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Environmental variables such as lighting, temperature, hu-
midity, and airborne particles are given considerable attention 
in lab animal facilities. Measurements are routinely taken to 
monitor these variables, and rigorous records are maintained. 
However, the acoustic environment is often given relatively 
little consideration. When it comes to noise in the animal facility, 
routine measurements are generally not taken, records are gen-
erally not maintained, and remarkably little is known by those 
of us who care for and use lab animals about how noise impacts 
our animals. The relative disparity between the attention given 
to noise as compared with other significant environmental 
variables in the facility is disconcerting given strong evidence 
showing that environmental noise can significantly impact a 
variety of systems in lab animals and humans.69 In fact, con-
siderable evidence now suggests that animal facilities present 
a more problematic acoustic environment for lab animals than 
previously thought.7,60 The current special issue, “Noise in the 
Animal Facility,” will attempt to outline the problem and pro-
vide valuable background information for investigators, facility 
managers, veterinarians and other personnel.

Normal development and functioning of a healthy hearing 
system is necessary for the use of spoken language in humans 
and communication via vocalizations in other animals. Without 
a healthy hearing system during the critical first 36 mo of life, 
a child will not develop the central neural pathways required 
for communicating with speech. In the absence of an alternate 
form of non-aural form of language, such as American Sign 
Language, the individual will forever remain apart from others 
of its species. Historical cases in which a young child has been 
raised in the complete absence of any form of communication 
are poignant reminders of the key importance of language and 
communication for human beings. The loss of hearing later in 
life, after acquisition of spoken language, while not as dramatic 
as a child deprived of language from birth, nevertheless has 
significant social, emotional, and economic costs for the indi-
vidual. Hearing impairment negatively impacts behavior with 
economic significance, such as driving a motor vehicle, as well 
as degrading quality of life by removing the experience of music, 
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the simple sounds of nature, or the voice of a loved one.
The 2 most common causes of acquired hearing loss in 

humans are aging and acoustic trauma. The prevalence of 
age-related hearing loss increases from 15% in the population 
of “baby-boomers” between ages 45 and 64, to 35% of adults 
age 65 to 75 and 50% of people age 75 and older. The National 
Institute of Deafness and Communication Disorders estimates 
that 30 million Americans of all ages are exposed to hazardous 
sound levels on a regular basis. While 28 million Americans have 
some degree of permanent hearing loss, nearly one-third of this 
group—10 million people—have hearing loss that is related, at 
least in part, to noise damage. Noise-induced hearing loss is the 
most preventable form of sensory disability.

Much of our understanding of the pathology of hearing loss 
is derived from animal studies of the effects of acoustic trauma 
on the peripheral and central auditory pathways. An important, 
but at times overlooked, advantage of studying the effects of 
acoustic trauma on a particular species or strain of laboratory 
animals is the ability to exert experimental control over an 
individual animal’s sound-exposure history. Knowledge of 
the sound conditions to which our experimental subjects are 
exposed is crucial if we are to accurately characterize the events 
and understand the mechanisms that result in damage to the 
auditory system. 

In addition to its central role in communication, a major func-
tion of auditory systems is to maintain an appropriate level of 
arousal for an animal.50 Noise serves as a very effective trigger 
for arousal. There could be a variety of reasons for this. For 
example, noise allows animals to hear predators (or prey) in 
complete darkness from a great distance. In addition, the audi-
tory system responds faster than other sensory systems, and its 
neural circuitry supports the rapid activation that characterizes 
fight or flight responses. As a result of the critical role of noise in 
animal communication and survival, it should not be surprising 
that noise can induce a wide variety of changes in animals. Noise 
can induce changes in a number of organ systems, and can in 
that manner potentially impact nearly every area of biomedi-
cal/behavioral research. These changes have been reviewed in 
detail elsewhere but Table 1 provides a summary of some of the 
non-auditory changes induced by noise. 

The goal of the present special issue on Noise in the Animal 
Facility is to provide an overview of the important consider-
ations related to noise in animal facilities. The topics discussed in 
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this special issue range from the physics of sound to how sleep/
wake cycles are altered by noise in the animal facility. Below is 
a summary of the invited overviews in this special issue. 

1) Dr Larry Hughes, a psychophysicist, provides a brief 
tutorial on the physics of sound; how sound is generated and 
propagated through space, and how to measure sound in animal 
facilities. It is clear that one of the first steps that must be taken 
as we attempt to understand the impacts of noise on animals 
is to actually measure the noise present. Because much of what 
a rat or mouse hears is out of the range of the human ear, ob-
taining objective measures of noise, especially high-frequency 
sound in the facility, is particularly important. Without reliable 
measures of what sounds are present in animal facilities, we 
cannot begin to address the deeper issues of how these sounds 
impact laboratory animals. 

2) Drs Henry and Rickye Heffner have been studying com-
parative hearing in different species of animals for over 35 y. 
They have managed to measure hearing abilities in dozens of 
mammalian species, from the Egyptian fruit bat to the elephant. 
Their Laboratory of Comparative Hearing at the University of 
Toledo provides as comprehensive a mammalian audiogram 
data bank as can be found anywhere. Heffners’ chapter provides 
valuable information to the general reader about how hearing 
is measured and about the hearing ranges and sensitivities in 
a variety of commonly used lab animals, an often overlooked 
feature of noise in animal facilities.

3) Dr James Willott has been publishing articles on the factors 
affecting hearing and hearing loss in mice for over 40 y. He has 
also edited 2 widely referenced books about hearing in mice. 
Dr Willott provides valuable information about genetic and 
environmental factors that affect hearing in mice. For example, 
many investigators do not realize that some of the most com-
monly used lab animals suffer from genetic hearing loss (for 
example, DBA/2, C57/Bl6 and Balb/C inbred strains). 

4) Dr Christine Portfors specializes in how high frequency 
sound is processed by the brain in mammals. Dr Portfors re-
minds us that lab animals communicate with one another and 
that this communication is a valuable part of their auditory 
environment. Because rat and mouse vocalizations/communi-
cations occur in the ultrasonic frequency range ( 20,000 Hz), we 
humans cannot hear them. As a result, we know very little about 
what they communicate to one another. Dr Portfors renews the 
call for measuring ultrasounds in our animal facilities and pro-
vides fascinating new data suggesting that whether animals are 
housed with same-sex or opposite-sex cage mates will determine 
whether they emit vocalizations. This has implications not only 
for normal auditory development but also for a more careful 
examination of animal housing standards.

5) Dr Arnaud Rabat reviews the dramatic effects of environ-
mental noise on the sleep-wake cycles of laboratory animals in 
a facility. Because of the widespread implications of altering the 
sleep cycle on immune function, memory, and other systems, 

Table 1. Some of the non-auditory effects of noise in laboratory animals and humans (adapted from 69)

Systems Results Reference

Cardiovascular  BP in cat, rat, rhesus monkey, and macaque monkey;  HR in desert mule deer and rat 15,40,71,44,56,57

 in vasoconstriction in rat,  respiratory rates and ACTH in cat, no ∆ in BP in rat 49,9,10,48

 BP, HR, arteriosclerosis, ischemic heart disease, hypertension, coronary artery 
disease in humans

47,55,73,42,35,66,19,
27,23,58

Hormonal/  norepinepherine, cortisol, cholesterol, and plasma corticosterone in rat, 6,37,22,21,70,4,11,43

Biochemical  IgM levels, splenic NK levels,  splenic lymphatic proliferation and peripheral phagocytic activity 
in rat

 levels of norepinepherine, adrenaline, noradrenaline, catecholamines, corticosteroids in humans

Reproductive  in estrus in rat,  fertility rates and  weight of ovaries in both rats and rabbits 30,75,24,25,54,18,51,6
0,53

 suckling of young in tree shrew,  milk production in both dairy cattle and tree shrew 

 in fetal mortality and resorption of pups in rat, rabbit, chick and pig

irregular menstruations,  in birth weight, intrauterine growth retardation, and  in spontaneous 
abortions in humans

Sleep sleep deprivation, negative affect on immune system and healing,  in adrenaline causing 39,64,68

vasoconstriction,  BP, and muscle tension,  REM activity and shorter REM durations in humans

Behavior  risk of overall functional loss notable in aged population,  attention, performance, 5,32,1,3,62,63,12,13

memory, dual-tasking, cognitive development, affects reading, problem solving, 14,72,38,20,59,17,33

motivation,  irritability and depressed mood in humans 16,22,41,19,28,34,26,66

Other accelerates expression of lupus in a mouse model 2

can cause audiogenic seizures 29,45

 microvascular permeability/disruption of the intestinal lining in rat 46

 in tail flick latency (indication of  analgesia) in rat 61

slower wound healing,  in body weight but no difference in food intake in rat 74

 body weight,  in leukocytes, adrenal gland and liver size in rat and rabbit 31,52

migraine headaches, peptic ulcer, and irritable bowl syndrome,  neurovascular impairment 
in humans

58,67,36,8,65

ACTH, adrenocorticotropin hormone; BP, blood pressure; DCN, dorsal cochlear nucleus; HR, heart rate; IgM, immunoglobulin M; NK, natural 
killer; REM, Rapid Eye Movement.

Noise in animal facilities
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these data suggest that some of the non-auditory deficits seen 
after noise exposure might be the result of sleep cycle distur-
bances. Dr Rabat points out that much more work needs to 
be done in these areas and provides the valuable background 
information from which we can start.

6) Dr Mildred Randolph, Dr William Hill, and Dr Bruce 
Randolph remind us that if noise is a problem for animals, it 
is also likely a problem for human personnel who work there. 
They provide us with practical information and some key con-
siderations on developing an occupational hearing conservation 
program for animal care personnel. 

Several key points emerge from this special issue. Researchers 
and laboratory personnel should:

1) Make efforts to routinely monitor the full range of sounds 
present in the acoustic environment of the animal housing facil-
ity. Both chronic background noise levels and noise produced 
by common activities in the facility (handling, cage changes, 
wheels on carts) should be measured. As several articles in this 
special issue point out, it is not enough to just measure noise in 
the human hearing range because the most commonly used lab 
animals can hear activities at much higher frequencies. 

2) Minimize excessive noise resulting from daily maintenance. 
Excessive noise in animal facilities produced by motors and 
cage washing machines should also be minimized using archi-
tectural and noise abatement techniques. However, sterilizing 
the acoustic environment through especially quiet rearing or 
the use of a white noise background masker can be problematic 
because deprivation of auditory input or rearing animals in a 
standard noise environment has either unknown or unwanted 
adverse consequences for organisms. 

3) Recognize the effects of noise on the particular biological 
system being studied. 

4) Know the hearing range and any unique hearing attributes 
(or dysfunctions) of the animal species/strain being used. 

5) Recognize the need for more research on noise in animal 
facilities. Clearly, much remains to be learned about how noise 
can alter the biology and behavior of laboratory animals. By 
gaining a greater understanding of the noise in our lab animal 
facilities and the effects of those noises on animals, we might 
be able to further minimize unwanted variability in studies 
and ultimately reduce the number of animals needed in our 
research. 

Acknowledgments 
Supported in part by NIH grant DC008357-01 to JGT and DC004830-

05 to CAB.

References
1. Able SM. 1990. The extra-auditory effects of noise and annoyance: 

an overview of research. J Otolaryngol 19:1–13.
2. Aguas AP, Esguay N, Grande NR, Castro AP, Castelo Branco 

NAA. 1999. Acceleration of Lupus Erythematosus-like processes 
by low frequency noise in the hybrid NZB/W mouse model. Aviat 
Space Environm Med 70:132–136.

3. Anders K. 1990. Subjective, behavorial and psychophysiological 
effects of noise. Scand J Work Environ Health 16:29–38.

4. Babisch W. 2003. Stress hormones in the research on cardiovascular 
effects of noise. Noise & Health 18:1–11.

5. Balfour JL, Kaplan GA. 2002. Neighborhood environment and loss 
of physical function in older adults: evidence from the Alameda 
county study. Am J Epidemol 155:507–515.

6. Barrett AM, Stockham MA. 1963. The effect of housing conditions 
and simple experimental procedures upon the corticosterone level 
in the plasma of rats. J Endocrin 26:97–105.

7. Bell RW. 1974. Ultrasounds in small rodents: arousal-produced 
and arousal-producing. Dev Psychobiol 7:39–42.

8. Berglund B, Lindvall T, Nordin S. 1990. Adverse effects of aircraft 
noise. Environ Int 16:315–338.

9. Borg E. 1978. Peripheral vasoconstriction in the rat in response 
to sound: dependence on stimulus duration. Acta Otolaryngol 
85:153–157.

10. Borg E, Moller AR. 1978. Noise and blood pressure: effect of 
lifelong exposure in the rat. Acta Physiol Scand 103:340–342.

11. Brandenberger G, Follenius M, Wittersheim G, Salame P. 1980.
Plasma catecholamines and pituitary adrenal hormones related to 
mental task demand under quiet and noise conditions. Biol Psychol 
10:239–252.

12. Broadbent DE. 1957. Noise and behavior. Proc R Soc Med 50:225–
228.

13. Broadbent DE. 1979. Human performance and noise, vol 17. In: 
Harris CM, editor. Handbook of noise control. New York: McGraw-
Hill. p 1–17, 20.

14. Broadbent DE. 1983. Recent advances in understanding perfor-
mance in noise. In: Rossi G, editor. Proceedings of the Fourth 
International Congress on Noise as a Public Health Problem, vol 
2. Milan: Centro Richerche e Studi Amplifon.

15. Buckley JP, Smookler HH. 1970. Cardiovascular and biochemical 
effects of chronic intermittent neurogenic stimulation. In: Welch 
BL, Welch AS, editors. Physiological effects of noise. New York: 
Plenum. p 75–84.

16. Bullinger M, Hygge S, Evans GW. 2002. A prospective study of 
some effects of aircraft noise on cognitive performance in school-
children. Psychol Sci 13:469–474.

17. Carter NL. 1996. Transportation noise, sleep and possible after-af-
fects. Environ Int 22:105–16.

18. Casady RB, Lehmann RP. 1967. Response of farm animals to sonic 
booms: studies at Edwards Air Force Base, June 6-30, 1966. Belts-
ville (MD): Interim Rep, US Department of Agriculture, Research 
Division.

19. Cohen S, Evans GW, Krantz DS, Stokols D. 1980. Physiological, 
motivational and cognitive effects of aircraft noise on children: 
moving from the laboratory to the field. Am Psychol 35:231–243.

20. Colle HA, Welsh A. 1976. Acoustic masking in primary memory. 
J Verbal Learning and Verbal Behav 15:17–32.

21. Cransac H, Cottet-Emard JM, Hellstrom S, Peyrin L. 1998. Spe-
cific sound-induced noradrenergic and serotonergic activation in 
central auditory structures. Hear Res 118:151–156.

22. Dejoy DM. 1984. The nonauditory effects of noise: review and 
perspective for research. J Aud Res 24:123–150.

23. Demeter I, Drasoveanu C, Cherestes I, Kertesz I, Demeter E. 1979. 
The inter-relationship between sonic trauma and arteriosclerosis. 
Arch Otorhinolaryngol 24:197–203.

24. D'Souza F, Martin RD. 1974. Maternal behavior and the effects of 
stress in tree shrews. Nature 251:309–311.

25. Ely F, Peterson WE. 1941. Factors involved in the ejection of milk. 
J Dairy Sci 14:211–222.

26. EPA. 1981. Noise effects hand-book. Washington (DC): Office of 
the Scientific Assistant, Office of Noise Abatement and Control, 
US EPA. 

27. Evans GW, Bullinger M, Hygge S. 1998. Chronic noise exposure 
and physiological response: a prospective study of children living 
under environmental stress. Psychol Sci 9:75–77.

28. Evans, GW, Maxwell L. 1997. Chronic noise exposure and reading 
deficits. Environ Behav 29:638–666.

29. Fuller JL, Easler C, Smith ME. 1950. Inheritance of audiogenic 
seizures susceptibility in the mouse. Genetics 35:622–662.

30. Gamble MR. 1976. Fire alarms and oestrus in rats. Lab Anim 
10:161–163.

31. Geber WF, Anderson TA, Van Dyne B. 1966. Physiologic responses 
in the albino rat to chronic noise stress. Ach Environm Health 
12:751–54.

32. Glass DC, Singer JE. 1972. Urban stress: experiments on noise and 
social stressors. New York: Academic Press.

33. Gomes LMP, Martinho Pimenta AJF, Castelo Branco NAA. 1999.
Effects of occupational exposure to low frequency noise on cogni-
tion. Aviat Space Environ Med 70:A115–A118.

http://www.ingentaconnect.com/content/external-references?article=0013-9165()29L.638[aid=8178666]
http://www.ingentaconnect.com/content/external-references?article=0016-6731()35L.622[aid=8452614]
http://www.ingentaconnect.com/content/external-references?article=0956-7976()9L.75[aid=5219448]
http://www.ingentaconnect.com/content/external-references?article=0028-0836()251L.309[aid=7835012]
http://www.ingentaconnect.com/content/external-references?article=0021-9177()24L.123[aid=8452617]
http://www.ingentaconnect.com/content/external-references?article=0378-5955()118L.151[aid=8452618]
http://www.ingentaconnect.com/content/external-references?article=0003-066x()35L.231[aid=1900113]
http://www.ingentaconnect.com/content/external-references?article=0160-4120()22L.105[aid=8452619]
http://www.ingentaconnect.com/content/external-references?article=0956-7976()13L.469[aid=8178667]
http://www.ingentaconnect.com/content/external-references?article=0301-0511()10L.239[aid=8452621]
http://www.ingentaconnect.com/content/external-references?article=0301-0511()10L.239[aid=8452621]
http://www.ingentaconnect.com/content/external-references?article=0001-6772()103L.340[aid=8452622]
http://www.ingentaconnect.com/content/external-references?article=0001-6489()85L.153[aid=8452623]
http://www.ingentaconnect.com/content/external-references?article=0001-6489()85L.153[aid=8452623]
http://www.ingentaconnect.com/content/external-references?article=0012-1630()7L.39[aid=8452625]
http://www.ingentaconnect.com/content/external-references?article=0022-0795()26L.97[aid=2721327]
http://www.ingentaconnect.com/content/external-references?article=0355-3140()16L.29[aid=8452628]
http://www.ingentaconnect.com/content/external-references?article=0003-9896()12L.751[aid=7825017]
http://www.ingentaconnect.com/content/external-references?article=0003-9896()12L.751[aid=7825017]
http://www.ingentaconnect.com/content/external-references?article=0022-5371()15L.17[aid=289770]
http://www.ingentaconnect.com/content/external-references?article=0022-5371()15L.17[aid=289770]
http://www.ingentaconnect.com/content/external-references?article=0002-9262()155L.507[aid=8452626]
http://www.ingentaconnect.com/content/external-references?article=0035-9157()50L.225[aid=8452620]


13

34. Haines MM, Stansfeld SA, Job RFS, Berglund B. 1998. Chronic 
aircraft noise exposure and child cognitive performance and 
stress. In: Carter NL, Job RFS, editors. Proceedings of noise as a 
public health problem, vols 1, 2. Sydney: University of Sydney. p 
329–335.

35. Hannunkari I, Jarvinen E, Partanen T. 1978. Work conditions and 
health of locomotive engineers. II. Questionnaire study, mortality 
and disability. Scand J Work Environ Health 4:15–38.

36. Hattori H. 2000. A field study of health effects of noise in adults 
around Komatsu Air Base. Jpn J Public Health 47:20–31.

37. Henkin RI, Knigge KM. 1963. Effect of sound on the hypothalamic-
pituitary-adrenal axis. Am J Physiol 204:701–714.

38. Hockey GRJ. 1979. Stress and the cognitive components of skilled 
performance. In: Hamilton V, Warburton DM, editors. Human 
stress and cognition. New York: New John Wiley & Sons. p 
141–177.

39. Honkus VI. 2003. Sleep deprivation in critical care units. Crit Care 
Nurs Q 26:179–189.

40. Hudak WJ, Buckley JP. 1961. Production of hypertensive rats by 
experimental stress. J Pharmaceut Sci 50:263–264.

41. Hygge S, Evans G, Bullinger M. 1996. The Munich airport noise 
study: cognitive effects on children from before to after the change 
over of airports. In: Proceedings of Inter-Noise 96; Liverpool, 
England. St Albans (UK): Institute of Acoustics.

42. Idzior-Walus B. 1987. Coronary risk factors in men occupationally 
exposed to vibration and noise. Eur Heart J 8:1040–1046.

43. Ising H, Günther T, Haverstadt C, Krause Ch, Market B, Melchert 
HU, Schoknecht G, Thefeld W, Tietze KW. 1979. Study on the 
quantification of risk for the heart and circulatory system associ-
ated with noise on workers. Final Report Project. Berlin: Fed Inst 
Occup Protection Accident Res 223:212–497.

44. Ising H, Melchert HU. 1980. Endocrine and cardiovascular effects 
of noise. In: Tobias JV, Jansen G, Ward WD, editors. Proceedings 
of the Third International Congress on Noise as a Public Health 
Problem (ASHA Reports 10). Rockville (MD): American Speech-
Language-Hearing Association.

45. Iturrian WB. 1973. The effect of noise on immature rodents. 
Cartworth letter, no 92. New York: Cartworth, Division of Becton, 
Dickson and Company.

46. Jain M, Baldwin AL. 2003. Are laboratory animals stressed by their 
housing environment and are investigators aware that this stress 
can affect physiological data? Med Hypotheses 60:284–289.

47. Jonsson A, Hansson L. 1977. Prolonged exposure to a stressful 
stimulus (noise) as a cause of raised blood pressure in man. Lancet 
1:86–87.

48. Kraft-Schreyer N, Angelanos ET. 1979. Efforts of sound stress on 
norepinepherine responsiveness and blood pressure. Fed Proc 
38:883(A).

49. Kristensen MP, Rector DM, Poe GR, Harper RM. 2004. Activity 
changes of the cat paraventricular hypothalamus during stressor 
exposure. Neuroendocrinology 15:43–48.

50. Martin JH. 1991. Coding and processing of sensory information. 
In: Kandel ER, Schwartz JH, Jessel TM, editors. Principles of neural 
science, 3rd ed. New York: McGraw-Hill Medical. p 329–339.

51. Meyer RE, Aldrich TE, Eastley CE. 1989. Effects of noise and 
electromagnetic fields on reproductive outcomes. Environ Health 
Persp 81:193–200.

52. Nayfield KC, Besch EL. 1981. Comparative responses of rabbits 
and rats to elevated noise. Lab Anim Sci 31:386–340.

53. Nurminen T. 1995. Female noise exposure, shift work, and repro-
duction. J Occup Environ Med 37:945–950.

54. Parker JB, Bayley ND. 1960. Investigation of effects of aircraft 
sound on milk production of dairy cattle 1957-1958. Washington 
(DC): USDA. p 22.

55. Parvizpoor D. 1976. Noise exposure and prevalence of high blood 
pressure. J Occup Med 18:730–731.

56. Peterson EA, Augenstein JS, Haselton CL, Tanis DC. 1984. Some 
cardiovascular effects of noise. J Aud Res 24:35–62.

57. Peterson EA, Augenstein JS, Haselton CL, Tanis DC, Augenstein 
DG. 1981. Noise raises blood pressure without impairing auditory 
sensitivity. Science 211:1450–1452.

58. Rosenlund M, Berglind N, Pershagen G, Jarup L, Bluhm G. 2001. 
Increased prevalence of hypertension in a population exposed to 
aircraft noise. Occup Environ Med 58:769-773.

59. Salame P, Baddeley A. 1983. Differential effects of noise and speech 
on short-term memory. In: Rossi G, editor. Proceedings of the 4th 
International Congress on Noise as Public Health Problem, vol 2. 
Milan: Centro Richerche e Studi Amplifon. p 751–758.

60. Sales GD, Wilson KJ, Spencer KE, Milligan SR. 1988. Environ-
mental ultrasound in laboratories and animal houses: a possible 
cause for concern in the welfare and use of laboratory animals. 
Lab Anim 22:369–375.

61. Shankar N, Awasthy N, Mago H, Tandon OP. 1999. Analgesic 
effect of environmental noise: a possible stress response in rats. 
Ind J Phys Pharmacol 43:337–346.

62. Smith A. 1989. A review of the effects of noise on human perfor-
mance. Scand J Psychol 30:185–206.

63. Smith A, Miles C. 1985. The combined effects of noise and night-
work on human function. In: Oborne DJ, editor. Contemporary 
ergonomics: proceedings of the ergonomics society’s annual con-
ference 1985 in Nottingham. London: Taylor & Francis. p 33–41.

64. Snyder-Halpern R. 1985. The effect of critical care unit noise on 
patient sleep cycles. Crit Care Q 7:41–51.

65. Spitzer M, Neumann M. 1996. Noise in models of neurological 
and psychiatric disorders: review. Int J Neural Syst 7:355–361.

66. Standsfeld SA, Matheson MP. 2003. Noise pollution: non-auditory 
effects on health. Br Med Bul 68:243–257.

67. Suvarov GA, Denisov EI, Ovakimov VG, Tavtin IUK. 1979. Cor-
relations between hearing losses and neurovascular impairments 
in workers in relation to noise levels. Gig Tr Prof Zabol 7:18–22.

68. Topf M, Davis J. 1993. Critical care unit noise and rapid eye move-
ment (REM) sleep. Heart Lung 22:252–258.

69. Turner JG, Parrish JL, Hughes LF, Toth LA, Caspary DM. 2005. 
Hearing in laboratory animals: strain differences and nonauditory 
effects of noise. Comp Med 55:12–23.

70. Van Raaij MTM, Oortgiesen M, Timmerman HH, Dobbe CJG, 
Van Loveren H. 1996. Time-dependent differential changes of 
immune function in rats exposed to chronic intermittent noise. 
Physiol Behav 60:1527–1533.

71. Weisenberger ME, Krausman PR, Wallace MC, De Young DW, 
Maughan OE. 1996. Effects of simulated jet aircraft noise on heart 
rate and behavior of desert ungulates. J Wildl Manage 60:52–61.

72. Wilkinson RT. 1963. Interaction of noise with knowledge of results 
and sleep deprivation. J Exp Psychol 66:332–337.

73. Wu TN, Ko YC, Chang PY. 1987. Study of noise exposure and high 
blood pressure in shipyard workers. Am J Ind Med 12:431–438.

74. Wysocki AB. 1996. The effect of intermittent noise exposure on 
wound healing. Adv Wound Care 9:35–39.

75. Zondek B, Tamari I. 1967. Effects of auditory stimuli on repro-
duction. In: Wolstenholme GEW, O’Connor M, editors. Effects of 
external stimuli on reproduction. Ciba Foundation Study No. 26. 
J & A London: Churchill. p 4–19.

Noise in animal facilities

http://www.ingentaconnect.com/content/external-references?article=0031-9384()60L.1527[aid=1475614]
http://www.ingentaconnect.com/content/external-references?article=0271-3586()12L.431[aid=8492161]
http://www.ingentaconnect.com/content/external-references?article=0022-1015()66L.332[aid=8492162]
http://www.ingentaconnect.com/content/external-references?article=0022-541x()60L.52[aid=8492163]
http://www.ingentaconnect.com/content/external-references?article=1532-0820()55L.12[aid=7472198]
http://www.ingentaconnect.com/content/external-references?article=0147-9563()22L.252[aid=6276634]
http://www.ingentaconnect.com/content/external-references?article=0007-1420()68L.243[aid=8452807]
http://www.ingentaconnect.com/content/external-references?article=0129-0657()7L.355[aid=8492165]
http://www.ingentaconnect.com/content/external-references?article=0036-5564()30L.185[aid=577195]
http://www.ingentaconnect.com/content/external-references?article=1351-0711()58L.769[aid=8492167]
http://www.ingentaconnect.com/content/external-references?article=0036-8075()211L.1450[aid=8453220]
http://www.ingentaconnect.com/content/external-references?article=0021-9177()24L.35[aid=8492168]
http://www.ingentaconnect.com/content/external-references?article=0096-1736()18L.730[aid=8492169]
http://www.ingentaconnect.com/content/external-references?article=0195-668x()8L.1040[aid=8492174]
http://www.ingentaconnect.com/content/external-references?article=0022-3549()50L.263[aid=8492175]
http://www.ingentaconnect.com/content/external-references?article=0002-9513()204L.701[aid=8492177]
http://www.ingentaconnect.com/content/external-references?article=0355-3140()4L.15[aid=8492178]
http://www.ingentaconnect.com/content/external-references?article=0160-2551()7L.41[aid=8492166]
http://www.ingentaconnect.com/content/external-references?article=0019-5499()43L.337[aid=8452700]
http://www.ingentaconnect.com/content/external-references?article=1076-2752()37L.945[aid=8492170]
http://www.ingentaconnect.com/content/external-references?article=0023-6764()31L.386[aid=7755890]
http://www.ingentaconnect.com/content/external-references?article=0091-6765()81L.193[aid=8492171]
http://www.ingentaconnect.com/content/external-references?article=0091-6765()81L.193[aid=8492171]
http://www.ingentaconnect.com/content/external-references?article=0306-9877()60L.284[aid=8453034]
http://www.ingentaconnect.com/content/external-references?article=0306-9877()60L.284[aid=8453034]
http://www.ingentaconnect.com/content/external-references?article=0306-9877()60L.284[aid=8453034]
http://www.ingentaconnect.com/content/external-references?article=0887-9303()26L.179[aid=8492176]
http://www.ingentaconnect.com/content/external-references?article=0887-9303()26L.179[aid=8492176]

