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A significant number of Americans are exposed to shift 
work and long work hours . Broadly defined, shift work 
involves work at tim es other than daytime hours of 
approximately 7:00 A.M. to 6:00 P.M. According to the 
U.S. Bureau of Labor Statistics, almost 15% of full -time 
workers (or 15 milli on Americans) wo rk on evening, 
night, ro tating, sp lit, or employer-arranged irregul ar 
shifts (1) . Estimates of the number of workers exposed 
to long work hours depend on how the term is defined. 
Based on a minimum of 50 hours per week, lacobs and 
Gerson (2) estimated that over 26% of U.S. men and 
11 % of U.S. women worked long hours in 2000. 

Both social needs and eco nomic factors promote the 
use of sh ift work and long hours. Shift workers provide 
critical services around the clock, including police and 
fire protection, health care, transportation, communica­
tions, public utiliti es, and military service. Other indus­
tries require continuous processing or operations to 
maximize the finan cial yield from capital investment in 
machinery and other production material s. Th ere are 
also a multitude of econom ic factors driving long work 
hours including shortages of workers with specia lized 
skills, temporary surges in workload, desire to avoid 
expenses connected with hiring additional staff, and 
Worker desire for higher income. 

The relationship between work schedules and health 
and safety is complex and is influenced by characteristics 
of the work schedule itself as well as characteristics of 
the job, the worker, and the work environment (3) . 
Ergonom ic and o rgan izational factors, job demands, 
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workers' personalities, socia demographic characteristics, 
geographic location, recreational resources, housing 
arrangements, sociometric patterns, and social support 
may act to influence or modulate the effects. Some stud­
ies of work schedules and health or safety outcomes have 
not accounted for these factors, which may partially 
explain the combination of positive, negative, and null 
effects reported in the literature. Some of these inconsis­
tencies may also be attributed to limitations inherent in 
field research designs, but others reflect the subtleties and 
complexi ties of the work schedule's im pact on worker 
adjustment (4,5). In addition, studies may be contami­
nated by crossover effects (e.g. , when a shift worker 
moves to day shift and adverse effects continue on the 
day schedule) and selective attritio n (the "survivor" or 
"healthy worker" effect) (6) . Nonetheless, perusal of the 
literature suggests that some generalizations can be made 
about th e risks potentially associated with demanding 
work schedules. 

Researchers theorize that shift work exerts adverse 
effects by d isturbing three facto rs: circadian rhyth ms, 
sleep, and perso nal (fam ily and social) life (7) . Circa­
dian rhythms refer to biologic rhythms that show a 
cycliC rise and fall about once a day (8). Numerous phys­
iologic phenomena exhibit these circadian rhythms, 
which are synchronized by pacemakers in the brain to 
prepare humans and other organisms for regu lar daily 
environmental cycles such as light and darkn ess, tem­
perature, food availability, and activi ty of predators. In 
humans, these pacemakers pro mote wakefu lness during 
the day and sleepiness and sleep at night. The timing 
of the circadian rhythms are slow to change and gener­
ally take several days to read just after abrupt ch anges in 
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timing of activity and sleep induced by shift work. 
Disturbances in circadian rhythms lead to reduClions in 
the length and quality of sleep and may increase nega­
tive mood and gastrointestinal (G l) symptoms. In addi­
tion, work ing at unusual times may make it difficult to 
interact with family and maintain other social contacts. 
Overall, these disturbances have important impli cations 
for work scheduling because worki ng at night and in the 
evening requires coping with physiologic, psychologi­
caL and social processes that are not in synchrony with 
a nighttime work schedule (9). Consequently, shift work 
potentially can affect diverse aspects of worker hea lth, 
efficiency, and well-being. 

Researchers theorize that long work hours may influ­
ence health and safety through several mechanisms 
(10- I 2). Long work hours may reduce the time available 
for sleep, thereby leading to sleep deprivation o r dis­
turbed sleep and incomplete recovery from work. Sleep 
disturbances, in turn, may adversely affect nervous, car­
diovascular, metabolic, and immune functioning. Time 
available for family and social contacts may also be 
reduced, impairing ability to carry out fami ly responsi ­
bilities and maintain nonfamily relationsh ips. This, in 
turn, may lead to physiologic responses associated with 
stress. Long hours may also increase exposure times to 
workplace hazards such as chemicals, hot or cold envi­
ronments, noise, and physical, mental, and emotional 
demands. The consequences of extended exposures and 
reduced recovery time are not fu lly known. I-Iealth be­
haviors may also be adversely affected by reducing time 
available for physical exercise or preparing nutritious 
meals. Added job stress may increase caffeine use, 
smoking. and alcohol intake. 

RISKS ASSOCIATED WITH SHIFT WORK 

Sleep, Sleepiness 

The most direct and consistent effect of shift work is the 
reduction in the length and quality of sleep (13). Both 
retrospective cross-sectional sunreys and prospective 
sleep-diary types of stud ies have indicated that n ight 
and rotating shift workers consistently obtain less sleep 
than day- or evening-shift workers. Furthermore, night­
sh ift workers often repo rt their daytime sleep to be 
lighter, more fragmented, and less restful than sleep at 
night (14). Electroencephalograph ic (EEG) stu d ies of 
shift workers' sleep have co nfirmed the self-reports 
(15). The general pattern of decreased total sleep time 
durin g th e day (when working nights) is apparent 
whether the worker has a permanent night schedul e or 
rotates shifts. However, workers who rotate shifts obtain 
less sleep, overall , than th eir coun terparts on permanent 
schedules. Increasing experience with shi ft work appar­
ently does not resul t in adaptation of sleep patterns 

because older shift workers still show decreased daytime 
sleep (16) . 

Sleep loss makes people sleepier whi le awake, which 
may affect the shift worker's ability to perform activit ies 
safely and efficiently, both on and off the job. Increased 
sleepiness (or decreased al ertness) in sh ift workers on 
the job has been demonstrated with subjective reports 
(17), objective performance testing (18), and EEG 
recordings showing b rief, on-the-job sleep episodes (19). 
As would be expected, sleepiness is most apparent dur­
ing the night shift, and poor daytime sleep appears to 
be a contributing fa ctor (20). 

Circadian Rhythms, Performance, and Safety 

In add ition to sleep loss, the nighttime downturn in 
other endogenous circadian processes also ca n can· 
tribute to reduced alertness and performance in shift 
workers. In the normal diurnal situation, these circadian 
processes are in synchrony with th e sleep-wake cycle. 
Consequent ly, alertness and arousal are highest and 
performance is most efficient during the day. During the 
night, on the other hand, alertness is lowest, which 
allows for optimal sleep (21 - 22) . In shift workers, 
these processes may become desynchronized with the 
sleep- wake cycle and may not adapt to night work at 
the sa me rate as the sleep-wake cycl e (9) . Therefore, 
there are some night shifts when the worker will experi­
ence decreased alertness and performance efficiency 
both from sleep deprivation and from the asynchrony of 
other circadian rhythms. There will be other night shifts 
when a normal amount of sleep is obtained, bUlloss of 
alertness and compromised performance will be experi· 
enced because other circadian rhythms have not adapted 
to the nighttime orientation. Consequently, night work­
ers experiencing a combination of sleep deprivation and 
unadapted circadian rhythms are likely to be at higher 
risk for operational errors or accidents than day workers. 

In support of this proposition, a meta-analysis combin­
ing injury data from several studies indicated that injury risk 
increased by 18% during the afternoon/evening shift and 
34% during the night shift compared to the morning/day 
shift (23). Relative risk also increased across consecutive 
shifts, with a more precipitous increase in risk observed 
across the night shift compared to the morning/day shift. 
These results are consistent with worksi te observations of 
increased subjective sleepiness and decreased reaction 
time during night shifts and progressive decreases in total 
sleep time from early to late in the workweek (24). 

Social and Familial Disruptions 

Because shift workers often work in the evening and 
sleep during the day, they frequently must sacrifice par­
ticipation in social and fami ly activities that commonly 
occur at those times. Furthermore, because most shift 



workers wo rk in continuously operating organizations, 
they regularly are requi red to work weekends and ho li ­
days, when much social and family interaction occurs 
(25,26). Consequently, too little time with family and 
friends is the most frequent and most negatively rated 
compl aint among shift workers. The extent to which 
such disruptions occur depends both on the worker's 
schedule, type of family, gender of the worker, presence 
of children, and the degree of flexibility in the worker's 
social contacts and leisure pursuits (25-27) . Solitaty or 
time-fl exible pursuits, such as gardening or woodwork­
ing, would be less disrupted by night work or rotating 
shift work than participatory or time-inflexible activities 
such as team sports. For families, shift work often can­
nictS wi th schoo l activities and the times when formal 
childcare services are avai lable, making arranging fo r 
the ca re of ch ildren more challe nging (27) . Thus, th e 
work schedule affects no t on ly the worker's social 
adjustment, but also the fami ly's adjustm ent. 

Long-t erm Effects and Vulnerable Groups 

Drake et a!. (28) indicate that 32% of night workers and 
26% of rotating shift workers experience long-term 
insomnia and excessive sleepiness and are unabl e to 
adapt their sleep adequately on these shifts. When com­
pared to the symptomatic day worker population, the 
study reported that shift work was associated with a 10% 
increase in the number of persons with th ese sleep 
disturbances. 

Although the speci fic contribution of shift work to 
other illnesses is not clear, several diseases have been 
associated with these wo rk schedules. GI complaints are 
common in shift workers and could be due to changes 
in circadian rhythms of GI function, sleep deprivation 
leading to stress response and changes in immune func­
tion, or the types of foods that are availab le during these 
shifts (29,30). Psychological complaints are frequently 
reported, including depression and other mood distur­
bances, persona lity changes, and difficulties with per­
sonal relationships (31). A review of 17 studies suggests 
that shift work increases workers' risk for cardiovascular 
disease by 40% co mpared with day workers (32). 
Possible mechanisms for cardiovascular findings 
include decreased glucose tolerance, insulin resistance, 
elevated cortisol levels, and increased sympathetic activ­
ity. A sys tematic review of epidemiologic studies of 
reproduct ive outcomes by Frazier and Grainger (33) 
Concl uded that shi ft work was associated with a modest 
increase in spo nta neous abortion, preterm birth, and 
reduced fertil ity in women. The effect on reproduction 
in men was not analyzed due to an inadequate number 
of studies. A meta-analysis of 13 studies examin ing 
night work and breast cancer reported that night work 
was associated with a moderately elevated risk among 
women (comb ined estimate for 13 studies = 1.4 8; 
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co nfidence interval, 1.36 to 1.61) (34) . The authors 
hypothesized that exposure to light at night reduces lev­
els of melatonin, which increases risk for cancer. Studies 
exa mining associations wi th other types of cancer have 
been lim ited to date. One study by Schernhammer et a!. 
(35), however, reported an increased risk of colon can­
cer in nurses associated with working three or more 
nights per month for 15 or more years. 

Shift work may exacerbate pre-existing chronic dis­
eases, making it difficult to contro l symptoms and 
disease progression. Shift work also may interfere with 
treatment regimens that involve maintaining regular 
sleep times, avoiding sleep deprivation, controlling 
amounts and times of meals and exercise, and careful 
timing of medications that have circadian variations in 
effectiveness. Sood (36) suggests several conditions that 
are particularly vul nerable: unstable angina or history 
of myocardial infarction; hypertension requiring regu­
lar med icatio ns; insulin-dependent diabetes mellitus; 
asth ma requi ri ng regular medi cation; psychiatric ill ­
nesses requiring regular medi cation; alco hol or drug 
abuse; GI diseases; sleep disorders; taking medications 
that have circadian variations in effectiveness; and 
epilepsy requiring medication with in the past year. To 
this list, Costa (37) adds chronic renal impairment, 
thyroid and suprarenal pathologies, malignant tumors, 
and pregnancy. 

Aging is also associated with less tolerance of shift 
work, which may be due to age-related changes in sleep 
that may make it more difficu lt for older people to initi­
ate and maintain sleep at different times of the day 
(38). These sleep changes may begin as early as the 30s 
and 40s, so some workers who initially adapted well to 
sh ift work during their younger years may show mo re 
symptoms as they grow older. 

RISKS ASSOCIATED 
WITH LONG WORK HOURS 

The number of studies examining long work hours is 
less extensive, but a growing number of findings suggest 
possible adverse effects. A meta-analysis by Sparks et a!. 
(10) reports that overtime was associated with small but 
significant increases in adverse physical and psychologi­
cal outcomes. A review by Sp urgeon et a!. (II) con­
cluded that the adverse overtime effects were associated 
with greater than SO hours of work per week, but little 
data are avai lable about schedul es with less than 50 
hours. An integrative review by Caruso et a!. (39) re­
poned that overtime was associated with poorer per­
ceived general health, increased injury rates, more ill­
nesses, or increased mortality in 16 of 22 more recently 
published studies. A study by Dembe et a!. (40) examin­
ing data from the National Longitudinal Survey of Youth 
is one of the first reports of a possible dose-response 
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relationship; as number of work hours increased, injury 
rates increased correspondingly. Overall, these studies 
indicate caution in implemen ting schedules with ex­
tended work hours. Determining the number of work 
hours critically associated with risk in a speci fic job, 
however, must exa mine how extended hours interact 
with oth er factors contributing to fatigue, such as work 
load, competing responsibilities away from th e job, or 
opportunities for rest and recovery. 

COUNTERMEASURES 

Effons to promote adaptation to or ease the difficulties 
of coping with shift work and long work hours include 
strategies for employers and strategies for workers. Most 
suggestions to date were written for shift work, but they 
may also be relevant for long work hours. A sampling of 
strategies discussed in reviews by Rosa et al. (41) , Monk 
(42), Knauth and Hornberger (43), and Revell and 
Eastman (44) includes designing new work schedules 
and rest breaks during work, devising sleep strategies, 
altering circadian rhythms with bright li ght or blue 
light, optimally timing physical activity or other work 
demands, improving physical condit ioning, introduc­
ing pharmacologic aids or using caffeine, planning 
dietary regimens, applying stress reduction techniques, 
organizing social support groups, and providing family 
counseling. Empirical evaluations and applications of 
some techniques have begun and will be useful for 
some workers, but more research is needed to develop 
strategi es that can be easily applied by workers in a wide 
range of demanding work schedule situations. 

With respect to work schedule design, th ere are ongo­
ing debates about the relative advantages of fixed versus 
rotating shifts (45), which speed of shift rotation is best 
comparing rapid (changes every few days) versus slow 
(changes every 2 weeks or more) rotations (46), shift 
timing (4 7, 48), and th e use of compressed workweeks 
(49,50) . In the compressed workweek schedu le, longer 
(i .e., 10- to 12-hour) shifts are used so that fewer con­
secutive shifts are needed to complete a week's work. 
These schedules are popu lar due to th e extra off-duty 
days, but there are persistent concerns about excessive 
fatigue from the longer shifts (especially 12-hour night 
shifts) (49 - 52 ). 

Sleep strategies involve creating an environment that 
is conducive to sleep (i. e., blocking light, noise, and 
interruptions) and napping either before o r during 
th e night shift (43 ,53 ). Opportuni ties for napping 
while working nigh t shifts have been permitted in 
other coun tries, but this is not usually the case in the 
United States. 

Laboratory studies using appropriately ti med expo­
sure to bright or blue light have indicated that circadian 
rhythms can be "phase-shifted" (i .e., the time of peak 

activity can be shifted) more rapi dly than usual (4 4). 
Although only a few workp lace applications have been 
attempted and more study is needed, some workers may 
benefit from current suggestions (44,54,55) . 

Intense physical activi ty can also phase-sh ift circa­
dian rhythms (56), but it is not clear whether the effec­
tive level of exercise is agreeable to the average worker. 
Improved physical conditioning has beneficial effects 
on worker well-be ing, but more study is needed to 
examine wheth er physical activity di rectly influen ces 
adaptation to shift work (57,58) . 

Va rious pharm acologic compounds reliably induce 
sleep or alertness at desired times (59) or shift circadian 
rhythms (60), but the potential for adverse side effects 
in some compounds makes long-term use questionable. 
Dietary routines to promote alertness or relaxation have 
been proposed, but little data are available testing the 
effectiveness in shift workers (61,62). Stress reducti on, 
social support , and fa m ily counseling generally have 
beneficial effects on well -being, but organized treat­
ment plans and outcome studies for shift wo rkers have 
yet to be devised (63). In conclusion, more research is 
needed to develop strategi es to hel p workers adapt to 
th e multiple physio logic and social challenges that 
result from dem and ing work schedules, but current 
findings will provide a measure of improvement for 
some workers. 

REFERENCES 

1. Bureau o f Labor SI<Histics. Warhers on j1exible and shill schedules in 
M ay 2004. http://www.bls.gov/ news.rele;l se/ flex. nrO .htm. Accessed 
September 21 , 2006 . 

2. lacobs lA, Gerson K. The Time Di!lide: Work Family, and Cenrier 
Inequa/II)' . Cambridge. MA: Harvard University Press, 2004 . 

3. Barton L Spelten E. TO llerde ll p, e t al. The standard sh i ft work 
index-;:I battery of questionnaires for assessing shiftwork-related 
problems. Work Stress . 1995;9 :4-30. 

4 . Colligan Mi. Methodologica l and practical issues related to shift 
wo rk research. / Occup Med . 1980;22: 163-166 . 

5. Knu tsson A. Metho dological aspect s of shi ft-wo rk research. 
Chronobiol In!. 2004;21 : 1037 - 104 7 

6. Weed DL. IlislO rica l roots of the healthy worker effecl. J Occup 
Med . 1986;28:34 3- 347. 

7. Monk T H . Shift Work. In : Kupfer DJ, Roth T, Dement We. eds. 
Principles and practice of sleep medici ne. Ph iladel ph ia: Saunders; 
2000, 600- 605. 

8. Dij k DJ. vo n 5challlz M. Timi ng and consol idat io n o f hum an 
sleep, wakefulness, and perfo rmance by a symphony of osci ll a­
tors. / BioI Rhythms. 2005;20 :279-290 . 

9. A.kerstedl T. Adjustm em o f physio logical and ciTCad ian rhythms 
and the sleep-wake cycle to shift work. In: Fo lkard 5, Monk TH, 
eds. Hours of work lemporal faclOl"S in work scheduling. Chichester, 
United Kingdom: John Wil ey; 1985: 185- 198. 

10. Sparks K, Cooper Cr., Fried y, et al. The effects of hours o f work on 
health: a meta -a nalytic review. I Occup Ol:gnll Psychol. 1997;70: 
391-408. 

11. Spurgeon A, Harrington fM, Cooper CL. Health and safety prob­
lems associated with long working hours: a review of the curre nt 
position . Occu p Environ Meli. 1997;54 :367-3 75 . 

12. van der Hulst M. Long workhours and health . Scand J Warl? 
Environ rJealth. 2003;29:171 - 188. 

13 . Pilcher JJ. Lamben BJ. Huffcun AI. Different ial d feo s o f perma­
nent and rotating sh ifts o n se lf- reponed sleep length: a meta­
analyti c review. Sleep. 2000;23: 1- 9. 



14 Lavie p, ChiUag N. Epstein R, et al. Sleep di stu rbances in shift 
workers: a marker for maladapta tion syndrome. Worll Stress. 
1989;3:33-40. 

15. Walsh IK. Tepas OJ. Moss PD. The EEG sleep of night and rotating 
sh ift workers. Tn: Johnson LC, Tepas 01, Colquhoun WP, et aI, 
eds. Biological rllytllms, sleep, and shift work. New York Spectrum; 
1981: 371-38l. 

16. Tepas DI , Duchon IC, Gerste n AH. Shift work and the olde r 
wo rker. Exp Aging Res. 1993; 19:295-320. 

17. Fo lka rd S, Monk TH, Lobban Me. Short and long-te rm adjust­
ment o f circadian rhythms in ~ permanent ~ night nurses. 
Ergonomics. 1978;21 :785-799. 

18. Wilkinson R, A!lison S, Feeney M, et al. Alertness of nigh t nurses: 
twO shift systems C"Ompared. Ergonomics. 1989;32:281-292. 

19 Torsvall L, Akerstedt'f", Gi ll ander K, et al. Sleep on the night shift 
24- hour EEG monitoring of spontaneous sleep-wake behavio r. 
Psychophysiology. 1989;26:352-358. 

20. Akers ted t T. Sleepiness as a consequence of sh ift work. Sleep. 
198B; Il :17-34. 

21. Mi no rs OS, W,lterho use 1M. In troduct io n to circadian rhyth ms. 
In : Fo lkard S, Monk TH, eds. Hours of Walk remporal [(Jctors in work 
scheduling. Chichester, United Kingdom: John Wiley; 1985: 1-14 . 

22 . ,\.-Ionk T, Folkard S. Circad ian rhythms and sh iftwork. In : Hockey 
R, ed. Stress and fatigue In human peljormance. Chichester, United 
Kingdom : lohn Wiley; 1983 : 97-121. 

23 Folkard 5, Tucke r r. Shift work, safety and productivity Occup 
Mer! ([oml). 2003;53:95- 101 . 

24. Rosa RR Examining work schedules for fatigue: it's not just ho urs 
o f work. In : Hancock PA, Desmond PA, eds. Strt?ss, worMoad, and 
fatigue. Mahwah, NJ: Lawrence Earlbaum Associates; 2001: 
513-528. 

25. Walker J. Social problems of shi ftwork. In : Folkard $, Monk TH, 
eds. Hours of work- lempoml facIOrs in work scheduling. Chichester, 
United Kindom: John Wi ley; 1985: 211-226. 

26 . Colligan MJ. Rosa RR . Shift work effects on social and family li fe. 
Occup Med. 1990;5 :3 15-322. 

27. Presser lIS. Working ill /I 24/7 fcollomy Challengm for American 
Fnmilies_ New York: Russell Sage Foundation; 2003. 

28 Drake eL, Roehrs T, Richa rdson G, et 031. Shift work sleep d iso rde r: 
prevalence and consequences beyond tha t of symptomatic day 
workers . Sleep. 2005;27 : 14 53- 1462. 

29 . Knutsson A. Health disorders of shift workers. Occup Med {Land}. 
2003;53; 103-108. 

30. Caruso Cc, I.usk SL, Gillesp ie H. Relationship of work schedules 
10 gastrointest inal diagnoses, symptoms, and medication use in 
auto facto I)' workers. Am J Ind Med. 2004;46:586-598. 

31 Rohr SM, Von Essen SC, Farr LA. Overview of the medical conse­
quences of shift work. Clm OCCflP Environ Mea. 2003;3:351-36l. 

32. H0ggi ld H, Knutsson A. Shifl wo rk, risk factors a nd ca rd iovasrular 
disease. Scnlla, Work Ent,jron Health . 1999;25:85-99 . 

33 Frazier LM, Grainger DA. Shift work and adve rse reproductive 
outcomes among men and women. elin OCCIlP £,lIJiron Med. 
2003;3 ;279-292. 

34. Megdal SP, Kroenke CH, Laden E e{ aL Night work and breast 
cancer risk: a systematic review and meLa-analysis. Ellr J Cancer. 
2005;4l :2023-2032. 

35. Schernhammer ES, Laden E Speizer FE, et al. Night-shift work and 
risk of colorectal ca ncer in Nu rses' Health Study. J Natl Cancer 
Insc. 2003;95:825-828. 

36. Sood A. Med ica l screen ing and surveilla nce of sh ift workers for 
heahh problems. Clill OCCIiP Environ Med. 2003;3:339 - 349. 

37. Costa G. Shifl wo rk and occupationa l medicine: an overview. 
OCCllP Med (Land) . 2003;53:83-88. 

38. Duffy JF. Shift work and aging ro les of sleep and circadian 
rhythms. elill Occup Environ Med. 2003;3:311 -33 2. 

39. Caruso CC, Hi tchcock EM, Dick RB, et a!. Overtime and Extended 
War" Shifts: Recen! Findings on illnesses, llljuries, (Jnd Health 
Be/wviors. OHHS (NIOSH) publication no. 2004-143. Ci ncin­
nati, Oll : Department o f Health a nd Human Services, 

Shift Work and Long Work Hours 1363 

Pub li c Health Services, Centers for Disease Control and 
Prevention, Natio na l Institute for Occupational Safety and 
Health; 2004. 

40. Dembe AE, Erickson JS, Delbos RG, et al. The impact o r overtime 
and long work hours on occupational injuries and illnesses: new 
evidence from lhe United States. Occup Environ Med . 2005; 
62588-597. 

41. Rosa RR, Bonnet MH, Bootzin RR, et a l. Intervention facto rs for 
promot ing adjustmen t to n ightwo rk a nd sh iftwork. Occup Med. 
1990;5;391-415. 

42. Monk TH. What can the chronobiologist do to he lp the shift 
worker? J BioI Rhythms . 2000;15:86 - 94. 

43. Knauth p, Hornberger S. Preventive and compensatOlY measures 
for shift workers. Occup Med (Land). 2003;53: 109- 116. 

44 . Revell VL, Eastman CI. Ho\'" to trick Mother Nature into letting 
you fly around or stay up all night. J BioI Rhythms. 2005;20: 
353-365. 

45. Knauth p, Rutenrranz I. Experime ntal sh iftwork studies of perma­
nent night, a nd rapidl y rotating, sh ift sys tems. Inc Arch Occup 
E'lt/iron Hen/Ill. 1976;37: 125- 137 

46. Knauth P. Speed and direct ion of shift rotation. , Sleep Res. 
1995;4:41-46. 

47. Kecklund G. Akerstedt T. Effects of t iming of shifts on sleepiness 
and sleep duration.' Sleep Res . 1995;4:47-50. 

48. Rosa RR, Harma M, Pulli K, et al. Rescheduling a three-shift sys­
tem at a steel rolling miH: effects of a I -hour delay of shift starting 
times on sleep and alenness in younger and older workers. Occup 
Environ Mell. 1996;53:677 -685. 

49. Coll igan MJ, Tepas DL The stress of hou rs of work. Am IlId Hyg 
Assoc ' . 1986;47;686-695. 

50. Rosa RR. Extended worksh ifts and excessive fatigue. I Sleep Res. 
1995;451-56. 

51. Rosa RR, Coll igan MJ. Lewis P. Extended work days: effecls of 
B·hour and 12-hour rotating shift schedules on performance, sub­
jective a lertness, sleep patterns, and psychosocial variables. Work 
Stress. 1989;3:21-32 . 

52. Fo lkard $, Lombardi DA, Tucker rT. Shiftwork: safety, sleepiness 
and sleep.lnd Heal/Ii. 2005;43 :20-23 . 

53. Rosa RR. Nappi ng at home and alenness on the job in ro tating 
shiftworkers. Sleep. 1993; 16:727 - 735. 

54. Budnick LD, Lerm an SE, Nico lich MJ. An evaluation of scheduled 
bright light and darkness on rotating shiftworkers: trial and limi­
tati ons. Am J Ind ivIed. 1995;27:771-782. 

55. Cos ta G, Ghi rlanda G, Minors DS, et al. Effect of bright light on 
tolerance to night work. Scand I Work Environ Healrh. 1993; 19: 
414-420. 

56. Eastman Cl, Hoese EK, You ngstedt SO, et a!. Phase-shifting 
human circadian rhyt hms with exercise during the n ight shift. 
Physio' Behnv. 1995;58: 1287- 1291. 

57. Harma MI, Il marinen J. Knaut h p, et a l. Physical training interven­
tion in female shift workers: I. l ne effects of intervention on Ht­
ness, fatigue, sleep, and psychosomatic symptoms. Ergonomics. 
1988;31;39 -50. 

58. Harma MI, Hmarinen J. Knauth P, et al. Physical training interven­
tion in female shift workers: II. The effects of intervention on the 
circadian rhythms of alertness, short-term memory, and body 
temperature. Ergonomics. 1988;31:51 - 63. 

59. Ca ldwell JA, Ca ldwell lL. I:atigue in military aviati o n: an overview 
o f U.S. mili tary-approved pha rm acologica l counte rm easures. 
Aviar Space Environ Men. 2005;76:C39-C51. 

60. Arend t I. Skene DJ. Mela ton in as a chronobiotic. Sleep Met! Rev. 
2005;9;25-39. 

61 . Tepas 01. Do eating and drinking habits interact with work sched­
ule variablesr Work Stress. 1990;4:203-211 . 

62. Lennernas M. Eating patterns. til: Becker W. Nordic nutritioll recom­
metldalions. Copenhagen, Denmark: The Nordic Council; 2004. 
85-101. 

63 . Penn PE, Bootzin RR. Behaviora l techniques for enha nCing alert· 
ness and performance in sh ift work. Work Stress. 1990;4:213- 226. 



Environmental and 
Occupational Medicine 
FOURTH EDITION 

EDITED BY 

- WILLIAM N. ROM, MD, MPH 
Sol and Judith Bergstein Professor of Medicine 

Director 
Division of Pulmonary and Critical Care Medicine 
Departments of Medicine and of Environmental Medicine 

New York University School of Medicine 

New York, New York 

ASSOCIATE EDITOR 

_ STEVEN B. MARKOWITZ, MD 
Professor and Director 
Center for the Biology of Natural Systems 
Queens College, City University of New York 

Adjunct Professor 
Department of Community and Preventive Medicine 

Mount Sinai School of Medicine 

New York, New York 

®. Wolters Kluwer I Lippincott Williams & Wilkins 
Health 

Philadelphia . Baltimore · New York · London 
Buenos Ai res · Hong Kong· Sydney' Tokyo 



:'I.CI/IIIS1IiO/lS rd/lor: Sus"n Rhyner 
MtlIhlgll1g [di/(lJ: Nancy Winter 
Ikl'l'/oJlII1t'lltlli hi/1M: hanny tl.turphy 
I'roIC(( MIl/Ulger: it'lllliil:r l l<npn 
."iell/Of MIII11IJtI(wril1:;!. Malltlgel: BClIFHnin River,\ 

MllriNlllIS A1IHItI5:a; Kimberly Schonbergt'l 

Dcs(o,;!l Comdi l1(f/ol ' Terry /l.iallol1 
Production SI'I"l'i(e.' : (;CS Rook Services 

Primer: rdw,ulis Brothers 

" 2007 by LIPPINC01T WILLIAMS & WILKINS, a Woiters Kluwer business 

530 Walnut S1re('t 
Philadelphia, PA P)\OC, USA 

LWW.com 

Third edition, " 19<)8 Lippincoll-Ravel1 
Second edition, j~ 19<)1 Little Brown 
Hrst cdition, ~ 1983 Little Brown 

All rights reserved . Ihis book is protected hy ropyright. No part of Ihis hook may be reproduced 
in ,my form Of hy any means. Including photocopying, or utilized by <lny information storage 
,ll1d retrieval system without written permission from the copyright owner, except for brief quo­
tations embodied in critical afucks and reviews. Matl'rials appearing in this book prepared by 
imlivlduals as part of their offi,ial dutil'S as u.s government employees are not ("Overed by the 

ah{)\ 'l'-ll1l'ntioned copyright. 

Printed in Ihl' liSA 

Lihrary of Congress Cataloging-in -Publication Data 

Ellvironmeillai ,1\1<'\ ocellp,llion,l] med.lone I edited by Willi,Ul1 N. Hom; 

associate editor, Steven I'darkowitz , - 4th ed 

p ., em. 
]{cv. cd. oj"- l'.l1virolUJl(.'llla] & occupational llll·didne. 

lnclmks bibliographic ,11 rderenees 
1~1\N-l) ' ')7R-()-7H17 -61')<) · \ 
lSBN·lO: 0-7817 ·62<)') -') 
1 Medicine, Industrial. 2. LlIvironnH:'llt;\\ toxicology,) ['.nviwn ­

menIal health. J Rom, \VillLml N II Markowitz, Steven (SIl'ven 

R) JlJ Environmental & O(TlIp,ltional lIll'dicine 
IDNLM. I Occupational t\1edinlll' 2 Fnvironllwlltal Medicine 

VI/A ,100 E61 2007] 
]{C% ).1-:182007 

616 ')'8-dr2 2 2006(B0421 

Clre has 11l."en taken to confirm the accu racy of the information jHl'Sellled and to describe gener­
ally accepted pract ices 11owever, the authors, editors, and publisher art': not responsible for 
errors or omissions or for any (onspqucnces from application of the information in this book 
and nuke no warranty, expressed or implied , with respect to the currency, completeness, or 
;KCUClCY of the contents of the puhlication Application of lh is informat io n in a particular situa­

tmn rem,lim the professional responsibi lity of the practitioner. 

I he authors, editors, and publisher haw eXel1l'd every dfort to ensure that dmg se\cclioll 
and dosage set forth ill this text are ill accordance with current recommendations and. praclice at 
the time of publication . 11owever, in vit'w of ongo ing research, changes in government regula ­
tions, and the constant now of in formation relating to drug therapy and drug reactions, the 
reader is urged to check the package insert for each dlUg for any change in indications ami 
dosage and for added warnings and precautions. This is particularly important when the recom ­

mended agent is a nL'W or infrequently employed drug. 

Some drugs J.nd medical devices presented in this publication have Food and [)mg 
Administration (rnA) clearance for limited use in rest ricted. research settings, It is the responsi­
hility of the ht.',,1th care provider to ascertain the rnA statlls of each drug or device piJnned for 

use in their rliniral prank" 

To purchase additional copies of this book call our customer service department at (800) 
618-1010 or fax orders to (101) 223 -2.120 International ("L\stomers should call (301) 223-2300 

Visit l.ipplllcott Williams & \\'ilkins 011 tlu.' Internet at I.WW.com, Lippincott Williams & 

Wilkins cllstomer service reprl'selllatives afe available from 8.30 am to 6pm, EST. 

10987654321 

\ 
i 


