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Noise is the primary cause of hearing loss during space flight. Throughout every phase of flight, particularly during launch, a significant amount 
of noise is generated and transferred via the vehicle’s structure to the places inhabited by the crew. The results of the previous studies provide 
insights into space flights that may have significant effects on hearing loss. Certain precautions must be taken to ensure the habitability of the 
spacecraft and prevent potential hearing loss in astronauts or space flight participants.
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INTRODUCTION
Noise is a natural by-product of spacecraft systems and has many adverse effects that may jeopardize the mission. It causes physi-
ological symptoms, including headaches, tinnitus, and trouble in sleeping, as well as psychological symptoms, such as irritation, 
difficulty in focusing, and distraction. Most importantly, noise can lead to temporary or permanent hearing loss.1

Throughout every phase of space flight, particularly during launch, a significant amount of noise is generated and transferred 
via the vehicle’s structure to the places inhabited by the crew. Crewmembers are exposed to noise from equipment running con-
tinuously or intermittently in a small, confined volume. The International Space Station, for instance, is inhabited by hundreds 
of noise sources that are in close proximity to the crewmembers to provide life support.2 Certain precautions must be taken to 
prevent potential hearing loss and other adverse effects of noise in astronauts or space flight participants. Establishing acoustic 
requirements is the initial phase. Various factors affect the acoustic requirements, such as the type and duration of the trip, the 
participants’ characteristics, and the required equipment for the spacecraft.3 The spacecraft’s acoustic design must comply with the 
requirements. Routine inspections are also critical to ensure noise levels do not pose a health risk to the crew, and any problematic 
components must be addressed and remedied immediately. Previous spaceflight experiences have shown that a habitable acoustic 
design is essential to ensuring a safe and functional environment for the crew.3

Many manned space flights have been accomplished, primarily by the United States of America (Mercury, Gemini, Apollo, Space 
Shuttle, Skylab, and International Space Station—ISS) and Russia (Vostok, Voskhod, Soyuz, Almaz, Mir, and ISS) over the past 
65 years.4 Experience in noise control has been amassed with these space capsules, vehicles, and orbital stations.

Hearing Loss in Space Flights
Long-term 30-year studies of the Soyuz, Salyut, and Mir space stations have shown that losses, particularly at high frequencies, have 
long-term effects. Cosmonauts were disqualified from flying after missions to these stations because of noise-induced hearing loss 
(NIHL). 5 cosmonauts had 50 dB loss at 4-6 kHz, and 12 cosmonauts had 30 dB loss.5-7

Based on the data from 33 cosmonauts who flew 7-day, 1-year missions on Salyut-6, Salyut-7, and the Mir space station, it was 
reported that there was a decrease in low-frequency hearing sensitivity following the flights, which partially recovered after a 30- to 
60-day adaptation period. Nefedova reported that alterations in hearing threshold were detected at high frequencies (2 kHz and 
above) following the flight despite individual variances.6
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The Mir station’s sound-level measurement records indicate that Mir 
was louder than the noise limits (see the paragraph below). The noise 
environment on Mir caused permanent hearing damage to one-third 
of the long-term crew.7,8 It was stated that a temporary threshold shift 
was observed in the postflight tests of 7 astronauts who went on a 
NASA mission to the Mir station and did not wear hearing protection, 
but their follow-ups revealed no permanent loss.7

The crewmembers’ postflight hearing tests on 3 Skylab missions last-
ing 28-84 days showed no changes. In all, 20-year controls showed 
40-70 dB losses at 6-8 kHz and 30-50 dB losses at 3-4 kHz, but it was 
noted that the losses were consistent with age-related hearing loss.7

Roller and Clark, in their study examining the data of 386 astronauts 
who participated in 93 space shuttle flights, reported that even a 
single mission on the space shuttle exposed astronauts to enough 
trauma to cause hearing loss. It was stated that the primary out-
come was temporary threshold shifts, and the significant permanent 
threshold shifts (PTS) were small (0.83 dB in pure-tone audio for both 
ears). Nevertheless, PTSs were deemed concerning by the authors 
since they were detected even after a single, brief mission that lasted 
an average of 9 days and occurred at frequencies associated with 
the perception of human speech.9 Overall, sound pressure levels for 
the space shuttle were measured to be 118 dB internally and 149 dB 
externally. Hearing protection devices were used for protection at 
these short-term exposures.10,11

There is a paucity of research regarding the effectiveness of noise 
limits and whether noise in the ISS alone can result in hearing loss. 
Participants in a study were exposed to artificial International Space 
Station noise for 70 hours to ascertain whether noise in the ISS envi-
ronment could cause hearing loss. The study results demonstrated 
that 70 hours of exposure to environmental noise on the ISS was not 
enough to cause hearing loss.12 However, the absence of additional 
factors that might affect the hearing function and the study’s brief 
exposure period of 70 hours may have influenced its findings.13

Etiology
Noise is the primary cause of hearing loss during space flight. The 
term NIHL describes hearing losses resulting from continuous or 
intermittent noise exposure. In the United States, workers exposed 
to noise have a significantly higher prevalence of hearing loss (23%) 
compared with workers who are not exposed to noise (7%).14,15 The 
cochlear hair cells are the main target of NIHL.16 Prolonged noise 
exposure damages the cochlear hair cells, leading to hearing loss. 
Noise-induced hearing loss is always sensorineural and usually 
occurs in both ears.17 The majority of noise exposure standards in 
the workplace and industry are established based on noise levels 
encountered throughout an 8-hour workday. While in space, the 
crewmembers are continuously exposed.8

Ototoxic agents (organic solvents, chemical asphyxiants, and oto-
toxic pharmaceuticals) may make the inner ear more susceptible to 
the adverse effects of noise.11,18 Previous studies have shown that 
simultaneous exposure to noise and carbon monoxide (CO) causes 
more ototoxicity than separate exposures.19 With rare exceptions, 
high CO levels are not expected in the spacecraft’s cabin air. Carbon 
dioxide (CO2) might be another factor that increases the suscepti-
bility of the inner ear. Although CO2 is regularly extracted from the 

cabin air, even low CO2 levels in the cabin (0.7-1%) can lead to mild, 
compensated respiratory acidosis.8

The most significant impact of space travel on human physiology is 
microgravity.20 Intracranial pressure increases in a microgravity envi-
ronment because of the redistribution of fluids.21-23 Increased intra-
cranial pressure would be transmitted to the cochlea.8 Moreover, the 
gravitational shift might affect the mechanical characteristics of the 
peripheral auditory system. Kadeem notes in his study that changes 
in the ear fluid’s weight would have an impact on ossicle functional-
ity and mechanosensitive processes.13

Vibration is another factor that could contribute to hearing loss. It 
has been shown that workers exposed to intense hand–arm vibra-
tion can develop hearing loss.24 Furthermore, compared with sepa-
rate exposures, simultaneous vibration and noise exposure are more 
harmful to hearing function.7,25 Vibration exposure may damage hair 
cells and change cochlear blood flow by causing vasoconstriction.24

Noise Limits
Sources that produce sound (fans, compressors, etc.) working for 
more than 8 hours daily are defined as continuous noise sources. 
NASA developed the Manned Spacecraft Design Standard in 1972, 
considering lessons learned from the Apollo space flights. This stan-
dard provided acoustic noise criterion (NC) curves for managing 
continuous noise. The NC curves indicate the acceptable noise lev-
els for each octave band.26 It is agreed that the flight crew’s habit-
able volume may not exceed the limits of the NC-50 curve specified 
(Figure 1). The NC-40 curve also provides noise limits for the sleeping 
area (Figure 1). Additionally, impulse or transient sounds in the sleep-
ing area should not exceed 10 dB above the background noise level 
to avoid waking the crew from sleep.10,26

Intermittent sound sources are those that make noise for less than 
8 hours. Intermittent sound sources (such as pressurized gas systems, 
toilets, or exercise equipment) can be disturbing, depending on the 
duration and intensity of the noise. The acceptable A-weighted over-
all sound pressure levels on the International Space Station for inter-
mittent noise are listed in Table 1.

In general, the noise levels to which participants will be exposed dur-
ing a flight are limited to 85 dBA (A-weighted decibels), except for 
the launch and atmospheric entry stages. For exposure to 85  dBA 

Figure 1. Noise criteria curves.
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and higher, hearing protection devices (ear plugs, earmuffs, and hel-
mets) must be worn. The ceiling limit for launch and entry is 105 dBA, 
except for impulse noise.3,10 Impulse noise is a sudden and transient 
burst that surpasses the background noise level by a minimum of 
10  dB and lasts no more than 1 second.3 The peak sound pressure 
level for impulse noise without hearing protection is limited to 
140 dB for all mission phases, except for launch, entry, and abort.10 
Infrasound (sounds at frequencies below 20 Hz) should be limited 
to 150 dB in the 1-20 Hz frequency range to avoid any potential side 
effects like nausea and dizziness.10

The intelligibility of speech is another essential aspect. About 95% of 
the sentences should be intelligible (with regular vocal effort when 
individuals face each other) for effective communication, and 98% 
intelligibility in sentences can be achieved with a minimum of 75% 
intelligibility in keywords.27 According to NASA, for critical messages, 
keywords should be at least 90% intelligible.10

High levels of background noise and reverberations may compro-
mise the audibility of speech. The term reverberation time (T60) 
refers to the time required for the energy density in the acoustic field 
to fall 60 dB below the steady-state value when the sound source 
is turned off. The T60 must be less than 0.6 seconds in the 500-Hz, 
1-kHz, and 2-kHz octave ranges for ISS modules or structures with 
similar volumes.10

There is not any conclusive evidence that vibration on space missions 
leads to hearing loss. Nevertheless, as per NASA standards, vibration 
levels in the spacecraft (including hand and whole-body vibrations in 
different phases) are restricted to threshold levels that do not cause 
any adverse health effects.10 NASA uses international and American 
standards to establish vibration limits (ISO 2631-1:1997(E), ANSI/ASA 
S2.70-2006).

CONCLUSION
The acoustics were a major habitability problem even on the 
International Space Station (ISS). Many components became NC-50 
compatible due to improvements made over time.2,26 Furthermore, 
the ISS has noise dosimeters placed across various station parts to 
measure noise levels regularly, and astronauts are equipped with 
personally worn audio dosimeters. The noise exposure levels of 
crewmembers during the work and sleep periods are routinely moni-
tored with these dosimeters. When sound levels rise above 60 dB, it is 
advised to use hearing protection (if they exceed 72 dB, it is required). 
Any crew activity that surpasses noise levels of 60 dBA is classified as 
hazardous to address and minimize the potential dangers associated 
with noise exposure.28

The results of the previous studies, regardless of their heterogeneity, 
provide insights into spaceflights that may have significant effects on 
hearing loss. To date, the duration of space missions has varied from 
a few days to several months. However, given humanity’s aspirations 
for future space exploration, including missions to the Moon and 
beyond, it seems evident that more long-term missions are undoubt-
edly forthcoming, and not only space agencies but also many com-
mercial companies like Blue Origin, SpaceX, Space Adventures, etc., 
are actively working on these missions. Strict compliance with acous-
tic limits for future long-term missions is essential to achieving these 
“distant” destinations. For future long-duration missions, equipment Ta
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needs to be designed to comply with the limits and to be able to 
troubleshoot potential noise problems quickly. It is obvious that vio-
lating noise regulations, whether for commercial, personal, or any 
other reason, will have detrimental consequences.

Peer-review: Externally peer-reviewed.

Declaration of Interests: The author has no conflict of interest to declare.

Financial Disclosure: The author declared that this study has received no 
financial support.

REFERENCES
1. Miller JD. Effects of noise on people. J Acoust Soc Am. 1974;56(3):729-764. 

[CrossRef]
2. Allen  C, Denham  S. International space station acoustics - A status 

report. In: 41st International Conference on Environmental Systems. 
American Institute of Aeronautics and Astronautics; 2011. [CrossRef]

3. Allen CS, Giraudo M, Moratto C, Yamaguchi N. Spaceflight environment. 
In: Space Safety and Human Performance. Amsterdam: Elsevier; 2018:87-
138. [CrossRef]

4. Rainford D, Gradwell DP, eds. Ernsting’s Aviation and Space Medicine. Fifth 
edition. Space physiology and medicine. New York: Chapman and Hall/
CRC; 2016:323-354.

5. Proehl W, Birke J, Nefedova MV. Temporary results of the examination of 
the audition of cosmonauts during a long-term flight in the space sta-
tion “mir” with the audiometer “elbe-2” (experiment “audio-2”). Aerosp 
Med Biol. 1991;347:28.

6. Nefedova MV. The effect of space flight factors on the auditory function 
of cosmonauts. USSR Space Life Sciences Digest. 1991;30:68.

7. Clark  JB. Acoustic issues in human spaceflight. Accessed November 1, 
2023. https ://nt rs.na sa.go v/cit ation s/201 00031 889

8. Buckey JC, Musiek FE, Kline-Schoder R, Clark JC, Hart S, Havelka J. Hear-
ing loss in space. Aviat Space Environ Med. 2001;72(12):1121-1124.

9. Roller CA, Clark JB. Short-duration space flight and hearing loss. Otolar-
yngol Head Neck Surg. 2003;129(1):98-106. [CrossRef]

10.  National Aeronautics and Space Administration (NASA). NASA spaceflight 
human-system standard Volume 2: Human Factors, Habitability, and Envi-
ronmental Health | Standards. Accessed November 1, 2023. https ://st 
andar ds.na sa.go v/sta ndard /NASA /NASA -STD- 3001- VOL-2 

11. Davis JR, Stepanek J, Fogarty JA, Blue RS. Fundamentals of Aerospace 
Medicine. 5th ed. Wolters Kluwer; 2022.

12. Abel SM, Crabtree B, Baranski JV, et al. Hearing and Performance during 
a 70-h Exposure to Noise Simulating the Space Station environment. 
Aviat Space Environ Med. 2004;75(9):764-770.

13. Kadem M. The etiology of spaceflight-associated hearing loss. UWOMJ. 
2018;87(1):31-33. [CrossRef]

14. Le  TN, Straatman  LV, Lea  J, Westerberg  B. Current insights in noise-
induced hearing loss: a literature review of the underlying mechanism, 
pathophysiology, asymmetry, and management options. J Otolaryngol 
Head Neck Surg. 2017;46(1):41. [CrossRef]

15. Masterson EA, Themann CL, Luckhaupt SE, Li J, Calvert GM. Hearing dif-
ficulty and tinnitus among U.S. workers and non-workers in 2007. Am J 
Ind Med. 2016;59(4):290-300. [CrossRef]

16. Paquette ST, Gilels F, White PM. Noise exposure modulates cochlear inner 
hair cell ribbon volumes, correlating with changes in auditory measures 
in the FVB/nJ mouse. Sci Rep. 2016;6(1):25056. [CrossRef]

17. American College of Occupational and Environmental Medicine 
(ACOEM) Task Force on Occupational Hearing Loss; Kirchner DB, Even-
son E, et al. Occupational noise-induced hearing loss: ACOEM task force 
on occupational hearing loss. J Occup Environ Med. 2012;54(1):106-108. 
[CrossRef]

18. Boettcher FA, Henderson D, Gratton MA, Danielson RW, Byrne CD. Syn-
ergistic interactions of noise and other ototraumatic agents. Ear Hear. 
1987;8(4):192-212. [CrossRef]

19. Cary R, Clarke S, Delic J. Effects of combined exposure to noise and toxic 
substances-critical review of the literature. Ann Occup Hyg. 1997;41(4): 
455-465. [CrossRef]

20. Thirsk R, Kuipers A, Mukai C, Williams D. The space-flight environment: 
the International Space Station and beyond. CMAJ Can Med Assoc J. 
2009;180(12):1216-1220. [CrossRef]

21. Bogomolov VV, Kuzmin MP, Danilichev SN. On the problem of intracra-
nial hypertension in astronauts under the conditions of long-term 
microgravity. Hum Physiol. 2017;43(7):765-768. [CrossRef]

22. Barisano  G, Sepehrband  F, Collins  HR, et  al. The effect of prolonged 
spaceflight on cerebrospinal fluid and perivascular spaces of astronauts 
and cosmonauts. Proc Natl Acad Sci U S A. 2022;119(17):e2120439119. 
[CrossRef]

23. Lee  JK, Koppelmans  V, Riascos  RF, et  al. Spaceflight-associated brain 
white matter microstructural changes and intracranial fluid redistribu-
tion. JAMA Neurol. 2019;76(4):412-419. [CrossRef]

24. Weier MH. The association between occupational exposure to hand–arm 
vibration and hearing loss: a systematic literature review. Saf Health 
Work. 2020;11(3):249-261. [CrossRef]

25. Pekkarinen J. Noise, impulse noise, and other physical factors: combined 
effects on hearing. Occup Med. 1995;10(3):545-559.

26. Goodman JR, Grosveld FW. Acoustics and noise control in space crew com-
partments - NASA Technical Reports Server (NTRS). Accessed November 1, 
2023. https ://nt rs.na sa.go v/cit ation s/201 60000 818

27. National Aeronautics and Space Administration (NASA). Guidelines for 
Noise and Vibration Levels for the Space Station. Washington: National 
Academies Press; 1987. [CrossRef]

28. Limardo-Rodriguez  JG, Allen  CS, Danielson  RW. Status: crewmember 
noise exposures on the international space station; 2015. Accessed Novem-
ber 8, 2023. https ://nt rs.na sa.go v/cit ation s/201 50011 048

https://doi.org/10.1121/1.1903322
https://doi.org/10.2514/6.2011-5128
https://doi.org/10.1016/B978-0-08-101869-9.00004-2
https://ntrs.nasa.gov/citations/20100031889
https://doi.org/10.1016/S0194-59980300523-0
https://standards.nasa.gov/standard/NASA/NASA-STD-3001-VOL-2
https://standards.nasa.gov/standard/NASA/NASA-STD-3001-VOL-2
https://doi.org/10.5206/uwomj.v87i1.1811
https://doi.org/10.1186/s40463-017-0219-x
https://doi.org/10.1002/ajim.22565
https://doi.org/10.1038/srep25056
https://doi.org/10.1097/JOM.0b013e318242677d
https://doi.org/10.1097/00003446-198708000-00003
https://doi.org/10.1016/S0003-4878(97)00006-9
https://doi.org/10.1503/cmaj.081125
https://doi.org/10.1134/S0362119717070040
https://doi.org/10.1073/pnas.2120439119
https://doi.org/10.1001/jamaneurol.2018.4882
https://doi.org/10.1016/j.shaw.2020.04.003
https://ntrs.nasa.gov/citations/20160000818
https://doi.org/10.17226/19173
https://ntrs.nasa.gov/citations/20150011048

