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Hearing Conservation

Monday, February 11, 2019

Brad Freeman, CIH, CSP Gary Hulbert, CHMM, CSP

Objectives

• Occupational Noise

• Hearing Loss

• 1910.95 Occupational noise exposure standard

• Noise Monitoring

• Hearing protection types available

• Determin whether noise reduction rating is adequate for exposure

• Audiometric testing

• Engineering controls
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1

2



2

What is Occupational Noise

• Occupational noise can be any sound in the work environment

• A rapid variation of atmospheric pressure caused by some disturbance of 
the air

• Sound can travel through any elastic medium (e.g., air, water, wood, metal)

• When air molecules are set to vibrate, the ear perceives the variations in 
pressure as sound 

• In the workplace, sound that is intense enough to damage hearing is 
unwanted and, therefore, is considered to be noise
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The Impact of Noise

“Unwanted sound” (ANSI)

• Interferes with communication 

• Causes fatigue 

• Distracting or irritating

• Reduces morale 
or efficiency
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Noise

• About 30 million workers are exposed to hazardous noise on the job

• Noise-induced hearing loss is the most common occupational hazard for 
American workers

• Hearing loss from noise is slow and painless; you can have a disability 
before you notice it

• If you must raise your voice to speak with someone only 3 feet away, you 
are in high     (hazardous) noise. 

• It is 100% preventable

Monday, February 11, 2019
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How we Hear

• The ear is the organ that makes hearing possible. It can be divided into 
three sections: the external or outer ear, the middle ear, and the inner ear.

• The outer ear (the part you can see) opens into the ear canal. 

• The eardrum separates the ear canal from the middle ear.

• Small bones in the middle ear help transfer sound to the inner ear. 

• The inner ear contains the auditory (hearing) nerve, which leads to the            
brain.
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How we Hear

• The function of the ear is to gather, transmit, and perceive sounds from the 
environment. This involves three stages:

• Stage 1: Modification of the acoustic wave by the outer ear

• Stage 2: Conversion and amplification of the modified acoustic wave to 
a vibration of the eardrum

• Stage 3: Transformation of the mechanical movement of the wave into 
nerve impulses that will travel to the brain

Monday, February 11, 2019
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Parts of the Ear
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3 P’s of Hearing Loss

• Painless

• Permanent 

• Preventable 

Monday, February 11, 2019
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Noise-Induced Hearing Loss

• Temporary Threshold Shifts (TTS): Occurs when hair cells become     
fatigued. 

• Permanent Threshold Shifts (PTS): Occurs when the hair cells die off after 
repeated exposure. 

• Standard Threshold Shift (STS): As defined by OSHA, this is a change in 
hearing threshold relative to the baseline audiogram.
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Hearing Loss 

Hearing loss can be either conductive or sensorineural or a combination of the 
two:

• Conductive - hearing loss resulting from any condition in the outer or 
middle ear that interferes with sound passing to the inner ear.  
Conductive hearing loss is not common in an occupational exposure.  
E.g., excessive ear wax, ruptured ear drum

• Sensorineural – hearing loss which can’t usually be treated medically 
or surgically.  Associated with irreversible damage to the inner ear.  
More common in an occupational exposure.  E.g., aging process, 
excessive noise exposure.

Monday, February 11, 2019
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Healthy Hair Cells

Hair Cells with a History of 
Noise Exposure
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Decibel (dB)

Sound pressure is measured in decibels 

• Intensity of sound is measured in decibels.

• Since the human ear can detect sounds with an extensive range of 
amplitude, a decibel scale is used to simplify the measurement results. 

• Prolonged exposure to sound pressure levels exceeding 85 dB can cause 
permanent damage to the ear.

• Decibels are measured on a logarithmic scale which means that a small 
change in the number of decibels results in a huge change in the amount of 
noise and the potential damage to a person's hearing.
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Hearing Conservation Program 
Components

• Monitoring employee noise exposures

• Developing and implementing written hearing conservation program when 
exposure levels are above the action level of 85 dB for an 8 hour work shift

• Hearing conservation program components include:

• Annually training employees on hazardous effects of excessive noise 
and how to effectively use hearing protection devices (HPD)

• Provide hearing protection and enforce the use above the permissible 
exposure limit (PEL) of 90 dB

• Annual audiometric testing

• The highest permissible noise exposure for the unprotected ear is 115 dB 
for 15 minutes/day. Any noise above 140 dB is not permitted. 

Monday, February 11, 2019
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Permissible Noise Exposure

Occupational Noise Exposure
1910.95

1910.95(d)(1)

• When information indicates that any employee's exposure may equal or 
exceed an 8-hour time-weighted average of 85 decibels, the employer shall 
develop and implement a monitoring program.

• According to OSHA's Noise standard (29 CFR 1910.95), the noise 
dosimeter is the primary instrument for making compliance measurements.

Monday, February 11, 2019
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Noise Monitoring 

• The hearing conservation program requires employers to monitor noise 
exposure levels in a way that accurately identifies employees exposed to 
noise at or above 85 decibels (dB) averaged over 8 working hours, or an 8-
hour time-weighted average (TWA). 

• Employers must monitor all employees whose noise exposure is equivalent 
to or greater than a noise exposure received in 8 hours where the noise 
level is constantly 85 dB.

• Employers must repeat monitoring whenever changes in production, 
process, or controls increase noise exposure.
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Noise Dosimeters

• The dosimeter is worn by the worker to determine the personal noise dose 
during the workshift or sampling period.

• A noise dosimeter is composed of the following: a microphone with a 
preamplifier, a weighted network, fast or slow response time, an internal 
clock, calculator, and memory to store logged data. 

• Averages noise levels  

• Good for when noise levels are not 

• consistent 

• Can get a full-shift exposure

• generally referred to as "personal" 

noise monitoring

• Exchange rate: 5 dB, Frequency 

weighting: A, Response: slow

Monday, February 11, 2019
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Personal Noise Monitoring

Monday, February 11, 2019

Sound Level Meters

• Sound level meters provide instantaneous noise measurements for 
screening purposes

• Spot-checking noise dosimeter performance

• Generally necessary to take a number of measurements at different times 
during the day 

• By using a sound level "map" and information on employee locations 
throughout the day, estimates of individual exposure levels can be 
developed

• This measurement method is generally referred to as "area" noise 
monitoring

Monday, February 11, 2019
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Sound Level Meter Types

• Type 0 (laboratory standard): Intended for use in the laboratory as a high-
precision reference standard; not required to satisfy environmental 
requirements for a field instrument. 

• Type 1 – (precision): Intended for measurements in the field and 
laboratory.  Will have errors not exceeding 1 dB.

• Type 2 – (general purpose): Has more lenient design tolerances than type 
1; intended for general field use, particularly in applications with high-
frequency.  The most widely used sound level meter for workplace 
evaluations.

• Type S (special purpose): May have design tolerances associated with any 
of the three grades, but is not required to contain all the functions 
stipulated for a numbered type. 

Monday, February 11, 2019

Sound Level Meter Responses

• Slow: Averages the response out so the SLM can read more easily. 

• Fast: Used for intermittent noise. 

• Impact: Transient acoustical event less than half second in duration 
separated by greater than one second between peaks. 

• Protection against the effects of noise exposure shall be provided when the 
sound levels exceed those shown in Table G-16 when measured on the A 
scale of a standard sound level meter at slow response

Monday, February 11, 2019
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Table G-16

Duration per day in hours dBA slow response

8...........................| 90 

6...........................| 92 

4...........................| 95 

3...........................| 97 

2...........................| 100 

1 1/2 ....................| 102 

1...........................| 105 

1/2 ........................| 110 

1/4 or less................| 115

Exposure to impulsive or impact noise should not exceed 140 dB peak sound 
pressure level

Monday, February 11, 2019

Dosimeter

Sound Level 
Meter

Monitoring
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Sound Level Meter vs Dosimeter

• Area monitoring can be used to estimate noise exposure when the noise 
levels are relatively constant and employees are not mobile. 

• In workplaces where employees move about in different areas or where the 
noise intensity tends to fluctuate over time, noise exposure is generally 
more accurately estimated by the personal monitoring approach.

• For compliance purposes, readings with a Type 2 sound level meter and 
dosimeter are considered to have an accuracy of ±2 dBA.

Monday, February 11, 2019

How Often to Repeat Noise 
Monitoring

• When there are significant changes in machinery or production processes 
that may result in increased noise levels

• Re-monitoring must be conducted to determine whether additional 
employees need to be included in the hearing conservation program

• Many companies choose to re-monitor periodically (once every year or 
two) to ensure that all exposed employees are included in their hearing 
conservation programs

Monday, February 11, 2019
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Why Do Audiometric Testing?

• Obtain a Baseline Audiogram for future comparison

• The baseline audiogram is the reference audiogram against which 
future audiograms are compared

• Identify occupational hearing loss

• Identify Standard Threshold Shifts (STS)

Audiometric Testing

• Monitors employee’s hearing over time

• Baseline audiogram must be performed within first 6 months of work 
exposure ( 8 hour TWA ≥ 85 dBA)

• Employers must provide annual audiograms within 1 year of the baseline

• Employers must compare annual audiograms to baseline audiograms to 
determine whether the audiogram is valid and whether the employee has 
lost hearing ability or experienced a standard threshold shift (STS). 

• Employer must pay for the cost of each required audiogram
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Standard Threshold Shift

• Hearing changed by 10 dB average 

• Employee notification within 21 days

• Revised hearing protection required

• Further medical evaluation

Monday, February 11, 2019

Normal Hearing
250Hz           500Hz                          1kHz                         2kHz 3kHz       4kHz          6kHz         8Hz
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Don’t make the mistake of thinking your job is 
done if you simply provide hearing protection and 

periodic hearing tests.

Train workers how to 
recognize noise 

hazards, utilize noise 
controls, and use of 
hearing protection.

Training
• Within 30 days of enrollment in HCP, and every 12 months thereafter, 

employee must be trained in:

• effects of noise on hearing

• purpose and value of wearing HPDs

• advantages/disadvantages of HPDs

• care, fitting and use of HPDs

• purpose and value of audiometric testing
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Frequency Range for Humans

• 20 – 20,000 Hz

• Below 20 Hz cannot be heard but does cause vibrations in the body that 
can be a health hazard. 

• Human hearing is best around 4,000 Hz.

Monday, February 11, 2019

Human hearing and Frequency

0 16 Hz 20 kHz 5 MHz
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Sound and human hearing –
Frequency 

• Humans are less sensitive to low frequency sound 
and more sensitive to high frequency sound.  

• A-weighting (db(A)): adjusts overall scale

• C-weighting (dB(C)): adjusts scale for loud or low 
frequency sounds

• B-weighting (dB(B)): adjusts by factors that are “in 
between” the A-weighted factors and C-weighted 
factors (rarely used)

The filters used for dBA and dBC

The most widely used sound level filter is the A scale, which roughly 
corresponds to the inverse of the 40 dB (at 1 kHz) equal-loudness curve.   
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Hearing Protection Rule of 
Thumb

Monday, February 11, 2019

Hearing protection may be needed if: 

• You have to raise your voice significantly to be heard by someone three 
feet away. 

• After leaving a noisy area, your ears feel plugged or you hear a mild 
ringing or whooshing noise that goes away after an hour or two.

• When you start your car in the morning, the radio is so loud from the 
evening before that you have to turn it down. 

When is Hearing Protection 
Required?

• Employers must provide hearing protectors to all workers exposed to 8-
hour TWA noise levels of 85 dB or above

• For any period exceeding 6 months from the time they are first exposed to 
8-hour TWA noise levels of 85 dB or above, until they receive their 
baseline audiograms if these tests are delayed due to mobile test van 
scheduling

• If they have incurred standard threshold shifts that demonstrate they are 
susceptible to noise

• If they are exposed to noise over the permissible exposure limit of 90 dB 
over an 8-hour TWA

Monday, February 11, 2019
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Types of Hearing Protection 
Devices

Hearing protection devices are selected according to:
• Employee comfort
• Level of noise exposure
• NRR of device
• Type of work being performed
• Environmental conditions

Employee may select hearing protection from a variety of suitable
hearing protectors provided by employer.

Monday, February 11, 2019

Types of Hearing Protection Devices

• Ear muffs

• Foam insert earplugs

• Semi-aural earplugs

Monday, February 11, 2019
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Ear Muffs

Advantages
• More protection at higher 

frequencies than earplugs
• Various NRRs available
• Durable, long lasting
• Can be fitted on hard hat
• Reusable

Disadvantages
• Higher cost
• Eye glasses can interfere 

with ear muff seal
• May be uncomfortable in hot 

environments
• Must be cleaned before use 

by another worker

Monday, February 11, 2019

Foam Insert Earplugs

Advantages
• More protection at lower 

frequencies than muffs

• Various NRRs available

• Inexpensive; disposable

• Can be custom molded for 
individual worker

• Reusable plugs are available

Disadvantages
• Hands must be cleaned 

before inserting earplugs

• Improper insertion reduces 
NRR value

Monday, February 11, 2019
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Semi-Aural Caps

Advantages
• Various NRRs available

• Easy to insert

• May be used several times

• Ideal for people going in and 
out of noisy areas

Disadvantages
• Improper insertion reduces 

effectiveness

• More expensive than ear 
plugs

• Typically have lower NRRs 
than plugs or muffs

Monday, February 11, 2019

Molded Earplugs

Monday, February 11, 2019
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Common Problems of Hearing 
Protection

• Studies have shown that one-half of the workers wearing hearing protectors 
receive one-half or less of the noise reduction potential of their protectors 
due to:

• The hearing protector not fitting properly

• The hearing protector not being worn continuously while in areas of 
excessive noise levels

• Even if earplugs and/or muffs are worn continuously while in noise, 
they do little good if there is an incomplete air seal between the hearing 
protector and the skin

Monday, February 11, 2019

Hearing Protectors Proper Use

• Employer must ensure proper initial fitting
• Employer must supervise the correct use of hearing protectors
• Hearing protectors must be replaced as necessary at no cost to employee
• Hearing protection devices must be cleaned and stored according to the 

manufacturer’s specifications

Monday, February 11, 2019
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• Listed on the package

• How many decibels are blocked

• OSHA subtracts the NRR by 50%

• NIOSH subtracts the NRR by 25% for earmuffs, 50% for formable 
plugs, and 70% for all other plugs

Noise Reduction Rating (NRR)

Noise Reduction Rating for 
Single Protection 

• A common method used for single protection (either muffs or plugs) is 
as follows

• Determine the laboratory-based noise attenuation provided by the 
HPD. This is referred to as the Noise Reduction Rating (NRR) and 
is listed on the packaging.

• Subtract the NRR from the C-weighted TWA workplace noise 
level, as follows: Estimated Exposure (dBA) = TWA (dBC) - NRR

• If C-weighted noise level data is not available, A-weighted data can 
be used by subtracting a 7 dB correction factor from the NRR, as 
follows:

• Estimated Exposure (dBA) = TWA (dBA) - (NRR - 7)

• Example:

• TWA=100 dBA, muff NRR=19 dB

• Estimated Exposure = 100 - (19-7) = 88 dBA
Monday, February 11, 2019
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Noise Reduction Rating for Dual 
Protection 

• For dual protection (ear muffs and plugs are used simultaneously) use the 
following: 

• Determine the laboratory-based NRR for the higher rated protector 
(NRRh).

• Subtract 7 dB from NRRh if using A-weighted sound level data.

• Add 5 dB to the field-adjusted NRR to account for the use of the 
second hearing protector.

• Subtract the remainder from the TWA as follows: Estimated 
Exposure (dBA) = TWA (dBC) - (NRRh + 5) , or

• Estimated Exposure (dBA) = TWA (dBA) - [(NRRh- 7) + 5]

• Example:

• TWA=110 dBA, plug NRR=29, and muff NRR=25 dB

• Estimated Exposure = 110 - [(29 - 7) + 5] = 83 dBA

Monday, February 11, 2019

Personal Fit Test Systems

• A service program designed to help validate hearing protection and 
compliance with hearing protection fit testing

• Delivers an objective, quantitative measurement of each employee's 
protection

Monday, February 11, 2019
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Personal Fit Test Systems

• Can personal fit test systems be used to evaluate the adequacy of HPD 
attenuation:

• According to an OSHA interpretation, it would depend on how the 
employer uses the system.

• A violation of Section 1910.95(j)(1) would exist where an employer 
does not use a method included in Appendix B.

• However, employers may use any means that are most suitable and 
effective to ensure proper initial fitting.

• A personal fit-testing system can be used to provide training to 
employees in the use and care of hearing protector devices.

Monday, February 11, 2019

Wear this now...

It’s Really Pretty Simple.

…or wear this later!
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Exposure and Testing Records

• Employers must keep noise exposure measurement records for 2 years and 
maintain records of audiometric test results for the duration of the affected 
employee's employment.

• Audiometric test records must include the employee's name and job 
classification, date, examiner's name, date of the last acoustic or exhaustive 
calibration, measurements of the background sound pressure levels in 
audiometric test rooms, and the employee's most recent noise exposure 
measurement.
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Extended Workshift

• Extended workshifts do not affect the PEL, but do affect the Action Level 
(AL)

Table IV-3. Extended Workshifts and Action Level Reduction

Exposure Time (hours) Action Level (dBA)

8 85

9 84.2

10 83.4

12 82.1

16 80

Monday, February 11, 2019
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Eliminating Noise

• Engineering controls required over 100 dB
• Eliminate or reduce the noise at the source
• Interrupting the noise path
• Reducing reverberation

• Administrative Controls
• Change in work schedule
• Quiet areas for breaks
• Job rotation

Monday, February 11, 2019

Conclusion

• Prolonged noise exposure causes permanent hearing loss

• Hearing loss is preventable, so wear your hearing protection!

Monday, February 11, 2019
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• Confidential* and cost-free
• On-site consultation
• Full or limited-scope audit
• Air and noise sampling

insafe@dol.in.gov
(317) 232-2688

www.in.gov/dol/INSafeConsultation

Contact Information

Gary Hulbert, CHMM, CSP

ghulbert@dol.in.gov

574-583-9216

Brad Freeman, CIH, CSP

bfreeman@dol.in.gov

812-876-4904
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