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CHAPTER SIX

Interaction between Noise and Chemicals
Found in the Workplace

Thais C. Morata, Ph.D.

Dr. Morata is an audiologist who has been working in the area of hearing
loss prevention since 1987. She earned degrees in Speech Pathology and
Audiology, and Communication Disorders from the Pontifical Catholic Uni-
versity of Sdo Paulo and the University of Cincinnati. She is a Research
Audiologist at the National Institute for Occupational Safety and Health
(NIOSH, Cincinnati, OH) in the Division of Applied Research and Tech-
nology, Hearing Loss Prevention Team in Cincinnati, Ohio. Her pioneering
work in the area of noise interactions in the workplace has influenced not
only NIOSH priorities and policy, but has affected national and interna-
tional occupational safety and health policies. In 2008, Dr. Morata received
the Outstanding Hearing Conservationist Award from the National
Hearing Conservation Association for her contributions to hearing loss pre-
vention and evaluation of the effects of occupational exposure to ototoxic
chemicals.

As discussed in earlier chapters, several factors have been studied
to try to understand why the prevalence and degree of noise-induced
hearing loss can vary so much within a group and among groups.
Some of the factors studied include variations in exposure, age,
gender, race, and general health indicators, such as blood pressure
and use of certain medications. The focus of the present chapter will
be on the ototoxicity (the toxic effects on hearing), industrial chemi-
cals and, their interaction with noise.

Hearing loss apart from noise can occur after ingestion of certain
drugs due to their effects on the auditory system or brain. The oto-
toxicity of therapeutic drugs has been recognized since the 19
Century. The first reports associated the intake of certain drugs such
as quinine and acetyl salicylic acid (ASA) with temporary hearing
loss as well as dizziness and tinnitus. In the 1940s, permanent
damage to the cochlea (sensory end organ for hearing) was reported
in several patients treated with the newly discovered drug for treat-
ment of tuberculosis, the aminoglycoside antibiotic streptomyecin.
Today there are many well-known ototoxic drugs used in clinical sit-
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uations. Most of them (antibiotics, chemotherapeutics, diuretics and
anti-malaria drugs) are used despite these negative side effects in
order to treat other serious, sometimes life-threatening conditions.

By comparison, only recently the ototoxicity of chemicals found in
the environment from contaminants in air, food or water, and in the
workplace, became a concern for audiologists and other healthcare
professionals. Initially, there were just isolated reports following
acute intoxications, poisonings, and observations that hearing losses
were more common and sometimes more severe in work settings
where chemical exposures occurred. Other studies on the neurotox-
icity of chemicals indicated that chemicals were also damaging more
central portions of the auditory system. Following these reports,
other research laboratories started investigating the ototoxic prop-
erties of chemical agents and identified ototoxic properties in a few
classes of industrial chemicals: metals, solvents, asphyxiants, pesti-
cides, and polychlorinated biphenyls (PCBs).

Studies conducted with experimental animals have shown that
some toxicants can reach the inner ear through the blood stream.
They were found in inner ear fluids (endolymph and perilymph, dis-
cussed in more detail in Chapter 2) and have caused damage to some
of the inner ear structures and have impaired functions. Some of
these chemicals are also damaging to the nerves. The onset, site,
mechanism and extent of ototoxic damage of these toxicants vary ac-
cording to risk factors that include: type of chemical, interactions,
exposure level and duration of administration, as is the case with
ototoxic therapeutic drugs such as cisplatin (used in chemotherapy)
and aminoglycoside antibiotics.

The hearing loss caused by chemicals can be very similar to a
hearing loss caused by excessive noise. Since noise exposure is so
common in modern societies, this might explain the delay in recog-
nizing the risk to hearing that these chemicals can pose. Also, in
most cases, the hearing loss as detected by a pure tone audiometric
test is often just mild to moderate. Moreover, the results of the au-
diometric test for a noise-induced hearing loss and an ototoxic
hearing loss can have the same configuration on the audiogram. It is
also known that generally, in these disorders, hearing loss is bilat-
eral, with symmetrical patterns on the audiogram for both ears, and
is often irreversible. Hearing loss starts in the high frequencies
(higher pitches, 3000-6000 Hz), and progresses at a rate determined
by exposure to various risk factors. Hearing loss caused by ototoxic-
ity is usually cochlear (that is, sensorineural).
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Pure tone audiometry is a basic clinical test that is used to deter-
mine a person’s hearing sensitivity at specific frequencies, i.e., the
softest sound that can be perceived in a quiet environment. It clearly
identifies various characteristics of the problem, but not its cause.
Other hearing tests such as word recognition or otoacoustic emission
tests (described in Chapters 1 and 2) examine other auditory func-
tions. These tests can in some cases help differentiate the effects of
chemicals from the effects of noise, since chemicals might affect more
central portions of the auditory system (nerves or nuclei of the
central nervous system, the pathways to the brain or in the brain
itself). This suggests that the impact of hearing loss on the worker’s
life may be more pronounced, because not only will sounds be per-
ceived as less loud, but also as distorted. Word recognition may be
compromised, particularly in background noise, making it difficult,
for instance, to hold a conversation in a busy restaurant or at a party.

Often, it can be challenging to identify the precise cause of a
hearing loss. Information on word recognition difficulties or other
auditory tests that are inconsistent with pure tone audiometric
results can indicate the need for further hearing testing to comple-
ment the assessment.

As mentioned earlier, noise exposure can interact with several
toxicants. In some cases, a substance will not cause hearing loss by
itself, but can exacerbate a hearing loss caused by noise. This process
is called potentiation. Also, a substance that is ototoxic can interact
synergistically with noise, (i.e., the combined biological effect of two
hazards is greater than either alone).

Table 6-1 summarizes key descriptors of the effects of the ototox-
icants investigated to date. Table 6-2 lists the studied ototoxicants,
by class, by the type of possible interaction with noise and sources of
exposure. It’s important to remember that exposures to these chem-
icals can occur outside the work environment. Non-occupational
exposure can happen from any activities that involve solvents, paint,
polyur-ethanes, paint thinners, degreasers, and fuels.

It’s very difficult to predict the exact conditions (such as the exact
concentration or period of time) one would need to be exposed to the
studied chemicals to suffer an effect. The dose-response lowest
observed adverse effect level (LOAEL) and no-observed adverse
effect level (NOAEL) have been identified in animal experiments for
a few substances. In some cases, chemical exposures increase the
adverse effects of noise. Exposures to several stressors, such as
hysical demands, or smoking can also modify the LOAEL and
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Descriptors of Ototoxic Effects of Chemicals
from Animal Experiments

* Effects observed in different species: rats, mice, guinea pigs,
monkeys

* Mainly cochlear lesion

* Medium frequency audiometric range

*Noise exposure not a necessary condition for evaluated
solvents, metals or insecticides but necessary for carbon
monoxide, hydrogen cyanide or acrylonitrile

* Noise interaction/synergism

* Additive effect between solvents

Descriptors of Ototoxic Effects of Chemicals
from Clincal and Field Studies

* Environmental (contaminated water, food or from dust, etc)
and occupational exposures to chemicals can affect auditory
system

* Auditory effects have been reported following intentional in
halation or accidental poisoning

* Increased prevalence of hearing loss as registered in pure tone
audiograms (mild to moderate, bilateral, high frequency audio-
metric loss)

* Interaction with noise not clearly identified as synergist or
additive, due to limitations in exposure history ascertainment

* Cochlear and retrocochlear or central lesion sites

* Poorer than expected performance on tests that evaluate more

central portions of auditory system

Table 6-1: General descriptors of ototoxic effects of chemicals found in the
environment from animal experiments, clinical and field studies

NOAEL of the chemical agent. For example, a single exposure to a
particular chemical in quiet may not elicit a toxic response, yet, the
same exposure in the presence of high-level noise can create a
hearing loss (when either alone would not). Moreover, there’s a dif-
ference in the lowest level necessary to cause an effect in humans
and experimental animals. When compared, the levels necessary for
an effect seems lower (posing a greater risk) in humans than in
animals.



96 The Consumer Handbook on Hearing Loss and Noise

‘sSel pue ‘SeAIo ‘seuoq woJy [10 Surjoraixe Ul pue ‘urgeted

pue A[jef wneorjed Sururjel Ul ‘BIpall J8YJ0 PUR Jo)BM 9ISBM WO.IJ SJUSWS[d

J9YJ0 PUR S[BJOW JO AISA0DS.I PUR [RAOWAS. ‘S[RJOW WOIJ [RAOWSI Jsn ‘Surje[doajoa[e
ur s[ejewt snowaad jo SuruejysLiq ‘Surues|o [[em-wna[oa3ad ‘SuoqIed0IpAY Jo Surssed
-oxd pue uorsIeAu0d ‘suorjesrjdde uornjos-Suruulds pue JUSAJOS ‘Sjusa3e UOIIRIO0[]
‘soArseype poomA[d ‘sejeurAd0IY) ‘SojBjURX ‘SUISAL JO UOIjonpodd 9y} ‘SOLIOSS9D

o' J9qqNI pUB I9qqni JO 8INJ0BJNURW PUR UOTJBSIUBI[NA 87 ‘OPLIO[YoR.I}8) U0]IRD
‘euerdo[eo pue (sse001d 8s00S1A 9} AQ) UOARI 9SO[N[[00 PoJRIOUSFeL JO 8INJOBINUBIA
‘squaSear L10jeioqe] jo uorjeredaad ‘SISOIUAS OTURSIO “YUSATOS OIIOYISOUY

‘oUI[0S®S 07 9AI}IPPR UR SB PUR ‘S[BROTWSYD 810 Jo uoronpoad 8yj Ul [BLISJRW

MBI B SB ‘So[I)X0] pue sjonpoud Joyjes] Jo ainjoejnuew a1} J0J son[S Ul ‘sadr) Jo uo1onpord
"JUe3I979p PUB JUSA[OS B SB ‘SISOUJUAS [BOTWAYD UT [BLIOJBW MBY

‘(SeLrsnpul SuLIN}OBJNUBW [BOIWSD/I9qqnd ‘sienboe[ ‘sjured) SeIn)XIWl JUSAJOS UT SJUSA[OS
AUBW JO 9UO ST SUSZUIQ[AYJO ‘SOUS[AX POXIW JO J1ed Sy "JUSUIUOIIAUS JIOM S} UI [BNSNU[)
"S[eOTWIAYD JTUBSIO0 JO 8INJORJNURUI UL PUR ‘SOUSIUIRA/ sjured UL JUSIPALSUL ‘JUSAJOS SATSOYPR
‘oddriys jured B se pasn Os[y "Surues[d o[I}Xe} Ul ‘suorjerado Suruea[d [BloW UI JoseaI3o(
‘SOLI)SNPUI J8Y)ea] pue

Joqqnu ‘Surjurid ‘qured 8y) UI JUSAJOS SB pasn OS[e SI INq ‘[eNJ UOIJBIAR PUR JI0JOUL UI JUSSIJ
"S[eOTWAYD [BLIISNPUI PeonpoId A[UOUIuIod

1soul ()G o3 Jo au() ‘siojuLid pue siojured ‘SIOYI0M SOUBUSIUTBUL ‘SIOI0M [BITWSYD

-oxjed ‘sioyew Jouutyy jured pue jured ‘siexaom Jenboe| ‘sIopus[q sur[oses ‘SIoyI0m AI0JRI0
-qe[ [eorweyd "3'9 ‘sjonpoad Sururejuod susn[o}) PUL SULN[0] JO aSn pur SUI[PURY ‘UOIJONPOLIJ
‘our[osed Jo jueuoduwod puer‘S[oURUL‘SON[S ‘SYUI ‘SOAISOUPER ‘SIouury) ‘sjured Ul JOLLIBD JUSA[OS
‘SOUSIUBA PUB SIOUBID [BIOU ‘SoAIsaype ‘sjured ‘soysijod ‘soxem

I007J Jo 1aed ‘sjonpoad I19)se[od pedaojurel sse[3eaqly TIoqqul O1}oYJUAS JO 8INjORINURIN

/Aao3 yru-uwru-dewzey//:djy
sosn [eLI)SNpU]

oprydynstp
BJRP ON uoqae))
ejepoN oueidey-u
BJRp ON ouBXoH-U
BJRP ON SUSZUS(OI0[Y))
WSI3I0UAS
[GATIPPY  SUSZUSQIAYIH
(ADI)PUSIAYI®
wWSI3I0UAg -0JOYILL],
elep ON Soua[AxX
wWSI3I0UAS auan[of,
WSI3I0UAg CLERININ
SILNHATOS
osTou yjIm

UOIJORIU] SdURISNS

aansodxa Jo $92anos o[qissod pue 9SI0U Y3IM UOIjoRISIUL 101} ‘sorjradoad 91x07030 UM seouerlsSqNg :Z-9 9[qe],



Interaction between Noise and Chemicals Found in the Workplace 97

'sgDJ UTejU0d 0} UMOUY U

OSTe 9ABY UOTJR[NSUI 1891 PUE ‘SJUB[EIS JI)SB[0 ‘S[eLIojewl SUIN[Ne)) S[BLIojew
g0d Jo TesodsIp pue ‘SjusWnIjSul pue siojnduiod Jop[o pue SIsULIoJSUeI) gD J
Surajoaut s[ids 10 ‘Sallj ‘SJULPIIIR ‘SIoULIOJSURI] ) J JO edurUajUTEW pue Iredey]
‘sjue3TWING PUB ‘SOPIOLSUN] ‘SOPIOII9SUL ‘SOPIIIQIo]

‘pe1eo0] axem NJ(I 10J STHQ Ou pue 03 seansodxs [Buoijednooo uo syrodad oN
"S[eOTWOYD [BLIJSNPUL paonpo.d A[Uowod JsouW ()G 9Yj JO 9Uo SI pue

‘seaqij OI[AI0® pue Iaqqnl 911oYJuLs ‘soryse[d se yons S[eITWLYD IS0 JO UOTIINPOL]
'soryse[d Surure)uod-uaSoajIu SUTUINg Jo 90UIS 87} Ul PUR ‘Oyows

000B([0] UI “)SNRYXe 9[JIeA Ul Jussal] ‘SurArISuUs pue ‘seArso[dxe ‘Sutedp ‘Teels Sul
-1odwe] ‘sjonpoad [eoTweyod J1uR3I0 JoYj0 pue ‘Orse[d uisal JT[AIdR Jo U0IIONPoIL]
'sqol queuryear) 1ojem pue ademas

‘Buryy3iy aarj ‘suorjetado uLiej ur ‘syejowr Surpem pue Surimnod ‘Surjeuwr ‘Surdiof
‘93OWIS 000B(0] pUR ISNeYXs suLsus paramod-aurjoses ur Jueseld os[e ‘poom

pue ‘[10 ‘[®05 ‘S[oNJ JO UOIISNUIOD 839[dUIOOUT JO 1ONPOLJ JUBUIWERIUOI UOWIWIO))

‘sqjured uwrojjoq

7e0(Q SUINOJTJUR UL SOPIJOIQ SB pUR AI)SNPUI [BITWLYD o) Ul so13se[d Jo Uo1jonposg
‘Suriejjewis [ejouw pue ‘sjueld Jemod [onj [ISS0] ‘SpIoT)

3[eay/[ejuep ‘Surinjorjnuew g JySI[ jusdsaIon(j ‘SULINIORINURU [ROTWSYD
‘seLIoUIjad PUB SOUIW AINdJoU Ul Spunoduwod s3I pue AImoJow 0} pasodxe aq

AeW SI9YION UIYS 97} YSNOIY) 10 ‘PO0J pue I8jem ‘Ile PajRUIWIBIUO0D UT JUSaL]
'SOUIOY 18} 0Ul SUIYJO[d J0 SAIPOo( II8Y) U0 ISnp pes[ SuLiq

Aewt suorpednooo asayj Jo Lue ul paAojdurs S[enprAIpu] ‘SjusuIuoIIAuUS pajnfjod
ur pue ururur ut ‘[ro§ pue ‘sadid ‘[ejeur jeeys ‘seLIajje( J8D JO 8INJORJNURIA

/ao3 yru-uu-dewzey//:d)y
sosn [eLsnpuj

(sgDd) s1dueydiq

BIBP ON POJBULIO[YIATOJ
BJRp ON SOpIdNISeg
ortrjtuordoad

BJep ON -Ipourw]-gg

UOIJeIIuUa)0 OLIJTUO[AINY

aprueA)

uoneualog uaS0IpAH
OPIXOUOTN

UOT}eTIUS)0] uoqae))
SLNVIXAHdSV
SULAYIOWLL,

BJERp ON 10 surjouesiQ

elRp ON AIMdIaN
BJRp ON peoI
STVLIN

osIou 1M
uorpeINU] SdURISqNY



98 The Consumer Handbook on Hearing Loss and Noise

Researchers in France and Denmark have demonstrated in
studies with experimental animals that by adding other stressors
such as impact noise, carbon monoxide or ensuring that the animals
are active during chemical exposure, the lowest level of solvent
exposure was reduced before it elicited an auditory effect. This may
be true because humans are generally exposed to solvents in combi-
nation with a multitude of other factors (several exposures, physical
demands, and so forth.) whereas animal experiments typically
involve isolated solvent exposures. Another complication in deter-
mining the concentration needed for a hearing loss to occur in
humans exists because often individuals are not aware of the con-
centration they’ve been exposed to, and because many factors can
interact in causing an effect. However, unfortunately cases of hearing
loss have been observed after exposures that were within permissi-
ble limits.

Another challenge in this area is that the number of chemicals
studied to date is very small, particularly when one considers the
enormous number of existing industrial chemicals and the thou-
sands of new ones placed on the market every year. It’s therefore of
crucial importance to understand the mechanisms by which chemi-
cals affect the auditory system.

Several different mechanisms can take place and result in an
auditory disorder. Some common features can be found between
damaging mechanisms resulting from the physical agent (noise) and
some of the ototoxic chemicals. A hypothesis is that the damage to
the hair cells is caused by the formation of free radicals, so-called
reactive oxygen species (ROS). Free radical and reactive oxygen
species are ions (very small molecules) that are highly reactive. ROS
form as a natural by-product of the normal metabolism of oxygen.
During stressful situations ROS levels can increase dramatically,
which can result in damage to cell structures. One can be exposed to
free radicals through by-products of normal processes that take place
in your body, when the body breaks down certain medicines, and
through pollutants. The generation of free radicals has been associ-
ated with cellular injury in different organ systems. It’s considered
a basic mechanism of toxicity, and is thought to be part of the mech-
anism underlying noise-induced hearing loss (explained in further
detail in Chapter 2). Other chemicals such as metals and pesticides
may affect both the cochlea and the central auditory pathways, de-
pending on the substance.

When specific ototoxicity information is not available on a partic-
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ular chemical, individuals concerned about the potential risk factors
should look for information on the agent’s general toxicity, as well
as toxicity related to damage to the kidneys and nerves (nephrotox-
icity and neurotoxicity, respectively). Information on whether a
chemical produces reactive free radicals could also give some clues
about that agent’s potential ototoxicity. Glutathione is an important
cellular antioxidant that limits cell damage by reactive oxygen
species. An antioxidant is a molecule capable of slowing or prevent-
ing the oxidation of other molecules (free radicals or reactive oxygen
species—ROS). Antioxidants can be used to help treat or prevent
some medical conditions, such as coronary artery disease, some
cancers, macular degeneration, Alzheimer’s disease, and some
arthritis-related conditions. Antioxidants include some vitamins
(such as vitamins C and E), some minerals (such as selenium), and
flavonoids, which are found in plants. The best sources of antioxi-
dants are fruits and vegetables.

Evidence is available indicating that ototoxicity due to noise plus
carbon monoxide or hydrogen cyanide exposure (a combustion by-
product) also involves free radicals. For this reason, information on
certain chemicals being associated with free radicals or glutathione
depletion could also help in the decision to examine a chemical for po-
tential ototoxicity.

Until now few human studies have examined the time necessary
for chemical exposures to affect the auditory system, and there is
still uncertainty regarding whether it is a chronic or acute process.
It is possible that a single, extremely high exposure, as in the case
of someone who sniffs glue, will cause hearing loss, as one of the con-
sequences of the abuse. Such high exposures are unlikely to happen
in the workplace. Investigations which examined the effects of
solvents over time indicated that hearing loss is observable two to
three years earlier than is usually seen with noise exposure. Five or
more years of noise exposure seem necessary for some individuals to
develop hearing loss following occupational exposures. The time
needed for a chemical exposure to cause hearing loss is certainly de-
pendent on the specific ototoxicant and the characteristics of the
exposure, and needs further investigation.

Considering that environmental and occupational factors other
than noise can affect hearing, one needs to rethink which steps can
be taken to prevent any hearing disorders. Some of theses steps will
be discussed next.
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Strategies for Protecting your Hearing
From the Effects of Ototoxic Chemicals

The initial steps of hearing loss prevention programs are hazard
assessment and control. It is important to learn if and what haz-
ardous exposures exist in a workplace. Whenever hazardous noise
or chemicals exist in the workplace, measures to reduce exposure
levels to protect exposed workers and to monitor the effectiveness of
these intervention processes are required by law. Some of these re-
quirements are presented in Chapters 1 and 9 and you should
become familiar with them. The most effective way to prevent
hearing disorders from noise or chemical exposure is to remove the
source of hazardous exposures from the workplace, for example, by
engineering controls, use of personal protective equipment, or
finding alternatives to minimize exposure, (such as reducing the
duration of exposure). If the use of personal protective equipment is
required, they should be worn as directed. Information on what
equipment is adequate for obtaining needed protection can be found
at the following two NIOSH URLs:
http://www.cde.gov/niosh/topics/chemical.html
http://www.cde.gov/niosh/topics/noise/abouthlp/chooseprotection.htm

Noise regulations pertaining to individuals in the US vary de-
pending on the agency or branch of government having jurisdiction.
Among the important ones to know is the level of noise exposure that
is permissible. The OSHA Standard for Manufacturing requires that
in environments where noise exposure reaches or exceeds 85 dB A
workers must be placed in a hearing conservation program. As part
of these programs, annual hearing tests are required (http:/www.
osha.gov/pls/oshaweb/owadisp.show_document?p_table=stan-
dards&p id=9735)

These and other preventive strategies that are used to protect
workers from noise exposure will not necessarily protect workers
from the effects of chemical exposures. When evidence that chemi-
cals in the workplace can affect hearing is considered, then hearing
loss prevention initiatives may be needed even in workplaces where
noise exposure does not exceed 85 dB A.

Since 1998, the American Conference of Governmental Industrial
Hygienists! in its publication includes a note in its Noise Section
which states, “In settings where exposure to toluene, lead, man-
ganese or n-butyl alcohol occurs, periodic audiograms are advised
and should be carefully reviewed.” It also lists other aims to develop
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specific recommendations and disseminate information addressing
hearing loss prevention strategies that are not limited to exposures
to excessive noise levels. A similar recommendation can be found in
an Australian and New Zealand publication? requiring hearing tests
for those exposed to ototoxic agents.

Also since 1998, the US Army has added ototoxic chemical
exposure to their risk criteria in their hearing conservation program,
particularly when in combination with even marginal noise. More
recently, the US Army recommends audiometric monitoring for
workers whose airborne exposures are at 50% of the most stringent
criteria for occupational exposure limits 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, re-
gardless of the noise level. The 50% cut-off, while somewhat arbi-
trary, seems reasonable and may be a good place to start. When
dermal exposures to these agents result in a systemic dose equiva-
lent to 50% or more of the occupational exposure limit, yearly au-
diograms were also recommended. If a worker is currently
participating in a hearing conservation program due to 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 the chemical substance, and if necessary,
suggest reducing the exposure to one or both (http:/chppm-
www.apgea.army.mil/documents/FACT/51-002-0903.pdf).

Regardless whether hearing tests are offered at work or not, if
you suspect a hearing loss, you should see an audiologist. It’s im-
portant to give information to your audiologist on all exposures that
can represent a risk to your hearing.
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