequencies. However, at the lower frequencies 
(from 0.25-2 kHz) the average auditory threshold shifts in the noise group with the shorter duration of exposure 
was marked and approximates the same group with longer duration of exposure Fig.3b.    

Smokers in the solvent group showed significantly higher auditory threshold shift than smokers in the noise 
group at lower frequencies (0.25, 0.5, 1 kHz) Fig.3c.    

In the noise group, there was significant positive correlation between all the auditory permanent threshold 
shifts at different frequencies and the duration of exposure. The solvent group showed a significant positive 
correlation at high frequencies (4 and 8 kHz) with the duration of exposure Table4.  
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Fig. 3a: Estimated averages of auditory thresholds (dB) of the exposed groups and controls at different 
frequencies (kHz). 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.  3b: Estimated averages of auditory thresholds (dB) of the solvent and noise groups adjusted for duration of 

exposure (years) at different frequencies (kHz). 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 3c: Estimated averages of auditory thresholds (dB) of the solvent and noise groups adjusted for smoking 
status  at different frequencies (kHz). 

 
Table 4: Correlation between duration of exposure and the different frequencies from 0.25-8 kHz frequencies adjusted for age in the solvent 

and noise groups. 

 
Duration of exposure 

Solvent group Noise group 
r p-value r p-value 

0.25  kHz - 0.09 .550 0.446** .000 
0.5    kHz 0.18 .239 0.459** .000 
1       kHz 0.11 .366 0.301* .011 
2       kHz 0.09 .415 0.380** .001 
4       kHz 0.795** .000 0.372** .002 
8       kHz 0.869** .000 0.294* .014 
* significant at p<0.05 ** significant at p<0.01   
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Discussion: 
According to the threshold limit values (TLVs) of the sound intensity inside working closed areas in Egypt, 

noise levels should not exceed 90 dB(A) at production lines (8 hours/ shift) and 65 dB(A)  at control rooms 
along the production lines (Egyptian environmental law, No 4. 1994). This could explain the higher percentage 
of noise workers having ear pain and higher threshold shift than solvent workers as the estimated equivalent 
continuous sound levels in dB(A) (Leq) were 100 dB(A) as a maximum for the noise group during the working 
hours (8-hours shift).. Moreover, exposure to organic solvents might lead to some hypothesia, or noxious 
sensori-neural effect on the ear (ototoxic), or the effect might be a much slower process than the hazardous 
mechanical effect (ototraumatic) of noisy sound waves. The recorded concentrations of organic solvent mixtures 
in the air did not exceed their TLVs either according to Egyptian (1994) or the international ones (NJDOH., 
1986; DLI, 1989).  

The marked increase of the clinical symptoms in the current study was related to long-term occupational 
exposure to noise. This finding is in agreement with the findings of other previous studies (Passchier-Vermeer, 
2000; Beshir, 2001). Tinnitus patients have often been exposed to noise, but not always (Savastano, 2004) and 
noise-exposed workers often have tinnitus (Palmer, 2002). The present study revealed higher rate of tinnitus 
among exposed workers agreeing with other studies in which it ranged between 23.3 and 58% (Beshir, 2001; 
Palmer, 2002). However, in another study, only 10% of the total exposed subjects claimed to have tinnitus, 
compared to none within the non-exposed (Ahmed, 2001). Increased vertigo symptom among the smokers 
exposed to organic solvents could indicate possible synergism between smoking and exposure to organic 
solvents. Gyntelberg et al., found that solvent exposure is associated with vestibular abnormalities (Gyntelberg, 
1986) 

Despite the low concentration of potentially ototoxic substances present in mainstream cigarette smoke, 
they may also interact with noise and/or age to cause hearing impairment (Lang, 1995). Cigarette burning 
releases organic solvents, i.e. toluene, styrene, xylene, and also lead, mercury and carbon monoxide (Darrall, 
1998) The combined effects of noise and smoking on hearing were estimated to be additive (Mizoue, 2003) or 
synergistic at lower and high frequencies (Morata, 1993). 

The hearing impairment in low frequencies in both exposed groups could be an effect of audiometric 
measurement done outside of sound-proof room. It appears that exposure to organic solvents might predispose 
to development of V-notch in the audiogram earlier than the effect of noise exposure in the current study. Noise-
induced hearing loss occurs predominantly in higher frequencies range of 3-6 KHz with largest effects observed 
at 4 KHz. Noise-induced hearing loss can also occur at  lower frequencies  (at 2 KHz) due to increased Leq 8h  
and increasing exposure time. In another study where there was a significant increase in hearing thresholds of 
noise and mixed subgroups, exposed to frequency in the range of 2 to 8 kHz, the inclusion of 8 kHz frequency 
might help to differentiate the effect of noise from the effects from solvents (De Barba, 2005). Audiometric 
measurement of 8 kHz threshold is recommended to be tested as a useful source of information about the 
etiology of a hearing loss (Morata, 1994). This agrees with the present results where hearing loss was more 
common at 8 kHz than at 4 kHz in the solvent group, while in the noise group, hearing loss at the 4 kHz was 
more common compared to 8 kHz. Furthermore, in the solvent group, the correlation was highly significant 
between duration of exposure and mean of hearing thresholds at 8 kHz. These results suggest that occupational 
exposure to organic solvent mixtures might affect hearing at 8 kHz mainly or earlier. Rabinowitz and his 
collegues found that solvent exposure is one of risk factors for high frequency hearing loss  although that most 
of solvent measurements were actually well below the TLV values (Rabinowitz, 2008). 

The body of evidence is growing that determination of urinary solvents per se may be a useful tool in 
evaluating levels of exposure (Fustinoni, 2009). American Conference of Governmental Industrial Hygienists 
(ACGIH) indicates that the biological exposure Index (BEI) for this biomarker hippuric acid is 1.6 g/g creatinine 
(ACGIH, 2008). The mean level of hippuric acid, in the current study, agrees with that of other studies [1.0-2.3 
g/g creatinine] (Ferrite, 2005; Morata, 1997). Another point of interest is the fact that metabolic pattern of 
solvent; depend on the individual variations and not on the exposure intensity. Observations suggest that the 
individual variations are presumably to be defined congenitally (Fustinoni, 2009).  

 
Conclusions: 

It appears that exposure to organic solvents might predispose to development of V-notched audiogram 
earlier and affect hearing at 8 kHz mainly or earlier than the effect of noise exposure. Application of hearing 
conservation regulations to all workers exposed to solvents is an issue to be raised, irrespective of whether 
exposed to noise or not. The authors recommend the use of hearing protection for the lower exposure action 
value: Lex, 8h = 80 dB(A) in noisy environments polluted by solvents. Engineering solutions and environmental 
monitoring should be applied to reduce exposure to noise and chemicals in workplaces.  
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