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Ototoxicity: An Issue in Hearing-Loss Prevention In The Workplace
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Skepticism is a common reaction people have when they hear that chemicals in the workplace may affect hearing. I have to admit that before studying chemicals, I asked myself, “If this is a serious issue that can impact the quality of life, how could it have been overlooked by the scientific and public health community for this long?” My professional experience and an examination of the literature on noise and hearing conservation lead me to believe that since noise is often present in most occupational settings where chemical exposures occur, the hearing disorders observed in these situations were often attributed to noise exposure alone. Not much consideration, if any, was given to the possibility of other factors. Only workers who have noise exposures above 85 dBA TWA are required to have their hearing tested periodically, by means of pure-tone air-conduction audiometry. Pure-tone audiometric thresholds only identify the magnitude of the hearing disorder, not the cause. The audiometric configuration in cases of noise-induced hearing loss and ototoxicity can be identical. If careful analyses of these results were not performed and attention not given to all the exposure conditions, it is possible that the observed hearing disorders were attributed solely to noise. These factors could explain the scarcity of research conducted until recently on ototoxic properties of chemicals present in the environment and in the workplace. 

Some of the reports that motivated further research on the issue were from neurotoxic studies from the early 1980s indicating that toluene affected the auditory system of experimental animals in the absence of excessive noise. Barregard and Axelsson, in a review paper published in 1984, briefly discussed five occupational studies and four case reports that suggested an ototraumatic interaction between noise and organic solvents and discussed its biological plausibility. The incidence of sensorineural hearing loss was higher than expected in noise-exposed workers who were also exposed to solvents. As organic solvents are known for their neurotoxic effects to the central and peripheral nervous system, the authors hypothesized that solvents could have a peripheral and a central effect on the auditory system as well.

A 20-year longitudinal study of hearing sensitivity in 319 employees showed that a large proportion of the workers in the chemical division showed compensable hearing loss (23%) compared with groups from non-chemical environments (5–8%). This effect was found despite the lower noise levels in the chemical division (80–90 dBA) when compared with other divisions (95–100 dBA). Thus, the exposure to industrial solvents was implicated as an additional causative factor for those hearing losses (Bergstrom, Nystrom, 1986).

The findings of research with laboratory animals offered a biological basis for the arguments above, indicating that environmental chemicals such as solvents not only may have an effect on the auditory system, but also may interact synergistically with noise (Lataye et al., 2000). 

Field studies in Sweden, Denmark, Brazil, Colombia, and Poland have shown that hearing losses are more common in work settings where chemical exposures occur (Jacobsen et al., 1993; Morata, 2003; Sliwinska-Kowalska et al., 2004). Hearing losses from ototoxicity are moderate to severe, as is the case with noise-induced hearing loss. The audiometric high-frequency “notch” is often present following long-term exposures, but some reports indicate that a wider range of audiometric frequencies are affected when compared with the range of frequencies affected by noise. 

Another class of chemicals, asphyxiants (including carbon monoxide and hydrogen cyanide), do not seem to affect the auditory system of laboratory animals by themselves, but they have been shown to potentiate noise-induced hearing loss. Chen et al. (1999), and Rao and Fechter (2000a) indicated that even under intermittent noise exposure with long quiet periods, carbon monoxide exposure could produce unexpectedly large, permanent threshold shifts. 

What to do about it?
In two documents published in 1996 and 1998, the National Institute for Occupational Safety and Health (NIOSH) argued for broadening the scope of risk assessment and preventive initiatives (Franks, et al., 1996, NIOSH, 1998). NIOSH recommended that hearing loss prevention programs take chemical exposures into account when monitoring for hazards, assessing hearing, and controlling exposures. Since 1998, the American Conference of Governmental Industrial Hygienists in its Threshold Limit Values and Biological Exposure Indices (TLVs® and BEIs®) publication went a step further, including a note in its noise section that states: “In settings where exposure to toluene, lead, manganese or n-butyl alcohol occurs, periodic audiograms are advised and should be carefully reviewed. Other substances under investigation for ototoxic effects include trichloroethylene, carbon disulfide, styrene, mercury and arsenic.” The ACGIH also aims to develop recommendations and disseminate information addressing hearing loss prevention strategies that are not limited to exposures to excessive noise levels. 

In 2002, NIOSH and the National Hearing Conservation Association (NHCA) co-sponsored the Best Practices Workshop: Combined Effects of Chemicals and Noise on Hearing to gather input from the occupational health community and to develop more specific recommendations on the issue. To see the presentations go to: http://www.cdc.gov/niosh/topics/noise/research/noiseandchem/noiseandchem.html. For a summary of the discussions, see Morata, 2003. 

In 2003 the US Army (2003) developed a Fact Sheet on Occupational Ototoxins and Hearing Loss, in which it states that since the exposure threshold for ototoxic effects is not known, audiometric monitoring is necessary to determine whether the substance is affecting the hearing of exposed workers. This document is available at http://chppm-www.apgea.army.mil/documents/fact/51-002-0903.pdf. The Fact Sheet includes recommendations for annual audiograms for workers whose airborne exposures (without regard to respiratory protection worn) are at 50% or more of the most stringent recommended limits, of either the Occupational Safety and Health Administration Permissible Exposure Limit or the American Conference of Industrial Hygienist Threshold Limit Value to toluene, xylene, styrene, n-hexane, organic tin, carbon disulfide, mercury, organic lead, hydrogen cyanide, diesel fuel, kerosene fuel, jet fuel, JP-8 fuel, organophosphate pesticides, or chemical warfare nerve agents, regardless of the noise exposure level. The Fact Sheet indicated that the 50% criterion, although somewhat arbitrary, will ensure the collection of data from sub-occupational exposure limit exposures. If there are dermal exposures to these agents and such exposures may result in a systemic dose equivalent to 50% or more of the occupational exposure limit, annual audiograms were also recommended. If a worker is currently participating in a hearing conservation program because of excessive noise, the reviewers of the audiometric data were recommended to be alert to possible additive, potentiating, or synergistic effects between the exposure to noise and a chemical substance and, if necessary, suggest reducing the exposure to one or both.

The strongest argument for research on the ototoxicity of industrial chemicals is still, unfortunately, the ongoing high occurrence of work-related hearing loss in industrialized countries. Considering the number of chemicals that are used in the work environment and the combinations of exposures that are possible, it is necessary that more and more hearing conservationists get involved in the effort to better evaluate and prevent risks to hearing from chemical exposures. 
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