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Why did NIOSH develop this app?

NIOSH estimates that 22 million workers are exposed to hazardous noise levels every year. In addition to
damaging workers’ quality of life, occupational hearing loss carries a high economic price to society. The NIOSH
hearing loss team evaluated 192 sound measurement applications (apps) for the iOS and Android platforms to
examine their suitability and accuracy in relation to professional sound measurement instruments. Of the 192
apps, 10i0S apps met our selection criteria for functionality, features, and calibration capability, and only 4 apps
met our accuracy criteria of (+ 2 dB(A) mean difference from the reference type 1 sound level meter). The
results were published in the Journal of Acoustical Society of America (JASA): Evaluation of smartphone sound

measurement applications, Kardous and Shaw 2014. A followup study on the use of smartphone with external

microphones was published in JASA in 2016 (Evaluation of smartphone sound measurement applications (apps)

using external microphones—A follow-up study, Kardous and Shaw 2016), the study revealed that apps used

with external calibrated microphones show close agreement with Type 1 sound level meter (accuracy within + 1
dB(A) of reference type 1 sound level meter.

The studies also revealed that most commercially available sound measurement apps lacked the accuracy and
functionality necessary to conduct occupational and general-purpose noise measurements. As a result, NIOSH
hearing loss researchers collaborated with one of the 4 app developers to develop a free sound measurement
app that can be distributed to the occupational safety and health community as well as the general public.
NIOSH signed an MOU agreement with EA LAB in February 2015 to develop the NIOSH Sound Level Meter app.
The app was subjected to the same testing requirements that were established in the Kardous and Shaw studies.

The ubiquity of smartphones and the sophistication of current sound measurement applications present a great
opportunity to revolutionize current data collection and surveillance practices for noise. Through the use of
crowdsourcing techniques, workers around the world may be able to collect and share workplace (or task-
based) noise exposure data using their smartphones. Scientists and occupational safety and health professionals
can rely on such shared data to build job exposure databases and promote better hearing health and prevention
efforts. In addition, the ability to acquire and display real-time noise exposure data raises workers’ awareness
about their work (and off-work) environment and allows them to make informed decisions about hazards to
their hearing. A NIOSH-developed and branded occupational sound measurement smartphone app will help
advance the NIOSH mission by translating knowledge of occupational sound measurement into a practical and
informational product that will be available to more than 1.3 billion active iOS devices worldwide.


https://asa.scitation.org/doi/full/10.1121/1.4865269
https://asa.scitation.org/doi/full/10.1121/1.4865269
https://asa.scitation.org/doi/full/10.1121/1.4964639
https://asa.scitation.org/doi/full/10.1121/1.4964639

Figure 1. The main screen of the NIOSH SLM app (shown with an external microphone on iPhone 8)




Does this app comply with ANSI or IEC sound level meter or noise dosimeter standards?

Professional sound level meters (SLMs) must comply with national and international standards such as the
American National Standards Institute (ANSI) $1.4-2014), Specifications for Sound Level Meters and
International Electrotechnical Commission (IEC) 61672, Sound Level Meters: Specifications (ANSI adopted the
IEC standard in 2014). ANSI/IEC standards specify acoustical, electrical, and environmental tests with indicated
tolerance limits and measurement uncertainties that are specified in decibels over a wide frequency range
(typically from 10 Hz — 20 kHz). Such tests must account for level linearity, directionality, time and frequency-
weighting responses, tone bursts, radio frequency interference, and atmospheric and environmental conditions.
The standards also specify that these tests shall be made on the complete instrument, including the microphone
and pre-amplifier.

In 2018, EA LAB and NIOSH researchers evaluated the app’s performance as part of a system (iPhone + external
microphone) for compliance with type 2 requirements of IEC 61672/ANSI S1.4 standard: Sound Level Meters —
Part 3: Periodic Tests. The results were published in the Applied Acoustics Journal [Celestina et al. 2018].

Celestina, M., Hrovat, J., & Kardous, C. A. (2018). Smartphone-based sound level measurement apps: Evaluation
of compliance with international sound level meter standards. Applied Acoustics, 139, 119-
128. https://doi.org/10.1016/j.apacoust.2018.04.011

NIOSH and EA LAB continue to work towards achieving compliance with Part 1 and 2 or IEC 61672, but as of
today, this is the only app that has shown any compliance with sound level meters standards. This app is meant
to serve as a practical tool to raise awareness about noise levels in the workplace. Increased awareness could
lead workers and managers to request full professional noise surveys and implement engineering controls or
hearing conservation programs to reduce the risk of noise-induced hearing loss.


https://doi.org/10.1016/j.apacoust.2018.04.011

Main Screen (Sound Level Meter)

Once the user launches the app, they will be presented with a main screen (dB icon highlighted on the bottom
left corner). The top half of the screen shows a readout of the sound level using the built-in microphone (or
external microphone if used) and reports the instantaneous sound level in A, C, or Z-weighted decibels. The
weighting is user-selectable and can be accessed in the Settings screen.
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Total run time 00:15:01
Instantaneous level 84.2 dB(A)
LAeq 100.3 dB
Max. level 119.8 dB
LCpeak 137.5 dB
TWA 85.2 dB
Dose 103.8 %
Projected dose 33975 %
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What are the main features of the NIOSH SLM app?

The NIOSH Sound Level Meter app has many important features: it provides a readout of the sound level using
the built-in microphone (or with an external microphone) and reports the instantaneous sound level in A, C, or
Z-weighted decibels. The weighting is user-selectable and can be accessed in the “Settings” screen. The app
also reports the main metrics that are important for proper occupational noise measurements: run time (total
time), A-weighted equivalent sound level (LAeq), maximum level measured during the current run time, C-
weighted peak sound pressure level (LCpeak), time-weighted average (TWA), and dose. The app also contains
basic information about noise and hearing loss prevention. In addition, the app allows the user to save and
share measurement data using the smartphone other communication and media features. If location services
are enabled, the app can use the GPS feature to provide an exact geospatial location of the location of the noise
measurement.

e Total run time: Total run time for the current measurement

e Instantaneous level: Default sound pressure level in A, C, or Z-weighted decibels [dB(A), dB(C), dB(Z)].

e LAeq: Equivalent (averaged every second) continuous sound level in A-weighted decibels [dB(A)].

e Max level: Highest sound pressure level during a measurement period.

e LCpeak: Peak sound pressure level in C-weighted decibels [dB(C)].

e TWA: Time-weighted average is the sound level accumulated over any time period, but with its average
computed over an 8-hour time period.

e Dose: A percentage of the maximum allowable daily noise dose. Exposures at 100% or above are
considered hazardous.

e Projected Dose: The current noise dose, over the current measurement duration, projected forward
over 8 hours (assuming the sound level remains constant over that same 8-hour period)

On the bottom of the screen, there are five major buttons: Start, Pause, and Reset:

The app will give the user a warning before reset, Save, and Upload (through email)).

A permanent bar at the bottom of the screen allows the user to switch between the main 4 screens of the app —
Soundlevelmeter (dB), Saved, Noise info, and Settings.

The user can toggle back and forth between these screens and can also use the & button at the top left of the
screen to go back to the previous screen.



There is a help

No SIM = 3:31PM

Making a noise measurement ®

To make a measurement, hold the phone with
the microphone (typically on the bottom of the
phone) pointed at the source of noise and
away from the body or other objects (about an
arm’s length). Same if using an external
microphone. The readout on the main screen
will give you the instantaneous sound level and
will fluctuate constantly as the ambient noise
level changes. Please note that microphones
are susceptible to humidity, temperature, wind,
and other conditions, and as a result the
accuracy of the measurement will change from
day to day, and from location to location, and
with the age of the smartphone. NIOSH
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Explanation of parameters ®
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Total time: Total run time for the current
measurement.

Instantaneous level: Default sound pressure
level in A-weighted decibels dB(A).

LAeq: Equivalent (averaged every second)
continuous sound level in A-weighted decibels
dB(A).

Maximum level: Highest sound pressure level
during a measurement period.

LCpeak: Peak sound pressure level in C-
weighted decibels.

TWA: Time-Weighted Average is the sound
level accumulated over any time period, but

with its average computed over an 8-hour time
rarind

91% WM} NoSIM =

3:31PM

Measurement

Use the start, pause and reset button to
control the measurement. Tapping pause

button will temporarily stop the measurement,

but it can be continued by tapping the start
button. Tapping reset will erase all
measurement data.

No SIM = 3:31PM

®

Saving measurements

Tap the save button to save the measured
results. The list of saved measurements is
available in "Saved" tab.
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button that the user can select to get more information about the specific screen:
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Parameters
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All of the measured parameters are displayed
in the table, but you can pick any parameter
and display it on very prominently above the

table. To do so just tap the parameter, that you
want to display, in the table.

L]
No SIM % 3:31PM 91% M)
Sharing ®

Tap the share button to share the measured
results via email. The measurement results are
presented in a nicely designed html report.



How to interpret the results or readouts of the app

NIOSH establishes recommended exposure limits (REL) for various hazards on the basis of the best available
science and practice. The REL for noise is 85 decibels, using the A-weighting frequency response an 8-hour
average, usually referred to as time-weighted average (TWA). Exposures at or above this level are considered
hazardous. OSHA sets legally enforceable permissible exposure limits (PEL) that require employers to take
actions to reduce worker exposures. The OSHA PEL for noise is 90 dB(A) as an 8-hr TWA based on a 5-dB
exchange rate.

Occupational standards specify a maximum allowable daily noise dose, expressed in percentages. For example, a
person continuously exposed to 85 dB(A) per NIOSH or 90 dB(A) per OSHA over an 8-hour work shift, will reach
100% of their daily noise dose. The noise dose is based on both the sound exposure level and how long it lasts
(duration). This dose limit uses a 3-dB time-intensity tradeoff commonly referred to as the exchange rate or
equal-energy rule: for every 3-dB increase in averaged noise exposure, the allowable exposure time is reduced
by half. For example, if the exposure increases to 88 dB(A), workers should be exposed for only 4 hours.
Alternatively, for every 3-dB decrease in averaged noise exposure, the allowable exposure time is doubled, as
shown in the table below.

Time-Weighted Average (TWA)  Time to reach 100% daily noise dose

85 dB(A) 8 hours
88 dB(A) 4 hours
91 dB(A) 2 hours
94 dB(A) 60 minutes
97 dB(A) 30 minutes
100 dB(A) 15 minutes

It is important to differentiate between noise level and time-weighted average noise exposure. While noise
levels describe the intensity of sounds at a given point in time, the NIOSH exposure limits are set as time-
weighted average exposures over periods of time. If sound level measurements consistently exceed 85 dB(A),
we recommend that you follow up with a professional such as an industrial hygienist or occupational safety and
health specialist to conduct a professional noise survey at your workplace. Remember, protecting your hearing is
a good health practice no matter where your ears are!



Saved measurements screen

The second screen gives the user a list of “Saved measurements” with date and time stamp and the TWA for
that specific measurement. Each saved measurement is stored separately.
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Saved measurements @)

8/10/17,12:59 PM 389.3 dB
8/10/17,12:57 PM 7/8.1dB
7/24/17,10:50 AM dB
7/13/17, 4:41 PM 34.9 dB
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A detailed look at what the saved measurement contains, the report information (date, measurement time,
operator, location) as well as the measured values from the mains screen.

10:39 AM

Measurement

GENERAL

Date 10/20/18, 8:22 PM
Measurement time 00:01:00
Operator Chuck
Location DTW - CVG

MEASURED VALUES

LAeq 82.3 dB
Max. level 83.3dB
LCpeak 105.7 dB
TWA 55.4 dB
Dose 0.1%
Projected dose 52.2%

=

Saved
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Noise info screen

The third screen contains basic information from the NIOSH Noise and Hearing Loss Prevention Program and
other NIOSH research resources:

1!l T-Mobile LTE 1:01 PM 9 80% ()

Noise info

What noises can cause hearing dis...

How to prevent hearing loss
Facts and information about noise prevention.

How to conduct a noise survey

Information about how to perform

How to select proper hearing prote...

\When to

and how to select a |

OHOMONO

Noise Info
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a. What noises can cause hearing disorders
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< All What noises can cause hearing... < All What noises can cause hearing... X

e 85 dB(A)
Regular and prolonged exposures to noise at or
above 85 dB(A) (averaged over 8 hours per day)
are considered hazardous.

e 100 dB(A)
Regular and prolonged unprotected exposure of
more than 15 minute per day risks permanent
hearing loss.

e 110 dB(A)
Regular and prolonged unprotected exposure of
more than 1.5 minutes per day risks permanent
hearing loss.

Exposure to loud sounds can cause hearing loss,
tinnitus, or both. Hearing loss is often caused by
prolonged exposure to loud sounds (especially when
hearing protection is not used or the ear does not have
enough time to rest between exposures) but it can also
happen from a single very loud exposure such as that
from firearm or a firecracker. The louder the sound, the
shorter the amount of time it takes for hearing loss to
occur. NIOSH uses a 3-dB exchange rate which is also
known as "trading ratio" or "time-intensity tradeoff", it
basically means that for every 3-dB increase in noise
exposure, the duration must be cut in half. Conversely,
for every 3-dB decrease in noise exposure, duration of
exposure can be doubled.

How hearing loss occurs.
l[lU

[ ]
]
[ ]
[ ]
[ ]
~ \. \ &7 ¢ 119 dB Pneumatic percussion drill
or .. ' 0 1204 e 114 dB Hammer drill
L @ ¢ 108 dB Chain saw
]
[ ]
[ ]
[ ]
]
[ ]
(]

Examples of noise levels

194 dB Loudest possible tone
180 dB Rocket launch

165 dB 12-gauge shotgun
140 dB Jet engine at takeoff
120 dB Ambulance siren

SOURDE COC Vi e, Pty 207

el 108 dB Continuous miner

105 dB Bulldozer, spray painter

103 dB Impact wrench

98 dB Hand drill

96 dB Tractor

93 dB Belt sander

90 dB Hair dryer/power lawn mower

Know which noises can cause damage. Wear hearing
protection when you are involved in a loud activity.

e 85dB(A)
Regular and prolonged exposures to noise at or
above 85 dB(A) (averaged over 8 hours per day)

Noise Info Noise Info

13



b. How to prevent hearing loss
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How to prevent hearing loss

The obvious best prevention strategy is to avoid loud
noise and activities. Prolonged exposures above 85 A-
weighted, decibels (dBA) without protection, can harm
your hearing. A single high-level exposure (e.g., firearm
or fireworks) can reach over 150-170 dB and can cause
immediate mechanical damage to the inner ear. If you
need to shout to be heard, the noise is too loud and may
be dangerous. Noise-induced hearing loss is irreversible,
but 100% preventable.

There several ways to protect your hearing, whether at
work or at play. Know which noises can cause damage -
if the app average reading is consistently above 85 dB,
you are at risk. The single most important thing to protect
your hearing is to walk away. Some other proven tips:

e Avoid loud, noisy activities and places.

e If you use headsets for work, or listen to music

often, turn the volume down or use noise-

cancelling headsets that can block ambient noise.

Take breaks from noisy activities so your ears can

rest.

® Use hearing protection.

e Get your hearing tested if you are exposed to loud
noise often.

In the workplace, NIOSH's Criteria Document and the
Practical Guide - Preventing_Occupational Hearing_Loss
describe the attributes of successful hearing loss
prevention programs. The main components of such a

Noise Info

b
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There several ways to protect your hearing, whether at
work or at play. Know which noises can cause damage -
if the app average reading is consistently above 85 dB,
you are at risk. The single most important thing to protect
your hearing is to walk away. Some other proven tips:

9:23 AM < 45% @

How to prevent hearing loss >

e Avoid loud, noisy activities and places.

If you use headsets for work, or listen to music

often, turn the volume down or use noise-

cancelling headsets that can block ambient noise.

Take breaks from noisy activities so your ears can

rest.

Use hearing protection.

e Get your hearing tested if you are exposed to loud
noise often.

In the workplace, NIOSH's Criteria Document and the
Practical Guide - Preventing_Occupational Hearing_Loss
describe the attributes of successful hearing loss
prevention programs. The main components of such a
program are:

Noise exposure monitoring

Engineering and administrative controls
Audiometric evaluation

Hearing protection devices

Education and motivation

Record keeping

Program evaluation

Program audit

PN R LN

b
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c. How to conduct a noise survey

! T-Mobile LTE
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How to conduct a noise survey

Noise surveys are usually conducted to identify which
workers/individuals are exposed to harmful noise levels
and to provide appropriate information to take corrective
action such as noise control, or enroliment in a hearing
conservation program. Some suggested tips:

Noise Info

0 81% W)
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How to conduct a noise survey [E=

If feasible, we recommend using an external
microphone that can be calibrated with acoustical
calibrator.

If an external microphone is not available or can't
calibrate to known source prior to measurement,
several repeated measurements may be required
to get a representative sample.

Hold the smartphone with internal (or external
microphone) at about 10 - 12" (~25-30 cm) from
your "hearing zone" (sphere around your head).
The microphone should be pointed directly at the
source of noise, preferably at 30° - 45°angle.

If the noise source is constant, you only need a 30
second to 1 minute measurement.

If the noise source is varying, longer periods of
measurements are desired, to try to capture all the
variations. Suggest at least 15 minutes.

Take precautions not to touch the microphone,
tap, or rub with your fingers as this can introduce
artifacts into the measurement.

Do not use in high wind conditions, use
windscreen if you are using external microphone
(some come equipped with windscreens).

Avoid measuring within 1 meter of large noise-
emitting or reflecting surface.

Press the PLAY/RUN button at the bottom left of
the screen to record your measurement.

e Once finished, press STOP/PAUSE button.
e Repeat 3 -5 times, if possible, to get a more

representative assessment and minimize errors.

Noise Info

15



T-Mobile LTE

9:43 AM

{ Al How to conduct a noise survey
screen.

e To share the measurement, you can press the
SHARE button to share as HTML or PDF report.

e [f the measurement exceeds the NIOSH
recommended exposure limit, both TWA and
Dose/Projected Dose will be displayed in RED
font.

e [f the LAeq (average or equivalent sound level) is
consistently below 80 dBA, no further action
needed.

e [fthe LAeq is between 80-85 dBA, inform the
worker/individual that there is minimal risk of
hearing loss and to consider hearing protection
and audiometric testing.

e [f the LAeq is above 85 dBA (and Projected Dose
is above 100%), a more detailed survey by a
professional IH/OSH may be required. Noise
controls and hearing protection should be
required.

e [f the Peak Level (LCpeak) ever exceed 135-138
dBC w/ internal microphone or 140 dBC w/
external microphone, impulse noise (which is more
damaging to hearing) may be present and a more
professional investigation is warranted.

e Share results with workers, recommend hearing
protection or audiometric testing if appropriate,
and suggestions for reducing noise or exposures
from the NIOSH hearing loss website.

More detailed information, instructional videos, a user
manual, and how to interpret specific results can be

Noise Info
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How to conduct a noise survey <
dBC w/ internal microphone or 140 dBC w/
external microphone, impulse noise (which is more
damaging to hearing) may be present and a more
professional investigation is warranted.

Share results with workers, recommend hearing
protection or audiometric testing if appropriate,
and suggestions for reducing noise or exposures
from the NIOSH hearing loss website.

More detailed information, instructional videos, a user
manual, and how to interpret specific results can be
found in the NIOSH SLM webpage:

Useful measurement standards:

ANSI S$12.19-1996 (R2006) - Measurement of
Occupational Noise Exposure

CSA Standard Z107.56-2013 (R2018) - Procedures
for the Measurement of Occupational Noise
Exposure.

AS/NZS 1269:2005 (R2016) - Occupational Noise
Management - Overview and General
Requirements.

ISO 9612 (2009) - Acoustics - Determination of
Occupational Noise Exposure - Engineering
Method.

ISO 1999 (2013) - Acoustics - Determination of
Occupational noise Exposure and Estimation of
Noise-Induced Hearing Impairment.

16



d. How to select proper hearing protection
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Hearing damage can occur by prolonged exposure to
noise at or above 85 decibels, A-weighted (dBA). Hearing
protectors are designed to reduce the amount of
hazardous noise reaching the inner ear. Most countries
require the manufacturer to provide a label to indicate the
amount of attenuation that a hearing protector provides:

e In the U.S., the EPA requires a Noise Reduction
Rating (NRR) label to be used on packaging. The
NRR range is from 0 to about 35 decibels and
provides a mean attenuation over seven test
frequencies (from 125 Hz through 8000 Hz) when
worn properly, however, NIOSH and OSHA
recommend a de-rating scheme since most
people are unlikely to attain the full attenuation
indicated by the NRR. Most recently, NIOSH
recommends fit-testing (measure noise reduction
for the individual workers using fit-testing systems)
over de-rating method.

e |n Canada, the Canadian Standards Association
specifies different Classes for hearing protectors -
Class A offer highest protection and be used up to
a TWA 105 dBA, Class B up to 95 dBA, and Class
C up to 89 dBA. They also specify the suffix "L" for
hearing protectors that have at least 20 dB of
protection at low frequency (125 Hz).

* |n most of Europe, the European Union specifies a
rating called Single Number Rating (SNR) based
on tests conducted at independent laboratories.
The SNR is a single value that provides an

u!l T-Mobile LTE
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e |n most of Europe, the European Union specifies a
rating called Single Number Rating (SNR) based
on tests conducted at independent laboratories.
The SNR is a single value that provides an
estimate of noise reduction like the NRR. In
addition, the EU requires an HML designation to
specify the spectrum of the noise environment - H
for high-frequency environments, M for mid-
frequency, and L for low-frequency.

e |n Australia and New Zealand, the Sound Level
Conversion (SLC80) is used to estimate the
amount of protection attainted by 80% of wearers,
also based on independent laboratory testing.
Another classification is also assigned to each
protector - Class 1 for noise up to 90 dB, class 2
for noise up to 95 dB, and class 3 for noise up to
100 dB (and so on in 5-dB increments).

An example of a hearing protector label that is sold
worldwide may have the following ratings:

NRR 31

CAN Class A(L)

SNR 34 (H-33, M=31, L =29)

SLC80 25 (Class 4)

Loud environments demand higher levels of attenuation,
but over protection can be counterproductive and may
make the person feel isolated and less aware

situationally. Most noise exposures are less than 95 dBA,
which means a hearing protector with just 10 dB of
actual real-world attenuation may be more effective than

Noise Info
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To select the proper hearing protector, factors such as
comfort, communication, cost, durability, working
environment, ease of use, and even styling should also
be considered as well.

Hearing protectors come in several major styles:
earplugs, earmuffs, canal caps, or helmets. Some have
built-in electronics to improve communication or to
provide noise-cancellation. Earplugs may be more
comfortable and are generally more preferable for long
term use and in hot environments, easier to store, and
come in different sizing and shapes, but need proper
fitting to be effective. Earmuffs, on the other hand, do not
require proper fitting, generally sold as one-sized
devices, and are preferable for sporadic use and multiple
removals per day, and overall protection is considered
more reliable than earplugs. Electronic noise-cancellation
protectors can help the user hear sounds in the
environment that might otherwise be lessened by the
protector, and is best used in mostly low-frequency
environments such as the drone of airplane or a
lawnmower. There are special protectors for use with
IMPULSE sounds (e.g., firearms, nail guns) that are
designed to reduce short high-level sounds while
allowing low-level sounds to be heard. For additional
information on selecting hearing protection, check out
the NIOSH Science Blog: Three tips for choosing the
right hearing protector http://blogs.cdc.gov/niosh-
science-blog/2018/10/24/hearing-protection/.

How To Wear Soft Foam Earplugs

Noise Info
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How To Wear Soft Foam Earplugs

To get the best protection from your soft foam earplugs, remember to roll, pull,
and hold when putting them in. Use clean hands to keep from getting dirt and
germs into your ears!

1. Roll the earplug up into a small, thin "snake" with
" your fingers. You can use one or both hands.

- ,‘ l, 2 Pu" the top of your ear up and back with your
T S " opposite hand to straighten out your ear canal.
f . The rolled-up earplug should slide right in.

the earplug in with your finger. Count to 20 or
30 out loud while waiting for the plug to
expand and fill the ear canal. Your voice will
sound muffled when the plug has made a
good seal.

, 3. Hold

Additional resources:

e NIOSH Personal Protective Equipment (PPE)
https://www.cdc.gov/niosh/topics/noise/reducenoise
e Hearing protection - OSH WIKI
https://oshwiki.eu/wiki/Hearing _protection
e Best practice bulletin: Hearing protection-
emerging trends: Individual Fit Testing
https://www.hearingconservation.org/assets/docs/Al
e The EPA labeling standard is defined in Code of
Federal Regulations (CFR) 40, Part 211, Subpart B
- Hearing Protective Devices.

Noise Info
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There are two “help” screens for such as for Info, and Sending content from the Noise info screens.

w1l T-Mobile LTE 9:33 AM O 81% )% MoSIM = 1:51 PM 87% Ik 4

Info X Sending content ®

: N~

Did you find an interesting topic? Do you think
L s
The app provides a number of selected topics snmebod},f else could benefit from it ? Tap the
based on NIOSH research and guidance: What envelope icon and send the content instantly
over email. Or better yet, go to settings and

noises cause hearing disorders, information on .
hearing loss prevention best practices, how to recommend the app to your friends.

use the app to conduct a proper noise survey,
and finally how to select an appropriate hearing
protection device based on your noise exposure
and environment.
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Settings Screen

The settings screen provides the user with the proper controls and settings to make accurate measurements.

3:25 PM 92% ) 4:24 PM 95% M)
Settings @ Settings @
SOUND LEVEL METER ™\ Frequency weighting A
@ Microphone Internal Frequency weighting applies only to the

instantanous level.

s}« Calibration

REPORT
NOISE AT WORK £ Operator
§ standard NIOSH © Place
1 Threshold level 80 dB £ Notes
9 Exchange rate 3dB
ABOUT
Time weightin Slow
- gnting @ About NIOSH app
Frequency weightin A
- Areney Welghting 5 Spread the word

Frequency weighting applies only to the
instantanous level.



There is a help screen for Settings that explains all the various parameters and what they mean:

il T-Mobile LTE 1:19 PM

SETTINGS_TITLE

@ 99% () 4

®

This screen provides the proper controls and settings to make
accurate measurements:

Microphone: Allows the user to select between built-in internal
or external microphone connected to lightning port (or a headset
jack for older iPhones/iPads).

Calibration: Allows the user to calibrate the app based on a
known sound source, such as an acoustical calibrator. See help
screens or the user manual for additional details on proper
calibration.

Standard: Allows the user to select between the NIOSH REL and
OSHA PEL personal noise exposure limits. The app's default is
for the NIOSH REL (3-dB exchange rate, 80 dB threshold, Slow
response, and A-weighting).

Threshold level: Threshold levels are automatically set to 80
dB(A) for NIOSH, or 80/90 dB(A) for OSHA AL/PEL.

wi! T-Mobile LTE 1:19 PM

SETTINGS_TITLE

Q@ 99% (s

®

Exchange rate: Exchange rates are automatically set to 3-dB for
NIOSH or 5-dB for OSHA.

Time-weighting: Allows the user to select the time constant,
SLOW (1 second average) or FAST (1/8th of a second average).
Most occupational guidelines specify SLOW time-weighting for
noise measurements.

Frequency-weighting: Allows the user to select the appropriate
frequency-weighting response (A/C/Z)* as specified in sound
level meter and noise dosimeter standards. The default is to use
A-weighting which reflects human ear response to low level
sounds over the 20 Hz - 20 kHz frequency range. A-weighting is
mandated by occupational and environmental guidelines to
assess potential hearing damage and other health effects from
exposure to noise. C-weighting reflects the human ear response
at higher sound levels and is often used to measure peak sound
levels and evaluate hearing protection. Z-weighting, or flat,
nravidae nn adinetmant tn tha nnica Avar tha 90 Hr — 90 kiz

ull T-Mobile LTE 119 PM

SETTINGS_TITLE

@ 99% () #

®

levels and evaluate hearing protection. Z-weighting, or flat,
provides no adjustment to the noise over the 20 Hz - 20 kHz
frequency range and is often used to measure very high-level
impulses and low-frequency noise.

Operator/Place/Notes: Allow the user to provide name, location
(manually or GIS), and 500 characters of notes to describe the
noise exposure.

“Note that LAeq, Maximum Sound Level, and TWA are always
measured in dB(A). LCPeak is always measured in dB(C). If Z-
weighting is selected, it only applies to the instantaneous sound
level.

The NIOSH SLM app is automatically set up to make
measurement according the NIOSH REL measurement criterion.
There is no need to make any adjustments to the above
parameters unless you are interested in making measurements
according to the OSHA PEL or AL measurement criteria.
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Under SOUND LEVEL METER, there are two control settings:

1. Microphone: Allows the user to select between the built-in internal microphone or an external

microphone connected to lightning port or a headset jack.

2. Calibration: Allows the user to calibrate the app before each use, either manually or automatically. The

process of calibration is used to adjust the reading of the app (which might not be always correct
because of differences in microphone sensitivity, effects of environmental conditions, or possible
damage from mishandling or manufacturer defect) to match a known sound source. Calibration is
recommended before and after each measurement. The app offers two forms of calibrations, manual

(for internal microphones) and automatic (for external microphones):

a. Manual Calibration:

The user can manually adjust the reading on the calibration screen by pressing the plus (+) or minus

(-) buttons on the screen to match the reading of a known reference, such as a calibrated sound

level meter. The level can be adjusted in 0.1 dB increments.

b. Automatic Calibration

The automatic adjustment feature is best used for calibrating the app with external microphones.
This is an advanced feature aimed at more professional sound measurements since it requires
access to an acoustical calibrator as well. The users places the acoustical calibrator on the
microphone as shown, most acoustical calibrators can generate a calibration tone of 94 dB or 114
dB (sound pressure level). The user presses the Play button and the app will adjust the level

automatically to either 94 dB or 114 dB.

w111 T-Mobile LTE 1:37 PM il T-Mobile LTE 1:56 PM
£ Settings Calibration < Settings Calibration
Calibration level Calibration level
1 1
Microphone Internal Microphone External
Calibrator Manual adjustment Calibrator 94 dB
Correction 0.7 dB Correction 0.3

Use the buttons to adjust the reading of the sound level Put calibrator on the microphone, switch it on and tap start

meter until it shows the expected value when ready.

® O O,

Settings Settings
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The image below shows how to calibrate the app with an external microphone using an acoustical calibrator:

We also show how calibration is done with an external microphone in this informational video at the 4:04 mark:

https://www.youtube.com/watch?v=zk07tLj SDs

NIOSH Sound Level
Meter

Features
and Functions
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https://www.youtube.com/watch?v=zk07tLj_SDs
https://www.youtube.com/watch?v=zk07tLj_SDs

There are also three “help” screens that can guide the user in conducting an accurate calibration as shown

below:

No SIM = 3:30 PM

Calibration

®
>

The process of calibration is used to adjust the

reading of the app (which might not be correct

due to differences in microphone sensitivity or

iPhone's input). Another calibrated sound level

meter or an acoustical calibrator, which
produces a stable calibrated sound pressure
level, can be used for the calibration.
Calibration level is displayed in C-weighted
sound pressure level.

92% MM NoSIM =

3:30 PM 92% MM} NoSIM =

®

3:30 PM

Manual adjustment

®

Automatic adjustment

When manual adjustment is selected, you can
change the correction in 0.1 dB steps, until the
reading of the app matches a known
reference, such as another calibrated sound
level meter. Note that the measurement using
the iPhone and the calibrated sound level
meter should be taken at the same position
and distance.

Automatic adjustment is best used when you
have access to an acoustical calibrator which
typically produce a stable tone at 94 dB or 114
dB. Select the appropriate calibration level (94
dB or 114 dB) and place the calibrator on the
microphone and switching it on, press start
button and your iPhone will adjust the
correction automatically. This feature is best
used for calibrating external microphones.

92% N
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Occupational exposure standards were established to protect workers against the health effects of exposures to
hazardous substances and agents when certain values (or limits) are reached. NIOSH established recommended
exposure limits (RELs) on the basis of the best available science and practice. The REL for noise is 85 decibels,
using the A-weighting frequency response and a 3-dB exchange rate as an 8-hour TWA; exposures at or above
this level are considered hazardous. OSHA sets legally enforceable permissible exposure limits (PELs) that
require employers to take actions to reduce worker exposures. The OSHA PEL for noise is 90 dB(A) as an 8-hr
TWA based on a 5-dB exchange rate. NIOSH uses the 80 dB(A) threshold level for calculating the REL. OSHA uses
a 90 dB(A) threshold for calculating the PEL and an 80 dB(A) threshold for calculating the Action level.

Under NOISE AT WORK, there are four settings:

1. Standard: Allows the user to select between NIOSH or OSHA measurement criteria.

2. Threshold level: Threshold levels are automatically set to 80 dB(A) for NIOSH, or 80/90 dB(A) for OSHA
AL/PEL.

3. Exchange rate: Exchange rates are automatically set to 3-dB for NIOSH or 5-dB for OSHA.

4. Time weighting: Allows the user to select the time constant, SLOW (1 second average) or FAST (1/8" of a
second average). Most occupational guidelines specify SLOW time-weighting for measurements.

5. Frequency weighting: Allows the user to select the appropriate frequency-weighting response (A/C/Z)*
as specified in sound level meter and noise dosimeter standards. The default is to use A-weighting which
reflects human ear response to low level sounds over the 20 Hz — 20 kHz frequency range. A-weighting is
mandated by occupational and environmental guidelines to assess potential hearing damage and other
health effects from exposure to noise. C-weighting reflects the human ear response at higher sound
levels and is often used to measure peak sound levels and evaluate hearing protection. Z-weighting, or
flat, provides no adjustment to the noise over the 20 Hz — 20 kHz frequency range and is often used to
measure very high-level impulses and low-frequency noise.

*Note that LAeq, maximum sound level, and TWA are always measured in dB(A). LCPeak is always measured in
dB(C). If Z-weighting is selected, it only applies to the instantaneous sound level.

As mentioned, the NIOSH SLM app is automatically set up to make measurement according the NIOSH REL
measurement criterion. There is no need to make any adjustments to the above parameters unless you are
interested in making measurements according to the OSHA PEL or AL measurement criterion.
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Under REPORT, there are three settings:

1. Operator: Allows the user to input the name or number related to the operator of the app.

2. Place: Allows the user to input the location of the measurement, which can either be typed in manually
or automatically generated by selecting the GIS location icon to use the phone’s location service.

3. Notes: Allows the user to enter additional notes up to 500 characters related to the measurement.

3:58 PM 100%

Settings @

REPORT

£) Operator

© Place
/£ Notes

ABOUT

@ About NIOSH app

5 Spread the word

e

Settings
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Under ABOUT, there are two settings:

1. About NIOSH app (contains information about NIOSH, version, terms of use; and EA LAB - the developer
of the app.

2. Spread the word: Allows the user to share the app via social media or email messaging platforms.

No SIM = 3:27 PM 92% )

€ Settings About

APP

National Institute for

m Occupational Saferi and Health

Version 1.0.0.98

Webpage htip://www.cdc.gov/nios...

Terms of use

DEVELOPMENT

WIEALAB

Webpage www.ea-lab.eu

e

Settings
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Relevant smartphone studies

Kardous and Shaw (2014). Evaluation of smartphone sound measurement applications — Journal of Acoustical
Society of America.

Kardous and Shaw (2014). So how accurate are these smartphone sound measurement apps? — NIOSH Science
Blog.

Kardous and Shaw (2016). Evaluation of smartphone sound measurement applications (apps) using external
microphones — A follow-up study — Journal of Acoustical Society of America.

Roberts, Neitzel, and Kardous (2016). Improving the accuracy of smart devices to measure noise exposure —
Journal of Occupational and Environmental Hygiene.

Kardous and Celestina (2017). New NIOSH Sound Level Meter App — NIOSH Science Blog.

Celestina, Hrovat, and Kardous (2018). Smartphone-based sound level measurement apps: Evaluation of
compliance with international sound level meter standards — Applied Acoustics Journal.
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https://asa.scitation.org/doi/full/10.1121/1.4865269
http://blogs.cdc.gov/niosh-science-blog/2014/04/09/sound-apps/
https://asa.scitation.org/doi/full/10.1121/1.4964639
https://asa.scitation.org/doi/full/10.1121/1.4964639
http://www.tandfonline.com/doi/abs/10.1080/15459624.2016.1183014
https://blogs.cdc.gov/niosh-science-blog/2017/01/17/slm-app/
https://www.sciencedirect.com/science/article/abs/pii/S0003682X17309945?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0003682X17309945?via%3Dihub
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