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The hearing is at risk of damage, when the exposure level exceeds a certain threshold for a prolonged period of time or
consecutively with inadequate restitution time in between. The risk criteria for human sound exposure have been derived
from the historical experience in occupational health and safety balancing risk against community costs. The prevalence
of noise-induced hearing loss (NIHL) in historical studies demonstrated that not only the sound pressure level but also
exposure duration and recurrence rate factored into the risk of damage. This led to the development of the universal Equal
Energy Principle [1], [2], [3] which estimates the exposure dose, typically per workday, week, or even across years. Such
estimates are nowadays the cornerstone in all regulations comprising successive exposure to continuous noise and
combines the average sound pressure levels that can be measured while a given (industrial) task is performed with the
duration of the task. The daily exposure can then be estimated by adding each task’s contribution and comparing the result
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The Make Listening Safe initiative by the World Health Organization has for the past decade illuminated
the need for lifestyle management tools, which include estimates of the sound exposure dose. More devices
now offer a day, week or month average level, and fair warnings if they exceed the recommended average.
But the user doesn’t have many options for considering the exposure that may come for concerts, festivals,
fitness, gaming or other leisure exposures, and the risk isn’t balanced with possible industrial exposure
from work hours. At the same time public outreach is dominated by a “dB” discussion, where listening
levels, max. levels and exposure levels with a variety of weightings are easily confused. With other health
factors, the health agencies have recommendations in operational units (minimum 6 vegetables a day,
minimum yy minuts of high intensity exercise, etc.). Health agencies have no recommendations for safe
listening, and we need to find some popular and simplistic units for sound exposure, which can help us
budget our own exposure and find our personal safe listening strategies, and which health agencies can lean
on. In this study we have used behavioral data from a parallel study as a case for dose units that may
communicate that e.g. 15 mins at a high intensity concert is the equivalent of a full day of listening to your
personal device. The efforts are motivated by the successful unit strategy for alcohol where the consumption
can be counted, and high intensity shots can be balanced against light beers using volume measures. For
sound exposure, listening level would correspond to alcohol percentage, and exposure duration correspond
to the volume measure.

Introduction

with the legal limit.

The accumulated exposure dose for n tasks during a workday is estimated as

Lye L
Lopa = 10 logyo (T, 7,- 1075 ) [Path]

Where:

T, = reference duration (8 hours)



T; = exposure time in hours for the i* task
Lyeq; = A-weighted equivalent sound pressure level (dB) for the i" task

Ongoing discussions of which levels may be safe or unsafe has been revitalized with new understandings of the nature
and order of neurological changes [4]. The results suggest that damage is likely induced at lower exposure levels than so
far assumed. The results also suggest that the nature of the change isn’t just a loss of outer and inner hair cells but
materialize first as a loss of synapses connected to both low and high intensity nerve fibres. This jeopardizes the entire
framework for dose measurement and management and calls for tools for populations not monitored by occupational
health and safety professionals.

In the WHO Make Listening Safe initiative [5] relating to personal players, a dose measure is estimated for the user’s
personal information and support of a possible lifestyle change [6]. It has become customary by smartphone producers to
display the average listening level for the past day, week, month, year etc. while also allowing inspection of the various
listening periods. This enables the user to consider the daily listening patterns and reflect on which factor to change, if
any. For some the choice will be to reduce volume, for others to listen for fewer hours, or fewer days.

Personal music players are thereby gradually enabling assessment of safe use, if the only exposure were to come from
such devices. This isn’t the case, and today’s most urgent challenge is to find safe strategies navigating both work and
leisure exposures, where only the exposed individual — possibly assisted by their devices and related health accounts —
may have full insight into all factors.

The present paper proposes a concept for quantifying the exposure dose in a way that allows for a combined assessment
of risk taking all factors into account, and not only the ones being delivered by e.g. the smartphone or the work
environment. The idea isn’t new at all as it is based on a point-score approach for combining exposures of varying
durations and sound pressure levels. The only new idea is to promote this as a unit measure for wider mediation of risk
awareness and push for technical solutions that deliver measures in the appropriate dose domain for easy combination.

The scope of the present study has been to introduce the concept and present exemplary cases that has both industrial and
leisure exposure to weigh into the risk assessment. As part of this, existing risk criteria will be revisited with attention to
safe lifestyles across the entire 24-hour day and 7-day week.

2 Methods

2.1 Point-score theory

The point-score system was developed to enable a direct counting of the exposure that one is exposed to during a typical
workday, once the noise emission from each noise-exposing task had been mapped and measured. If, e.g., a given task
would expose you to an average sound pressure level of e.g. 90 dB(A) such exposure would after 15 minutes have given
a dose of 0.1 Pa’h. A full day dose with an Laeqsn of 85 dB(A) equals 1 Pa?h, which means that the task that gives
15 minutes exposure to 90 dB(A) is equivalent to one tenth of the full day dose according to the equal energy principle.

The idea of counting noise points instead of quantifying exposures in various dB measures, isn’t at all new. In 1989 Philip
Dickinson wrote: “One difficulty throughout acoustic measurement has been the ‘deciBel’ and its application to sound
exposure control. The need for such a unit is obvious in meters using the galvanometer principle. With digital
instrumentation there no longer is such a need, and no reason why one cannot go back to basics and, for sound exposure,
use pascal-squared-seconds, which can be added or multiplied so easily.” [7]. This was originally written with attention
to community noise and work-related noise, but the leisure hazards were also of concern [8].

This point system is an integral part of the AS/NZ 1269.1 standard and illustrated in e.g. the information sheets from
WorkSafe Australia [9], as well from the Danish Occupational Health and Safety [10]. The general unit of measure is
0.01 Pa’h, which is one hundredth of a full day dose, if an Lacqsn of 85dB is enforced. The daily word-day limit is then
100 points for an Laeqsn of 85 dB(A), 32 points of an Lacqsnh of 80 dB(A), and 10 points for an Laeqsn of 75 dB(A).

Table 1 exemplifies the point-score system with selected exposures and durations.



Table 1. Points for a variety of exposures. One point corresponds to 0.01 Pa’h, and 100 points correspond to
Lacq8n = 85 dB(A), 32 points correspond to Lacgsh = 80 dB(A) and 10 points correspond to Lacgsh = 75 dB(A). Red
indicates unsafe exposures; green is considered safe.

Exposure duration per task, shift, day, or event

Sound level Laeq,1 [dB(A)] 2min 5min 10 min 15 min 30 min 1h 2h 4h 8h 10 h* 12 h*
120
115
110
105 42
100 12 32 66 100
95 4 10 20 30 62
90 0 2 6 10 20 40 80
85 0 0 2 2 6 12 24 50 100
80 0 0 0 0 2 4 8 16 32 40 48
75 0 0 0 0 0 0 2 4 10 12 14

Table 1 shows the distribution of noise points, when each corresponds to 0.01 Pa’h. The dynamic range of the score
enables intuitive attention to any number above 100 points, which corresponds to an Lacqgn of 85 dB(A). An exposure
dose below 32 points corresponds to levels lower than LAeq,8h = 80 dB(A), which in occupational health and safety is
considered safe. This is assuming that the remaining 16 hours offer restitution, which isn’t always the case.

2.2 Combining occupational and leisure exposures

To exemplify the use of noise points for characterizing the combined risk from work and leisure exposures, seven use
cases from the parallel study by Ordofiez and Hammershegi [11] is used. Respondents to an on-line questionnaire gave
estimates of the average exposure duration of four types of noisy activities and for each activity, typical equivalent sound
pressure levels were taken from literature [12, 13, 14, 15]. The four activities and corresponding equivalent levels are:
Work in an environment that is difficult to communicate, L4, = 90 dB(A), attendance to concerts and loud public venues
(i.e. discos and pubs) L4, = 100 dB(A), playing computer games with headphones L4, = 80 dB(A), and headphone
listening to music or podcasts L4, = 80 dB(A). Respondents also reported self-perceived hearing problems. These data
are not used in the present study, but included for fair context.

Case 1: The participant is a 23-year-old man who reports tinnitus rarely and occasional difficulties understanding speech,
talking on the phone, and hearing television. He previously worked 1-5 years in loud concert and party environments
with annual recurrence and long daily exposure, using hearing protection only sometimes. He attends concerts yearly for
extended periods and listens to music through in-ear headphones at high volume 6 days/week. Weekly gaming exposure
is also substantial (14 hours/week). Calculated exposure levels: Work 76.1 dB, concert 86.1 dB, gaming 82.4 dB,
headphone 73.5 dB, and a combined exposure Lgy of 88.1 dB.

Case 2: This 25-year-old man reports no tinnitus and no communication difficulties. He previously worked 1-5 years as
an electrician apprentice with weekly exposure to loud machinery and consistent use of hearing protection. He attends
concerts monthly and engages in gaming using headphones 21 hours/week. He listens to music at moderate volume using
in-ear headphones 4 days/week. Calculated exposure levels: Work 91.2 dB, concert 86.4 dB, gaming 84.2 dB, headphone
71.8 dB, and a combined exposure Lgx of 93.1 dB.

Case 3: The participant is a 23-year-old man with no tinnitus but reports difficulties understanding speech and talking on
the phone several times. He has no occupational noise exposure and attends concerts yearly for short durations. Gaming
exposure is limited (3 hours/week), and headphone listening occurs at low volume 3 days/week. Calculated exposure




levels: Concert 72.3 dB, gaming 75.8 dB, headphone 70.5 dB, and a combined exposure Lgx of 78.2 dB, among the lowest
in the dataset.

Case 4: This 23-year-old man reports no tinnitus but experiences speech-understanding difficulties several times. He has
no history of occupational noise exposure but attends concerts monthly for extended periods, does monthly gaming with
headphones, and listens to music through circum-aural headphones at moderate volume 7 days/week. Calculated exposure
levels: Concert 92.7 dB, gaming 78.2 dB, headphone 74.2 dB, and a combined exposure Lgx of 92.9 dB.

Case 5: A 25-year-old woman reporting rare tinnitus and occasional difficulty understanding speech. She has no
occupational noise exposure and does not attend concerts. She games 21 hours/week and listens to music with
circum-aural headphones at moderate volume 4 days/week. Calculated exposure levels: Gaming 84.2 dB, headphone 71.8
dB, and a combined exposure Lgy of 84.4 dB.

Case 6: This 25-year-old woman reports rare tinnitus and frequent difficulty hearing television. She reports no
occupational or concert-related noise exposure and does not game using headphones. Music listening occurs for 1-5 years
using circum-aural headphones at moderate volume 5 days/week. The participant shows among the lowest exposure
metrics: Gaming — , headphone 72.7 dB, and a combined exposure Lgx of 72.7 dB.

Case 7: A 24-year-old woman reporting tinnitus several times. She has no occupational noise exposure but attends
concerts, plays an instrument (drums) 5-10 years with monthly practice, and listens to music at high volume through
in-ear headphones 7 days/week, amounting to 24.5 hours/week of headphone use. Calculated exposure levels: Concert
84.2 dB, headphone 77.9 dB, and a combined exposure Lgy of 85.1 dB.

3 Results

Table 1 shows the calculated noise points for the seven individual cases.

Table 2. Estimated weekly exposure levels and exposure duration (time) based on self-reported historic recollection
(data from [11]). A weekly exposure of Lacqsh of 85 dB(A) corresponds to five times 100 points, i.e. a max point score
of 500 (red). A weekly exposure of Lacqsn of 80 dB(A) corresponds to five times 20 points, i.e. a weekly max point
score of 100 (yellow). Any point score below a weekly max of 100 are shown in green. The points in brackets for
Case 2 are estimated assuming a 20 dB attenuation from hearing protection.

Casel Case2 Case 3 Case4 Case5 Case6 Case7
T
Exp level Noise | Exp level Noise | Exp level Noise | Exp level Noise | Exp level Noise | Exp level Noise | Exp level Noise
and time points | and time points | and time points | and time points | and time points | andtime points | and time points
Work 76 dB 91dB 0 0 0 0 0
Lieq=90 dB 2,67 0 0 0 0 0
1,63h 52,5 0 0 0 0 0
c " 86 dB 86 dB 72 dB 93dB 0 0 84 dB
oncer 26,7 30,63 0,05 0 0 11,19
Laeq=100 dB
1,63h 1,75h 0,7h 7,5h 0 0 1,06 h
. 82dB 84 dB 76 dB 78dB 84 dB 0 0
Gaming
98,23 221,02 4,51 13,81 221,02 0 0
Laeq=80 dB
14h 21h 3h 5,25h 21h 0 0
Headoh 74dB 72dB 71dB 74dB 72dB 72dB 78dB
L 8,10 3,60 2,03 11,03 3,60 5,63 60,03
e 9h 6h 45h 10,5h 6h 7,5h 24,5h
Total 135,72 . 6,58 - 224,62 5,63 71,21

Table 1 shows the estimated individual exposures, and the calculated noise points for each exposure and the accumulated
score for all exposures for a given individual. For four out of seven the weekly accumulated noise points exceeds safe
levels. Case 1 has no extreme habits, but a quite common combination of leisure activities and very moderate noise



exposure. Nevertheless, counting the losses gives a total point score that exceeds safe levels. The main contribution is his
gaming habits, which by themselves are safe, but in combination with his other exposures become unsafe.

Also, Case 2 and 5 have gaming habits that are probably borderline safe. Case 2 also has long durations of exposure from
work, which may by itself be unsafe, if hearing protection isn’t used systematically. If hearing protection with 20 dB
attenuation is used, then the risk is reduced dramatically, and the main risk factor is then the gaming habits. For Case 4,
concerts are the main risk factor, and only considering these habits (or using earplugs) will change for the better.

The estimated exposures and estimated risks show no obvious correlation to the self-reported hearing problems.

4 Discussion

The results presented are exemplary and intended to showcase how the risk of a given listening lifestyle can be quantified
in a way that enable actionable advice. This is one of the cornerstones in risk mediation, and the variety of dB measures
that can only be interpreted by professionals fail to provide that.

The point-score system deflates the compressive nature of the logarithmic measures and are simpler to add across
exposures. For the audio platforms that deliver sound for the listener, a point count that summarize the exposure of a
given activity could be reported or integrated in Digital Health apps that may also receive information from other sources.
Such statistics may help the user navigate between safe and unsafe habits and help identify which factors to work with.

To further this approach, it is necessary to develop methods that report the given exposure dose in noise points to the
individual at risk from e.g. concert exposure, work-life exposure, or personal listening devices. The latter is emerging,
but there is currently e.g. no classification of concert exposures that relates to the concert attendee, whether protected or
unprotected. This information could easily be made available, when it is monitored by professional. It can also be
broadcasted digitally for any system that integrates other health data.

5 References

[1]  International Organization for Standardization, ISO 1999:2013 - Acoustics - Estimation of noise-induced hearing
loss, 2013, pp. 1-23.

[2]  International Electrotechnical Commission, [EC 61252:2025 Electroacoustics - Personal sound exposure meters,
2025.

[3] International Organization for Standardization, ISO 1996-1:2016 - Acoustics - Description, measurement and
assessment of environmental noise. Part 1. Basic quantities and assessment procedures, 2016.

[4] S. G. Kujawa and M. C. Liebermann, “Adding insult to injury: cochlear nerve degeneration after "temporary"
noise-induced hearing loss,” J Neurosci., vol. 11, no. 29, pp. 14077-85, 2009.

[5]  World Health Organization, “Making listening safe,” [Online]. Available:
https://www.who.int/activities/making-listening-safe.

[6] World Health Organization, “Safe Listening. Devices and Systems. A WHO-ITU standard,” 18 9 2019. [Online].
Available: https://www.who.int/publications/i/item/9789241515276.

[71  P. . Dickinson, “Airport noise control: New Zealand's radical new approch: The 'Airnoise' boundary principle,”
in Proceedings of Inter-Noise 89, Newport Beach, CA, USA, 1989.

[8] P. J. Dickinson, “The noise hazard we conveniently forget - or don't want to know about,” in Proceedings of
Inter-Noise 2004, Prague, 2004.

[9] WorkSafe, “Noise exposure level ready-reckoner,” [Online]. Available:
https://www.worksafe.wa.gov.au/system/files/migrated/sites/default/files/atoms/files/221209 br noiseexposure
1.pdf. [Accessed 13 April 2026].



[10]

[11]

[12]

[13]

[14]

[15]

Arbejdstilsynet, “Regler Arbejdstilsynet,” (not known). [Online]. Available:
https://regler.at.dk/media/Scigljed/stoejsvagt-arbejdsmiljoe.pdf. [Accessed 13 April 2026].

R. Ordoiiez and D. Hammershgi, “Transient Evoked Otoacoustic Emissions and Self Reported Sound Exposure,”
in Audio Engineering Society Convention, Copenhagen, 2026.

C. Borg, “An investigation of the sound pressure level at the Roskilde Festival,” in Proc. AES 58th Int. Conf.
Mousic Induced Hearing Disorders, Aalborg, 2015.

T. V. Tronstad, “Hearing measurements during two Norwegian music festivals,” in Proc. AES 58th Int. Conf.
Mousic Induced Hearing Disorders, Aalborg, 2015.

C. D. F. Portnuff, B. J. Fligor and K. H. Arehart, “Teenage Use of Portable Listening Devices: A Hazard to
Hearing?,” Journal of the American Academy of Audiology, vol. 22, no. 10, pp. 663-677, 2011.

H. A. Breinbauer, J. L. Anabalon, D. Gutierrez, R. Carcamo, C. Olivares and J. Caro, “Output capabilities of
personal music players and assessment of preferred listening levels of test subjects: Outlining recommendations
for preventing music-induced hearing loss,” The Laryngoscope, vol. 122, no. 11, pp. 2549-2556, 2012.



	1 Introduction
	2 Methods
	2.1 Point-score theory
	2.2 Combining occupational and leisure exposures

	3 Results
	4 Discussion
	5 References
	6

