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Introduction: 
The Guide for the Care and Use of Laboratory Animals (2011, 8th edition) 
mentions the problems of noise and vibration in the animal facility 39 and 28 
times, respectively. The Guide effectively warns us (facility managers, 
technicians, veterinarians, and scientists) that noise and vibration in the research 
animal facility space can serve as stressors for lab animals and potential 
confounds for the important research studies the animals are involved in. 
However, the Guide offers no hard information about what levels or ranges of 
noise and vibration are normal or acceptable in the vivarium, nor how/whether 
such variables should be measured. This situation makes it difficult for those of 
us charged with caring for lab animals to know whether our noise and vibration 
environments are safe for our lab animals. The problem is compounded even 
more by the fact that every year we are introducing more and more electronic 
and mechanical equipment into the vivarium spaces, which help solve some 
problems (e.g., controlling odor and air particulates) but simultaneously 
introducing potential new sources of noise, ultrasonic noise, and vibration into the 
vivarium. In this white paper we propose a series of noise and vibration best 
practices that can be used as guidance for animal facilities, until such time that 
the literature and/or the Guide can address them directly. These best practices 
are based on both the research literature and our experience with these 
measurements in the animal facility environment. These best practices consist of 
the following: 1) Conduct noise and vibration measurements annually and 
whenever changes in animal behavior (e.g., breeding problems) or the facility 
(e.g., construction) occur. 2) Maintain levels of noise below 70 dB SPL and 
vibration below 0.05g. These levels are thought to be harmful to animal welfare 
or are likely to introduce excess variability in animal studies.  3) Maintain a 
written, comprehensive noise & vibration training, communication, and action 
plan for your site. We believe these best practices are conservative and an 
excellent place to start for facilities. Based upon our experience at many sites, 
facilities should generally have little problem achieving these best practices with 
some care and planning, either on a day-to-day basis or during construction. 
Facilities should be aware that future guidelines might reveal lower levels of 
noise or vibration that are desirable based upon either new research or the 
model/species-specific needs of the studies at a particular site.     
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Overall Animal Facility Recommended Best Practices: 

1. When and How to Measure
When to Measure: Noise & Vibration should be measured at least annually and
whenever there are significant changes in the vivarium.

Annual assessments of the noise and vibration in the entire facility are critical 
because many aspects of the animal facility change over time due to aging of 
facility equipment and components. For example, fluorescent lighting ballasts 
and any equipment with a blower motor (ventilated caging, cage changing hoods) 
can generate greater noise, ultrasonic noise, and vibration as they age and 
components begin to fail. These assessments should include all vivarium rooms, 
hallways, and holding spaces. Ideally, such measurements should also extend to 
areas the animals experience during transit as well as in laboratory spaces 
where animals are taken for procedures/testing, as those spaces are often filled 
with sources of noise, ultrasonic noise and vibration. In addition to ensuring a 
safe environment for animals, a thorough annual assessment helps facility 
management and administrators make informed decisions about vivarium 
equipment health and equipment life cycle, informing important and often 
expensive decisions regarding which pieces of equipment need maintenance, 
refurbishing, upgraded, replaced, etc. Annual assessments should include 
measurements from both the greater macroenvironment as well as sample 
measurements from the cage-level microenvironment to determine which 
macroenvironmental noises and vibrations are reaching the animal’s 
microenvironment.    

Changes in the vivarium should prompt an additional, careful measurement of 
noise and vibration. Changes could include those changes observed in animals 
themselves (changes in breeding, behavior, or general health of lab animals) or 
changes introduced to the facility by way of introduction of new equipment, or by 
the introduction of renovation or construction-related noise and vibration 
(additional details found in the Construction Recommendations section).   

How to Measure: A microphone and accelerometer and associated processing 
hardware and software should enable measurement of the noise and vibration 
levels that are detectable by the species in your facility.  

Noise should be measured, both in the macroenvironment (e.g., hallways, center 
of vivarium room, outside cages) and microenvironment (inside cages), using a 
microphone system capable of measuring the frequency ranges of the species in 
your vivarium. We suggest measuring microenvironment noise inside the cage at 



www.turnerscientific.com 

the head height of a mouse and with bedding in the cage, as the presence of 
bedding better simulates the normal experience of the animal in the cage. 
Bedding also helps prevent noise reverberation in the cage and serves to 
absorbs some of the noise present. Mice, rats, and most other species used in 
biomedical research facilities hear ultrasonic frequencies above the 20 kHz range 
that humans can hear. Therefore, the microphone and related processing 
equipment in a typical facility with mice should be capable of measuring sounds 
at least throughout the hearing range of a typical normal hearing mouse, which 
extends well into the 80-90 kHz range (Figures 1 and 2). Noise levels should be 
measured and reported as calibrated, unweighted dB sound pressure level (SPL) 
measurements. Reporting sound in dB SPL provides an absolute sound level 
referenced to a standard pressure of 20 microPascal, which is generally 
considered the lowest intensity signal that can be heard (threshold) by a healthy 
young person. The unit is absolute, allowing it to be converted to other pressure 
units as needed. This is typically accomplished by applying a calibration tone of 
known pressure of 1 Pascal, which is the pressure equivalent to 94 dB SPL, from 
an acoustic calibrator.  Most noise meters used by environmental health & safety 
offices (e.g., for OSHA-based workplace noise exposure) are designed for 
measuring sounds audible for humans and are A-weighted, which adds gain to 
some sound frequencies and lowers gain to other sound frequencies to fit the 
sound measurements to what is considered optimal for human speech. A-
weighted measures are appropriate (and required) for determining human noise 
exposure but are not appropriate for estimating what our animals are hearing. 
Therefore, be sure to remove the A-weighting to collect unweighted 
measurements (often referred to as Z-weighting, or unweighted), and be sure the 
meter has the microphone range to extend across the entire frequency range of 
interest. Also be sure that the processing and analog-to-digital sampling rate of 
the device is at least twice the frequency of the signal to be captured (Nyquist 
Theorem). That is, in order to measure a 96,000 Hz sound, one would need both 
a microphone with fairly flat sensitivity up to this frequency, as well as a digitizer 
capable of digitally sampling the analog signal at a rate of at least 192,000 Hz 
(96,000 x 2). The attached Figures 1 and 2 provide a graphic and table showing 
the hearing frequency ranges of different species.  

Vibration should be measured, both in the macroenvironment (e.g., floor, wall, 
rack) and microenvironment (inside cages), in a standard format that enables 
easy comparison to the existing literature on health effects of vibration. We 
suggest measuring microenvironment vibration inside the cage with normal 
bedding in place to better simulate the real experience of the animal but also 
because the bedding provides more mass to the cage, which helps to limit some 
vibration. However, we suggest NOT measuring vibration on top of the bedding 
but to collect the measurements directly from the plastic at the bottom middle of 
the cage surface, as lab species like mice often burrow down into the bedding 
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material bringing their body into direct contact with the plastic cage. Many 
building/architectural engineers prefer to report vibration in terms of length of 
displacement of a structure, as in meters (m; how far the object moves), or in 
speed of movement of a structure, as in m/s (how fast the object moves). 
However, the majority of the literature on vibration-related health effects, from 
studies on car crashes, sports concussions, workplace vibrations, space travel, 
roller coasters, etc., use acceleration as the measure of choice for vibration. 
Vibration acceleration is change in velocity, as in m/s/s (m/s2). Acceleration is 
also often reported in g (gravitational acceleration) for ease of reference and 
because the use of g acceleration is so common in the United States. Luckily, 1 g 
of gravitational acceleration is = 9.81 m/s2, making easy conversion estimates 
using a multiplier of 10 (within 2% accuracy) easy to accomplish. As a result the 
vibration health literature generally reports findings in m/s2 or g, whether the 
results are from crash tests, impacts of roller coasters or space flight, studies on 
the effects of concussion in football, studies on the effects of vibration on workers 
using heavy equipment, or studies on the effects of vibration on lab animals. 
When measuring vibration, like sound, it is important to capture the relevant 
frequency content that is perceptible by that particular species. Fortunately, the 
species found in our research laboratories all have a vibration perception range 
that is quite similar to humans, and fortunately most off-the-shelf accelerometers 
easily accommodate this range. Therefore, less concern is merited for vibration 
frequency measurement as is found for noise frequency measurement, where a 
special high-frequency microphone and digitizer is needed for ultrasonic sounds. 
Vibration should therefore include at least the range of frequencies detectable by 
lab animals, which is typically well below 500 Hz, and optimally in the 1-100 Hz 
range. (Hz = number of cycles or oscillations per second.) Note that just like 
musical instruments (e.g., violin vs cello vs base) the body size of different 
species vibrate optimally to different frequencies. This is known as the resonance 
frequency range. For mice, their body cavity vibrates optimally between ~30-100 
Hz (e.g., Rabey et al., 2015), and as the species’ body gets progressively larger 
as we move up to a rat, cat, to a human, the optimal vibration frequencies adjust 
down accordingly. But there is substantial species overlap in resonance 
frequencies, touch perception frequencies, and function of skin touch 
mechanoreceptors, whether they are in the foot pads of mice or the skin surface 
of a human. Therefore, vibration measurements that include frequencies down to 
approximately 1Hz and up to at least 500 Hz, should be adequate for most sites. 
Nevertheless, just as different frequencies of sounds might be associated with 
different behavioral or ecological significance to a species, different frequencies 
of vibration might also be associated with differential impact (e.g., Garner et al., 
2018). However, for general purposes of lab monitoring, just as we use an overall 
single dB level of noise across all measured frequencies for the sound that is 
audible to an animal, we use an overall g or m/s2 level of vibration across all 
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measured frequencies that can be felt by the animals. As with all measurements, 
be careful to note the conditions of the measurements.  

2. Levels of Noise and Vibration to Avoid

Cage-level (microenvironment) noise and vibration levels should be maintained 
below 70 dB SPL and 0.05g, respectively, as these levels are known to have 
reliable negative impacts on lab animals. Note that lower levels of noise (likely 
down to around 45 dB SPL) and vibration (likely down to 0.025g) could also 
serve to negatively impact more sensitive models. Researchers should also be 
aware that noise and vibration are especially effective stimuli for nocturnal 
rodents, like rats and mice, who have evolved as underground burrowing 
animals. Their biology and behavior have prepared them for survival in dark, 
underground tunnels where sound and vibration are highly effective 
communication tools, critical for their survival. Vibration might mean a predator is 
walking above their burrow and sound might serve as a warning that an intruder 
is near, that pups are in need of help, or that a mate is ready for the act of 
making pups. 

Noise. Summaries on the problem of noise in the vivarium have been published 
elsewhere (e.g., Turner et al., 2005; Turner, Bauer & Rybak, 2007). It is not 
uncommon for lab animal facility vivarium rooms to have continuous background 
noise in the 60-80dB range, and to have intermittent sound levels while workers 
are in the room that are much louder than that (e.g., Laur et al., 2009). Indeed, 
the act of carelessly snapping cage lids on or connecting cages to an IVC can 
produce intensities greater than 85 dB SPL, loud enough to produce an acoustic 
startle reflex in the animals inside the cage. Such actions should be handled with 
care to minimize such occurrences. But independent of such potentially stress-
inducing actions of the worker when dealing directly with the cage, more chronic 
exposure to 70dB SPL noise can have wide-ranging impacts on auditory 
structures and functions ranging from the cochlea to the cortex, with some pretty 
dramatic changes in behavioral and electrophysiolocial responses to sound (e.g., 
Attarah, Bigelow & Merzenich, 2018; Pienkowski & Eggermont, 2012; Turner & 
Willott, 1998.) 70 dB noise can also produce plastic changes in auditory system 
anatomy and neurochemistry, ranging from changes in the survival of cochlear 
hair cells for hearing through changes in inhibitory neurotransmitters in the 
auditory midbrain and cortex, and these effects can sometimes be complicated 
by sex effects (Turner et al., 2013).  

In addition to the direct impacts on the auditory system, even at the low level of 
70 dB, noise exposure can activate a cascade of stress responses in animals, 
resulting in changes in many organ systems. The resulting widespread biological 
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and behavioral effects have the potential to impact virtually every area of 
biomedical research, ranging from immune system function and sleep/wake cycle 
disturbances to cancer and cardiovascular disease. These non-auditory effects of 
noise often go unrecognized by researchers and laboratory animal professionals 
and likely serve as a source of distress in animals, as well as a potential design 
confound in many experiments (Sales et al., 1988). Even at relatively low 
intensities, such noise can be damaging to research animals. For example, a 
thorough review of animal and human data in a report by the World Health 
Organization noted that environmental noise levels as low as 45 dB (especially at 
night), and in the range from 45-60dB, are associated with increased risk of a 
range of health issues, including cardiovascular disease and hypertension (World 
Health Organization, 2018). Decades of human and animal research have 
demonstrated that below-critical noise levels can produce a variety of negative 
health effects due to the activation of stress pathways (Babisch, 2003; Samson 
et al., 2006). In addition, a variety of negative consequences of noise including 
sleep disturbances, cardiovascular stress, and learning and memory impairments 
are possible (Chang & Merzenich, 2003; Cheng et al., 2011; Cui, Wu & She, 
2009; Gannouni et al., 2013; Harding & Bohne, 2004; Skellett et al., 1996; Rabat, 
2009). In addition to increasing stress levels in animals, noise in the ultrasonic 
range (>20 kHz) not audible to humans, can serve as an undetected stressor and 
serious experimental confound. Because thresholds for hearing ultrasonic noise 
in the 20-40 kHz is near 0 dB in most of the species used in our lab animals, this 
stimulus can serve as a major disruptor in the vivarium and laboratory spaces. As 
such, we suggest that any ultrasound noise above 20 kHz be kept to a minimum, 
and at least below 45 dB SPL, so as to minimize masking of 
vocalizations/communications and to limit sleep disruption. Certain ultrasound 
frequencies can have different impacts on different species. For example, sound 
energy in the 18-37 kHz range serves as an especially useful anxiety-related 
aversion call frequency range in a rat, whereas higher frequency ultrasonic calls 
in the 40+ kHz range serve appetitive, mating, and other pro-social interactions 
(Schwarting & Worh, 2012). While a similar structure of lower ultrasonic 
frequencies used for aversive or threat events and higher frequencies used to aid 
social communication may exist, mouse vocalizations appear to be less well 
understood and perhaps more complicated and dependent upon context (e.g., 
Grimsley et al., 2016; Portfor & Perkels, 2014). In addition to serving as potential 
communication masker or stressor in the vivarium home environment, the 
laboratory test setting is often filled with many sources of ultrasonic noise from 
lighting to computers and other test equipment, which might negatively impact 
animals or the tests they are involved in. As an example, consider a classic 
behavioral test in the learning and memory research field – the Morris Water 
Maze. In the Morris Water Maze, researchers work diligently to control all 
possible extraneous variables, like light and visual cues. However, ultrasonic 
noise may serve as an invisible cue during training or testing. Since ultrasonic 
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noise is highly directional in nature, it is reasonable to assume that rats and mice 
can localize this type of noise, often produced by laboratory test equipment, 
computers, lights, cameras, to provide a directional cue aiding their navigation in 
the maze. However, since ultrasonic noise levels can vary within a lab and from 
one lab to another to another, results can be wildly unpredictable and can have 
inconsistent effects on data collected.  

Vibration. Recent work has identified the levels of vibration that are perceptible to 
rats and mice (e.g., Garner et al., 2018; Norton et al, 2011, Rabey et al, 2015) 
and the effects of chronic vibration have been observed to cause significant 
biological and behavioral impacts on research animals, affecting a range of 
systems. Perhaps the most reported finding in the vibration literature are 
increased cortisterone levels (Atanasov et al, 2015; Ariisumi & Okada, 1983; 
Perremas et at, 2001; & Raff et al, 2011). At magnitudes as low as ~0.1-0.3g, 
fetal pigs showed a significant increase in plasma cortisol and ACTH levels 
(Perremas et al, 2001), and vibration levels of only ~0.025g have been shown to 
increase fecal corticosterone metabolites in female (but not male) mice 
(Atanasov et al, 2015), and to result in overt behavioral responses in female mice 
indicative of arousal (Garner et al., 2018). In addition to stress systems, many 
other secondary systems are affected by chronic exposure to vibration as a result 
of an increased stress response. The effects of vibration can be observed in 
disturbances of sleep, changes in cardiovascular function, and even decreased 
pregnancy rates (Atanasov et al, 2015; Li et al, 2015; & Smith et al, 2013).  

Besides the clear animal welfare concern that chronic vibration presents a 
chronic stressor to research animals, vibration can also serve as an experimental 
confound by introducing unknown variability into research studies. Several 
studies have found significant genetic and behavioral changes in animals 
exposed to chronic vibration (Oberneir & Baldwin, 2006; Silvia et al, 2002). While 
more research regarding the physiological and behavioral effects of vibration is 
being conducted, it is clear that different species and strains may react differently 
to stressors such as vibration and that it may introduce more variability into any 
study. Furthermore, levels of vibration may vary from cage to cage, rack to rack, 
and room to room, thus causing even more variability. Interestingly, vibration in 
one area in which human standards have preceded animal standards and 
research. International Organization for Standardization (ISO 2631-1:1997), sets 
an action level for vibration for an 8-hour work day at 0.5m/s2, and the standard 
notes that vibration in the ~0.05-0.1g (0.5-1 m/ s2) range is reported as “fairly 
uncomfortable”, and levels over ~0.08g (0.8 m/s2) as “uncomfortable”. While no 
current standards exist, the ~0.05g (0.5m/s2) action level presents a very 
conservative starting place at which to limit vibration in animal facilities. 
Furthermore, it is likely that vibration accelerations at half of that level, as low as 
0.025 g, can serve as potential stressors for lab animals and confounds in 
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research studies, especially for those species/strains/models that might be more 
sensitive.    

When measuring noise and vibration levels, recognize that normal day-to-day 
worker and researcher activity in the vivarium will typically generate many times 
the noise and vibration than is produced by typical construction activities. For 
example, the simple act of carelessly connecting a cage into a ventilated caging 
rack can easily generate startle-inducing 85 dB SPL bursts of noise, and 
vibration levels around 0.35g, many times greater than what is considered a 
problem. Similar high levels of noise and vibration can be experienced by 
animals when being transported from a vendor or between labs at an institution 
on a cart (e.g., Hurst & Litwak, 2012). These technician and researcher handling 
generated noise and vibration levels (as well as other noise and vibration in the 
vivarium space from daily care) are likely to serve as the greatest sources of 
noise and vibration experienced by animals. And these levels are likely many 
times greater than any noise and vibration produced by construction activities at 
a facility, which are often a source of major concern. Also note that the just 
because a noise or vibration is felt or heard in the hallway by a human does not 
mean that the signals are in the range of detection of lab animals or are reaching 
the animal’s microenvironment. And even if they do reach the home cage, lab 
animals like humans have what is known as a just noticeable difference (JND), 
which is the lowest change in the stimulus that is reliably detectable. For noise 
this is approximately 3dB, and for vibration it is likely somewhere in the range of 
0.01g. So, it is reasonable to note that any activities, such as construction, that 
do not generate an increase in the cage-level microenvironment of 3dB for noise, 
or 0.01g for vibration, might not even be detectable by the animals. In addition, 
for vibration, lab animals have the added ability to use bedding as an additional 
filter for vibration if levels become aversive enough for the animals.   

3. Training, Communication & Action Plans
A training, communication, and action plan should be employed by each animal
facility that involves both training of key personnel on noise and vibration, as well
as a detailed noise & vibration communication and action plan that serves to
promote open communication during normal operations of the facility and during
times of construction.

Because most of the noise and vibration in the vivarium is caused by workers 
and researchers, it is imperative that such personnel be trained on how to 
minimize noise and vibration problems in the vivarium, as well as the impacts of 
noise and vibration on lab animals. At no time do the issues of noise and 
vibration become more palpable than during a construction/renovation project. 
Construction and renovation projects typically produce high levels of noise and 
vibration that could impact animals, disrupt ongoing studies, and can often strain 
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relationships between scientists and animal facility staff. It is not uncommon for 
such construction projects to get the blame (right or wrong) whenever through 
the course of the construction any changes are observed in animal behavior, 
breeding, or when the researcher's studies simply don't work out as expected. In 
order to minimize construction-related noise and vibration impacts on animals 
and ongoing studies, as well as to maintain strong relationships with researchers, 
the construction process needs to be managed very carefully. Based upon our 
experiences helping a number of groups navigate this process, we propose the 
facilities employ a written communication plan at all times, but especially during 
construction. We think such a communication and action plan will minimize the 
impacts of noise and vibration on animals, ongoing studies, and will set a 
standard for better communication with researchers. The common features of 
such a plan should include the following: 

-Describe what individual(s) or group (better) is in charge of developing and
managing the plan.
-Describe who will be conducting the measurements, what will be measured, and
how/whether those measures will be shared with PIs, administrators,
construction team
-Describe how the measurements will inform any relevant mitigation steps, and
what findings will prompt what actions, such as

• Beginning systematic mobile inspection of spread of noise &
vibration through facility

• Begin careful observation/tracking of animal behavior,
breeding, body weights, etc.

• When is PI alerted?
• When is construction team alerted?
• What construction practice modifications (changed

equipment, building noise control wall, etc.) could be made if
required by the measurements?

• What preventative measures will be taken to isolate the
noise or vibration to the source, and to minimize spread to
the animal spaces? For example, will acoustical treatment
walls/barriers be used?

• What practices in the vivarium can be employed if noise or
vibration reaches unacceptable levels. For example, place
vibration reducing pads under racks

• When might animals be moved to safer locations?
• When might construction be stopped while noise and

vibration mitigation practices are engaged?

Implementing such a communication plan for normal day-to-day operations is 
advisable, but is absolutely critical during times of construction when stress 
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levels of workers, administrations, and scientists can reach new heights. Such a 
plan can help maintain open lines of communication, clarify that the health and 
welfare of the animals and the quality of the ongoing science is critical and 
recognized by the facility and administrators, and will help to prevent 
miscommunication. While it is appealing to develop a master template plan for 
facilities to use, this is complicated by the fact that every facility has different 
needs, different problems, different personalities, different administrative 
structures, and different histories. While we can and do certainly help institutions 
develop such communication and action plans, we think the best practices for 
measurement and what levels to avoid above are key elements to implement in 
any such plan.    
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