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Abstract
A thought experiment places Henry Ford and Thomas Alva Edison in a modern regulatory environment. In a
utopian occupational world devoid of night-shifts or artificial light, Ford wants to experiment with “working
through the night”. To support Ford’s project, Edison offers his patented electric lamps to “turn nights into days”.
An ethics committee [EC] does not approve the night-work experiment and Utopia’s Food and Drug Administration
[FDA] does not approve the potential medical device as safe for use by humans. According to the EC and FDA,
complex effects on circadian biology and thus safety of work and light at night are not understood. The thought
experiment conveys that we should pay more attention to possible risks of work and light at chronobiologically
unusual times.
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There are these two young fish swimming along and
they happen to meet an older fish swimming the
other way, who nods at them and says, “Morning,
boys. How’s the water?”
And the two young fish swim on for a bit, and then
eventually one of them looks over at the other and
goes,
“What the hell is water?”
-David Foster Wallace [1]
This Is water

Thought experiment: placing Edison & Ford in a
modern regulatory environment
Imagine the industrialist Henry Ford and the inventor
Thomas Alva Edison working in our modern regulatory
environment. Imagine further a world without work
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around the clock, with workers clocking off as the sun
sets. Imagine finally that Ford contemplates making it
possible to work over 24 h rather than 12 h in Utopia.
To support this, Edison offers to facilitate work at night
with his patented electric lamps.
Utopia’s Unions are immediately on alert. Could the
flagship entrepreneurs’ plans jeopardize the daytime
working world which people cherish? Disagreeing with
such “unnatural” enterprise, Utopia’s Unions ask: “Are
work and artificial light at night really safe for humans?”
To demonstrate long-term safety, Ford and Edison
propose a long-term experiment with individuals working at nighttime exposed to artificial light.
A research proposal is submitted to Utopia’s Ethics
Committee [EC]. After all, Ford and Edison argue from
their winter retreat in Fort Myers, did changed illumination levels not improve workers’ satisfaction and efficiency at the Hawthorne Works [referred to in [2]]? The
EC approaches the patent office [PO] which granted Edison’s patent of an electric lamp. After considering evidence suggesting that light impacts on circadian biology
in many ways, the PO specifies that, strictly speaking,
electric lamps could be viewed as medical devices.
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This led the EC to the following conclusion: The proposed study would experiment with workers’ days and
nights. Light and darkness strongly determine day and
night in humans. Thus, light is a strong Zeitgeber [3, 4].
Light can even qualify as a “functional drug” [5, 6] as it affects circadian biology of humans substantially. Indeed, as
voiced by an authoritative researcher, “light affects our circadian rhythms more powerfully than any drug” [7]. Work,
usually associated with light, should be considered as a
strong Zeitgeber as well. In view of evidence that light at
night clearly affects circadian biology and since demonstration of long-term safety of work and light at night is lacking, the EC does not approve the long-term experiment.
Thereafter, Utopia’s Food and Drug Administration
[FDA] is contacted. The FDA challenges that long-term
side-effects of electric lamps, with open questions regarding dose, timing and composition of artificial light,
have not been satisfactorily researched. Consequently,
light – at chronobiologically unanticipated times, i.e.
when individuals tend to sleep [8], cannot necessarily be
considered as innocuous and safe. Edison’s repeated assurances [quoted in [7]] that electric light “is in no way
harmful to health, nor does it affect the soundness of
sleep”, do not persuade the FDA.
As a way out, it is suggested to obtain data from laboratory studies and to submit an Investigational New Drug
(IND) application to the FDA’s Center for Drug Evaluation
and Research. When this IND application is in effect, Edison may want to instigate clinical trials. Such trials should
test whether light as a “functional drug” or electric lamps
as “medical devices” are safe in regards to side effects they
may cause. If Edison were to conclude – after analyzing
the clinical trial data – that there is sufficient evidence on
light’s or electric lamps’ safety to meet the FDA’s requirements for marketing approval, Utopia’s FDA envisages signalling to the EC that the use of artificial light as “visually
and chronobiologically effective radiant energy for human
beings” [9] could be granted for long-term experiments
into work at night.
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What does the thought experiment imply?
Back in today’s real world, work and light at night are
realities and empirical information that there are shortand medium-term effects associated with respective exposures during individuals’ biological nights [8, 10] is accurate. Table 1 provides examples that both work and
light at chronobiologically unusual times can have adverse effects on sleep, the biological night and physiological rhythms of rest and excess.
With work and light at night as cornerstones of our
lives, the thought experiment conveys “that the most obvious, ubiquitous, important realities are often the ones
that are hardest to see and talk about” [1]. Put differently, work and light at night are two of our “most obvious, ubiquitous, important realities” which we consider
as natural companions without hesitation.
Disconcertingly, the International Agency for Research
on Cancer [IARC] classified shift-work that involves circadian disruption as probably carcinogenic to humans
(Group 2A) [11, 12]. Note that the verdict was based on
“sufficient evidence in experimental animals for the carcinogenicity of light during the daily dark period (biological night)” and on the fact that “Among the many
different patterns of shift-work, those including nightwork
are the most disruptive for the circadian clock” [11].
Clearly, the thought experiment does not suggest that
we rid ourselves of work and light at night – now that
would be a utopian notion! Yet, equally clearly, it may
stimulate awareness that we need research to understand
what precise risks might be involved when workers in
factories and residents in social settings are exposed to
Zeitgeber information by work and light which conflicts
with individuals’ propensities for wake and sleep. We
should not ignore that rhythms of rest and excess [13]
over nights and days are evolutionary legacies. They provided competitive edges in light–dark cycle-associated
environments which species on earth began to anticipate
millions of years ago to prepare their bodies for what
was coming.

Table 1 Effects of work and light at night
Work

Light

ZeitgeberEthicsCommittee

Zeitgeber

Adverse Effects
Sleep

Sleepiness

Yes [7, 15]

Yes [7]

Sleep quality

Yes [15]

Yes [7]

Sleep quantity

Yes [15]

Yes [7]

Sleep timing

Yes [15]

Yes [7]

Accidents

Yes [15, 16]

Yes [17]

Biological Night

Restitutional resource [18]

Yes [19]

Yes [20]

Rhythms of Rest and Excess

Physiological rhythms of rest and excess [13]

Yes [13]

Yes [13]
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Conspectus
An IARC Group 1 classification of work at night [=human carcinogen] could be met with denial, skepticism,
or disbelief by experts and non-experts alike. Yet, given
today’s facts, it could become reality. Note further that
links between work and light and “circadian disruption”
and cancer may be just the “tip of the iceberg” [14] as a
wide spectrum of diseases – including sleep disorders,
depression, obesity, diabetes, metabolic syndrome, cardiovascular and neurodegenerative disease – has been
implicated in possible causal networks.
Our thought experiment is both fictitious and factual.
It conveys that most humans think about work and light
at night as much as fish may wonder about water. Scientific facts should change this state-of-affairs. Evolutionarily, neither work nor light at chronobiologically unusual
times are “natural” and necessarily benign. We should
pay more attention to possible dangers of work and light
at night.

Page 3 of 3

5.

6.
7.
8.

9.

10.

11.
12.
13.
14.

Acknowledgements
None.

15.

Funding
No specific funding to report.

16.

Availability of data and materials
n/a

17.

Authors’ contributions
All authors contributed equally and substantially to the paper. All authors
read and approved the final manuscript.

18.

Competing interests
The authors declare that they have no competing interests.

19.

Consent for publication
All authors consent to submission and publication.

20.

Erren TC, Reiter RJ. Light hygiene: time to make preventive use of insights–
old and new–into the nexus of the drug light, melatonin, clocks,
chronodisruption and public health. Med Hypotheses. 2009;73(4):537–41.
doi:10.1016/j.mehy.2009.06.003. Published Online First: Epub Date.
Wirz-Justice A. Light and dark as a “drug”. In: Jucker E, editor. Progress in
Drug Research. Basel: Birkhäuser; 1987. p. 383–426.
Czeisler CA. Perspective: casting light on sleep deficiency. Nature. 2013;
497(7450):S13. doi:10.1038/497S13a. Published Online First: Epub Date.
Erren TC, Gross JV. Civil time ≠ biological time: recent options for empirically
testing possible effects of chronodisruption. Chronobiol Int. 2015;32(5):697–
8. doi:10.3109/07420528.2015.1006731. Published Online First: Epub Date.
Erren TC, Reiter RJ, Piekarski C. Light, timing of biological rhythms, and
chronodisruption in man. Naturwissenschaften. 2003;90(11):485–94. doi:10.
1007/s00114-003-0468-6. Published Online First: Epub Date.
Erren TC, Gross JV, Fritschi L. Focusing on the biological night: towards an
epidemiological measure of circadian disruption. Occup Environ Med. 2016.
doi:10.1136/oemed-2016-104056. Published Online First: Epub Date.
Straif K, Baan R, Grosse Y, et al. Carcinogenicity of shift-work, painting, and
fire-fighting. Lancet Oncol. 2007;8(12):1065–6.
IARC. IARC monographs on the evaluation of carcinogenic risks to humans,
vol. 98. Lyon: Painting, Firefighting and Shiftwork; 2010.
Foster RG, Wulff K. The rhythm of rest and excess. Nat Rev Neurosci. 2005;
6(5):407–14. doi:10.1038/nrn1670. Published Online First: Epub Date.
Reiter RJ, Tan DX, Madrid JA, et al. When the circadian clock becomes a
ticking time bomb. Chronobiol Int. 2012;29(9):1286–7. doi:10.3109/07420528.
2012.719969. Published Online First: Epub Date.
Czeisler CA. Duration, timing and quality of sleep are each vital for health,
performance and safety. Sleep Health. 2015;1:5–8. http://dx.doi.org/10.1016/
j.sleh.2014.12.008. Accessed 11 Mar 2017. Published Online First: Epub Date.
Akerstedt T, Philip P, Capelli A, et al. Sleep loss and accidents–work hours,
life style, and sleep pathology. Prog Brain Res. 2011;190:169–88. doi:10.1016/
B978-0-444-53817-8.00011-6. Published Online First: Epub Date.
Pallesen S, Bjorvatn B, Mageroy N, et al. Measures to counteract the
negative effects of night work. Scand J Work Environ Health. 2010;36(2):
109–20.
Kang TH, Lindsey-Boltz LA, Reardon JT, et al. Circadian control of XPA and
excision repair of cisplatin-DNA damage by cryptochrome and HERC2
ubiquitin ligase. Proc Natl Acad Sci U S A. 2010;107(11):4890–5. doi:10.1073/
pnas.0915085107. Published Online First: Epub Date.
Filipski E, Subramanian P, Carriere J, et al. Circadian disruption accelerates
liver carcinogenesis in mice. Mutat Res. 2009;680(1-2):95–105. doi:10.1016/j.
mrgentox.2009.10.002. Published Online First: Epub Date.
Filipski E, Delaunay F, King VM, et al. Effects of chronic jet lag on tumor
progression in mice. Cancer Res. 2004;64(21):7879–85. doi:10.1158/00085472.CAN-04-0674. Published Online First: Epub Date.

Ethics approval and consent to participate
n/a

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Institute and Policlinic for Occupational Medicine, Environmental Medicine
and Prevention Research, University Hospital of Cologne, Cologne, Germany.
2
Institute for Biomedical Ethics, University of Basel, Basel, Switzerland.
3
Department of Health, Ethics and Society, CAPHRI Research Institute,
Maastricht University, Maastricht, the Netherlands.
Received: 25 January 2017 Accepted: 9 March 2017

References
1. Wallace DF. This is water. Boston-Toronto-London: Little, Brown and
Company; 2009.
2. Erren TC, Gross JV, Koch MS, et al. Of mice and men. EMBO Rep. 2011;
12(10):991. doi:10.1038/embor.2011.185. Published Online First: Epub Date.
3. Aschoff J. Die 24-Stunden-Periodik der Maus unter konstanten
Umgebungsbedingungen. Naturwissenschaften. 1951;38:506–7.
4. Aschoff J. Zeitgeber der tierischen Tagesperiodik. Naturwissenschaften. 1954;
41:49–56.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

