INGINERIA
ILUMINATULUI

JOURNAL OF LIGHTING ENGINEERING




INGINERIA ILUMINATULUI
Journal of Lighting Engineering

Volume 15, Number 2, December 2013

5 Lighting Editorial 5.0
Dorin BEU

Papers

7 Protection of the night sky in Andalusia: measuremet, communication, outreach and law

Estefania CANAVATE-GARCIA, Angela RANEA-PALMA, fotioOZANO-GARCIA
19 Artificial light at night — is it only an engineering issue or is there much more to it?
Abraham HAIM, David Michael SCANTLEBURY, Abed BEisaZ UBIDAT

Information
27 Information for Authors

Thisissueis sponsored by The Lighting Engineering Laboratory UTC-N



illi Universitatea Tehnica din Cluj-Napoca
Lighting Engineering Laboratory



INGINERIA ILUMINATULUI - Journal of Lighting Engine ering
ISSN 1454-5837 print; ISSN 2953 online
Editorial board

Editor-in-chief

Dorin BEU, Reader, Technical University of Cluj-Nega, Romania

Executive editor

Catalin-Daniel GALATANU, Professor, Technical University “Gh. Asachf’lasi, Romania
Founding editor

Florin POP, Professor, Technical University of @gpoca, Romania

Grega BIZJAK, Professor, University of Ljubliando$enia

Wout van BOMMEL, Consultant Professor, Fudan Ursitgr Shanghai, The Netherlands
Jean Luc CAPRON, Ass. Professor, Institut Supéiiburchitecture Saint-Luc, Bruxelles, Belgium
David CARTER, Reader, University of Liverpool, UK

Liisa HALONEN, Professor, Aalto University, Finland

Jeong Tai KIM, Professor, Kyung Hee University, gon Korea

Marc FONTOYNONT, Professor, ENTPE Vaulx-en-Velirydn, France

Steve FOTIOS, Professor, University of Sheffieldk U

Sermin ONAYGIL, Professor, Istanbul Technical Unsigy, Turkey

Sorin PAVEL, Professor, Technical University of ENepoca, Romania

Janos SCHANDA, Professor, University of Veszprémngary

Axel STOCKMAR, Professor, Technische Fachhochschigeover, Germany
Frangiskos V. TOPALIS, Professor, National Techhigaiversity of Athens, Greece
Georges ZISSIRrofessor, Université Paul Sabatier, Toulouse, d&ran

Advisory board

Cornel BIANCHI, Professor, CNRI — Romanian NatioGalmmittee on Illumination
Mircea CHINDRE, Professor, Technical University of Cluj-Napocanfania

Arturo COVITTI, Professor, Polytechnic of Bari, Ija

Jan EJHED, Professor, Lighting Laboratory, KTH Trealbgy and Health, Sweden
Mihai HUSCH, Dr., CNRI — Romanian National Comméten lllumination

Koichi IKEDA, Councillor Dr., llluminating Engineang Institute of Japan, Japan
Miomir KOSTIC, Professor, University of BelgradesrBia

Marilena MAIEREAN, Manager, Energobit Schréder Lighting, QNgpoca, Romania
Con OP DEN KAMP, Dr., Nederlandse Stichting voorhghtingskunde, The Netherlands
Horia F. POP, Professor, BgbBolyai University Cluj-Napoca, Romania

Péter SCHWARCZ, Dr., Scientific Director, Tungsr&chréder, Hungary
CristianSUVAGAU, Dr., BC Hydro, Canada

SerbanTIGANAS, President Architect’s Order, Romania

Editorial office

UTC-N — Universitatea Tehnica

28, Memorandumului Str., RO-400114 - Cluj-Napocanfania

Phone: +40 264 597254 « Fax: +40 264 592055mait lec@mail.utcluj.ro
http://users.utcluj.ro/~lec/journal

Contact person: Dr. Dorin BEU

INGINERIA ILUMINATULUI — Journal of Lighting Enginering - is a publishing media
for valuable original scientific papers in the €iebf lighting engineering. The papers



illi Universitatea Tehnica din Cluj-Napoca

Lighting Engineering Laboratory
proposed for publication are considered based @n dhniginality, meaningfulness and area
of interest. In order to be accepted, the papeve ba be remarkable in their field. The
papers are evaluated by two independent reviewéis.contributions have to conform to

the generally accepted practices for writing sdilenfpapers, with respect to paper
organization and style of writing.

The journal is published every six month June and December. Two issues form a
volume. It has its own web page, covering the eitopolicy, publishing criteria,
information for authors, as well as all papers,labée in PDF format, with open access.

The journal is classified by CNCSIS, code 244.

The journal is indexed by Index Copernicus JouMakter List (ID 5747) and DOAJ -
Directory of Open Access Journals (index no. 1434%8

The journal was created following the EU prograirghting Engineering Centre - LEC -
consulting and continuous formation, 1998/99 TemPhare CMS - Compact Measures
Project - CME-03551-97", presented on the webhgife//users.utcluj.ro/~lec

INGINERIA ILUMINATULUI — Journal of Lighting Enginering - is affiliated to the
CNRI — CIE Romanian National Committee on lllumioat member of the CIE —
Commission Internationale de I'Eclairage.

INGINERIA ILUMINATULUI - Journal of Lighting Enginering - has a scientific
presentation and content, targeted to the continestucation in the lighting field. The
objectives of the journal consist of the preseatadf results of lighting research activity,
dissemination of lighting knowledge, and educabbimterested people working in public
administration, constructions, designers, deargineers, students and others.

Its content is organised in six parts: EditorialapBrs, Theses and Dissertations,
Conferences and Symposiums, Information, Annivgrsar

Subscription Information
The 2014 annual subscription rate is €50, includnag taxes.
Orders and payment should be made by Editoriat@ffi

Copyright©2011
Laboratorul de Ingineria lluminatului UTC-N
Editura U.T.PRESS

All rights reserved. According with the legal normse part of this publication may be reproducedrest or
transmitted in any form or by any means, withouttem permission from the Editor.



LIGHTING EDITORIAL 5.0

regulate such simple solutions. There is a
simple solution for checking lighting
pollution and is a smartphone app: Verlust
Der Nacht. It was one of the major reasons
why | had to change my phone as my old
one could not have apps. It is a nice gadget
and students like to use it.

Second interesting thing about this
conference was Berlin. The luminance and
illuminance level is beneath the EN 13201
specifications (and this is deliberately), park
One of the most interesting conferencesdre lighted (foxes live in the middle of the
have attended this year was ALAN 2013ity) and the criminality is low. For many
(Artificial Light At Night) and for two years we have heard papers making a
reasons: the interdisciplinary approach ogorrelation between rise of criminality and
lighting and the location. Beside lightinglow lighting level and | remember a
technology and chronobiology it coveregresentation by former CIE president van
also  ecology, socioeconomy  andommel about road lighting where he
astronomy. | must confess that before thistressed that current norms are based on
conference | was not aware about impact G@search done in 50s and 60s, car
insects, birds and fish and knew little abOLﬁeacﬂamps have changed a lot, micro-sleeps
people involved in dark sky protectionetc. so we have to make new researches in
Being raised during communist time, withthis area. This topic was much discussed in
poor lit streets and energy reduction, | waBerlin as there is a revision of EN 13201
tempted to associate bright light cities angnd there is a pressure to reduce luminance
their flashing advertisings as a symbol oénd illuminance levels. But how low you
civilization. Now, that at 4 am in thecan go, still preserving the sense of safety it
morning, some of the buildings are still litis a long discussion.
and | am surrounded by blue Iight | am happy to have a paper bl_ﬁim et
Christmas decorations | realized that thgl which presents the state-of-the-art in
truth is somewhere in between (as usual).Light At Night — LAN knowledge. Dr.
am an admirer of French light pollutionHaim is a person full of charisma and the
regulations, with simple measures likgirst time that | heard one of his
switch-off the lights on building facadespresentations was in Stockholm at Daylight
shop windows and adverts by 1 am. It iSymposium and since then | wished to have
common sense, but these days you have gdaper from him in our journal.

Dorin BEU

Ingineria lluminatului2013;15,2: 5-6



The second paper Ifafiavate-Garcia et
al raises the problem of dark-sky protection
in Andalusia from measurement till
legislation and gives you an idea of a
roadmap to use for your projects.

In Romania we continue our work for
lighting specialists’ certification. We had
the courses in September in Cluj-Napoca
and in November in Bucharest. Around 40
people attend this course starting from
resellers and ending with architects and
interior designers. The main problem was to
find lecturers, from universities or third
parties, which can deliver a practical course
and who can answer all the difficult aspects
of today LED lighting

Due to difficulties regarding Ingineria
lluminatului administration we almost
cancel this issue, but thanks toat&flin
Galatanu effort it was possible to be ready
on the last minute with this version.

oty

Dr. Dorin BEU

Director of Lighting Engineering Laboratory
Technical University of Cluj-Napoca,
Romania

dorin.beu@insta.utcluj.ro
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PROTECTION OF THE NIGHT SKY IN ANDALUSIA:
MEASUREMENT, COMMUNICATION, OUTREACH AND LAW

Estefania CANAVATE-GARCIA *, Angela RANEA-PALMA 2, Antonio LOZANO-
GARCIA*!
'Environmental and Water Agency of Andalusia, Sp#myironmental Regional
Government of Andalusia, Spain

Abstract: The night sky of the Autonomous Region of Andahashistorically enjoyed
an exemplary quality, being a worldwide benchmarkaistronomical observations. Proof
of this, is the situation of two important astronoah observatories within our boundaries.
However, the darkness of the sky could be thredtdayethe indiscriminate growth of
outdoor lighting fixtures. Light pollution is a gotem that not only affects astronomical
observations, but also the natural developmenicobgstems and even people’s health. A
change towards a sustainable model of outdoor iights totally necessary to avoid the
aforementioned negative consequences. A sustaimabdel of outdoor lighting also
prevents energy wastage, which is directly reldtethe emission of greenhouse gases and
an unnecessary economic expenditure. The Regiomatr@ment of Andalusia is driving
outstanding efforts in pursuing an integral apprbdo the protection of the night sky. The
Andalusian approach covers all possible fields: atbed legal regulation, education,
public outreach, information programs for technitsaand for the general public, etc. The
scope is not only astronomical (protecting the fiamet astronomical facilities in the area),
but much wider, taking into account the protectdthe ecosystem, the natural landscape,
the population and energy savings as well. Chantfieghabits of a society that associates
lighting with economic prosperity is a difficult é@nslow process. Although, the
perseverance, political will and social participati will undoubtedly help to reach the
objectives. Regarding this challenge, Local Corpiorss have a key role and the Regional
Administration is therefore providing them with e possible support.

Keywords: Light pollution, Environmental Quality

1. Introduction of about 8,500,000 inhabitants, it is almost
18 percent of the national total. It is made

o ) ) ) up of 771 municipalities whose per capita
Andalusia is a region situated in thencome is below the national average and

southern most point of Europe with an aregas 5 coastline of 945 kilometres. The
of 87,300 square kilometres and population

Ingineria lluminatului2013;15, 2:7-18



Estefania CANAVATE-GARCIA, Angela RANEA-PALMA, ZANID-GARCIA

tourism sector represents 70 percent @0 percent of the total protected areas of
Andalusia’s annual income. Spain. These protected zones are inhabited

A third of the territory of Andalusia is by many animal and plant species
protected due to its great environmentalulnerable to anthropogenic disturbances.
value. Andalusian protected areas represent

2 '*‘rf L
‘ ¢ 7% PN Y

Figure 1 Network of protected natural areas of Andalusia

However, Andalusia’s natural areas aren&conomic criteria but, unfortunately, not
the only thing that stands out, the night skgnvironmental ones.
has been  historically a worldwide In order to protect this natural and
benchmark for astronomical observationastronomical heritage, as well as to
Proof of this is the situation of twoguarantee a new economic development
important astronomical observatories withimodel for our territory, Andalusia has
our boundaries: the German-Spanisplaced itself at the forefront of light
Astronomical Centre at Calar Alto and thepollution  regulation.  The  regional
Sierra Nevada Observatdry government established the first guidelines
Notwithstanding, the natural darkness ofvith the July ' Law 7/2007 of Integrated
these areas and of our night sky iManagement of Environmental Quality and
threatened by the growth of outdoowith its posterior development in the
lighting fixtures, which have been, up toAugust 3° Decree 357/2010 which
date, designed following technical orapproves the Regulations for the protection
of the night sky quality against light

8 Ingineria lluminatului2013;15, 2:7-18



Protection of the night sky in Andalusia

pollution and the establishment of measurel To reduce obtrusive light on areas other

for energy saving and efficiency. than those aimed to be illuminated,
The regulation covers all the territory especially in natural environments and

and considers all the aspects: astronomical, inside residential buildings;

environmental, human, cultural, educationad) To safeguard the quality of the night sky

and energy savings. and to facilitate its vision in general, and
The main principle which governs the especially in the surroundings of

regulation is coherence: to illuminate just astronomical observatories.

what we need to see, with the appropriate

intensity and direction. It is not a simple2.2 Scope and competent bodies

task because there are many economic

sectors  involved, sometimes  withOutdoor lighting fixtures, technical lighting

conflicting interests and it is necessary tdevices, both public and private, as well as

unify lighting, economic and environmentalpublic lighting auxiliary equipment, in the

criteria. territorial scope of the Autonomous Region
of Andalusia.
2. Andalusian regulation The competent bodies in the

implementation of the regulation are the
Decree 357/2010, August 3rd, whichMinistry for the Environment of the
approves the regulations for the protectiorRegional Government of Andalusia and the
of the night sky quality against lightCity Councils.
pollution and the establishment of measures
for energy saving and efficiency define.3 Territory zoning
light pollution as the emission of luminous
flux due to artificial light sources which Andalusia’s great weather conditions
constitute the night lighting, when thesdavour the development of night touristic
sources have an intensity, direction oactivities at any time of the year. These
spectral ranges inadequate for the executiaigtiviies are among the main touristic

of the activities planned in the lit zone attractions of our region. In addition, a
o number of other economic activities take
2.1 Objectives place during the night time and they require

artificial lighting. Therefore, it is necessary
a) To prevent, minimize and correct theo make these functions compatible with the
effects of the scattering of artificial lightfollowing: people’s quality of life,
towards the night sky; protection of vulnerable living beings, night
b) To preserve the natural conditions o§ky observation and astronomical research.
darkness for the benefit of night \ith the am of combining the
ecosystems in general; demanded maximum protection in the most
c) To promote the efficient use of lighting,yulnerable zones with a comfortable night
without threatening the safety of users; |ife among our towns and cities, the zoning
of Andalusia is outlined in the regulations.

Ingineria lluminatului2013;15, 2:7-18 9
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The zoning is wunderstood as thdave descending levels of protection from

delimitation of diverse lighting areas wherdight pollution.

different levels of protection will be The regulation also includes a protection

implemented according to the actual needsechanism called reference points, the

of each of them. purpose of wich is to protect astronomical
The Decree distinguishes between fousbservatories. Each reference point has an

zones, called E1, E2, E3 and E4, whichrea of influence which guarantees its

protection.

Table 1 Classification and competences for the zoning mdausia

ZONE DESCRIPTION COMPETENCE

Astronomical Observatories and
corresponding zones of influence Ministry for the

Environment

Reference points and zones Z1 and Z

E1l Zones in Protected Natural Areas
E2 Zones in developable land and no

developable land, not E1

Urban land (population centres anfl . .
= industrial areas) Ciiyy Carnelz
E4 High building density zones in urb,

land with high night activity

The Regional Government declared in « An upper hemispherical flux of less than
2012 Calar Alto and Sierra Nevada 1% for all the territory is required;
observatories as reference points and all « For the darkest areas, lamps must emit
environmental protected areas of Andalusia  more than 85% of their emissions in
as zone E1. wavelength over 440 nm or 500 nm in

Calar Alto’s area of influence is the the case of LED technology;
largest area in Europe protected against . |ighting and obtrusive light levels to
light pollution for astronomical reasons. be applied according to the Royal

City councils have the obligation to Decree 1890/2008, November”14
declare the rest of the zones in their own . | amps must provide the greatest

territory before February of 2015. energy efficiency:

» Lighting fixtures must not project
light outside the object or area to be
illuminated,

* Ornamental lighting, billboard lighting
and advertising sign illumination must be
directed downwards;

2.4 Restrictions to new installations

The most important aspects of the
regulation are:

10 Ingineria lluminatului2013;15, 2:7-18
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Direccién General de Prevencidn y Cafidad Ambiental

« Automatic regulation systems must be = Non-monochromatic lighting devices

introduced in all new lighting in Z1 zones;
installations for the reduction of light = Illuminated electric signs in E1 zones;
flow during night hours. » Switching off lighting fixtures during

night hours, except those needed for

2.5 Restrictions to both new and existing safety reasons, in E1 and E2 zones.

installations Switching off the ornamental lighting
and luminous advertisements during
e Prohibitions: night hours;

LEDs, lasers and advertisings It will be necessary to substitute lighting
projectors emitting all their flux fixtures with an upwards light output
above the horizontal level, ratio (ULORinst-upper light output ratio)
Lighting of beaches and coastlines over 25% before 2020.
outside population centres; It is estimated that the application of the
llluminated aerostats for advertisingregulations will lead to energy savings
purposes; equivalent to the annual consumption of
almost 40,000 homes, a saving of some 14

Ingineria lluminatului2013;15, 2:7-18 11
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million Euros and a reduction in C0O23“. To achieve this goal some difficulties
emissions equivalent to all of the cars in have to be overcome: the general lack of
town of 40,000 peopfe knowledge about the causes and effects of
While it is necessary to establish dight pollution, the historical association
regulatory framework for the problemsbetween a developed society and energy
caused by pollution of all kinds, in the end, ifvastage, the sometimes conflicting interests
there is no support from the sectors involvedf the sectors involved and the current
it is impossible to achieve the objectivesconstraint on resources.
Andalusian Regional Government, despite With this purpose, the Ministry for the
the critical economic situation, has thereforEnvironment has launched an extensive
designed an ambitious communication arstrategy  which integrates  various
training strategy. fundamental sectors:

3. Support  from the Regional 3.1 Technical support to city councils

Government for the application of the

regulation The Regional Government is providing
Andalusian city councils with all the

One of the main objectives of the Regionakechnical support needed for the

Ministry of Environment is to guarantee themplementation of measures derived from

application of the Decree 357/2010, Augughis regulation.

FT N ——

Figure 3 Example of municipal zoning

12 Ingineria lluminatului2013;15, 2:7-18
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Regarding the zoning procesghat the queries, the publication of a technical guide
municipalities need to do before 2015, then order to facilitate the interpretation of the
Regional Ministry is giving them supportregulations by municipal technicians or
making a zoning proposal for all of thesub-regional training courses aimed at
territory of Andalusia, so local councils justechnicians and municipal responsible for
need to make the corrections they consideublic lighting.
necessary. Thus, a cartographic output has Additionally, since 2011, regional
been developed in PDF format, with layer&overnment is promotingten projects
visible on Google Earth and editable wittadaptation of outdoor lighting that will
geographic information systems. The citgerve as example for other cities. The goals
councils’ task of zoning their territory isare to help municipalities implement the
therefore simplified. regulations and to promote the participation

With the same aim of giving support toof environmentally-focused energy service
the Local Authorities, the Regionalcompanies as a solution for its financing.
Ministry of Environment is taking otherAs a result, the government offers
actions such as the following: theparticipating municipalities the inventories
incorporation of light pollution queriesfor lighting systems, adaptation plan to the
through the citizens’ advice service, theegulation, financial analysis and
creation of an e-mail address for onlin@conomical support.

<

Fiare 3Adaptati0n'of outdoor lighting

Ingineria lluminatului2013;15, 2:7-18 13
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3.2 Diagnosis: campaign for measuring that will be followed by instruments with

night sky quality all-sky spectroscopic capabilities very
soorf.

In this general frame, measurement and The Government is measuring in order

modelling play a central role, andto diagnose the problem and to evaluate the

considerable efforts are being devoted tonpact of the new regulation. As a starting

this aspect. A general program to produceint it has performed a regional campaign

region-wide map of light sky brightness if measurements using Sky Quality Meters,

being developed. Also, several outstandingstronomical multiband BVR

and innovative instruments have been buitheasurements and satellite images.

in our region, to produce all-sky multi-band

scientific-grade photometric measurements,

Progeccion: World Geodetic System 84 (Sistema Geodésico Mundial 1984). Escalgsf}1.500.00

Figure 4 Campaign for measuring night sky quality

More than 20,000 data points of SQMirst andalusian map of sky brightness
measurements have been performed ovieased on real measurements from the
the territory. ground.

Then the dates will be compared with
satellite images and the outcome will be the

14 Ingineria lluminatului2013;15, 2:7-18
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3.3 Training, public outreach and social In addition, a complete set of materials

awareness for public outreach has been produced,
covering the main social events of

A wide training campaign is currentlyAndalusia’s culture. These materials are

ongoing, targeted towards the universitpeing distributed in paper and on-line.

community, teachers and secondary school Just one example is the brochure on

students, and to professionals of the publighite and blue light

and private sectors: education sessions for

university students, short-film contests and

a teaching unit for primary and secondary

school.
MORE THAN IS NEEDED

Energysavig. bsing,
el
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FOR LAMP SUSSTITUTION
»
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Figure 5 Brochure on white and blue light

Several outreach campaigns on themphasize the value of the Andalusian
problems that light pollution generates, andkies and to enhance astronomical tourism
the solutions to be adopted. Outstandingnd sustainable development, other one is
campaigns are “Natural spaces ofHow do you light your Christmas?”
Andalusia, quality skies” which aims to

Ingineria lluminatului2013;15, 2:7-18 15
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aiming to achieve a sustainable lighting
during Christmas, among others.

On the other hand, an effective way to
reach the entire population is through the
organization of competitions. Among them
are sustainable short movies, posters, short
stories, poetry and street art.

3.4 Creation of an international working
group of experts and administrations

In the absence of legislation governing
these environmental issues in the European
Union, and given the lack of well-defined
international guidelines on this matter,
Spanish Autonomous Administrations and
several countries around the world aregigure 6 Congress on Astronomical Tourism
approving different regulations, often

following very diverse criteria. The aim of4. Conclusion

creating the international group is to

constitute a common working forum toln conclusion, there is a need to protect the
enable the exchange of experiences and i@ht sky. Furthermore, it also needed to
support the development of the regulationemphasize the value of our night skies as

and their later implementation. cultural heritage, and the value of our
astronomical observatories as scientific
3.5 Other work in progress heritage. Nevertheless, in order to achieve

positive results, strategies for light pollution
One of the most promising and recenprevention should be supported by
efforts of the Andalusian Government is t@awareness and information campaigns. The
link the protection of night sky with solutions will be reached through coherence
economical progress through the promotioand consensus among manufacturers,
of astronomical tourism. Administrations, relevant economic sectors
» A specific congress on this will beand citizens.
organized in Granada in 2014;
e The regional Government is preparing. Acknowledgements
a process to promote the certification
of the quality of the night skies inWorks shown in this article was funded by
Andalusia, through the programs bythe Government of Andalucia (Consejeria
IDA and Starlight. de Medio Ambiente y Ordenacion del
Territorio) through the Order of July 18th,
2012, which the Environment and Water

16 Ingineria lluminatului2013;15, 2:7-18



Protection of the night sky in Andalusia

Agency of Andalusia is entrusted to She works in Environmental Quality
carrying out work for technical support forData Center of Environmental and Water
the execution of certain tasks ormgency of Andalusia (public organization
Environmental Quality, Climate Changebelonging to the Regional Government of

and Urban Environmeht Andalusia).
She has been working on light pollution
References since 2006. Among her main projects, she

_ _ has worked on the creation of regulation
1. Environmental Regional Government ofregarding the protection of the quality of

Andalusia, 2011,Help document about Decree ; : : ;
357/2010 Available in http://goo.gl/8A7GBp. the night sky against light pollution.

2. Environmental Regional Government of Current_ly’ she b“n_gs technical su_pport
Andalusia, 2010Decree 357/2010 for the protectionfor the implementation of regulation’s
of the night sky quality Available in measures.
http://juntadeandalucia.es/boja/2010/159/2.

3. Manuel Garcia-Gil, 2011Guia técnica de i

adaptacion de las instalacione&d. Environmental Angela RANEA
Regional Government of Andalusia. Dep. L. 8208 PAL‘MA .
2011. i Environmental Regional
4. Angela Ranea Antonio Manuel Capitan, Antoni Government of
Lozano y Estefania Cafavate, 20Cbntaminacion Andalusia.

luminica: la respuesta de la administraciéon’
andaluza. Fisica y SociedakbSN 113-8953.
5. Environmental Regional Government of

angela.ranea@juntadean
dalucia.es

Andalusia, 2012Environmental criteria for outdoor Avda. Manuel Siurot 50 -
lighting adaptations oriented towards energy savingd1013 Sevilla (Spain).
Available in http://goo.gl/179sRl. Phone: +34 955 00 38 40.
6. Environmental Regional Government of 4 ; Al ;
Andalusia, 20120tras disgosiciones. Consejeria de An_ge_la Ranea Palma is Sp.eCIa“ZEd n
Agricultura, Pesca y Medio Ambiente elec;tr|C|ty, she has been worklng for the
Available in regional government of Andalusia as the
http://juntadeandalucia.es/boja/2012/150/134 head of the Sustainable Urban Development
B department since 2008.
Estefania CANAVATE- Her areas of expertise are sustainable
GARCIA mobility, noise and light pollution. She has
Chemical Engineer launched the endorsement of one of the
Environmental and Water most advanced legislations in Europe about
Agency of Andalusia. night sky protection, followed by an
- ecanavate@agenciamediambitious strategy of communication that
l\ 3 ‘}’l ambienteyagua.es includes innovative ways of increasing
C/ Johan G. Gutenberg, lawareness as well as an ongoing training
- 41092 Sevilla (Spain). aimed at professionals in both the public
Phone +34 600 16 73 58 and the private sector.
She is a chemical engineer, graduated of Currently, she is promoting a pilot
University of Huelva. project about the certification of the night

Ingineria lluminatului2013;15, 2:7-18 17



Estefania CANAVATE-GARCIA, Angela RANEA-PALMA, ZANID-GARCIA

sky quality as a green-jobs engine for
protected areas.

Antonio LOZANO-
GARCIA

Ph. D. Industrial
Engineer

Environmental and Water
Agency of Andalusia.
alozano@agenciamedioa
mbienteyagua.es

C/ Johan G. Gutenberg, 1 41092 Sevilla
(Spain).

Phone +34 697 956 143.

PhD in Industrial Engineering from the
University of Sevilla. Master in Geographic
Information Systems Management.
University Diploma in Advanced Methods
of Applied Statistical.

Since 1999, he works in the
Environmental and Water Agency of
Andalusia. Among other posts, he has been
Coordinator of the Environmental Quality
Data Center and Manager of Air Quality
Reference Laboratory of Andalusia. He is
currently responsible for planning and
analyzing the environmental quality
measures made in Andalusia.

He has participated in technology
transfer programs in Bolivia and Romania,
and in European INTERREG projects. He
is Member of the Thematic Network on Air
Pollution Modelling.

Received: 13 December 2013
Revised: 23 December 2013

18 Ingineria lluminatului2013;15, 2:7-18



ARTIFICIAL LIGHT AT NIGHT — IS IT ONLY AN ENGINEERI NG
ISSUE OR IS THERE MUCH MORE TO IT?

Abraham HAIM *, David Michael SCANTLEBURY?, Abed Elsalam ZUBIDAT"
YUniversity of Haifa, IsraefQueen’s University Belfast, Northern Ireland

Abstract: Artificial light at night is becoming a worldwidegblem in both developed as
well as the developing countries. Massive new mgldorograms in urban areas and
increased illumination in public spaces create tighollution. There is no doubt that
artificial lighting increases the time we have foork and leisure. However, there are
environmental and health issues associated wittosxe to light at night. The use of
incandescent bulbs is in the process of being mhaset in favor of so-called
"environmentally friendly” illumination. This isdht produced by devices such as light
emitting diodes (LEDs) which emit a shorter wavgtarof light than regular incandescent
bulbs. Indeed, LED illumination is considered themination of the future for domestic
and public spaces. However, chronobiologists antieiotscientists are becoming
increasingly aware of the health issued associat#d the use of such illumination. In this
paper, the authors want to share their findingshwdecision-makers, light engineers and
designers in order to stimulate the production efvnllumination technologies which are
sustainable i.e. energy efficient but not harméuhtiman health.

Keywords:light pollution, light emitting diode, health comos, circadian rhythm, prostate
cancer, breast cancer, epigenetic modification.

1. lllumination and energy resources the developed world, artificial light is
currently being produced throughout the
One of the most dramatic societal changesght. The so-called light at night (LAN), is
that took place during the POcentury made possible by continuous electrical
began with Tomas Edison’s revolutionaryenergy produced by power stations.
invention, the incandescent  bulb, Issues dealing with the production of
Furthermore, by the establishment of aartificial LAN concern, amongst others,
electrical network many lights can bdight and electrical-engineers, light-
operated over longdistances. There is raesigners, illumination-producers, artists
doubt that this one invention has changewadesmen, illumination-importers, and
our lifestyle because human activity coulddvertisers. These and decision-makers may
be extended for many hours after sunset. ot be aware of all the pros and cons of the
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types of artificial LAN. Some of the Other important players with respect to
drawbacks of using artificial LAN are artificial LAN are electricity generating
various negative impacts on the biologicatompanies. In an attempt to keep electricity
environment. production levels constant, and, knowing
An accepted challenge for lightthat demands decrease at night, electricity
engineers is to maximize the efficiency otan be offered to municipalities at a lower
light production by producing more lightprice during the night. This “spare” power
with less heat. Similarly, for classicalcan then be used for illuminating public
environmentalists,where  reduction = ofpaces such as streets, free ways or motor
carbon dioxide production is the mairways as well as sports grounds, train and
target, the aim is to produce more light fobus stations. An outcome of the fact that all
less energy. In both these cases, sharain parties so far involved in illumination,
wavelength illumination is preferableare in favor of increasing production and
because this can be produced by lowse at night results in a new environmental
electrical energy consuming bulbs. Indeedgource of pollution, known as “light
a by-product of cheap short wavelengtpollution”. This is a well-known
illumination is that larger areas or morghenomenon amongst astronomers, and
places can be lit for the same cost. Thisiore recently among biologists and
“rebound effect” willonly serve to increasemedical doctors. Therefore, two pertinent
the negative impacts of LAN on thequestions are: What makes artificial LAN a
environment. source of pollution? Are illumination and
One of the problems in Western culturelectrical engineers aware of the negative
is that publically elected officials, at bothimpact of LAN in terms of its effect on
local and national government levels arBuman health and natural ecosystems?
highly motivated to demonstrate short-term
successes, ostensibly for the purposes of r&- Short wavelength illumination and its
election. Therefore, they are keen to showegative health impacts
rapid development and also reduced costs
in their constituencies. Promotion ofOver a year ago, the American Medical
artificial LAN and illumination of dark Association (AMA) adopted a resolution
areas is an obvious way to illustrate howtating that LAN was a source of pollution.
infrastructure has improved. This is usuallyhis is because it disrupts human daily
an easy procedure, which has immediatbythms, it interferes with sleep, and it
results. Recently, at the level of locabuppresses melatonin (MLT) production
government or municipality, mayors are ofteMLT is a neuro-hormone which signals to
persuaded to change illumination sources tells and tissues the dark period of the 24
public places to so-called “environmentallyhour cycle (AMA, 2012). The AMA
friendly” illumination, which should reduce suggested that new technologies should be
electricity consumption and carbon dioxideleveloped for illumination which do not
emission while increasing short wave lengthave deleterious effects. Such a call should
light emission. result in the development of sustainable
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illumination, i.e. energy efficient and not“blind” mole-rat SpalaxeherenbergiHaim
harmful. et al., (1983), at the University of Haifa
In order to save energy and reduceevealed that these animals were not
carbon dioxide emission, European Unioactually blind. Laboratory experiments
countries have moved away from the use showed that the thermoregulatory
incandescent bulbs to shorter (460-500 nnmechanism of blind mole rats responded to
wavelength illumination such as fluorescenthanges in photoperiod, in which short-day
bulbs, and, more recently, to light emittingacclimated mole rats were cold resistant
diode (LED) illumination. This has resultedwhereas long-day acclimated mole rats
in an increased intensity of artificial LAN, were cold sensitive. If these mole-rats were
mainly of short wavelength illumination.truly blind, then changes in photoperiod
This has had the effect of increasedould make no difference. Further, studies
visibility at night and increased efficiencyon the degenerate eye of the mole rat
of electricity usage, however the question ievealed that their retina contains a high
what are the indirect costs of thesaumber of bipolar cells. These cells were
changes? first described just over a decade ago and
Results of a study carried out by theontain the newly discovered vision
Swiss scientist Christian Cajochen ang@igment, the protein melanopsin (Berson,
collaborators revealed that people wer2007); they are known today as Non-Image
particularly sensitive to exposure to shorRetinal Forming Photoreceptors (NIRFP).
wavelength (460 nm) illumination duringThe main function of melanopsin appears to
the evening (Cajochen et al., 2005). This ise the production of a signal to the pineal
a time families often spend together imland (PG), when exposed to short wavelength
places such as shopping malls, sport centdlsss than 550 nm) illumination, which is
and stadiums where such illuminatiomaturally dominant during the middle of the
exists. The effects of exposure to thiglay. Activation of melanopsin suppresses the
illumination are: suppression of MLT, production of MLT from the PG.
maintenance of high core body temperature, Our “Biological Clock” which resides in
high heart rate and alertness. Interestinglihe Supra-Chiasmatic Nuclei (SCN) within
exposure to illumination of a wavelengtithe hypothalamus of the brain, also known
similar to that of the incandescent bullalso as the “major oscillator’is set or
(550 nm), under the same intensity, and fantrained to daily variationin the
the same duration, does not manifest sucheavironment by neural signals which
response. On the contrary, subjects exposedginate in these same bipolar cells. The
to these longer wavelengths responded asSCN then transfers these signals to the
they were not exposed to LAN at all. Thespineal gland which produces MLT. As the
results actually suggest that wavelengtS8CN contains MLT-receptors, it will
plays a major role on our circadian systemrespond to MLT produced in the PG;
An early indication that LAN had anMLTsecreted to the blood signals the dark
effect on the biology of various mammalgperiod of 24h light/dark cycles to body cells
was startlingly illustrated by studies on thend tissues (Figure 1).
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Of course, we would not wish to returnrwork of Cajochen and Colloquies (2005)
to pre-Edison days with no artificial LAN. highlights the fact that it is short
In order for us to continue benefiting fromwavelength illumination rather than the
artificial LAN, we would need to assess th@xposure to LANper sewhich is the main
environmental impact of different forms ofissue. Short wavelength light suppresses
illumination, so that we may utilize on-MLT production and secretion (Berson,
harmful *“sustainable” illumination. The 2007).

Light/Dark
cycle
1 Light Dark

Retina NIFRPS'

Melatonin

Activation

Time of day

)

Pineal Galnd

Master circadian
clock

Endocrine Reproductive Immune Metabolic & thermal Epigenetic Antioxidant
responses responses responses responses regulations regulations
Figure 1Regulation of the mammalian circadian system biytlig

The master circadian clock in the SCN i$MLT) from serotonin; AANAT is
entrained by light via Non-image Formingactivated during the dark phase and
Retinal Photoreceptors (NIFRPs) thainhibited during exposure to light. MLT is
project directly to the SCN throughout thenvolved in regulating a variety of central
Retino-hypothalamic Tract (RHT). Theand peripheral circadian related-processes.
SCN conveys the circadian signal to the
Pineal Gland via noradrenergic projection8. LAN as a new risk factor for breast
from the Superior Cervical Ganglionand prostate cancers
(SCQG). Arylalkylamine N-acetyl
Transferase (AANAT) plays a rate-limitingA book published a few months ago entitled
step in the sequential synthesis of melatonithight Pollution as a New Risk Factor for
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Human Breast and Prostate Cancers” HYNA sequence, but to changes in
Springer (Haim and Portnov, 2013) dealsmethylation (an addition or removal of
with the issues of artificial LAN and callsmethyl groups from nucleic acids) of the
for the development of sustainabldDNA molecule (Lyko& Brown, 2005). This
illumination. In a recent study, thecan be measured as Global DNA
deleterious effects of LAN were methylation (GDM) levels.
demonstrated. Schwimmest al., (2013) The next logical stepwas to extract DNA
exposed mice that had been inoculated wifrom the tumors of LAN-interfered mice
breast cancer (BC) cells to two conditionsand those of LAN-interfered and MLT
exposure to 30min of short wavelengthreated mice and compare GDM levels with
illumination during the night and nocontrol mice (Schwimmeet al., 2013).
exposure. The results were clear wherResults revealed that LAN-interference
mice exposed to LAN had a higher dailyeduced GDM-levels while MLT treatment
rate of tumor growth than the control groupelevated GDM-levels. It is possible that
The study showed that MLT levels werespecific genes, for instance BC-inhibiting
suppressed in LAN-exposed mice, but naenes, may be modified epigenetically. For
in control mice. Mortality rates were alsoexample, reducing GDM may promote the
higher in the LAN-exposed group.expression on oncogenic (cancer causing)
However, when LAN-exposed mice wereggenes such as BRACA 1 and 2, resulting in
treated with exogenous MLT in theirbreast cancer.
drinking water during the dark period, Other mechanisms can also account for
mortality rates and tumor daily growth ratesuch modifications such as changes in
decreased. These results support the idetinity of receptors for estrogen. As we are
that suppression of MLT production byin the early stages of understanding the
short wavelength illumination may haveconsequences of such modifications, much
deleterious effects. Furthermore, ugmost- research IS needed. Epigenetic
mortemmany metastases were noted in thmodifications as GDM are reversible (Bird,
LAN-exposed mice, which could explain2007; Korkmaz&Reiter, 2008) so if
their higher mortality rates compared withartificial LAN of short wavelength modifies
controls and those that were LAN-expose@DM levels, removing the illumination
but MLT-treated. source for several nights may result in a
recovery of the modified DNA. As yet we
4. Epigenetic modification a possible have no idea what duration of exposure to
mechanism responding to environmental LAN will cause a significant modification,
changes and, subsequently, what the duration of
recovery may be. Therefore, understanding
A possible mechanism of how LAN canthe biological consequences of different
affect cellular processes could be so-calldgpes and wavelengths of illumination can
“epigenetic  modifications”.  Epigeneticresult in important information for the
modifications arise from changes in gendlumination engineers, light designers,
expression which are not encoded in thldumination producers and consumers. As
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short wavelength illumination has becomeve think occurs through the suppression of
the main source of light in public spaces a€ILT production. This can be used as a
well as private domestic spaces in manyodel for further research in understanding
western countries, this is an issue whicthe relationship between environmental
needs to be urgently resolved. Indeed, ichanges and epigenetic modifications. In a
many countries, it is now forbidden to selfecent review by Zhang and Shuk-Mei
incandescent bulbs above 60 W if2011) it was suggested that epigenetic
preference  for  higher  wavelengthmodification is a response to environmental
illumination. We should expect higherchanges, which are manifest through the
levels of light pollution with its negative endocrine system. Therefore researchers
impact consequences on human health sucked to determine whether epigenetic
as increased breast and prostate cancers. modifications, induced by present life styles
or environment exposure, can be heritable.
5. What is the problem? This may lead to new ways of prevention.
In the case of exposure to artificial LAN,
For many citizens of the European Uniomrwe do not have sufficient experimental
starting in 2015, municipalities will beinformation on what the critical threshold
required to phase out their old mercury andalues are which may be harmful. Although
sodium vapor lamps from public spaces armshort wavelength illumination is installed
replace them with more economical andvorldwide, some of the profits should be
significantly brighter LED lamps. If the allocated to research. This would allow us
current trend continues, there is no doultd (i) understand the environmental as well
that we are going to increase shords social aspects of exposure to artificial
wavelength light pollution in  many short wavelength LAN and (i) help to
European cities. Apart from increasing thereate sustainable illumination which will
risk of breast and prostate cancersincidendesg economic as well non-harmful.
exposure to artificial LAN will also  The use of illumination, to the best of
increase obesity and diabetes rates throughr knowledge, does not demand approval
various epigenetic effects (Monk androm health authorities. To-date,
Boysse, 2013) and it will also decrease thehronobiological issues are largely ignored,
function of the immune system (Navara ands opposed to the use of novel drugs or food
Nelson, 2007). As epigenetic modificationstems which are carefully monitored. It is
are relatively slow to manifest the duratioressential that the quality of illumination and
for response maybe in the magnitude dhe subsequent impact on human health be
years. For instance in the case of breaspnsidered paramount when introducing
cancer, it can be ten years or more beforeew technologies and types of illumination.
the tumor is identified and by this timedn conclusion, all the evidence suggests that
metastases may already exist. artificial LAN has many negative impacts
The results of our studies have revealeosh human health through its interference
that artificial short wavelength LAN has arwith daily rhythms, sleep and MLT
impact on GDM of breast cancercells whiclsecretion. The quality and quantity of LAN
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cannot be based purely on engineering amkferences
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