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Objectives: Ototoxic effect of exposure to lead has been reported by many research-
ers. This study was undertaken with a view to investigate the relationship between blood 
lead level (BLL) and hearing loss in workers in a lead-acid battery manufacturing plant 
in Tehran, Iran.

Methods: In a cross-sectional study, 609 male workers were recruited from different 
locations in the factory. Association between BLL and hearing loss in different frequen-
cies were measured. Relationships were analyzed by logistic regressions. Statistical 
significance was defined as p-value <0.05.

results: Six hundred nine male workers with mean age 40 ± 7 years and mean noise 
exposure level of 80 (75–85) dB were evaluated. BLLs were categorized into four quar-
tiles, and hearing loss in each quartile was compared to the first one. In our regression 
models, BLL was associated significantly with high frequency hearing loss, adjusted 
odds ratios for the comparison of the fourth, third, and second quartiles to the first 
one are respectively: 3.98 (95% CI: 1.63–9.71, p <  0.00), 3.05 (95% CI: 1.28–7.26, 
p < 0.01), and 2.89 (95% CI: 1.11–7.51, p < 0.03).

conclusion: This study showed a dose–response relationship between BLL and hear-
ing loss, after adjusting for potential confounders (age, body mass index, work duration, 
smoking, and occupational noise exposure) in logistic regressions. It is concluded that 
periodic hearing assessment by pure tone audiometry in workers exposed to lead should 
be recommended. However, additional studies are required to clarify the mechanisms of 
lead ototoxicity.
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Abbreviations: BLL, blood lead level; BMI, body mass index; PTA, pure tone audiometry.
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inTrODUcTiOn

Work-related ototoxic compounds include heavy metals, noise, 
solvents, and certain drugs, used in industry. They are known for 
their neurotoxic effects both on central and peripheral nervous 
systems. Mechanisms of ototoxicity include injury to the sensory 
cells, peripheral nerve endings of the cochlea and direct cochlear 
toxicity (1).

Lead (Pb) is a heavy metal common in nature and is a potent 
occupational poison affecting multiple body systems (2).

Recent findings indicate that inorganic Pb2+ can substitute 
for Ca2+ with certain intracellular Ca2+-binding proteins. Such 
observations suggest a variety of hypotheses for understanding 
the molecular basis of its toxic action, especially in reference to 
both the acute and chronic low level exposure models of neuro-
toxicity. Pb2+ interacts with calmodulin with an affinity at least 
equal to that for Ca2+ (3).

Some studies show the effects of inorganic Pb2+ on immature 
rat brain mitochondrial respiration. Low Pb2+ concentrations 
produced an increase in mitochondrial respiration and led to a net 
decrease of mitochondrial Ca2+ uptake, increased mitochondrial 
Ca2+ efflux, increased mobilization of Ca2+ from endoplasmic 
reticulum, and interference with the ATP-driven Ca2+-ATPase 
located in the plasmalemma (4–7).

Some animal model studies have also demonstrated that lead 
may have an ototoxic effect (8–12).

Significant auditory nerve toxicity in human subjects has been 
demonstrated in many epidemiological surveys (2, 13–20).

Except in some under developed and developing countries, 
there is strong governmental pressure to reduce the use of lead 
in Industry. Many countries have banned the use of lead-based 
paints and, despite strong opposition from the industries, they 
are seriously considering similar ban on lead-acid batteries in the 
cars (21–26).

However, there are many sources of exposure to lead in Iran: 
air pollution, water pipes, or leaded paints, occupational lead 
exposure is an important health issue in Iran and mine workers, 
employees of paint factories, workers of copying centers, drivers, 
and tile-making factories are in higher risk of lead toxicity. The 
various processes involved in lead-acid battery manufacturing 
and recycling are a significant source of exposure to lead. Iran is 
among the countries that are vigorously enforcing reduction of 
lead in the industries (27).

There is a paucity or lack of data regarding the associations 
between the hearing loss and lead exposure in Iranian workers, to 
obviate this lacuna, this study was undertaken as a cross-sectional 
study to evaluate the relationship between blood lead level (BLL) 
and hearing loss in lead-exposed workers in a lead-acid battery 
manufacturing factory in Tehran.

MaTerials anD MeThODs

A cross-sectional approach was selected for this study, and it was 
conducted in a lead-acid battery factory located in Tehran. Six 
hundred nine male workers with mean age 40  ±  7  years were 
recruited from the factory.

Personal information, such as age, work duration, previous 
work experiences, disease history, use of medications (aminogly-
cosides, loop diuretics, non-steroidal anti-inflammatory drugs, 
or antineoplastic drugs during the past month), smoking, and 
drinking habits, were obtained through a questionnaire. Exclusion 
criteria included exposure to ototoxic chemical or drugs, suffering 
from a systemic disease (thyroid disorders, dyslipidemia, diabetes 
mellitus, hypertension) that affects hearing, or pre-employment 
hearing loss. The systemic disease was classified based on self-
reported physician diagnosis or current use of relevant drugs.

We excluded 21 subjects who did not participate in audiomet-
ric examination.

Blood samples were collected and analyzed for levels of lead 
with Atomic Absorption Spectrometer of Specter AA 220, USA 
Varian. In order to determine the relationship between BLL and 
hearing loss and the magnitude of biological response, BLLs were 
categorized into four quartiles (the first quartile: BLL < 10 μg/
dl, the second quartile: BLL 10–19 μg/dl, the third quartile: BLL 
20–39 μg/dl, and the fourth quartile: BLL ≥ 40 μg/dl), and hear-
ing loss in each quartile was compared to the first quartile (28).

Body weight was measured in light indoor clothing and 
recorded to the nearest kilograms. Height was measured to 
the nearest centimeter without shoes. Body mass index (BMI) 
was calculated as weight (kilograms) divided by height squared 
(meter square), and abnormal BMI was defined as BMI > 25.

Smokers were categorized into two groups, the first group 
(G1) who smoked <6 pack/year and the second group (G2) who 
smoked ≥6 pack/year.

The work environment was tested for total respirable lead 
in fumes and particles. Total respirable lead was as high as 
25.3 μg/m3 (29).

noise exposure assessment
A team of occupational hygienists working in the field of health 
and safety executive (HSE) managed noise monitoring. Digital 
sound level meter (EXAIR, model 9104: Cincinnati, OH, USA) 
with 4-digit backlit LCD was placed in 25 various stations accord-
ing to international standard organization (ISO 1999). In this 
study, after measuring sound level in different parts of the factory, 
5 areas with high levels of noise were omitted; eventually 20 areas 
of the factory with the noise level of 75–85 dBA were selected as 
non-noisy areas. The time-weighted average (TWA) was 80 dBA.

audiometric Measurement
Audiometry was taken by a qualified audiometrist with a stand-
ard audiometer (AD 229e, Interacoustics A/S, Assens, Denmark) 
after at least 14 h of end of shift in an acoustic chamber, meeting 
the American National Standards Institute (ANSI S3.1-1991) 
standards. Pure tone air conduction hearing threshold was 
obtained for both ears at frequencies of 0.5, 1, 2, 4, 6, and 8 kHz 
over an intensity range of 0–120 dB.

According to 1996 ANSI audiometric standards, normal hear-
ing range was defined as a pure tone average (PTA) of 25 dB or less. 
In this study, we defined hearing loss as a PTA > 25 dB in either ear.

Low frequencies are the frequencies ≤2 kHz and high frequen-
cies are the frequencies more than 2 kHz.
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TaBle 1 | compare different variables between different groups.

Variables group 1
Mean ± sD

group 2
Mean ± sD

group 3
Mean ± sD

group 4
Mean ± sD

Age/year 38.36 ± 7.34 38.43 ± 5.87 40.50 ± 6.50 40.58 ± 6.67
Work 
duration/year

6.50 ± 4.28 8.67 ± 4.19 7.51 ± 4.45 8.76 ± 3.81

Smoking 
(pack/year)

1.38 ± 0.72 1.12 ± 0.39 1.25 ± 0.59 1.54 ± 0.79

BMI 22.62 ± 2.44 26.52 ± 2.98 26.17 ± 2.50 26.50 ± 3.28
BLL/μg/dl 8.27 ± 0.98 14.87 ± 2.76 30.70 ± 5.26 51.43 ± 10.07
HLFR/dB 19.35 ± 10.22 19.30 ± 8.63 19.96 ± 7.71 19.46 ± 6.89
HLFL/dB 18.81 ± 10.18 19.07 ± 6.83 21.76 ± 32.85 19.95 ± 7.87
HHFR/dB 22.38 ± 9.61 26.90 ± 13.44 27.341 ± 1.99 29.50 ± 14.00
HHFL/dB 24.01 ± 12.51 26.97 ± 12.54 27.93 ± 12.19 29.87 ± 12.69

BMI, body mass index; BLL, blood lead level; HLFR, hearing low frequencies in right 
ear; HLFL, hearing low frequencies in left ear; HHFR, hearing high frequencies in right 
ear; HHFL, hearing high frequencies in left ear.

TaBle 2 | correlation between high frequency hearing loss and variables 
of Bll, age, BMi, work duration, and smoking by logistic regression 
analysis.

Variables adjusted Or 95% ci p-Value

BLL/μg/dl
G1 – – –
G2 2.89 1.11–7.51 0.03
G3 3.05 1.28–7.26 0.01
G4 3.98 1.63–9.71 0.00
Age/year 1.11 1.08–1.15 0.00
Work duration/year 1.01 0.97–1.06 0.43
BMI 0.96 0.91–1.01 0.19
Smoking G1 0.81 0.46–1.41 0.46
Smoking G2 1.23 0.61–2.47 0.55

BMI, body mass index; BLL, blood lead level; G1, first quartile; G2, second quartile; 
G3, third quartile; G4, fourth quartile.
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Air conduction hearing thresholds in decibels were measured 
in each ear at 0.5, 1, 2, 4, 6, and 8 kHz. Audiological frequencies 
were used as biomarkers for ototoxicity in adults with chronic 
lead exposure. All audiological test data were obtained concur-
rently with the collection of blood samples from the study 
participants.

statistical analysis
All statistical analyses were performed with SPSS software (ver-
sion 16). The χ2 and Fisher’s exact test were used for comparison 
between the qualitative variables, and T-test was used for quan-
titative variables with normal distribution. Odds ratios (ORs) 
with 95% confidence interval (95% CI) were used for comparing 
risks. In order to determine the relationship between BLL and 
hearing loss and the magnitude of biological response, BLLs were 
categorized into four quartiles (the first quartile: BLL < 10 μg/
dl, the second quartile: BLL 10–19 μg/dl, the third quartile: BLL 
20–39 μg/dl, and the fourth quartile: BLL ≥ 40 μg/dl), and hearing 
loss in each quartile was compared to the first quartile. Logistic 
regression analysis was used to measure the relationship between 
exposure to lead and hearing loss defined as PTA > 25 dB in one 
or both ears. Two-sided p-value <0.05 was considered for statisti-
cal significance.

For ethical clearance, oral informed consent was obtained 
from all workers before interview, and all of steps were carried out 
in a quiet place with adequate privacy. All the collected data were 
kept confidential, and written informed consent was obtained 
from HSE manager of the factory.

The study protocol was approved by the ethical committee 
of the Rasoul-e-Akram Hospital of Iran University of Medical 
Sciences in Tehran, Iran.

resUlTs

The mean age, mean of work duration, and mean BLL are, respec-
tively, 40 ± 7, 8 ± 4 years, and 37.85 ± 17.55 μg/dl.

Table 1 describes the characteristics of participants in regard 
to BLLs. For the first and the fourth quartiles, means were, respec-
tively, 38 ± 7 and 40 ± 6 years for age, 6 ± 4 and 8 ± 3 years for 

work duration, 8 ± 1 and 51 ± 10/μg/dl for BLL, and 22 ± 9 and 
29 ± 14 dB for hearing high frequencies. No significant differ-
ences were observed in hearing low frequencies between the 4 
groups of BLL exposure (the p-values were p > 0.05).

We found significant differences for high frequency hearing 
loss in regard to the four groups of BLL exposure, the number 
of persons with high frequency hearing loss in the first group 
was 10 (27%), in the second group was 37 (46%), in the third 
group was 126 (52%), and in the fourth group was 148 (51%) 
(p < 0.001).

In the Table  2, logistic regression analysis was used to 
estimate the associations between high frequency hearing loss 
defined as PTA > 25 dB in one or both ears and BLLs expressed 
as quartiles.

In our regression models, BLL was associated significantly 
with high frequency hearing loss, adjusted ORs for the compari-
son of the fourth, third, and second quartiles to the first one are, 
respectively, 3.98 (95% CI: 1.63–9.71, p <  0.00), 3.05 (95% CI: 
1.28–7.26, p < 0.01), and 2.89 (95% CI: 1.11–7.51, p < 0.03). The 
effect of noise was adjusted, and it was not significant (p = 0.21).

After adjusting of potential covariates (age, work duration, 
BMI, and smoking), results showed a dose–response relationship 
between BLL and hearing loss.

We did not observe any statistically significant association 
between smoking, work duration or BMI with hearing loss 
(Table 2).

DiscUssiOn

This study showed that high frequency hearing loss in the range 
of 4, 6, and 8  kHz, not only was significantly correlated with 
BLLs ≥10 μg/dl but also showed a dose–response relationship, 
p-value <0.001.

Our results were consistent with previous studies demonstrat-
ing ototoxic effects of lead exposure (2, 13–20, 30).

Recent findings indicate that inorganic Pb2+ can substitute 
for Ca2+ with certain intracellular Ca2+-binding proteins. Such 
observations suggest a variety of hypotheses for understanding 
the molecular basis of its toxic action, especially in reference 
to both the acute and chronic low level exposure models of 
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neurotoxicity. Pb2+ interacts with calmodulin with an affinity at 
least equal to that for Ca2+ (3).

In humans, blood lead concentrations correlated significantly 
with abnormalities in the recorded evoked potentials in several 
studies. Forst reported a significant relation between current 
BLLs and elevated hearing thresholds (31). Bleecker reported an 
association between current mean 28 μg/dl and lifetime weighted 
average 39  μg/dl BLLs and auditory dysfunction (30). Several 
other investigations have shown correlations between current 
mean BLLs of 42–57 μg/dl and auditory dysfunction (13–15, 19). 
Farahat reported a significant correlation between current BLLs 
and increased hearing thresholds. Exposed workers (BLL’s mean: 
37 μg/dl) had significantly elevated hearing thresholds compared 
to the controls (20).

Animal studies have provided conflicting results when evalu-
ating the effects of lead on hearing. In guinea pigs, dysfunction of 
the eighth nerve was induced by high-dose lead exposure but did 
not induce electrophysiological dysfunction of the organ of Corti 
and the stria vascularis (10). By contrast, one study in monkeys 
showed that the auditory-evoked response at levels from the 
auditory nerve to the cerebral cortex did not significantly differ 
as a function of lead exposure (9). In another study, three of six 
monkeys exposed for lifetime to lead, with high current blood 
lead concentrations showed elevated thresholds for pure tones 
(11). Other study of long-term exposed monkeys, BLLs of 35 μg/
dl did not show significant effects on evoked potentials, at level 
of 55 μg/dl, these effects were significant (12). BLLs of 35–40 μg/
dl in monkeys exposed from birth up to 2 years of age had no 
significant effects on auditory function (8).

However, two studies have shown opposite findings with no 
relation to hearing loss and BLLs (32, 33).

Some limitations in this study should be considered. The 
present study was conducted with a cross-sectional design that 
may preclude inferences of causality in the association between 
lead exposure and hearing loss.

cOnclUsiOn

This study showed a dose–response relationship between BLL 
≥10 μg/dl and high frequency hearing loss, after adjusting for poten-
tial confounders (noise, age, BMI, work duration, and smoking) in 
logistic regressions. Periodic hearing assessment by pure tone audi-
ometry in workers exposed to low level of lead even if the ambient 
noise level is <85 dB should be recommended. However, additional 
studies are required to clarify the mechanisms of lead ototoxicity. 
Despite laws established in the 1970s to make people aware of the 
dangers of lead and its poisonous effects, lead poisoning remains 
a common, yet preventable, environmental health problem in the 
world. By understanding, identifying, and safely removing sources 
of lead, we can prevent its devastating and irreversible effects.

Occupational lead exposure is an important health issue in 
Iran, and we recommend identifying, eliminating or controlling 
sources, and monitoring environmental exposures and hazards to 
prevent lead poisoning.

aUThOr cOnTriBUTiOns

MG and MR: participated in the design of the study and per-
formed the data collection. MG and SM: performed the statistical 
analysis and interpretation of data. SM, MR, and MG: conceived 
of the study, and participated in its design and coordination. 
MG: drafted the manuscript. BR and MG: revising it critically 
for important intellectual content. MG: final approval of the 
version to be published. All authors read and approved the final 
manuscript.

acKnOWleDgMenTs

We acknowledge with thanks HSE department of battery manu-
facturing factory for helping to data collection (arrangement the 
time and place for interview with workers and lab clinical studies).

reFerences

1. Barregård L, Axelsson A. Is there an ototraumatic interaction between noise and 
solvents? Scand Audiol (1984) 13(3):151–5. doi:10.3109/14992028409043054 

2. Choi YH, Hu H, Mukharjee B, Miller J, Park SK. Environmental cadmium 
and lead exposures and hearing loss in U.S adults: the National Health and 
Nutrition Examination Survey, 1999 to 2004. Environ Health Perspect (2012) 
120(11):1544–50. doi:10.1289/ehp.1104863 

3. Simons PDJ. Cellular interactions between lead and calcium. Br Med Bull 
(1986) 42:431–4. 

4. Holtzman D, Hsu JS. Early effects of inorganic lead on immature 
rat brain mitochondrial respiration. Pediatr Res (1976) 10:70–5. 
doi:10.1203/00006450-197601000-00014 

5. Holtzman D, Hsu JS, Mortell P. In vitro effects of inorganic lead on isolated 
rat brain mitochondrial respiration. Neurochem Res (1978) 3:195–206. 
doi:10.1007/BF00964060 

6. Gmerek DE, McCafferty MR, O’Neilln KJ, Melamed BR, O’Neill JJ. Effect of 
inorganic lead on rat brain mitochondrial respiration and energy production. 
J Neurochem (1981) 36:1109–13. doi:10.1111/j.1471-4159.1981.tb01706.x 

7. Pfleger H, Wolf HU. Activation of membrane-bound high-affinity calcium 
ion-sensitive adenosinetriphosphatase of human erythrocytes by bivalent 
metal ions. Biochem J (1975) 147:359–61. doi:10.1042/bj1470359 

8. Lasky RE, Luck ML, Torre P, Laughlin N. The effects of early lead exposure on 
auditory function in rhesus monkeys. Neurotoxicol Teratol (2001) 23:639–49. 

9. Lasky RE, Maier MM, Snodgrass EB, Hecox KE, Laughlin NK. The effects of 
lead on otoacoustic emissions and auditory evoked potentials in monkeys. 
Neurotoxicol Teratol (1995) 17(6):633–44. doi:10.1016/0892-0362(95)02006-3 

10. Yamamura K, Terayama K, Yamamoto N, Kohyama A, Kishi R. Effects 
of acute lead acetate exposure on adult guinea pigs: electrophysiolog-
ical study of the inner ear. Fundam Appl Toxicol (1989) 13:509–15. 
doi:10.1016/0272-0590(89)90287-X 

11. Rice DC. Effects of lifetime lead exposure in monkeys on detection of pure 
tones. Fundam Appl Toxicol (1997) 36(2):112–8. doi:10.1006/faat.1996.2268 

12. Lilienthal H, Winneke G. Lead effects on the brain stem auditory evoked 
potential in monkeys during and after the treatment phase. Neurotoxicol 
Teratol (1996) 18(1):17–32. doi:10.1016/0892-0362(95)02010-1 

13. Discalzi G, Fabbro D, Meliga F, Mocellini A, Capellaro F. Effects of occupa-
tional exposure to mercury and lead on brainstem auditory evoked potentials. 
Int J Psychophysiol (1993) 14(1):21–5. doi:10.1016/0167-8760(93)90080-9 

14. Counter SA, Buchanan LH. Neuro-ototoxicity in Andean adults with 
chronic lead and noise exposure. J Occup Environ Med (2002) 44(1):30–8. 
doi:10.1097/00043764-200201000-00006 

15. Discalzi GL, Capellaro F, Bottalo L, Fabro D, Mocellini A. Auditory brainstem evoked 
potentials (BAEPs) in lead-exposed workers. Neurotoxicology (1992) 13(1):207–9. 

16. Schwartz J, Otto D. Lead and minor hearing impairment. Arch Environ Health 
(1991) 46(5):300–5. doi:10.1080/00039896.1991.9934391 

17. Bleecker ML, Ford DP, Lindgren KN, Scheetz K, Tiburzi MJ. Association of 
chronic and current measures of lead exposure with different components of 

http://www.frontiersin.org/Public_Health/archive
http://www.frontiersin.org/Public_Health
http://www.frontiersin.org
http://dx.doi.org/10.3109/14992028409043054
http://dx.doi.org/10.1289/ehp.1104863
http://dx.doi.org/10.1203/00006450-197601000-00014
http://dx.doi.org/10.1007/BF00964060
http://dx.doi.org/10.1111/j.1471-4159.1981.tb01706.x
http://dx.doi.org/10.1042/bj1470359
http://dx.doi.org/10.1016/0892-0362(95)02006-3
http://dx.doi.org/10.1016/0272-0590(89)90287-X
http://dx.doi.org/10.1006/faat.1996.2268
http://dx.doi.org/10.1016/0892-0362(95)02010-1
http://dx.doi.org/10.1016/0167-8760(93)90080-9
http://dx.doi.org/10.1097/00043764-200201000-00006
http://dx.doi.org/10.1080/00039896.1991.9934391


February 2016 | Volume 4 | Article 195

Ghiasvand et al. Lead Exposure and Hearing Loss

Frontiers in Public Health | www.frontiersin.org

brainstem auditory evoked potentials. Neurotoxicology (2003) 24(4–5):625–31. 
doi:10.1016/S0161-813X(03)00045-7 

18. Otto DA, Fox DA. Auditory and visual dysfunction following lead exposure. 
Neurotoxicology (1993) 14:191–207. 

19. Wu TN, Shen CY, Lai JS, Goo CF, Ko KN, Chi HY, et al. Effects of lead and 
noise exposure on hearing ability. Arch Environ Health (2000) 55(2):109–14. 
doi:10.1080/00039890009603396 

20. Farahat TM, Abdel-Rasoul GM, El-Assy AR, Kandil SH, Kabil MK. Hearing 
thresholds of workers in a printing facility. Environ Res (1997) 73(1–2):189–92. 
doi:10.1006/enrs.1997.3700 

21. Tsai PL, Hatfield TH. Global benefits from the phase-out of leaded fuel. 
J Environ Health (2011) 74:8–14. 

22. Tong S, von Schirnding YE, Prapamontol T. Environmental lead exposure: a 
public health problem of global dimensions. Bull World Health Organ (2000) 
78:1068–77. 

23. von Schirnding YE. The impact of lead poisoning on the workforce and soci-
ety. Proceedings of the International Conference on Lead Poisoning, Bangalore, 
India. Bangalore: The George Foundation (1999). p. 41–7.

24. Pirkle JL, Brody DJ, Gunter EW, Kramer RA, Paschal DC, Flegal KM, et al. 
The decline in blood lead levels in the United States. The National Health 
and Nutrition Examination Surveys. J Am Med Assoc (1994) 272(4):284–91. 
doi:10.1001/jama.272.4.284 

25. Edwards-Bert P, Calder IC, Maynard EJ. National Review of Public Exposure 
to Lead in Australia. Adelaide: South Australian Health Commission (1994).

26. CDC. Preventing Lead Poisoning in Young Children: A Statement by the Centers 
for Disease Control. Atlanta, GA: U.S. Department of Health and Human 
Services (1991).

27. Karrari P, Mehrpour O, Abdollahi M. A systematic review on status of lead 
pollution and toxicity in Iran; guidance for preventive measures. Daru (2012) 
20:2. doi:10.1186/1560-8115-20-2 

28. Ladou J. Occupational and Environmental Medicine. 5th ed. Philadelphia: 
McGraw-Hill (2014). 474 p.

29. EPA. Supplement to the 2086 EPA Air Quality Criteria for Lead. Addendum. 
EPA/600/8-89/049A (Vol. 1). Washington, DC: U.S. Environmental Protection 
Agency, Office of Health and Environmental Assessment (1989).

30. Park SK, Elmarsafawy S, Mukherjee B, Spiro A, Vokonas PS, Nie H, 
et  al. Cumulative lead exposure and age-related hearing loss: the VA 
Normative Aging Study. Hear Res (2010) 269(1–2):48–55. doi:10.1016/j.
heares.2010.07.004 

31. Forst LS, Freels S, Persky V. Occupational lead exposure and hearing loss. J Occup 
Environ Med (1997) 39(7):658–60. doi:10.1097/00043764-199707000-00011 

32. Buchanan LH, Counter SA, Ortega F, Laurell G. Distortion product oto-acous-
tic emissions in Andean children and adults with chronic lead intoxication. 
Acta Otolaryngol (1999) 119:652–8. doi:10.1080/00016489950180586 

33. Counter SA, Butchanan LH, Ortega F, Laurel G. Normal auditory brainstem 
and cochlear function in extreme pediatric plumbism. J Neurol Sci (1997) 
152(1):85–92. 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2016 Ghiasvand, Mohammadi, Roth and Ranjbar. This is an open-ac-
cess article distributed under the terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or reproduction in other forums is permit-
ted, provided the original author(s) or licensor are credited and that the original 
publication in this journal is cited, in accordance with accepted academic practice. 
No use, distribution or reproduction is permitted which does not comply with these 
terms.

http://www.frontiersin.org/Public_Health/archive
http://www.frontiersin.org/Public_Health
http://www.frontiersin.org
http://dx.doi.org/10.1016/S0161-813X(03)00045-7
http://dx.doi.org/10.1080/00039890009603396
http://dx.doi.org/10.1006/enrs.1997.3700
http://dx.doi.org/10.1001/jama.272.4.284
http://dx.doi.org/10.1186/1560-8115-20-2
http://dx.doi.org/10.1016/j.heares.2010.07.004
http://dx.doi.org/10.1016/j.heares.2010.07.004
http://dx.doi.org/10.1097/00043764-199707000-00011
http://dx.doi.org/10.1080/00016489950180586
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	The Relationship between Occupational Exposure to Lead and Hearing Loss in a Cross-Sectional Survey of Iranian Workers
	Introduction
	Materials and Methods
	Noise Exposure Assessment
	Audiometric Measurement
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Author Contributions
	Acknowledgments
	References


