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Abstract	  
As	  the	  progress	  of	  mobile	  phone	  technology	  accelerates	  throughout	  Europe,	  the	  
regulatory	  framework	  necessary	  for	  its	  safe	  and	  extended	  use	  has	  been	  slow	  to	  
develop.	  This	  article	  analyses	  the	  relationship	  between	  scientific	  knowledge	  and	  
regulation	   concerning	   the	   heath	   effects	   of	   increasing	   emissions	   of	  
electromagnetic	   fields	   (EMF).	   From	   a	   conservationist	   perspective,	   no	   other	  
example	   of	   industrial	   impact	   on	   the	   natural	   environment	   has	   achieved	   such	  
extended	   penetration	   so	   quickly.	   	   From	   a	   theoretical	   standpoint,	   stakeholders	  
are	  faced	  with	  a	  difficult	  choice	  between	  comprehensive	  risk	  assessment	  versus	  
immediate	   application	   of	   the	   precautionary	   principle.	   	   By	   exploring	   the	  
interaction	   between	   citizens,	   governments,	   and	   international	   bodies,	   we	   first	  
analyse	  the	  challenges	  faced	  by	  regulators	  in	  the	  presence	  of	  uncertain	  scientific	  
knowledge	  and	  standards	  of	  measurement.	  We	  then	  highlight	  the	  inadequacy	  of	  
current	   risk	   assessment	   parameters.	   Lastly,	   within	   the	   context	   of	   State	   and	  
European	   regulation	   of	   EMF	   exposure,	   we	   expand	   scholarship	   on	   the	   human	  
rights	   framework	   to	   protect	   vulnerable	   populations	   from	   environmental	  
pollution.	   We	   conclude	   that,	   because	   scientific	   knowledge	   is	   incomplete,	   a	  
precautionary	  approach	  is	  better	  suited	  to	  State	  obligations	  under	  international	  
human	  rights	  law.	  
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1.	  Introduction	  
The	  use	  of	  mobile	  phones	   is	  ubiquitous,	  and	   is	  estimated	  to	  have	  reached	  96%	  
penetration	   worldwide	   (ITU,	   2013,	   1).	   Mobile	   broadband,	   used	   for	   wireless	  
access	   to	   the	   Internet,	   has	   more	   than	   2	   billion	   subscriptions	   worldwide,	   with	  
penetration	   levels	   that	   reach	   68%	   in	   Europe	   (ibid.	   6).	   Scientific	   research	   has	  
attempted	   to	   determine	   whether	   exposure	   to	   Electromagnetic	   Fields	   (EMF)	  
during	  mobile	   phone	   use	   is	   dangerous	   to	   human	  health.	   	   Yet,	  while	   the	   public	  
remains	  focused	  on	  the	  possible	  dangers	  of	  the	  mobile	  device	  itself,	   the	  rapidly	  
growing	   infrastructure	  necessary	   for	  mobile	   communication	   is	   interfering	  with	  
human	  physiology,	  as	  ‘the	  antennae	  of	  broadcast	  stations	  are	  the	  most	  powerful	  
continuous	  sources	  of	  RF	  energy	  intentionally	  radiated	  into	  free	  space’	  (ICNIRP,	  
2009,	   11).	   From	   a	   conservationist	   perspective,	   no	   other	   example	   of	   industrial	  
impact	  on	   the	  natural	  environment	  has	  achieved	  such	  extended	  penetration	  so	  
quickly.	  
	  
Base	   Transceiver	   Stations	   (BTS)	   –	   equipment	   normally	   connected	   to	   elevated	  
structures	   that	   relay	   electromagnetic	   signals	   between	   mobile	   devices	   and	   a	  
network	   –	   emit	   electromagnetic	   energy.	   EMF	   emission	   is	   widespread;	   the	  
European	   Union,	   for	   example,	   requires	   maximal	   coverage	   for	   its	   citizens.1	  
However,	  virtually	  no	  national	   legislation	  exists	  to	  protect	  the	  same	  consumers	  
from	   the	   possible	   effects	   of	   prolonged	   EMF	   exposure	   via	   BTS,	   nor	   do	   most	  
governments	   require	  public	  hearings	  concerning	   the	  placement	  and	  number	  of	  
BTS.	   Such	   hearings	   are	   mandatory	   for	   many	   other	   potential	   sources	   of	  
environmental	   pollution.	   The	   International	   Agency	   for	   Research	   on	   Cancer	  
(IARC),	   a	   World	   Health	   Organization’s	   (WHO)	   specialised	   agency,	   recently	  
classified	  EMF	  as	  Group	  2B:	  possibly	  carcinogenic	  to	  humans	  (IARC,	  2013).	  The	  
Lancet	   Oncology	   (Baan	   et	   al.,	   2011)	   reports	   that	   the	   IARC	   committee	   mainly	  
focused	   on	   two	   types	   of	   exposures:	   those	   due	   to	   use	   of	   personal	   devices	   and	  
those	   due	   to	   occupational	   sources.	   A	   third	   type	   of	   exposure,	   due	   to	  
environmental	   sources,	   such	   as	   BTS,	  was	   not	   included	   because	   the	   committee	  
found	  ‘the	  available	  evidence	  insufficient	  for	  any	  conclusion’	  (ibid.	  625).	  This	  is	  
of	   obvious	   concern	   because	   a	   large	   part	   of	   the	   population	   is	   exposed	   to	   the	  
compound	  effect	  of	  radiation	  from	  BTS,	  handsets	  radio	  transmitters,	  WLAN,	  Wi-‐
Fi,	   portable	   computers,	   and	   other	   devices;	   more	   importantly,	   children	   are	   at	  
higher	   risk	  according	   to	  many	  studies	   (e.g.	  Blank	  and	  Goodman,	  2009;	   ICNIRP,	  
2009).	  	  
	  
As	   scientific	   research	   on	   possible	   health	   effects	   of	   exposure	   to	   EMF	   sources	  
continues,	   we	   aim	   to	   contribute	   to	   existing	   scholarship	   on	   European	  
environmental	   policy	   by	   (1)	   explaining	   the	   current	   biological	   research	   on	   the	  
impact	  of	  EMF	  on	  the	   living	  environment	  and	  the	  difficulty	   in	  establishing	  EMF	  
protection	  standards	  in	  Europe	  due	  to	  a	  complex,	  controversial	  risk	  assessment	  
procedure	  and	  measurement	  paradigm;	  (2)	  evaluating	  the	  extent	  of	  the	  resulting	  
inadequacies	   in	   national	   regulatory	   systems	   (France	   is	   our	   example);	   and	   (3)	  
expanding	   the	   human	   rights	   construct	   to	   ‘protect,	   respect	   and	   remedy’	  
vulnerable	   populations	   by	   including	   State	   and	   European	   regulation	   of	   EMF	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  The	  Digital	  Agenda	  for	  Europe	  (DAE)	  required	  Member	  States	  to	  devise	  and	  make	  operational	  

by	  2012	  national	  broadband	  plans	  with	  the	  objective	  of	  meeting	  the	  broadband	  targets	  for	  
Europe	  by	  2020.	  



exposure	  within	  a	  “due	  diligence”	  environmental	  pollution	   framework.	   	  From	  a	  
theoretical	   standpoint,	   the	   regulator’s	   dilemma	  encompasses	   a	   choice	  between	  
the	  principle	  of	  precaution	  and	  long-‐term	  risk	  assessment.	  This	  article	  suggests	  
that,	   due	   to	   the	   lack	   of	   scientific	   consensus	   and	   contradictory	   standards	   of	  
measurement,	  the	  international	  and	  European	  human	  rights	  frameworks	  on	  the	  
protection	  of	  vulnerable	  populations	  may	  oblige	  States	  to	  adopt	  a	  precautionary	  
approach	   in	   the	   short	   and	   medium	   term,	   until	   a	   majority	   of	   peer-‐reviewed	  
scientific	   publications	   establish	   the	   danger,	   or	   safety,	   of	   electromagnetic	  wave	  
emissions.	  	  	  
	  
2.	  The	  Regulator’s	  Dilemma	  
Regulators	  may	  draw	  upon	  two	  bodies	  of	  theoretical	  knowledge	  in	  formulating	  a	  
viable	  policy	  strategy	  to	  protect	  vulnerable	  populations	  from	  the	  potential	  health	  
risks	   associated	   with	   EMF	   exposure.	   	   One	   set	   of	   theories	   underpins	   risk	  
assessment,	   developed	   primarily	   in	   the	   fields	   of	   economic,	   financial,	   and	  
behavioural	   theory,	   while	   the	   other	   draws	   from	   the	   German	   concept	   of	  
Vorsorge,2	  an	   expansion	   of	   19th	   century	   British	   law	   and	   its	   evolution	   into	   an	  
obligatory	  due	  diligence	  framework	  for	  governments	  and	  the	  private	  sector.3	  	  In	  
their	  work	  on	  prospect	  theory,	  Tversky	  and	  Kahneman	  (1981)	  demonstrate	  that	  
human	  beings	  are	  hardly	  rational	  when	  it	  comes	  to	  risk	  assessment:	  the	  majority	  
of	  respondants	  in	  one	  of	  their	  studies,	  for	  example,	  found	  that	  the	  certain	  death	  
of	  400	  people	   is	   less	  acceptable	  than	  the	  two-‐in-‐three	  chance	  that	  600	  will	  die,	  
despite	   the	   fact	   that	   the	  statistical	   risk	   is	  nearly	   identical.	   Scholarship	  over	   the	  
course	  of	  the	  past	  ten	  years	  has	  attempted	  to	  address	  human	  irrationality	  in	  risk	  
assessment	   by	   integrating	   due	   diligence	   and	   risk	   evaluation	   into	   a	   coherent	  
paradigm	  that	  allows	  regulators	  to	  know	  when	  and	  how	  to	  favour	  one	  over	  the	  
other.	   	   Economist	   Christian	   Gollier	   presents	   what	   he	   calls	   a	   “reasonable	  
interpretation”	   of	   the	   precautionary	   principle	   (Gollier	   et	   al.,	   2001).	   	  When	   the	  
basic	  scientific	  data	  of	  the	  decision	  problem	  are	  uncertain,	  Gollier	  suggests	  that	  
the	   “learn	   then	   act”	   principle	   should	   be	   applied	   only	   when	   a	   careful	   costs-‐
benefits	   analysis	   establishes	   that	   current	   and	   future	   preventative	   actions	   are	  
close	   substitutes	   for	   one	   another.	   In	   all	   other	   circumstances,	   there	   is	   a	   clear	  
benefit	  in	  acting	  to	  prevent	  long-‐term	  risk.	  	  
In	   the	   case	   of	   EMF	   exposure	   from	   BTS,	   preventative	   action	   would	   require	  
application	  of	   the	  ALARA	  (As	  Low	  As	  Reasonably	  Achievable)	  principle	   to	  curb	  
BTS	  emissions,	  an	  action	  that	  resembles	  reduction	  in	  exposure	  to	  tobacco	  smoke:	  
the	   earlier	   reduction	   to	   exposure	   occurs,	   the	   fewer	   potential	   health	   problems.	  
Thus,	  current	  and	  future	  preventative	  actions	  are	  not	  close	  substitutes;	  Gollier’s	  
normative	  paradigm	  would	  suggest	  application	  of	  the	  precautionary	  principle	  in	  
these	   circumstances.	   	   This	   approach	   is	   reinforced	  by	   scholarship	   on	   the	  Dutch	  
government’s	  vigilant	  response	  to	  EMF	  generated	  by	  electric	  pylons	  (de	  Jong	  et	  
al.,	   2012).	   	  Environmental	   history	   points	   to	   the	   importance	   of	   acting	   sooner,	  
rather	  than	  later	  to	  protect	  vulnerable	  populations	  and	  ecosystems	  from	  air	  and	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2	  ‘Foresight’	  in	  German,	  an	  idea	  developed	  in	  the	  1930s	  by	  German	  social	  scientists.	  
3	  Heaven	  v.	  Pender	  (1883)	  11	  QBD	  503,	  Court	  of	  Appeal,	  United	  Kingdom,	  introduced	  the	  ‘duty	  of	  

care’,	  a	  wider	  duty	  to	  be	  responsible	  in	  tort	  to	  those	  who	  might	  be	  injured	  if	  ‘ordinary	  care	  
and	  skill’	  were	  not	  exercised.	  



water	   pollution.4 	  	   Hence,	   from	   a	   theoretical	   point	   of	   view,	   the	   regulator’s	  
dilemma	  may	  well	  be	  resolved.	  
	  
3.	  	  Contested	  Science	  and	  Technology	  	  
From	   an	   empirical	   standpoint,	   however,	   three	   questions	   underlie	   the	   debate	  
about	   the	   safe	   use	   of	  mobile	   phones	   and	   BTS:	   	   Do	   EMFs	   generated	   by	  mobile	  
phone	   technology	   affect	   human	   health?	   If	   so,	   what	   are	   the	   appropriate	   safety	  
standards?	  And	   finally,	  who	   is	  responsible	   for	  BTS	   installation,	   implementation	  
and	   monitoring?	   	   This	   section	   explores	   the	   controversies	   associated	   with	   the	  
first	  two	  questions,	  while	  latter	  sections	  examine	  the	  third	  question.	  
	  
In	   mobile	   telephony,	   electromagnetic	   waves	   of	   a	   certain	   frequency	   range	   are	  
generated	  by	  a	  source	  that	  introduces	  information	  in	  the	  form	  of	  changes	  to	  the	  
waves.	   A	   receiver,	   capable	   of	   interpreting	   the	   information,	   then	   picks	   up	   the	  
waves.	   Electromagnetic	   waves	   are	   propagating	   EMF,	   and	   their	   strength	   is	  
measured	   in	   terms	   of	   their	   fields	   (electric	   and	   magnetic).	   EMF	   of	   different	  
frequencies	  interact	  with	  the	  body	  in	  different	  ways	  depending	  on	  the	  amount	  of	  
energy	  associated	  with	  the	  electromagnetic	  waves.	  Gamma	  rays	  and	  x-‐rays	  have	  
frequencies	   (and	   energies)	   high	   enough	   to	   knock	   an	   electron	   off	   its	   atom	   and	  
break	   bonds	   between	  molecules;	   this	   phenomenon	   is	   called	   ionizing	   radiation.	  
Fields	  at	  lower	  frequencies	  produce	  non-‐ionizing	  radiation.	  	  
	  
All	   electrical	   devices,	   power	   supply	   networks,	   and	   telecommunications	  
technology	  generate	  EMF	   in	   frequencies	   lower	   than	   those	  of	   ionizing	   radiation	  
(unless	  they	  are	  purposely	  designed	  to	  do	  so).	  Therefore,	  everyone	  is	  exposed	  to	  
multiple	   EMF	   radiations	   in	   the	   non-‐ionizing	   frequency	   range.	   For	   example,	  
power	   grids	   and	   electrical	   devices	   are	   a	   source	   of	   Extremely	   Low	   Frequency	  
(ELF)	   fields,	   while	   wireless	   devices	   and	   BTS	   are	   a	   source	   of	   Radio	   Frequency	  
(RF)	   radiations.	   These	   exposures	   induce	   currents	  within	   the	   human	   body	   and	  
cause	   two	   types	   of	   effects:	   either	   thermal	   or	   non-‐thermal.	   	   The	  WHO	   explains	  
that	   ‘the	   strength	   of	   these	   currents	   depends	   on	   the	   intensity	   of	   the	   outside	  
magnetic	   field.	   If	   sufficiently	   large,	   these	   currents	   could	   cause	   stimulation	   of	  
nerves	  and	  muscles	  or	  affect	  other	  biological	  processes.’	  (WHO,	  2012).	  	  
	  
3.1	  Measuring	  the	  Biological	  Impact	  of	  EMF	  
Both	  the	  telecoms	  industry	  and	  the	  public	  sector	  have	  multiplied	  peer-‐reviewed	  
scientific	   studies	   to	  determine	  whether	  prolonged	  exposure	   to	  electromagnetic	  
waves	   poses	   a	   danger	   to	   human	   health.	   	   	   Biologists	   concede	   a	   wide	   range	   of	  
opinion	  on	  the	  subject.	  While	  numerous	  scientific	  studies	  report	  that	  exposure	  to	  
EMF	   has	   an	   impact	   on	   human	   tissues	   and	   cell	   development	   (reviews	   are	  
provided	   in:	   Bioinitiative	   Report,	   2012;	   Genuis,	   2008;	   IARC	   2013;	   Kostoff	   and	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4	  The	  1972	  Oslo	  Convention	  on	  dumping	  waste	  at	  sea	  and	  the	  1974	  Paris	  Convention	  on	  land-‐

based	  sources	  of	  marine	  pollution	  were	  early	  attempts	  to	  protect	  the	  marine	  environment.	  
It	  took	  another	  twenty	  years	  for	  Europe	  to	  ramp	  up	  regulation	  through	  the	  1992	  OSPAR	  
Convention	  on	  protection	  of	  the	  marine	  environment	  in	  the	  North-‐East	  Atlantic,	  an	  
initiative	  reinforced	  by	  the	  promulgation	  of	  REACH	  in	  2010.	  	  Asbestos	  is	  another	  striking	  
example	  of	  the	  lag-‐time	  between	  knowledge	  of	  the	  danger,	  first	  recognized	  by	  courts	  in	  the	  
1970s,	  protection	  of	  workers	  in	  1983	  (Council	  Directive	  83/477/EEC)	  and	  an	  outright	  
European	  ban	  on	  its	  use	  in	  2005	  (Parliamentary	  Directive	  2003/18/EC).	  	  In	  both	  cases,	  one	  
to	  two	  generations	  of	  citizens	  were	  sacrificed	  before	  definitive	  legislative	  action	  was	  taken.	  	  



Lau,	   2013;	   Levitt	   and	   Lai	   2010),	   experts	   do	   not	   agree	   on	   how	  much	   exposure	  
may	  lead	  to	  health	  risks	  for	  adults	  or	  children	  and	  some	  research	  results	  seem	  to	  
contradict	   previous	   results	   (e.g.	   Consales	   et	   al.	   2012;	   Feychting	   and	   Forssen,	  
2006;	   Gaestel,	   2010;	   Merhi	   2012;	   Sommer	   et	   al.	   2009).	   	   One	   trend	   is	   clear,	  
however	   -‐	   the	   number	   of	   recently	   published,	   peer-‐reviewed	   scientific	   studies	  
that	   link	   EMF	   exposure	   to	   health	   risks	   is	   expanding	   rapidly	   and	   appearing	   in	  
extremely	  well-‐respected	  journals;	  see,	  for	  example,	  (Foliart	  et	  al.	  2006;	  Green	  at	  
al.	  1999;	  Lowenthal	  et	  al.	  2007)	   for	  ELF	  effects;	  (Aldad	  et	  al.,	  2012;	  Aslan	  et	  al.	  
2013;	   Christ	   et	   al.	   2010;	   Gutschi	   et	   al.	   2011;	   Hardell	   et	   al.	   2005,	   2013;	  
Panagopoulos	  and	  Margaritis	  2010)	  for	  RF	  effects	  caused	  by	  the	  use	  of	  wireless	  
devices;	   	   and	   (Abdel-‐Rassoul	   et	   al.	   2007;	   Khurana	   et	   al.	   2010;	   Levitt	   and	   Lai,	  
2010;	  Otitoloju	  et	  al.	  2010;	  Shahbazi-‐Gahrouei	  et	  al.	  2013)	  for	  RF	  effects	  caused	  
by	  exposure	  to	  BTS	  stations.	  	  
	  
Effects	  have	  been	  reported	  on	  the	  reproductive	  system	  (Agarwal	  et	  al.	  2009;	  La	  
Vignera	  et	  al.	  2012;	  Otitoloju	  et	  al.	  2010;	  Panagopoulos	  and	  Margaritis	  2010),	  on	  
foetal	  and	  neonatal	  development	  (Aldad	  et	  al.,	  2012;	  Divan	  et	  al.	  2008;	  Li	  et	  al.,	  
2012),	   on	   increased	   risk	   of	   childhood	   leukaemia,	   adult	   brain	   tumours	   and	  
acoustic	   neuromas	   (Hardell	   et	   al.	   2005,	   2013;	   Kheifets	   et	   al.	   2010;	   Levis	   et	   al.	  
2011),	   on	   breast	   cancer	   (Chen	   et	   al.	   2013;	   Erren	   2001),	   and	   on	  
neurodegenerative	   diseases	   (Hug	   et	   al.	   2006);	   EMF	   exposure	   has	   also	   been	  
linked	   to	   sleep	  disturbance	   (Abelin	   et	   al.	   2005;	   Shahbazi-‐Gahrouei	   et	   al.	   2013)	  
headaches,	   memory	   changes,	   and	   depressive	   symptoms	   (Abdel-‐Rassoul	   et	   al.	  
2007;	  Hagström	  et	  al.	  2013);	  numerous	  effects	  on	  plants	  and	  animals	  have	  also	  
been	  reported	  (Cucurachi	  et	  al.	  2013).	  Although	  more	  studies	  report	  effects	  on	  
human	  health	  due	  to	  mobile	  phone	  use	  rather	  than	  proximity	  to	  BTS	  radiation,	  
scientists	   indicate	   that	   ‘the	   two	   kinds	   of	   radiation	   are	   very	   similar	   and	   effects	  
produced	   by	   mobile	   phones	   at	   certain	   distances,	   can	   be	   extrapolated	   to	  
represent	   effects	   from	  base	   station	   antennas,	   of	   the	   same	   type	   of	   radiation,	   at	  
about	  100	  times	  longer	  distances’	  (Panagopoulos	  2011,	  12).	  	  
	  
Scientific	  studies	  may	  focus	  on	  exposure	  to	  EMF	  with	  specific	  characteristics	  (e.g.	  
frequency	   range;	   source	   position	   relative	   to	   the	   subject;	   emission	   duration).	  
However,	   as	   indicated	   by	   Blank	   and	   Goodman,	   the	   same	   biology	   may	   occur	  
across	   the	   range	   of	   the	   electromagnetic	   spectrum:	   ‘While	   low	   energy	   EMF	  
interacts	  with	  DNA	  to	  induce	  the	  stress	  response,	  increasing	  EMF	  energy	  in	  the	  
RF	   range	   can	   lead	   to	   breaks	   in	   DNA	   strands.	   (…)	   The	   intensity	   of	   EMF	  
interactions	  with	  DNA	   leads	   to	   greater	   effects	   on	  DNA	  as	   the	   energy	   increases	  
with	   frequency’	   (Blank	   and	   Goodman,	   2009,	   71	   and	   76)	   and	   the	   effects	   of	  
simultaneous	   exposure	   to	   several	   EMFs	   could	   be	   additive.	   The	   same	   authors	  
explain	   that	   DNA	   has	   the	   structural	   characteristics	   of	   fractal	   antennas	   and	  
therefore	   the	  same	  wide	   frequency	  range	  of	   interaction	  with	  EMF.	   	  This	  would	  
‘contribute	   to	   greater	   reactivity	   of	  DNA	  with	  EMF	   in	   the	   environment,	   and	   the	  
DNA	   damage	   could	   account	   for	   increases	   in	   cancer	   epidemiology’	   (Blank	   and	  
Goodman,	  2011).	  
	  
In	   addition	   to	   the	   nature	   of	   EMF	   exposure,	   the	   characteristics	   of	   the	   exposed	  
subject	   (e.g.	   age,	   gender,	   general	   health	   state)	   have	   an	   impact	   on	   the	   possible	  
health	   consequences	   of	   radiation.	   Particularly	   relevant	   to	   our	   argument	   are	  



studies	  about	  the	  age-‐related	  differences	  in	  tissue	  response	  to	  EMF	  exposure	  and	  
the	  impact	  on	  children	  (e.g.	  Byun	  et	  al.	  2013;	  Davis	  et	  al.	  2013;	  Divan	  et	  al.	  2012;	  
Hardell	  et	  al.	  2013;	  Peyman	  et	  al.	  2009;	  Sudan	  et	  al.	  2012;	  Wiart	  et	  al.	  2008).	  A	  
research	   team	   led	  by	  Andreas	  Christ	   suggests	   that,	   ‘in	   general	   and	  on	  average,	  
children	  suffer	  a	  higher	  exposure	  of	  their	  brain	  regions	  than	  adults.	  This	  higher	  
exposure	   is	   due	   to	   differences	   in	   anatomical	   proportions’	   (Christ	   et	   al.,	   2010,	  
1780).	  In	  a	  study	  where	  clinical	  and	  growth	  pattern	  data	  were	  collected	  for	  up	  to	  
13	   years	   from	   733	   children	   whose	   mothers	   carried	   a	   magnetic	   field	   (MF)	  
measuring	   meter	   during	   pregnancy,	   De-‐Kun	   Li	   and	   colleagues	   conclude	   that	  
‘Maternal	  exposure	  to	  high	  MF	  during	  pregnancy	  may	  be	  a	  new	  and	  previously	  
unknown	   factor	   contributing	   to	   the	   world-‐wide	   epidemic	   of	   childhood	  
obesity/overweight.’	  (Li	  et	  al.,	  2012,	  1).	  	  Even	  those	  scientists	  who	  believe	  there	  
is	   no	   causal	   effect	   between	   mobile	   phone	   use	   and	   health	   problems	   for	   the	  
general	   population	   have	   called	   for	   further	   studies	   and	   suggest	   caution	   with	  
respect	  to	  childhood	  exposure	  to	  EMF	  (Aydin	  et	  al.,	  2011;	  Valentini	  et	  al.,	  2010).	  	  
	  
Levitt	  and	  Lai	  conducted	  an	  extensive	  literature	  review	  of	  studies	  related	  to	  the	  
biological	  effects	  from	  exposure	  to	  EMF	  radiated	  by	  BTS	  and	  other	  RF	  antennae.	  
They	   reported	   that	   children	   are	   impacted	   differently	   than	   adults	   by	  
electromagnetic	  wave	  emissions	  from	  mobile	  phones	  and	  BTS:	  	  
	  
Children	  absorb	  energy	  differently	  than	  adults	  because	  of	  differences	  in	  their	  
anatomies	  and	  tissue	  composition..	  …	  For	  instance,	  radiation	  from	  a	  cell	  phone	  
penetrates	  deeper	  into	  the	  head	  of	  children	  …	  The	  same	  can	  be	  presumed	  for	  
proximity	   to	   towers,	   even	   though	   exposure	  will	   be	   lower	   from	   towers	  under	  
most	  circumstances	  than	  from	  cell	  phones.	  This	  is	  because	  of	  the	  distance	  from	  
the	   source.	   The	   transmitter	   is	   placed	   directly	   against	   the	   head	   during	   cell	  
phone	  use	  whereas	  proximity	  to	  a	  cell	  tower	  will	  be	  an	  ambient	  exposure	  at	  a	  
distance	  (Levitt	  and	  Lai,	  2010,	  373).	  	  

	  
Determining	  the	  risks	  of	  ambient	  exposure	  at	  a	  distance	  highlights	  a	  key	  issue	  in	  
the	   regulatory	   framework	   discussed	   in	   greater	   detail	   below.	   In	   mobile	   phone	  
communication,	  BTS	  distribute	  a	  signal,	  received	  by	  a	   landline,	  and	  send	  it	   to	  a	  
receiver	   (mobile	   phone)	   within	   a	   certain	   area	   using	   the	   available	   frequency	  
spectrum	   (bandwidth).	   The	   broader	   the	   available	   bandwidth,	   the	   more	  
information	   can	   be	   transmitted	   in	   a	   given	   unit	   of	   time.	   This	   means	   that	  
increasing	   download	   speed,	   increases	   emission5.	   Accessing	   an	   online	  movie	   or	  
playing	  an	  online	  game,	  for	  example,	  requires	  more	  bandwidth	  than	  accessing	  a	  
web	  site	  with	   still	   images	  and	   text.	   	  Users	  employ	   their	   smartphones	   to	  access	  
services	  requiring	  high	  data	  transmission	  rates	  and	  they	  expect	  their	  connection	  
to	   be	   maintained	   in	   a	   variety	   of	   locations	   including	   indoor	   and	   on	   public	  
transport.	   Consequently,	   as	   demands	   for	   bandwidth	   and	   connectivity	   coverage	  
have	  increased,	  telecom	  companies	  have	  responded	  by	  augmenting	  the	  number	  
of	  BTS	   to	   partition	   each	   area	   into	   smaller	   coverage	   areas	   so	   that	   the	   available	  
bandwidth	  is	  reused,	  the	  capacity	  is	  increased	  and	  more	  people	  can	  be	  served	  at	  
the	  same	  time	  within	  the	  original	  area.	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5	  As	  the	  download	  speed	  increases,	  the	  number	  of	  bits	  per	  second	  increases.	  Since	  the	  energy	  per	  

bit	  must	  remain	  the	  same	  in	  order	  to	  maintain	  the	  same	  quality	  of	  service,	  there	  is	  an	  
increased	  energy	  per	  second,	  which	  is	  an	  increased	  radiated	  power.	  



	  
Thus,	  as	  the	  number	  of	  BTS	  increases,	  more	  people	  are	  living	  in	  close	  proximity	  
to	  a	  mobile	  phone	  tower	  than	  ever	  before.6	  The	  only	  way	  to	  reduce	  the	  biological	  
impact	  of	   exposure	   to	   electromagnetic	   fields	   is	   either	   to	   reduce	   the	  number	  of	  
BTS	  or	  their	  transmission	  power.	  	  This	  means	  that	  either	  fewer	  customers	  will	  be	  
served	   at	   the	   same	   time,	   which	   could	   be	   a	   problem	   in	   densely	   populated	  
European	  cities,	  or	   that	   these	  same	  customers	  will	  be	  served,	  but	  with	  a	   lower	  
data	  transmission	  rate.7	  A	  lower	  data	  rate	  may	  imply,	  for	  example,	  that	  access	  to	  
Web	  sites	  and	  emails	   is	  available,	  but	  video	  download	  is	  not.	  Consequently,	   the	  
application	  of	   the	  ALARA	  principle	   regarding	  health	   risks	  needs	   to	  be	  weighed	  
against	   the	   benefits	   of	   accessibility	   required	   by	   the	   Digital	   Agenda	   for	   Europe	  
(see	   footnote	   1).	   On	   the	   one	   hand,	   regulators	   will	   need	   to	   evaluate	   which	  
technologies	   are	   safe	   to	  use	   for	  delivering	   the	  desired	  accessibility,	   and	  on	   the	  
other	  hand,	  where,	  when,	   how	  much	  and	  what	   type	  of	   information	  or	   services	  
need	   to	   be	   made	   available	   to	   citizens.	   	   Protection	   measures	   may	   include:	  
reducing	   exposure	   limits,	   prohibiting	   specific	   “windows”	   of	   exposure	   (Belyaev,	  
2010;	  Blackman,	  2009;	  Kostoff	  and	  Lau	  2013),	  establishing	  age	  limits	  for	  the	  use	  
of	  mobile	  communication	  devices,	  barring	  installations	  from	  sensitive	  areas	  such	  
as	   schools	   and	  hospitals,	   requiring	  maximisation	  of	  wired	   rather	   than	  wireless	  
networks,	  and	  establishing	  procedures	   for	  citizens’	  exposure	  measurements.	   In	  
order	   to	   define	   which	   measures	   should	   be	   implemented,	   regulators	   need	  
accurate	  and	  comprehensible	  information	  allowing	  them	  to	  weigh	  the	  trade-‐offs	  
between	   large	   data	   services	   availability	   and	   the	   protection	   of	   human	   health.	  
When	   the	   health	   risk	   cannot	   be	   determined	   with	   sufficient	   certainty,	   the	  
precautionary	  principle	  should	  be	  applied	  as	  recommended	  by	  Council	  of	  Europe	  
Resolution	  1815.	  
	  
3.2	  Setting	  Standards	  
In	   order	   to	   establish	   regulations	   and	   recommendations,	   several	   national	   and	  
international	   bodies	   have	   used	   guidelines	  made	   available	   by	   the	   International	  
Commission	  on	  Non-‐Ionizing	  Radiation	  Protection	  (ICNIRP).8	  ICNIRP	  offers	  two	  
types	   of	   guidelines:	   basic	   restrictions	   on	   ‘exposure	   to	   time-‐varying	   electric,	  
magnetic,	   and	   electromagnetic	   fields’	   (ICNIRP,	   1998,	   495)	   and	   reference	   levels	  
‘provided	   for	  practical	  exposure	  assessment	  purposes	   […]	  Compliance	  with	   the	  
reference	  level	  will	  ensure	  compliance	  with	  the	  relevant	  basic	  restriction’	  (ibid.	  
495).	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
6	  France’s	  Agence	  Nationale	  des	  Fréquences	  (ANFR,	  2013a)	  reports	  that	  in	  January	  2012,	  

157,000	  installations	  had	  been	  authorized	  –	  this	  number	  includes	  installations	  on	  French	  
territories	  overseas,	  but	  it	  does	  not	  include	  installations	  of	  the	  defence,	  civil	  aviation	  or	  
interior	  ministries.	  Of	  the	  157000	  installations,	  the	  ones	  dedicates	  to	  mobile	  
communication	  include	  52600	  for	  GSM	  900	  or	  GSM	  1800,	  47600	  for	  UMTS	  and	  1300	  for	  
WIMAX.	  For	  example,	  according	  to	  ANFR	  data	  (ANFR,	  2013b),	  the	  first	  arrondissement	  of	  
Paris,	  which	  only	  extends	  over	  1.83Km2,	  hosts	  107	  GSM	  900,	  173	  GSM	  1800,	  and	  355	  UMTS	  
antenna	  units.	  The	  map,	  available	  on	  the	  Web	  site	  in	  the	  reference,	  shows	  that	  no	  location	  
in	  the	  arrondissement	  is	  more	  than	  500	  meters	  away	  from	  a	  BTS,	  with	  most	  installations	  
hosting	  more	  than	  one	  antenna.	  In	  the	  period	  November	  2012	  –	  August	  2013	  the	  approved	  
installations	  for	  4G	  communication	  in	  France	  have	  increased	  from	  507	  to	  6931	  (ANFR	  
2013c)	  

7	  Although	  alternative	  technical	  solutions	  are	  being	  explored	  (Ezri	  and	  Shilo,	  2009).	  
8	  The	  IEEE	  also	  provides	  similar	  guidelines	  (IEEE,	  1999;	  IEEE,	  2005).	  



	  
As	  summarized	  in	  Table	  1,	  which	  only	  covers	  the	  frequency	  range	  typical	  of	  BTS	  
operation,	   basic	   restrictions	   for	   human	   exposure	   are	   expressed	   in	   terms	   of	  
Specific	  Absorption	  Rate	   (SAR),	   and	  power	  density	   (S).	   SAR	  defines	   the	   rate	  of	  
energy	   absorption	   per	   unit	   mass	   (how	   much	   energy	   the	   body	   absorbs),	   is	  
expressed	  in	  Watts	  per	  Kilogram	  (W/kg),	  and	  is	  not	  directly	  measurable.	  Power	  
density	   represents	   the	   rate	  of	   energy	   flow	   through	  a	   given	   surface	   area	   and	   is	  
measured	   in	  watts	  per	  square	  meter	   (W/m2).	  For	  practical	  purposes	  however,	  
the	  values	  used	  to	  establish	  regulations	  are	  those	  in	  the	  reference	  levels	  column	  
of	  table	  1.	  Emission	  limits	  are	  frequently	   indicated	  in	  terms	  of	  the	  electric	   field	  
strength	  in	  Volts	  per	  meters	  (V/m).	  	  

< insert Table 1 > 

There	  is	  a	  good	  deal	  of	  controversy	  over	  the	  reliability	  of	  the	  ICNIRP	  guidelines	  
(as	  well	  as	  other,	   less	   referenced,	  guidelines),	  which	  are	  questioned	  on	  several	  
grounds:	  	  

1) A	  possible	  conflict	  of	  interest	  exists	  between	  the	  ICNIRP	  and	  the	  telecoms	  
industry	  and	  has	  been	  raised	  in	  the	  report	  to	  the	  Council	  of	  Europe	  (Huss,	  
2011)	  that	  eventually	  led	  to	  the	  adoption	  of	  Resolution	  1815	  9	  	  	  

2) It	  has	  been	  argued	  that	  ICNIRP’s	  reference	  levels	  don’t	  actually	  ensure	  that	  
corresponding	  basic	  restrictions	  are	  met.	  In	  particular,	  Georgiou	  explains	  
that	   using	   the	   electric	   field	   strength	   reference	   level	   for	   expressing	   EMF	  
radiation	   exposure	   limits,	   as	   several	   countries	   do	   and	   the	   Council	   of	  
Europe	   recommends	   (Council	   of	   Europe,	   2011),	   may	   misrepresent	   the	  
SAR	  basic	  restrictions10	  (Georgiou,	  2010).	  	  

3) The	   measures	   used	   to	   define	   basic	   restrictions	   are	   contested.	   Some	  
scientists	  argue	  that	  both	  SAR	  and	  power	  density	  measures	  have	  several	  
limitations,	   including	   the	   fact	   that	   ‘the	  existing	  standardized	  phantom	   is	  
not	   optimal	   for	   SAR	   measurements	   of	   large	   base	   station	   antennas’	  
(Hansson	   et	   al.,	   2011,	   664),	   that	   current	   SAR	   recommendations	   do	   not	  
take	  into	  account	  ‘the	  smaller	  size	  and	  greater	  physiological	  vulnerability	  
and	  increased	  absorption	  to	  the	  heads	  of	  children	  and	  females’	  (Han	  et	  al.,	  
2010,	  301),	  and	  that	  SAR	  needs	  to	  be	   integrated	  with	  other	  measures	   in	  
order	  to	  be	  a	  useful	  tool	  for	  the	  evaluation	  of	  health	  risks	  associated	  with	  
EMF	  exposure	  (Belyaev,	  2010;	  Fragopoulou	  et	  al.,	  2010).	  	  

4) Most	   contentious,	   the	   ICNIRP	   guidelines	   do	   not	   offer	   protection	   against	  
non-‐thermal	   effects	   of	   EMFs,	   particularly	   with	   respect	   to	   prolonged	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
9	  In	  his	  report	  to	  the	  council	  Rapporteur	  Jean	  Huss	  states	  ‘it	  is	  most	  curious,	  to	  say	  the	  least,	  that	  

the	  applicable	  official	  threshold	  values	  for	  limiting	  the	  health	  impact	  of	  extremely	  low	  
frequency	  electromagnetic	  fields	  and	  high	  frequency	  waves	  were	  drawn	  up	  and	  proposed	  
to	  international	  political	  institutions	  (WHO,	  European	  Commission,	  governments)	  by	  the	  
ICNIRP,	  an	  NGO	  whose	  origin	  and	  structure	  are	  none	  too	  clear	  and	  which	  is	  furthermore	  
suspected	  of	  having	  rather	  close	  links	  with	  the	  industries	  whose	  expansion	  is	  shaped	  by	  
recommendations	  for	  maximum	  threshold	  values	  for	  the	  different	  frequencies	  of	  
electromagnetic	  fields’.	  (Huss	  2011:	  Section	  B	  Explanatory	  Memorandum	  by	  Mr	  Huss,	  
Rapporteur,	  point	  29)	  

10	  ‘For	  a	  250-‐fold	  exposure	  increase	  from	  0.01	  to	  2.5	  mW/m2,	  the	  corresponding	  exposure	  
increase	  in	  mV/m	  (from	  61	  to	  955)	  is	  only	  16	  fold.	  Radiation	  exposure	  misrepresentation	  
using	  V/m	  gets	  even	  worst	  at	  lower	  exposure	  values’	  (ibid.	  79).	  



exposure	   (Belyaev,	   2010;	   Bioinitiative	   Report,	   2007,	   2012;	   Blackman	  
2009).	  In	  fact,	  current	  restrictions	  are	  based	  only	  on	  short-‐term	  thermal	  
health	  effects,	  because	  the	  ICNIRP	  committee	  concluded	  that	  ‘Whilst	  it	  is	  
in	  principle	  impossible	  to	  disprove	  the	  possible	  existence	  of	  non-‐thermal	  
interactions,	   the	   plausibility	   of	   various	   non-‐thermal	   mechanisms	   that	  
have	  been	  proposed	  is	  very	  low’.	  (ICNIRP	  2009,	  260)	  	  	  	  

	  
Thus,	   the	   fundamental	   question	   of	   what	   constitutes	   sufficient	   evidence	   for	  
setting	  restrictions	  is	  still	  open.	  Some	  scientists	  argue	  that	  current	  standards	  for	  
risk	   assessment	   are	   inappropriate	   (Bioinitiative	   Report,	   2007,	   2012;	  
Fragopoulou	  et	  al.,	  2010)	  and	  that	  long-‐term	  effects	  on	  citizens’	  health	  are	  due	  to	  
a	   heightening,	   over	   time,	   of	   exposure	   to	   several	   EMF	   sources,	   a	   phenomenon	  
normally	  more	  difficult	  to	  measure	  than	  acute	  effects	  (Belyaev,	  2010;	  Kostoff	  and	  
Lau,	  2013).	  So,	  while	  certain	  experts	  deem	  the	  epidemiological	  studies	  on	  long-‐
term	  effects	  of	  EMF	  exposure	  inconclusive	  on	  the	  basis	  of	  their	  potentially	  biased	  
results	   or	   an	   unconvincing	   demonstration	   of	   risk,	   other	   scientists	   argue	   that	  
studies	  of	  this	  type	  should	  be	  considered	  more	  carefully	  (Axelson,	  2004;	  Blair	  et	  
al.,	   2007;	   Georgiou,	   2010).	   This	   is	   similar	   to	   the	   IARC	   assessment	   of	  
environmental	   risk	   mentioned	   above,	   which	   found	   ‘the	   available	   evidence	  
insufficient	  for	  any	  conclusion’	  (Baan	  et	  al.,	  2011,	  625)	  and	  highlights	  the	  current	  
paucity	  of	  studies	  addressing	  the	  complex	  problem	  of	  interaction	  amongst	  effects	  
of	  multiple	  agents	  (Kostoff	  and	  Lau,	  2013).	  We	  are	  facing	  a	  conflict	  of	  epistemic	  
cultures	  of	  non-‐knowledge	  (Böschen	  et	  al.,	  2010)	  with	  some	  scientists	  placing	  a	  
higher	   value	   on	   more	   controlled	   experiments,	   but	   disregarding	   ‘contextual	  
factors	  or	  persisting	   real-‐world	  uncertainties’	   (ibid.	  792)	   -‐	   such	  as	  exposure	   to	  
multiple	   EMFs	   and	   long-‐term	   effects	   –	   and	   others	  who	   attempt	   to	   address	   the	  
complexity	   and	   context	   of	   the	   problem,	   but	   at	   the	   cost	   of	   scientific	  
reproducibility	  and	  predictability.	  	  
	  
Regulatory	  bodies	   that	   are	   tasked	  with	   appropriate	  protective	   actions	   for	  EMF	  
exposure	   are	   in	   a	   difficult	   situation:	   research	   aimed	   at	   assessing	   its	   potential	  
danger	   has	   so	   far	   produced	  mixed	   results	   (especially	   for	   long-‐term	   exposure),	  
and	   controversies	   are	   not	   limited	   to	   the	  magnitude	   of	   values	   that	  would	   limit	  
health	   hazards,	   but	   also	   extend	   to	   the	   definition	   of	   what	   should	   actually	   be	  
measured.	   	  The	  difficulty	  in	  establishing	  measurement	  standards,	  as	  well	  as	  the	  
scarcity	   of	   long-‐term	   impact	   studies	   of	   EMF	   on	   the	   living	   environment,	   may	  
explain	   why	   the	   WHO	   has	   only	   recently	   recognized	   the	   danger	   related	   to	  
radiofrequency	  fields	  and	  maintains	  a	  classification	  of	   ‘possibly’	  carcinogenic	  to	  
humans	   (IARC-‐WHO,	   2011).	   And	   yet,	   issues	   remain,	   such	   as	   which	   policy	  
framework	  should	  be	  applied	  when	  evidence	  of	  risk	  is	  inconclusive,	  and	  whether	  
the	   burden	  of	   proof	   should	  be	   on	  demonstrating	   risk	   or	   on	  demonstrating	   the	  
safety	  of	  the	  technology	  (the	  latter	  being	  regularly	  applied	  to	  medical	  products).	  
In	   section	  4,	  we	  examine	  how	  European	  bodies	   and	  States	  have	   addressed	   the	  
former	  issue,	  albeit	  with	  non-‐binding	  norms,	  and	  in	  5	  we	  propose	  that	  the	  latter,	  
infrequently	  addressed	   issue	  be	  resolved	  on	  the	  basis	  of	  State	  compliance	  with	  
binding	  international	  human	  rights	  law.	  	  	  
	  
4.	  Legislative	  Dearth	  	  



As	   mobile-‐phone	   technology	   has	   progressed	   from	   first	   to	   fourth	   generation,	  
requiring	   ever	   more	   powerful	   antennae,	   the	   Council	   of	   Europe	   responded	   in	  
2011	   with	   Resolution	   1815	   (Council	   of	   Europe,	   2011),	   a	   set	   of	   non-‐binding	  
norms	   defining	   an	   emissions	   limit	   of	   .6V/m	   for	   wireless	   devices,	   along	   with	  
recommendations	  to	  reduce	   ‘threshold	  values	   for	  relay	  antennae	   in	  accordance	  
with	  the	  ALARA	  principle	  and	  install	  systems	  for	  comprehensive	  and	  continuous	  
monitoring	  of	  all	  antennae’	  (ibid.	  section	  8.4.3).	  	  Resolution	  1815	  also	  articulates	  
strategies	  for	  better	  protection	  of	  children.	  	  But,	  these	  guidelines	  do	  not	  have	  the	  
power	   of	   law.	   The	   Council	   must	   thus	   rely	   on	   its	   47	   members	   to	   regulate	  
electromagnetic	  emission	  levels	  at	  the	  national	  or	  municipal	  level.	  	  
	  
Moving	  from	  recommendations	  on	  standards	  of	  measurement	  to	  legislation	  is	  a	  
slow	   process 11 .	   Throughout	   Europe,	   no	   new	   national	   legislation	   on	   BTS	  
emissions	  has	  been	  established	  since	  national	  governments	  aligned	  their	  norms	  
(e.g.	  Direction	  Générale	  de	   la	   Santé,	   2002)	  with	   recommendations	   fixed	  by	   the	  
European	   Union	   at	   41-‐61	   V/m	   (Council	   of	   Europe,	   1999). 12 	  These	  
recommendations	  were	  based	  on	  the	  ICNIRP	  guidelines	  discussed	  above.	  Given	  
the	   controversies	   surrounding	   the	   guidelines,	   grassroots	   organizations	   have	  
demanded	   more	   protective	   regulation	   from	   their	   national	   and	   local	  
governments.	  Government	  responses	  have	  often	  been	  contradictory,	  since	  public	  
officials	   are	   guided	   by	   the	   conflicting	   needs	   of	   protecting	   citizens’	   health,	  
responding	  to	  the	  commercial	  logic	  of	  the	  telecom	  companies	  (frequently	  major	  
employers	  within	  their	  jurisdictions),	  and	  meeting	  the	  obligations	  of	  information	  
accessibility	   under	   the	   Digital	   Agenda	   for	   Europe.	   The	   analysis	   of	   the	   case	   of	  
Paris,	   presented	   below,	   clearly	   illustrates	   these	   competing	   demands	   and	   the	  
inadequacy	  of	  current	  regulation.	  	  
	  
4.1	  French	  law	  and	  jurisprudence	  
The	   principle	   of	   precaution,	   inscribed	   in	   the	   French	   Constitution	   in	   2005,	  
functions	   as	   a	   guiding	   standard	   when	   determining	   how	   to	   evaluate	  
environmental	   risk,	  especially	  with	  respect	   to	   the	  most	  vulnerable	  members	  of	  
society,	   such	   as	   children.	   Unfortunately,	   the	   precautionary	   principle	   has	   been	  
substantively	   weakened	   by	   a	   series	   of	   court	   rulings	   over	   the	   course	   of	   2011-‐
2012.	   In	  October	  2011,	   the	  Conseil	   d’Etat,	   the	  highest	   court	  overseeing	  French	  
administrative	  matters,	  handed	  down	  a	  decision	   that	   circumscribed	   the	   role	  of	  
mayors	   in	   determining	   whether	   a	   BTS	   installation	   was	   appropriate	   in	   their	  
commune	  or	  municipality.	   Instead,	   the	  Council	   indicated	   that	   responsibility	   for	  
BTS	   installation	   was	   in	   the	   hands	   of	   the	   Autorité	   de	   Régulation	   des	  
Communications	  Electroniques	  et	  des	  Postes	  (ARCEP)	  and	  the	  Agence	  nationale	  
des	   fréquences	   (ANFR),	   two	   national	   bodies	   that	   regulate	   the	   emission	   of	  
electromagnetic	   waves	   and	   the	   placement	   of	   mobile	   phone	   towers,	   with	   a	  
mandate	   to	   assure	   full	   coverage	   throughout	  France	   (Conseil	   d’État,	   2011).	  The	  
decision	  would	  have	  garnered	  less	  national	  attention	  had	  the	  rapporteur	  of	  the	  
Council’s	   decision	   not	   been	   a	   former	   affiliate	   of	   a	   leading	   French	   telecom	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
11	  The	  authors	  of	  one	  of	  the	  major	  studies	  that	  prompted	  the	  IARC	  carcinogenic	  classification	  

recently	  remarked	  that	  the	  measure	  ‘does	  not	  seem	  to	  have	  had	  any	  significant	  impact	  on	  
governments’	  perceptions	  of	  their	  responsibilities	  to	  protect	  public	  health	  from	  this	  
widespread	  source	  of	  radiation.’	  (Hardell	  et	  al.	  2013,	  85)	  

12	  Limits	  are	  set	  at	  41V/m	  for	  GSM	  900;	  58V/m	  for	  GSM	  1800;	  and	  61V/m	  for	  UMTS.	  	  	  



company	  (Thénard,	  2012),	  and	  had	  the	  state	  not	  just	  pocketed	  968	  million	  euros	  
in	   licensing	   fees13	  for	   fourth	   generation	   bandwidth	   for	   mobile	   phone	   towers	  
(Chicheportiche,	  2011;	  ARCEP,	  2011).	  	  	  	  
	  
Another	  example	  is	  a	  series	  of	  rulings	  in	  May	  2012	  by	  the	  French	  Jurisdictional	  
Court,	  a	  hybrid	  super-‐court	  that	  is	  called	  upon	  to	  decide	  whether	  France’s	  civil	  or	  
administrative	   courts	  have	   jurisdiction	   in	   the	  event	  of	   a	  dispute.	  After	   losing	  a	  
seminal	  Court	  of	  Appeals	  decision	   in	  2009	  that	  required	  a	   telecom	  company	  to	  
pay	   minor	   damages	   and	   dismantle	   a	   contested	   mobile	   phone	   tower, 14 	  the	  
company	  decided	  to	  challenge	  the	  jurisdiction	  of	  the	  First	  Instance	  Court	  and	  its	  
appellate	  court	  to	  adjudicate	  the	  installation	  of	  BTS.	  Claiming	  that	  the	  authority	  
to	   dismantle	   was	   under	   the	   jurisdiction	   of	   the	   administrative,	   rather	   than	   the	  
civil	  court	  system,	  the	  plaintiff	  brought	  a	  suit	  that	  rightly	  emphasized	  the	  lack	  of	  
pertinent	   national	   legislation	   on	   this	   issue.	   	   The	   Tribunal	   rendered	   an	   odd	  
decision,	   declaring	   that	   the	   civil	   court	   was	   competent	   to	   determine	   financial	  
damages	   for	   health	   risks	   incurred	   due	   to	   exposure	   to	   emissions	   from	   a	   BTS,	  
whereas	  only	   the	  administrative	  court	   could	  order	   the	  dismantling	  of	  a	  mobile	  
phone	   tower,	   concluding	   that	   it	   is	   the	   administrative	   court	   that	   has	   policing	  
jurisdiction	  in	  this	  domain	  under	  French	  law	  (Tribunal	  des	  conflits	  de	  la	  cour	  de	  
cassation,	   2012).	   With	   these	   two	   decisions	   -‐	   the	   first	   of	   which	   places	   the	  
obligation	   to	   protect	   in	   the	   hands	   of	   a	   national	   body	  mandated	   to	   provide	   full	  
coverage,	   and	   the	   second	   of	  which	   provides	   the	   administrative	   court	  with	   the	  
power	  to	  adjudicate	  what	  is	  essentially	  a	  civil	  matter	  –	  the	  French	  judicial	  system	  
appears	   to	  have	   rendered	   jurisprudence	   that	   is	   at	  odds	  with	   the	   constitutional	  
principle	  of	  precaution.	  
	  
4.2	  Regulation	  in	  Paris	  
Paris	   has	   been	   considered	   a	   leader	   in	   calling	   for	   extremely	   low	   levels	   of	  
electromagnetic	  wave	  emission	   from	  BTS,	  with	  a	   ten-‐year	  norm	  of	  2	  V/m	  from	  
2003-‐2011	   (Ville	   de	   Paris,	   2003).	   	   This	   Charter	   of	   Voluntary	   Compliance	   was	  
suspended	   in	  Fall	  2011	  as	   the	  City	  moved	  to	  decrease	  emissions	   in	  accordance	  
with	   the	   Council	   of	   Europe	   Resolution	   1815	   cited	   above,	   while	   the	   operators	  
hoped	   to	   increase	   their	   emissions	   to	   accommodate	   fourth	   generation	   (4G)	  
mobile	   phone	   technology	   (Maussion,	   2011).	   In	   October	   2012,	   despite	   the	  
determined	   opposition	   of	   local	   NGOs	   and	   the	   Green	   Party,	   the	   Mayor’s	   Office	  
ceded	  to	  the	  demands	  of	  the	  telecom	  companies,	  and	  raised	  emission	  limits	  to	  5-‐
7	  V/m	   (Ville	  de	  Paris,	   2012).	   	  A	  2013	   report	   from	   the	  French	  government	  has	  
indicated	   that	   citizen	   exposure	   to	   EMF	   is	   expected	   to	   rise	   50%	   due	   to	   4G	  
emissions	  from	  BTS	  (DGRP,	  2013,	  95).15	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
13	  A	  further,	  significantly	  larger,	  licensing	  fee	  has	  been	  collected	  recently	  with	  the	  attribution	  of	  

frequencies	  in	  the	  800MHz	  range	  (ARCEP,	  2012).	  
14	  Cour	  d’Appel	  de	  Versailles,	  S.A	  Bouygues	  Telecom	  v.	  Eric	  Lagouge,	  R.G.	  N°	  08/08775,	  4	  February	  

2009.	  
15	  	  According	  to	  the	  report,	  the	  average	  simulated	  exposure	  for	  the	  cities	  under	  study	  was	  

increased	  by	  approximately	  50%	  with	  the	  addition	  of	  4G	  (LTE)	  antennas.	  For	  example,	  in	  
the	  14th	  arrondissement	  of	  Paris,	  the	  simulated	  ground	  exposure	  levels	  rose	  from	  
approximately	  .6	  V/m	  to	  0.9	  V/m	  	  (DGRP	  2013,95,	  authors’	  translation)	  



France	   has	   four	   telecom	   companies	   that	   compete	   for	   installation	   sites	   on	  
Parisian	  rooftops.	  	  The	  city	  was	  home	  to	  nearly	  2053	  base	  transceiver	  stations	  in	  
2012	  (Ville	  de	  Paris,	  2012,	  2).	  	  Zoning	  regulations	  are	  extremely	  strict	  and	  focus	  
on	  aesthetics,	  or	  what	  the	  French	  call	   l’aspect.16	  Thus,	  mobile	  phone	  towers	  are	  
virtually	   invisible,	   hidden	   by	   camouflage	   structures	   resembling	   chimneys	   or	  
brick	   walls.	   	   Equally	   invisible	   is	   the	   type	   of	   public	   information	   sharing	   that	  
citizens	  have	  come	  to	  expect	  for	  the	  installation	  of	  high-‐impact	  structures,	  such	  
as	   wind-‐parks	   or	   power	   plants. 17 	  Public	   property	   rights	   allow	   building	  
cooperatives	   to	   approve	   rooftop	   installations	   in	   exchange	   for	   an	   annual	   fee,	  
without	   prior	   consultation	   with	   their	   neighbours,	   many	   of	   whom	   live	   on	   the	  
upper	  floors	  in	  surrounding	  buildings	  and	  will	  be	  exposed	  to	  stronger	  EMF	  than	  
those	   who	   actually	   approved	   the	   installation.	   Once	   the	   project	   has	   been	  
endorsed	   by	   a	   home-‐owners’	   cooperative,	   the	   ANFR	   must	   vet	   the	   level	   of	  
emissions	   and	   the	   technical	   capacity	   of	   the	   BTS,	   while	   the	   aesthetic	   aspect	   is	  
scrutinized	   by	   the	   Monuments	   Nationaux	   de	   France.	   Once	   approved	   at	   the	  
national	   level,	   the	   project	   is	   examined	   at	   the	   municipal	   level,	   where	   a	  
Preliminary	   Declaration	   is	   filed	  with	   the	   Département	   d’urbanisme.	   Only	   once	  
the	  Preliminary	  Declaration	  has	  been	  approved,	  does	  the	  first	  indication	  of	  a	  BTS	  
installation	   appear	   in	   the	   public	   domain.	   	   A	   small	   white	   sign	   posted	   on	   the	  
building	  door	   informs	  passers-‐by	   that	  a	   construction	  project	  will	   take	  place,	   in	  
this	  case	  the	  installation	  of	  a	  new	  BTS.	  In	  several	  instances,	  especially	  when	  the	  
white	   sign	   has	   appeared	   near	   schools	   or	   day-‐care	   centres,	   citizens	   have	  
mobilized	  to	  insist	  on	  the	  removal	  of	  the	  installation	  to	  a	  different	  location.18	  	  The	  
fact	  remains,	  however,	  that	  the	  State	  safeguards	  the	  aesthetic	  beauty	  of	  Paris	  and	  
obliges	  the	  telecom	  companies	  to	  provide	  maximal	  coverage	  to	  consumers,	  while	  
providing	  no	  regulation	  to	  protect	  children	  from	  the	  potentially	  harmful	  effects	  
of	  EMF	  exposure	  from	  BTS.	  	  
	  
5.	  Extending	  the	  Regulatory	  Framework	  	  
International	   human	   rights	   law	   constitutes	   a	   possible	   means	   to	   address	   the	  
current	   regulatory	   impasse.	   The	   painstaking	  work	   after	   the	   end	   of	   the	   Second	  
World	  War	  to	  build	  an	  edifice	  of	  binding	  international	  treaties,	  ranging	  from	  the	  
international	   bill	   of	   human	   rights	   to	   more	   specific	   protection	   for	   women,	  
children	  and	  minorities,	  culminated	  with	  the	  entry	  into	  force	  of	  the	  Convention	  
on	  the	  Rights	  of	  the	  Child	  in	  November	  1989.	  	  Recent	  international	  instruments,	  
such	  as	  the	  OECD	  Guidelines	  for	  Multinational	  Enterprises	  or	  the	  Ruggie	  Report,	  
oblige	  State	  parties	  to	   ‘protect,	  respect	  and	  remedy’	  human	  rights	  violations	  by	  
businesses	   against	   individuals	   or	   groups,	   bringing	   corporations	   into	   the	  
international	   human	   rights	   paradigm	   through	   State	   compliance	   with	   binding	  
treaty	  law.	  	  
	  
In	   this	   section,	   we	   argue	   that	   (1)	   because	   protection	   of	   children	   is	   a	   high	  
threshold	  norm	  in	  HR	  law	  and	  (2)	  the	  binding	  language	  of	  the	  Convention	  on	  the	  
Rights	   of	   the	   Child	   obliges	   States	   Parties	   to	   provide	   a	   higher	   standard	   of	  
protection	   for	   children	   than	   adults,	   any	   widespread	   or	   systematic	   form	   of	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
16	  Historic	  zoning	  is	  especially	  strict.	  	  See	  Art.	  R111-‐21,	  amended	  by	  decree	  no.	  2007-‐18	  of	  5	  

January	  2007,	  Code	  de	  l’Urbanisme.	  
17	  Commissariat	  Générale	  au	  Développement	  Durable	  2009,	  73/1	  and	  84/1.	  	  
18 See, for example, the Collectif Rue Lobineau:	  www.ruelobineau.org	  



environmental	  pollution	  that	  poses	  a	   long-‐term	  threat	   to	  a	  child’s	  rights	   to	   life,	  
development	  or	  health	  may	   constitute	   an	   international	  human	   rights	   violation.	  
Thus,	  when	  EMF	  exposure	  is	  too	  high,	  the	  State	  must	  legislate	  to	  implement	  the	  
‘protect,	  respect	  and	  remedy’	  framework.	  
	  
5.1	  BTS	  Installations	  and	  Children	  Rights	  	  
Articles	   3,	   6	   and	   24	   of	   the	   UN	   Convention	   of	   the	   Rights	   of	   the	   Child	   (United	  
Nations	  High	  Commissioner	  for	  Human	  Rights,	  1989)	  constitute	  a	  legally	  binding	  
responsibility	  on	  the	  part	  of	  States	  Parties	  to	  protect	  children	  from	  verified	  and	  
potential	  threats	  to	  health	  and	  safety.	  	  We	  have	  argued,	  in	  a	  submission	  to	  the	  UN	  
Committee	   on	   the	   Rights	   of	   the	   Child,	   that	   electromagnetic	   pollution	   poses	   a	  
critical	   threat	   to	   the	   ‘highest	   attainable	   standards	   of	   health’	   for	   children,	   as	  
articulated	  in	  article	  24	  of	  the	  Convention	  on	  the	  Rights	  of	  the	  Child,	  and	  can	  be	  
analysed	   using	   constructs	   similar	   to	   those	   employed	   to	   assess	   trafficking	   and	  
forced	   labour	   violations	   involving	   minors	   (Perry	   et	   al.,	   2012).	   Scientists	   from	  
both	  industry	  and	  the	  academy	  recognize	  that	  children’s	  physiology	  places	  them	  
at	   greater	   risk	   to	   electromagnetic	   pollution	   from	  mobile	   phones	   and	   BTS	   (see	  
Section	   3.1	   above),	   triggering	   stricter	   legal	   thresholds	   and	   precautions	   under	  
articles	   2	   and	   3	   of	   the	   Convention.	   	   Regular	   testing	   of	   emission	   limits	   by	   an	  
independent	   body	   of	   experts,	   with	   ‘appropriate	   sanctions’	   for	   widespread	   or	  
systematic	   pollution	   under	   article	   32	   of	   the	   Convention,	   coupled	   with	   regular	  
monitoring	   of	   both	   voluntary	   and	   legally	   binding	   compliance	   by	   the	   telecoms	  
industry,	   constitutes	   a	   minimum	   level	   of	   protection	   as	   required	   by	   the	  
Convention	   (ibid.).	   	   According	   to	   the	   Convention,	   decisions	   on	  where	   to	   place	  
BTS	  and	  on	  what	  constitutes	  safe	  levels	  of	  EMF	  exposure	  for	  children	  should	  be	  
made	  by	  competent	  health	  specialists	  guided	  by	  viable	  national	   legislation	   that	  
requires	  public	   consultation	   and	   the	   lowest	   emissions	  possible	   in	  proximity	   to	  
day-‐care	   and	   schools.	   	   The	   principle	   of	   precaution	   thus	   functions	   as	   a	   guiding	  
standard	  when	  determining	  how	  to	  evaluate	  environmental	  risk	  with	  respect	  to	  
children.	  	  
	  
The	  question	  of	  accountability	  is	  complicated	  by	  the	  problem	  of	  multiple	  sources	  
of	  environmental	  pollution,	  a	  reality	  which	  means	   that	  a	  business	  may	  bear	  no	  
legal	  responsibility	  as	  a	  corporate	  entity	  because	  the	   impact	   is	  cumulative.	  The	  
rapid	   increase	   in	   all	   sorts	   of	   environmental	   pollutions,	   ranging	   from	   diesel	  
particle	  emissions	   to	  multiple	   sources	  of	  EMF,	   renders	   it	  difficult	   to	   isolate	   the	  
precise	  cause	  of	  a	  particular	  environmental	  cancer	  or	  disease.	  But,	  what	  if	  EMF	  
exposure	  constitutes	  one	  environmental	  pollutant	  too	  many	  for	  the	   infants	  and	  
toddlers	   exposed	   to	   a	   disputed	   installation?	   While	   the	   main	   difficulty	   in	  
legislating	  to	  protect	  has	  to	  do	  with	  the	  science	  -‐	  both	  the	  complex	  measurement	  
paradigm	   for	   EMF	   emissions	   and	   the	   on-‐going	   biological	   research	   on	   EMF	  
impacts	  on	  the	  living	  environment	  –	  theory	  and	  practice	  suggest	  that	  the	  lack	  of	  
agreement	  on	  scientific	  knowledge	  can	  only	  be	  addressed	  through	  the	  principle	  
of	  precaution.	  Moreover,	  Council	  of	  Europe	  Resolution	  1815	  and	  the	  Convention	  
on	   the	  Rights	  of	   the	  Child	   ratified	  by	   all	   EU	  members	  oblige	  Member	  States	   to	  
protect	   the	   most	   vulnerable	   from	   this	   relatively	   new	   form	   of	   environmental	  
pollution.	  
	  
6.	  Conclusions	  



We	   have	   explored	   the	   difficulties	   inherent	   to	   EMF	   emission	   regulation	   and	  
argued	  that	  they	  are	  due	  to	  a	   lack	  of	  scientific	  knowledge	  on	   long-‐term	  impact,	  
along	   with	   a	   contested	   understanding	   of	   what	   constitutes	   appropriate	  
assessment	   of	   risk.	  We	   have	   demonstrated	   how	   inadequate	   regulation	   on	   BTS	  
emissions	   has	   generated	   contradictory	   policies	   at	   the	   national	   and	   local	   level,	  
and	   has	   failed	   to	   reassure	   citizens	   that	   their	   health	   and	   the	   health	   of	   their	  
children	   is	  sufficiently	  protected.	   	  Given	  this	  situation	  we	  have	  posited	  that	   the	  
human	  rights	  framework	  to	  ‘protect,	  respect	  and	  remedy’	  vulnerable	  populations	  
from	   corporate	   violations	   of	   international	   law	   should	   also	   apply	   to	   State	   and	  
European	  regulation	  of	  EMF	  exposure.	  	  In	  particular	  we	  have	  explained	  how	  the	  
dearth	   of	   legislation	   to	   regulate	   the	   installation	   of	   BTS	   in	   close	   proximity	   to	  
children’s	   facilities	   and	   schools	   clearly	   constitutes	   a	   human	   rights	   concern	  
according	  to	  the	  language	  of	  the	  Convention	  on	  the	  Rights	  of	  the	  Child,	  a	  treaty	  
that	  has	  been	  ratified	  by	  all	  European	  States.	  	  
	  
If	  we	  are	  to	  deliver	  on	  the	  promise	  of	  digital	  technology	  to	  enhance	  democratic	  
dialogue	   and	   facilitate	   human	   lifestyles,	   then	   we	   have	   to	   make	   sure	   it	   is	  
environmentally	  safe	  to	  use	  –	  particularly	  for	  the	  generations	  to	  come.	  	  
	  
References	  
Abelin,	  T.,	  Altpeter,	  E.,	  Röösli,	  M.,	  2005.	  Sleep	  disturbances	   in	   the	  vicinity	  of	   the	  short-‐
wave	  broadcast	  transmitter	  schwarzenburg.	  Somnologie	  9,	  203-‐209.	  

Abdel-‐Rassoul,	  G.,	  El-‐Fateh,	  O.A.,	   Salem,	  M.A.,	  Michael,	  A.,	  Farahat,	  F.,	  El-‐Batanouny,	  M.,	  
Salem,	   E.,	   2007.	   Neurobehavioral	   effects	   among	   inhabitants	   around	   mobile	   phone	  
base	  stations.	  Neurotoxicology	  28,	  434-‐440.	  

Agarwal,	  A.,	  Desai,	  N.R.,	  Makker,	  K.,	  Varghese,	  A.,	  Mouradi,	  R.,	  Sabanegh,	  E.,	  Sharma,	  R.,	  
2009.	   Effects	   of	   radiofrequency	   electromagnetic	   waves	   (RF-‐EMW)	   from	   cellular	  
phones	  on	  human	  ejaculated	  semen:	  an	  in	  vitro	  pilot	  study.	  Fertility	  and	  sterility	  92,	  
1318-‐1325.	  

ANFR	   Agence	   Nationale	   des	   Fréquences,	   2013a.	   Combien	   y	   a	   t-‐il	   d’antennes-‐relais	   de	  
telephonie	   mobile	   en	   france(cartoradio)	   http://www.anfr.fr/fr/protection-‐
controle/exposition-‐du-‐public/questions-‐reponses/faq_question/14-‐combien-‐y-‐a-‐t-‐
il-‐dantennes-‐relais-‐de-‐telephonie-‐mobile-‐en-‐france-‐223.html	  	  accessed	  6.9.2013	  

ANFR	   Agence	   Nationale	   des	   Fréquences,	   2013b.	   Cartoradio,	   Paris	   1er	  
http://www.cartoradio.fr/cartoradio/web/#bbox/2.3207588736634/48.85398627
16496/2.35082263182011/48.8698583770061/3716	  accessed	  6.9.2013	  

ANFR	   Agence	   Nationale	   des	   Fréquences,	   2013c.	   Cartoradio,	   Les	   résultats	   de	  
l'Observatoire	   http://www.anfr.fr/fr/observatoire-‐deploiement-‐3g4g/les-‐resultats-‐
de-‐lobservatoire.html	  accessed	  6.9.2013	  

Aldad,	   T.S.,	   Gan,	   G.,	   Gao,	   X.-‐B.,	   Taylor,	   H.S.,	   2012.	   Fetal	   Radiofrequency	   Radiation	  
Exposure	  From	  800-‐1900	  Mhz-‐Rated	  Cellular	  Telephones	  Affects	  Neurodevelopment	  
and	  Behavior	  in	  Mice.	  Nature	  Scientific	  Reports	  2.	  

ARCEP,	   2012.	   Communiqué	   de	   presse	   17	   janvier	   2012:	   L'ARCEP	   délivre	   leurs	  
autorisations	  aux	  lauréats	  des	  fréquences	  du	  dividende	  numérique	  (800	  MHz)	  	  

ARCEP,	   2011.	   Les	   Actes	   de	   l'ARCEP:	   Décision	   n°	   2011-‐1168	   du	   11	   octobre	   2011,	  
Décision	   n°	   2011-‐1169	   du	   11	   octobre	   2011,	   Décision	   n°	   2011-‐1170	   du	   11	   octobre	  
2011,	  Décision	  n°	  2011-‐1171	  du	  11	  octobre	  2011.	  	  

Aslan,	   A.,	   Atay,	   T.,	   Gulle,	   K.,	   Kirdemir,	   V.,	   Ozden,	   A.,	   Comlekci,	   S.,	   Aydogan,	   N.H.,	   2013.	  
Effect	   of	   900MHz	   electromagnetic	   fields	   emitted	   from	   cellular	   phones	   on	   fracture	  
healing:	  an	  experimental	  study	  on	  rats.	  Acta	  orthopaedica	  et	   traumatologica	   turcica	  
47,	  273-‐280.	  



Axelson,	   O.,	   2004.	   Negative	   and	   non-‐positive	   epidemiological	   studies.	   International	  
Journal	  of	  Occupational	  Medicine	  and	  Environmental	  Health	  17,	  115-‐121.	  

Aydin,	  D.,	  Feychting,	  M.,	  Schuz,	   J.,	  Tynes,	  T.,	  Andersen,	  T.V.,	  Schmidt,	  L.S.,	  Poulsen,	  A.H.,	  
Johansen,	  C.,	  Prochazka,	  M.,	  Lannering,	  B.,	  Klaeboe,	  L.,	  Eggen,	  T.,	  Jenni,	  D.,	  Grotzer,	  M.,	  
Von	  der	  Weid,	  N.,	  Kuehni,	  C.E.,	  Roosli,	  M.,	  2011.	  Mobile	  Phone	  Use	  and	  Brain	  Tumors	  
in	   Children	   and	   Adolescents:	   A	   Multicenter	   Case-‐Control	   Study.	   Journal	   of	   the	  
National	  Cancer	  Institute	  103,	  1264-‐1276.	  

Baan,	  R.,	  Grosse,	  Y.,	  Lauby-‐Secretan,	  B.,	  Ghissassi,	  F.E.,	  Bouvard,	  V.,	  Benbrahim-‐Tallaa,	  L.,	  
Guha,	  N.,	  Islami,	  F.,	  Galichet,	  L.,	  Straif,	  K.,	  on	  behalf	  of	  the	  WHO	  International	  Agency	  
for	   Research	   on	   Cancer	   Monograph	   Working	   Group,	   2011.	   Carcinogenicity	   of	  
radiofrequency	  electromagnetic	  fields.	  The	  Lancet	  Oncology	  12,	  624-‐626.	  

Belyaev,	   I.Y.,	   2010.	   Dependence	   of	   non-‐thermal	   biological	   effects	   of	   microwaves	   on	  
physical	   and	   biological	   variables:	   implications	   for	   reproducibility	   and	   safety	  
standards,	  In	  (Giuliani	  and	  Soffritti,	  2010).	  

Bioinitiative	   Report,	   2007.	   A	   Rationale	   for	   a	   Biologically-‐based	   Public	   Exposure	  
Standard	  for	  Electromagnetic	  Fields	  (ELF	  and	  RF).	  

Bioinitiative	  Report,	  2012.	  A	  Rationale	  for	  Biologically-‐based	  Public	  Exposure	  Standards	  
for	  Electromagnetic	  Radiation.	  

Blackman,	  C.,	  2009.	  Cell	  phone	  radiation:	  Evidence	  from	  ELF	  and	  RF	  studies	  supporting	  
more	  inclusive	  risk	  identification	  and	  assessment.	  Pathophysiology	  16,	  205-‐216.	  

Blair,	   A.,	   Stewart,	   P.,	   Lubin,	   J.H.,	   Forastiere,	   F.,	   2007.	   Methodological	   issues	   regarding	  
confounding	   and	   exposure	   misclassification	   in	   epidemiological	   studies	   of	  
occupational	  exposures.	  American	  Journal	  of	  Industrial	  Medicine	  50,	  199-‐207.	  

Blank,	  M.,	   Goodman,	  R.,	   2011.	  DNA	   is	   a	   fractal	   antenna	   in	   electromagnetic	   fields.	   Int	   J	  
Radiat	  Biol	  87,	  409-‐415.	  

Blank,	   M.,	   Goodman,	   R.,	   2009.	   Electromagnetic	   Fields	   Stress	   Living	   Cells.	  
Pathophysiology	  16,	  71-‐78.	  

Böschen,	   S.,	   Kastenhofer,	   K.,	   Rust,	   I.,	   Soentgen,	   J.,	   Wehling,	   P.,	   2010.	   Scientific	  
Nonknowledge	   and	   Its	   Political	   Dynamics:	   The	   Cases	   of	   Agri-‐Biotechnology	   and	  
Mobile	  Phoning.	  Science,	  Technology	  &	  Human	  Values	  35,	  783-‐811.	  

Byun,	  Y.H.,	  Ha,	  M.,	  Kwon,	  H.J.,	  Hong,	  Y.C.,	  Leem,	  J.H.,	  Sakong,	  J.,	  Kim,	  S.Y.,	  Lee,	  C.G.,	  Kang,	  
D.,	  Choi,	  H.D.,	  Kim,	  N.,	  2013.	  Mobile	  phone	  use,	  blood	  lead	  levels,	  and	  attention	  deficit	  
hyperactivity	  symptoms	  in	  children:	  a	  longitudinal	  study.	  PLoS	  One	  8,	  e59742.	  

Chen,	  Q.,	  Lang,	  L.,	  Wu,	  W.,	  Xu,	  G.,	  Zhang,	  X.,	  Li,	  T.,	  Huang,	  H.,	  2013.	  A	  Meta-‐Analysis	  on	  the	  
Relationship	  between	  Exposure	  to	  ELF-‐EMFs	  and	  the	  Risk	  of	  Female	  Breast	  Cancer.	  
PLoS	  One	  8,	  e69272.	  

Chicheportiche,	  O.,	  2011.	  4G:	  Bougues	  Tel,	  Free,	  Orange	  et	  SFR	  obtiennent	  une	   licence.	  
ZDNet	  Business	  et	  Technologies	  22	  September	  2011.	  

Christ,	  A.,	   Gosselin,	  M.-‐C.,	   Christopoulou,	  M.,	  Kuhn,	   S.,	  Kuster,	  N.,	   2010.	  Age-‐dependent	  
tissue-‐specific	   exposure	   of	   cell	   phone	   users.	   Physics	   in	   Medicine	   and	   Biology	   55,	  
1767.	  

Consales,	   C.,	   Merla,	   C.,	   Marino,	   C.,	   Benassi,	   B.,	   2012.	   Electromagnetic	   fields,	   oxidative	  
stress,	  and	  neurodegeneration.	  International	  journal	  of	  cell	  biology	  2012,	  683897.	  

Conseil	  d’État,	  2011.	  Antennes	  relais	  de	   téléphonie	  mobile	   -‐	  Conseil	  d’Etat,	  Assemblée,	  
26	   October	   2011,	   Commune	   de	   Saint-‐Denis	   (n°326492),	   Commune	   de	   Pennes-‐
Mirabeau	   (n°329904)	   et	   SFR	   (n°s	   341767	   –	   341768).	   http://www.conseil-‐
etat.fr/fr/communiques-‐de-‐presse/antennes-‐relais-‐de-‐t.html	  accessed	  19.3.2013.	  

Council	  of	  Europe,	  1999.	  Council	  Recommendation	  1999/519/EC	  of	  12	  July	  1999	  on	  the	  
limitation	   of	   exposure	   of	   the	   general	   public	   to	   electromagnetic	   fields	   (0	  Hz	   to	   300	  
GHz)	  [Official	  Journal	  L	  199	  of	  30.7.1999]	  	  

Council	   of	   Europe,	   2011.	   Parlamentary	   Assembly	   Resolution	   1815(2011)	   on	   The	  
potential	  dangers	  of	  electromagnetic	  fields	  and	  their	  effect	  on	  the	  environment;	  



Cucurachi,	   S.,	   Tamis,	   W.L.M.,	   Vijver,	   M.G.,	   Peijnenburg,	   W.J.G.M.,	   Bolte,	   J.F.B.,	   de	   Snoo,	  
G.R.,	  2013.	  A	  review	  of	  the	  ecological	  effects	  of	  radiofrequency	  electromagnetic	  fields	  
(RF-‐EMF).	  Environment	  International	  51,	  116-‐140.	  

Davis,	   D.L.,	   Kesari,	   S.,	   Soskolne,	   C.L.,	   Miller,	   A.B.,	   Stein,	   Y.,	   2013.	   Swedish	   review	  
strengthens	  grounds	  for	  concluding	  that	  radiation	  from	  cellular	  and	  cordless	  phones	  
is	  a	  probable	  human	  carcinogen.	  Pathophysiology	  20,	  123-‐129.	  

de	   Jong,	   A.,	   Wardekker,	   J.A.,	   van	   der	   Sluijs,	   J.P.,	   2012.	   Assumptions	   in	   quantitative	  
analyses	  of	  health	  risks	  of	  overhead	  power	  lines.	  Environmental	  Science	  &	  Policy	  16,	  
114-‐121.	  

DGPR,	  2013	  Direction	  Générale	  de	  la	  Prévention	  des	  Risques	  du	  Ministère	  de	  l’Ecologie,	  
du	  Développement	  Durable	  et	  de	  l’Energie	  et	  al.	  Diminution	  de	  l’exposition	  aux	  ondes	  
électromagnétique	  émises	  par	  les	  antennes-‐relais	  de	  téléphonie	  mobile	  
http://www.developpement-‐durable.gouv.fr/document138630	  accessed	  10.9.2013	  

Direction	  Générale	  de	  la	  Santé,	  2002.	  Décret	  2002-‐775	  du	  3	  mai	  2002	  	  
Divan,	   H.A.,	   Kheifets,	   L.,	   Obel,	   C.,	   Olsen,	   J.,	   2012.	   Cell	   phone	   use	   and	   behavioural	  
problems	  in	  young	  children.	  Journal	  of	  epidemiology	  and	  community	  health	  66,	  524-‐
529.	  

Divan,	  H.A.,	  Kheifets,	  L.,	  Obel,	  C.,	  Olsen,	  J.,	  2008.	  Prenatal	  and	  postnatal	  exposure	  to	  cell	  
phone	  use	  and	  behavioral	  problems	  in	  children.	  Epidemiology	  (Cambridge,	  Mass.)	  19,	  
523-‐529.	  

Erren,	   T.C.,	   2001.	   A	   meta-‐analysis	   of	   epidemiologic	   studies	   of	   electric	   and	   magnetic	  
fields	  and	  breast	  cancer	  in	  women	  and	  men.	  Bioelectromagnetics	  Suppl	  5,	  S105-‐119.	  

Ezri,	   D.,	   Shilo,	   S.,	   2009.	   Green	   Cellular:	   Optimizing	   the	   cellular	   network	   for	   minimal	  
emission	   from	   mobile	   stations,	   Microwaves,	   Communications,	   Antennas	   and	  
Electronics	  Systems,	  2009.	  COMCAS	  2009.	  IEEE	  International	  Conference	  on,	  pp.	  1-‐5.	  

Feychting,	  M.,	  Forssen,	  U.,	  2006.	  Electromagnetic	  fields	  and	  female	  breast	  cancer.	  Cancer	  
causes	  &	  control	  :	  CCC	  17,	  553-‐558.	  

Foliart,	  D.E.,	  Pollock,	  B.H.,	  Mezei,	  G.,	  Iriye,	  R.,	  Silva,	  J.M.,	  Ebi,	  K.L.,	  Kheifets,	  L.,	  Link,	  M.P.,	  
Kavet,	  R.,	  2006.	  Magnetic	  field	  exposure	  and	  long-‐term	  survival	  among	  children	  with	  
leukaemia.	  Br	  J	  Cancer	  94,	  161-‐164.	  

Fragopoulou,	  A.,	  Grigoriev,	  Y.,	  Johansson,	  O.,	  Margaritis,	  L.H.,	  Morgan,	  L.,	  Richter,	  E.,	  Sage,	  
C.,	   2010.	   Scientific	   panel	   on	   electromagnetic	   field	   health	   risks:	   consensus	   points,	  
recommendations,	  and	  rationales.	  Reviews	  on	  environmental	  health	  25,	  307-‐317.	  

Gaestel,	   M.,	   2010.	   Biological	   monitoring	   of	   non-‐thermal	   effects	   of	   mobile	   phone	  
radiation:	   recent	   approaches	   and	   challenges.	   Biological	   reviews	   of	   the	   Cambridge	  
Philosophical	  Society	  85,	  489-‐500.	  

Genuis,	   S.J.,	   2008.	   Fielding	   a	   current	   idea:	   exploring	   the	   public	   health	   impact	   of	  
electromagnetic	  radiation.	  Public	  Health	  122,	  113-‐124	  

Georgiou,	   C.D.,	   2010.	   Oxidative	   stress-‐induced	   biological	   damage	   by	   low-‐level	   EMFs:	  
mechanism	   of	   free	   radical	   pair	   electron	   spinpolarization	   and	   biochemical	  
amplification,	  In	  (Giuliani	  and	  Soffritti,	  2010)	  

Giuliani,	  L.,	  Soffritti,	  M.	  (Eds.)	  2010,	  Non-‐Thermal	  Effects	  and	  Mechanisms	  of	  Interaction	  
Between	  Electromagnetic	  Fields	  and	  Living	  Matter.	  European	   Journal	  of	  Oncology	  –	  
Library	  Vol.	  5	  

Gollier,	   C.,	  Moldovanu,	   B.,	   Ellingsen,	   T.,	   2001.	   Should	  We	  Beware	   of	   the	  Precautionary	  
Principle?	  Economic	  Policy	  16,	  303-‐327.	  

Green,	  L.M.,	  Miller,	  A.B.,	  Villeneuve,	  P.J.,	  Agnew,	  D.A.,	  Greenberg,	  M.L.,	  Li,	  J.,	  Donnelly,	  K.E.,	  
1999.	  A	  case-‐control	   study	  of	   childhood	   leukemia	   in	   southern	  Ontario,	  Canada,	  and	  
exposure	   to	   magnetic	   fields	   in	   residences.	   International	   journal	   of	   cancer.	   Journal	  
international	  du	  cancer	  82,	  161-‐170.	  

Gutschi,	  T.,	  Mohamad	  Al-‐Ali,	  B.,	  Shamloul,	  R.,	  Pummer,	  K.,	  Trummer,	  H.,	  2011.	  Impact	  of	  
cell	  phone	  use	  on	  men's	  semen	  parameters.	  Andrologia	  43,	  312-‐316.	  



Hagström,	   M.,	   Auranen,	   J.,	   Ekman,	   R.,	   2013.	   Electromagnetic	   hypersensitive	   Finns:	  
Symptoms,	   perceived	   sources	   and	   treatments,	   a	   questionnaire	   study.	  
Pathophysiology	  20,	  117-‐122.	  

Han,	   Y.-‐Y.,	   Gandhi,	   O.P.,	   DeSalles,	   A.,	   Herberman,	   R.B.,	   Davis,	   D.L.,	   2010.	   Comparative	  
assessment	   of	   models	   of	   electromagnetic	   absorption	   of	   the	   head	   for	   children	   and	  
adults	  indicates	  the	  need	  for	  policy	  changes,	  In	  (Giuliani	  and	  Soffritti,	  2010)	  

Hansson,	   B.,	   Thors,	   B.,	   Törnevik,	   C.,	   2011.	   Analysis	   of	   the	   effect	   of	  mobile	   phone	   base	  
station	   antenna	   loading	   on	   localized	   SAR	   and	   its	   consequences	   for	  measurements.	  
Bioelectromagnetics	  32,	  664-‐672.	  

Hardell,	   L.,	   Carlberg,	   M.,	   Hansson	   Mild,	   K.,	   2013.	   Use	   of	   mobile	   phones	   and	   cordless	  
phones	   is	   associated	   with	   increased	   risk	   for	   glioma	   and	   acoustic	   neuroma.	  
Pathophysiology	  20,	  85-‐110.	  

Hardell,	   L.,	   Carlberg,	   M.,	   Hansson	   Mild,	   K.,	   2005.	   Case-‐control	   study	   on	   cellular	   and	  
cordless	   telephones	   and	   the	   risk	   for	   acoustic	   neuroma	   or	   meningioma	   in	   patients	  
diagnosed	  2000-‐2003.	  Neuroepidemiology	  25,	  120-‐128.	  

Hug,	   K.,	   Roosli,	   M.,	   Rapp,	   R.,	   2006.	   Magnetic	   field	   exposure	   and	   neurodegenerative	  
diseases-‐-‐recent	  epidemiological	  studies.	  Sozial-‐	  und	  Praventivmedizin	  51,	  210-‐220.	  

Huss,	   J.,	   2011.	   The	   potential	   dangers	   of	   electromagnetic	   fields	   and	   their	   effect	   on	   the	  
environment;	   Doc.	   12608	   6	   May	   2011;	   .	   Council	   of	   Europe,	   Committee	   on	   the	  
Environment,	   Agriculture	   and	   Local	   and	   Regional	   Affairs.	  
http://www.assembly.coe.int/ASP/XRef/X2H-‐DW-‐XSL.asp?fileid=13137&lang=EN	  
accessed	  10.9.2013	  

IARC-‐WHO,	   2011.	   IARC	   classifies	   radiofrequency	   electromagnetic	   fields	   as	   possibly	  
carcinogenic	   to	   humans.	   Press	   release	   No.	   208,	   World	   Health	   Organisation	   and	  
International	  Agency	  for	  Research	  on	  Cancer	  31	  May.	  

IARC,	   2013.	   Monographs	   on	   the	   Evaluation	   of	   Carcinogenic	   Risks	   to	   Humans.	   	   Non-‐
Ionizing	  Radiation,	  Part	  2:	  Radiofrequency	  Electromagnetic	  Fields.	  IARC	  Monographs	  
102.	  

ICNIRP,	   1998.	   Guidelines	   for	   limiting	   exposure	   to	   time-‐varying	   electric,	  magnetic,	   and	  
electromagnetic	  fields	  (up	  to	  300	  GHz)	  	  -‐	  International	  Commission	  on	  Non-‐Ionising	  
Radiation	  Protection.	  Health	  Physics	  74,	  494‐522.	  

ICNIRP,	  2009.	  Exposure	  to	  high	  frequency	  electromagnetic	  fields,	  biological	  effects	  and	  
health	  consequences	  (100	  kHz-‐300	  GHz).	  International	  Commission	  on	  Non-‐Ionizing	  
Radiation	  Protection.	  

IEEE,	   1999.	   C95.1-‐1999	   -‐	   IEEE	   Standard	   for	   Safety	   Levels	   with	   Respect	   to	   Human	  
Exposure	  to	  Radio	  Frequency	  Electromagnetic	  Fields,	  3	  kHz	  to	  300	  GHz.	  

IEEE,	   2005.	   C95.1-‐2005	   -‐	   IEEE	   Standard	   for	   Safety	   Levels	   with	   Respect	   to	   Human	  
Exposure	  to	  Radio	  Frequency	  Electromagnetic	  Fields,	  3	  kHz	  to	  300	  GHz.	  

ITU,	   2013.	   International	   Telecommunication	   Union:	   ICT	   Facts	   and	   Figures	   2013;	  
http://www.itu.int/en/ITU-‐D/Statistics/Documents/facts/ICTFactsFigures2013.pdf	  
accessed	  10.9.2013	  

Kheifets,	  L.,	  Ahlbom,	  A.,	  Crespi,	  C.M.,	  Draper,	  G.,	  Hagihara,	   J.,	  Lowenthal,	  R.M.,	  Mezei,	  G.,	  
Oksuzyan,	   S.,	   Schuz,	   J.,	   Swanson,	   J.,	  Tittarelli,	  A.,	  Vinceti,	  M.,	  Wunsch	  Filho,	  V.,	  2010.	  
Pooled	   analysis	   of	   recent	   studies	   on	  magnetic	   fields	   and	   childhood	   leukaemia.	   Br	   J	  
Cancer	  103,	  1128-‐1135.	  

Khurana,	   V.G.,	   Hardell,	   L.,	   Everaert,	   J.,	   Bortkiewicz,	   A.,	   Carlberg,	  M.,	   Ahonen,	  M.,	   2010.	  
Epidemiological	   evidence	   for	   a	   health	   risk	   from	   mobile	   phone	   base	   stations.	  
International	  journal	  of	  occupational	  and	  environmental	  health	  16,	  263-‐267.	  

Kostoff,	  R.N.,	  Lau,	  C.G.Y.,	  2013.	  Combined	  biological	  and	  health	  effects	  of	  electromagnetic	  
fields	  and	  other	  agents	  in	  the	  published	  literature.	  Technological	  Forecasting	  &	  Social	  
Change	  80(7),	  1331-‐1349.	  

La	  Vignera,	  S.,	  Condorelli,	  R.A.,	  Vicari,	  E.,	  D'Agata,	  R.,	  Calogero,	  A.E.,	  2012.	  Effects	  of	  the	  
exposure	  to	  mobile	  phones	  on	  male	  reproduction:	  a	  review	  of	  the	  literature.	  Journal	  
of	  andrology	  33,	  350-‐356.	  



Levis,	  A.G.,	  Minicuci,	  N.,	  Ricci,	  P.,	  Gennaro,	  V.,	  Garbisa,	  S.,	  2011.	  Mobile	  phones	  and	  head	  
tumours.	   The	   discrepancies	   in	   cause-‐effect	   relationships	   in	   the	   epidemiological	  
studies	  -‐	  how	  do	  they	  arise?	  Environmental	  health	  :	  a	  global	  access	  science	  source	  10,	  
59.	  

Levitt,	  B.B.,	  Lai,	  H.,	  2010.	  Biological	  effects	   from	  exposure	  to	  electromagnetic	  radiation	  
emitted	  by	  cell	  tower	  base	  stations	  and	  other	  antenna	  arrays.	  Environmental	  Review	  
18,	  369-‐395.	  

Li,	  D.-‐K.,	  Ferber,	  J.R.,	  Odouli,	  R.,	  Quesenberry,	  C.P.,	  2012.	  A	  Prospective	  Study	  of	  In-‐utero	  
Exposure	   to	   Magnetic	   Fields	   and	   the	   Risk	   of	   Childhood	   Obesity.	   Nature	   Scientific	  
Reports	  2.	  

Lowenthal,	   R.M.,	   Tuck,	   D.M.,	   Bray,	   I.C.,	   2007.	   Residential	   exposure	   to	   electric	   power	  
transmission	  lines	  and	  risk	  of	  lymphoproliferative	  and	  myeloproliferative	  disorders:	  
a	  case-‐control	  study.	  Internal	  medicine	  journal	  37,	  614-‐619.	  

Merhi,	   Z.O.,	   2012.	  Challenging	   cell	   phone	   impact	  on	   reproduction:	   a	   review.	   Journal	  of	  
assisted	  reproduction	  and	  genetics	  29,	  293-‐297.	  

Maussion,	  C.,	  2011.	  4G	  :	  la	  suspension	  des	  antennes	  irrite	  Besson.	  Liberation	  19	  October	  
2011.	  

Otitoloju,	  A.A.,	  Obe,	  I.A.,	  Adewale,	  O.A.,	  Otubanjo,	  O.A.,	  Osunkalu,	  V.O.,	  2010.	  Preliminary	  
study	  on	  the	  induction	  of	  sperm	  head	  abnormalities	  in	  mice,	  Mus	  musculus,	  exposed	  
to	   radiofrequency	   radiations	   from	   global	   system	   for	   mobile	   communication	   base	  
stations.	  Bulletin	  of	  environmental	  contamination	  and	  toxicology	  84,	  51-‐54.	  

Panagopoulos,	  D.J.,	  2011.	  Analyzing	  the	  Health	  Impacts	  of	  Modern	  Telecommunications	  
Microwaves,	   In:	   Berhardt,	   L.V.	   (Ed.),	   Advances	   in	   Medicine	   and	   Biology.	   17.	   Nova	  
Science	  Publishers,	  Inc.,	  pp.	  1-‐54.	  

Panagopoulos,	   D.J.,	   Margaritis,	   L.H.,	   2010.	   The	   effect	   of	   exposure	   duration	   on	   the	  
biological	  activity	  of	  mobile	  telephony	  radiation.	  Mutation	  research	  699,	  17-‐22.	  

Perry,	  S.,	  Roda,	  C.,	  Carlson,	  K.,	  2012.	  Submission	  to	  the	  United	  Nations	  Committee	  on	  the	  
Rights	   of	   the	  Child	   -‐	  General	   Comment	  on	   the	  Rights	   of	   the	  Child	   and	   the	  Business	  
Sector	  
http://www2.ohchr.org/english/bodies/crc/SubmissionsGCBusinessSector.htm	  
accessed	  19.3.2013	  .	  

Peyman,	   A.,	   Gabriel,	   C.,	   Grant,	   E.H.,	   Vermeeren,	   G.,	   Martens,	   L.,	   2009.	   Variation	   of	   the	  
dielectric	  properties	  of	   tissues	  with	  age:	   the	  effect	  on	   the	  values	  of	  SAR	   in	  children	  
when	  exposed	  to	  walkie-‐talkie	  devices.	  Phys	  Med	  Biol	  54,	  227-‐241.	  

Riddervold,	  I.S.,	  Pedersen,	  G.F.,	  Andersen,	  N.T.,	  Pedersen,	  A.D.,	  Andersen,	  J.B.,	  Zachariae,	  
R.,	  Molhave,	  L.,	  Sigsgaard,	  T.,	  Kjaergaard,	  S.K.,	  2008.	  Cognitive	  function	  and	  symptoms	  
in	   adults	   and	   adolescents	   in	   relation	   to	   rf	   radiation	   from	   UMTS	   base	   stations.	  
Bioelectromagnetics	  29,	  257-‐267.	  

Shahbazi-‐Gahrouei,	   D.,	   Karbalae,	   M.,	   Moradi,	   H.A.,	   Baradaran-‐Ghahfarokhi,	   M.,	   2013.	  
Health	  effects	  of	  living	  near	  mobile	  phone	  base	  transceiver	  station	  (BTS)	  antennae:	  a	  
report	  from	  Isfahan,	  Iran.	  Electromagn	  Biol	  Med.	  

Sudan,	  M.,	   Kheifets,	   L.,	   Arah,	  O.,	   Olsen,	   J.,	   Zeltzer,	   L.,	   2012.	   Prenatal	   and	  Postnatal	   Cell	  
Phone	  Exposures	  and	  Headaches	  in	  Children.	  The	  open	  pediatric	  medicine	  journal	  6,	  
46-‐52.	  

Thénard,	   J.-‐M.,	   2012.	   Une	   Antenne	   relais	   au	   Conseil	   d’Etat.	   Le	   Canard	   enchainé	   12	  
October	  2012.	  

Tribunal	  des	  conflits	  de	  la	  cour	  de	  cassation,	  c.,	  2012.	  14	  mai	  2012,	  12-‐03.852,	  Publié	  au	  
bulletin.	  

Tversky,	  A.,	  Kahneman,	  D.,	  1981.	  The	  Framing	  of	  Decisions	  and	  the	  Psychology	  of	  Choice.	  
Science,	  New	  Series	  211,	  453-‐458.	  

United	  Nations	  High	  Commissioner	  for	  Human	  Rights,	  1989.	  Convention	  on	  the	  Rights	  of	  
the	  Child	   -‐	  Adopted	  and	  opened	   for	  signature,	  ratification	  and	  accession	  by	  General	  
Assembly	   resolution	   44/25	   of	   20	   November	   1989	   -‐	   Entry	   into	   force	   2	   September	  
1990,	  in	  accordance	  with	  article	  49.	  



Valentini,	  E.,	  Ferrara,	  M.,	  Presaghi,	  F.,	  Gennaro,	  L.D.,	  Curcio,	  G.,	  2010.	  Systematic	  review	  
and	   meta-‐analysis	   of	   psychomotor	   effects	   of	   mobile	   phone	   electromagnetic	   fields.	  
Occupational	  and	  Environmental	  Medicine	  67,	  708-‐716.	  

Ville	  de	  Paris,	  2003.	  CHARTE	  relative	  aux	  antennes	  relais	  de	  téléphonie	  mobile	  (Au	  sens	  
de	  l’article	  1	  du	  décret	  n°	  2002-‐775	  du	  3	  mai	  2002)	  	  

Ville	  de	  Paris,	  2012.	  CHARTE	  Relative	  à	   la	   téléphonie	  mobile	  (Au	  sens	  de	   l’article	  1	  du	  
décret	  n°	  2002-‐775	  du	  3	  mai	  2002).	  	  WHO,	  2012.	  What	  are	  electromagnetic	  fields?	  -‐	  
World	  Health	  Organisation.	  

	  http://www.who.int/peh-‐emf/about/WhatisEMF/en/index1.html	  19.3.2013	  
Wiart,	   J.,	   Hadjem,	   A.,	  Wong,	  M.F.,	   Bloch,	   I.,	   2008.	   Analysis	   of	   RF	   exposure	   in	   the	   head	  
tissues	  of	  children	  and	  adults.	  Phys	  Med	  Biol	  53,	  3681-‐3695.	  

	  
	  
Biographies	  
	  
Professor	  Claudia	  Roda’s	  research	  focuses	  on	  the	  impact	  of	  digital	  technology	  on	  
human	  behavior	  and	  social	  structure.	   	  She	  recently	  published	  the	  book	  “Human	  
Attention	   in	   Digital	   Environments”	   with	   Cambridge	   University	   Press.	   Claudia	  
holds	  a	  bachelor	  degree	  in	  Computer	  Science	  from	  the	  University	  of	  Pisa,	  and	  a	  
PhD	  from	  the	  University	  of	  London.	  	  
	  
Professor	   Susan	   Perry,	   a	   specialist	   in	   international	   human	   rights	   law,	   holds	  
degrees	  from	  Yale,	  Oxford	  and	  the	  Ecole	  des	  Hautes	  Etudes	  en	  Sciences	  Sociales	  
(Paris).	   	  She	  recently	  served	  as	  a	  child	  rights	  expert	  and	  US	  Delegation	  member	  
in	  Chad	  for	  the	  drafting	  of	  the	  N'djamena	  Declaration	  to	  End	  the	  Recruitment	  of	  
Child	  Soldiers.	  	  	  
	  



Table 1 – Guidelines for the frequency range of BTS 

Frequency	  

Basic	  
Restrictions	  
(ICNIRP	  1998)	  

Reference	  Levelsa	  (ICNIRP	  1998)	  

100	  kHz–
10	  GHz	  

Restrictions	  on	  
Specific	  energy	  
absorption	  rate	  
(SAR)	  prevent	  
whole-‐body	  
heat	  stress	  and	  
excessive	  
localized	  tissue	  
heating	  
	  
0.08	  W/kg	  
	  

	  

Frequency	  
range	  

Electric	  
field	  
strength	  	  
	  (V/m)	  

Magnetic	  field	  strength 
Electrom.	  
field	  
strength	  

H-field 
(A/m)	  

B-field  
(μT)	  

power	  
density	  
(W/m2)	  

3–150	  kHz 87 5 6.25 	  
0.15–1	  MHz 87 0.73/f 0.92/f 	  
1–10	  MHz 87/f1/2 0.73/f 0.92/f 	  
10–400	  MHz 28 0.073 0.092 2	  
400–2000	  
MHzb 

1.375f	  1/2 0.0037f 1/2 0.0046f 1/2 f/200	  

2–300	  GHz 61 0.16 0.20 10 
	  

10–300	  
GHz	  

Restrictions	  on	  
power	  density	  
(S)	  prevent	  
excessive	  
heating	  in	  body	  
tissue	  	  
10	  W/m2	  

	  
Same	  as	  2-‐300	  GHz	  range	  above	  

	  
a	  The	  limits	  reported	  are	  those	  for	  public	  exposure;	  different	  (higher)	  limits	  are	  
specified	  for	  occupational	  exposure.	  
b	  If	  calculated,	  the	  E-‐field	  strength	  level	  ranges	  between	  27.5	  and	  61.5	  V/m	  
(sqrt(400)	  *	  1.375	  =	  27.5	  and	  sqrt(2000)	  *	  1.375	  =	  61.49).	  


