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EBF (< 300 kHz)

* Peut-on s’attendre a des
effets biologiques ?

(< 300V/m et <50uT)

-Non ionisant

-Pas de cassures de liens chimiques
-Pas d’altération directe de I'ADN = pas d’effets
génétiques ou cancérigénes directs
-Puissances/amplitudes<<< mécanismes
électrophysiologiques connus (ex.
altérations au niveau de la membrane
cellulaire)

* Peut-on s’attendre a des
effets biologiques ?

(< 300V/m et <50uT)
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" RF radiation:
biological effects
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Acute Leukaemia in Workers Exposed to
Electromagnetic Fields
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Professor Ivan BEALE of the Auckland Unlver5|ty has linked
high tension power lines... already assocated with higher rates of
leukaemia among children...to asthma and depression in adults.
People living within a 20m shadow of high voltage lines are
three times as likely to suffer from asthma and twice as likely to
have major depression. Researchers believe the danger levels
drop rapidly outside the 20m zone. The study also indicates that
people have a higher incidence of diabetes and are twice as
likely to suffer from immune related illnesses such as allergies
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Lipoatrophie semi-circulaire

CONNAISSANCES ACTUELLES
De nombreuses allégations, peu de certitudes :

L'étude des effets biologiques des rayonnements électromagnétiques est un
domaine de recherche compliqué et tres large qui nécessite une approche
multidisciplinaire. Cette complexité peut expliquer I'évolution trés lente de nos
connaissances sur le sujet et la persistance de nombreuses inconnues.
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1. Les différents types d'études biologiques ont chacun leur spécificité, leurs
avantages et leurs inconvénients
in vitro — in vivo — Expérimentation humaine — Epidémiologie

= A single study can form the basis
of an hypothesis, but does not
provide the basis for hazard
Identification.

. Confirmation of the results of any
study are needed through
replication and/or supportive
studies.

Epidemiology
Studies

. The resulting body of evidence

Human Clinical Studies i
forms the basis for science-based

judgments by defining exposure "%,
evels for f£_1C -
. ; . . adverse health \._1 R «cg
Animal Toxicology Studies effects and rucuran ¥
. no observable

adverse effects.

In Vitro Studies

2. Différences selon le «substrat» biologique

Les résultats peuvent dépendre du type de tissu étudié; par exemple, les
propriétés électriques et magnétiques des tissus peuvent différer d'un tissu
a l'autre (conductivité électrique, perméabilité, etc.), I'orientation de
I'organisme par rapport aux champs peut également étre importante, dans
certains cas, la taille de I'organisme, etc.

3. Différences selon les facteurs associés

Des facteurs biochimiques tels que la présence ou I'absence d'un produit
chimique ou polluant dans le corps/les cellules (médicaments, polluants) ou
un changement physiologique (éventuellement une maladie) peuvent
affecter la sensibilité aux champs. Dans certains cas, aucun effet n'a été
trouvé dans des cellules ou des organismes sains normaux, mais des effets
ont été trouvés dans des cellules déséquilibrées (infectées, en réparation
ou guérison...).
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4. Le type d'exposition peut étre déterminant:

L'exposition continue ou chronique, I'exposition totale ou partielle, les interférences
avec d'autres expositions sont également des facteurs qui peuvent expliquer des
différences dans une réponse biologique.

5. La complexité d'une approche scientifique:

Normalement, un scientifique tentera d'établir un lien de causalité (I'exposition a un
champ magnétique particulier induit la leucémie, par exemple), mais en raison de toutes
les variables possibles qui peuvent jouer un réle, un scientifique tentera de mettre en
ceuvre une simplification dans son étude expérimentale, ce qui limite le nombre de
parametres pouvant affecter le résultat. Par conséquent, les études in vitro sont
également importantes (le «systéme biologique» est mieux a portée de main). Mais ce
n'est plus la réalité, et le résultat obtenu est donc toujours partiel, suggestif, mais pas
tout a fait certain.

Par conséquent, les résultats de différentes études effectuées dans différents
laboratoires (et parfois méme dans le méme laboratoire) peuvent étre différents. Une
approche différente peut conduire a d'autres parametres importants et donc a un autre
résultat.

CHAMPS MAGNETIQUES ET LEUCEMIE
CHEZ UENFANT
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http://en.wikipedia.org/wiki/Image:BSTROM1.jpg

Am J Epidemiol. 1979 Mar;109(3):273-84.
Electrical wiring configurations and childhood cancer.
Wertheimer N, Leeper E.

An excess of electrical wiring configurations suggestive of high current-

flow was noted in Colorado in 1976--1977 near the homes of children

who developed cancer, as compared to the homes of control children.
The finding was strongest for children who had spent their entire lives at
the same address, and it appeared to be dose-related. It did not seem to
be an artifact of neighborhood, street congestion, social class, or family
structure. The reason for the correlation is uncertain; possible effects of

current in the water pipes or of AC magnetic fields are suggested.

Etudes épidémiologiques: Limitations

- Résultats controversés

- Petit nombre d’individus — Limitations statistiques

- Evaluations pas souvent en aveugle (exposition, etc.)

- Difficultés de faire des mesures: ou, combien de temps, ...?

- Contradictions entre les champs mesurés et le « wire code »

- De nombreuses comparaisons; les résultats positifs sont souvent
exagerés

- “Facteurs confondants”

- Contradictions dans les résultats positifs

- Mécanismes d’action inconnus
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http://www.ncbi.nlm.nih.gov/pubmed?term="Leeper E"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term="Leeper E"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract

Child leukemia cases per year and total electricity
consumption
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CM-EBF ET LEUCEMIE CHEZ L’ENFANT

> 0.4 HT IARC

Aucune autre information convaincante sur les
effets en matiére de santé

Aucune preuve d'effets sur la santé dans la
population active (professionnelle)

Aucune preuve deffets néfastes sur la & :;b Y
sante pour les champs statiques (sauf exposition trés ﬁi 113 v
importantes) NP

Epidemiology. 2000 Nov;11(6):624-34.
A pooled analysis of magnetic fields, wire codes, and childhood
leukemia. Childhood Leukemia-EMF Study Group.
Greenland S, Sheppard AR, Kaune WT, Poole C, Kelsh MA.

Br J Cancer. 2000 Sep;83(5):692-8.
A pooled analysis of magnetic fields and childhood leukaemia.
Ahlbom A, Day N, Feychting M, Roman E, Skinner J, Dockerty J, Linet M,
McBride M, Michaelis J, Olsen JH, Tynes T, Verkasalo PK.
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ETUDES EN LABORATOIRE

Des centaines d'études ne
permettent pas de conclure de
maniéere définitive

British Journal of Cancer (2010) 103, 93/ -932 @

© 2010 Cancer Research UK Al rights reserved 00070920110

www.bjcancer.com

Editorial
The association between extremely low-frequency

electromagnetic fields and childhood leukaemia in epidemiology:
enough is enough!

. )

§ Schmiedel™"? and M Blettner'

'Intiute for Medical Bistatistics, Epiderniology and Informatics (IMBE), University Medical Center of the Johannes Gutenberg University Mainz, Mainz
55101, Germany; “Danish Cancer Society, Intitute for Cancer Epidemiology, Copenhagen 2100, Denmark
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£2010 Cancer Recearch LK

9/25/2017

10



Synoptic Analysis Clarifies Childhood
Leukemia Risk from ELF Magnetic Field
Exposure
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m Open Access

Abstract
In spite of 36 years epidemiologic research, there is still an ongoing controversy about a causal
link between childhood leukemia (CL) and exposure to extremely low frequency (ELF) magnetic
fields (MF). Public concern has been increased by the fact that ELF MF have been classified as pos-
sibly carcinogenic to humans (class 2B) while exposure limits still remain three orders of magni-
tudes above reported CL risk onset levels. In a new synoptic approach rather than few selected
ORs, all reported epidemiological risk estimates (ORs) are analyzed, both pooled together as well
as separated into sub-pools of different exposure metric as well as of high and low exposure levels.
The results explain the worrying offset of ORs towards increased CL risk as well as the reported
puzzling dose-response at low MF levels as an artifact caused by the small-number effect. The
synoptic analysis clarifies that ORs critically depend on statistical power. With increasing statis-
tical power ORs decrease and ﬁndlly Lunvcrge to and stay at zero risk. This is found consistently
at the entire data_pool ==l igated exposure parameters
istance to MF source, and mdgnetlc field value] Former contradictory r 4%.
now be explalned The synoptic analysis provides convincing evidence that the risk of childhoo:
leukemia is not increased by exposure to ELF magnetic fields. IARC’s classification of ELF MF

needs revision. /

Keywords
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Childhood leukemia and
environmental factors

Causes de la leucémie chez I'enfant
(Environnement)

Prouvée

- Radiations ionisantes

~ Y
/// Probables
// - Pesticides
-~ - Benzene

Health Council
of the Netherlands

Superior Health
Council Belgium

EuSANH

- Tabagisme des parents
- PCB

Possibles

- Arsenic inorganique dans I'eau potable
- Formaldéhyde

- Consommation d'alcool des parents

- Plastifiants

- Poids élevé a la naissance

- Champs électromagnétiques
d'extrémement basses fréguences
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Health effects of extremely low-frequency
magnetic fields: reconsidering the melatonin
hypothesis in the light of current data on
magnetoreception

Jacques Vanderstraeten,** Luc Verschaeve,” Hynek Burda,®*
Catherine Bouland® and Christophe de Brouwer®

ABSTRACT: The so-called 'Mel hesis’ proposed that decreased nocturnal produ:tion of melatonin (MLT) might
explain the increased risk of breast :am:er that has been formerly attributed to fi (ELF) ic fields
(MF) of weak intensity. Although the risk of ELF MF upon breast cancer was later dlsmlssed repeated reports were published
of partial inhibition of MLT secretion in rats under long-term (> 4 weeks) exposure to weak ELF MF. Since 2004, however, this
topic has not been experimentally studied any more. In the present study, we propose to go back to the MLT hypothesis and
apply it to childhood leukemia, for which an increased risk has been robustly iated with resid to ELF MF.
Contrary to the original hypothesis, however, we do not consider decreased MLT levels, but dlsruption of circadian
rhythmicity per se as the effector mechanism. Indeed, the role of the circadian timing sy in the d of
childhood leukemia has been well established. Motivation for going back to the MLT hypothesls comes from recent data that

y ption by ELF MF in Is, and itivity in h her with current
evidence for an influence on circadian rhythmklty from disruption of non- photic sensory stimuli of various natures. We thus
suggest further study on circadian rhythmicity in humans (children if possible) under long-term exposure to weak ELF MF.
Copyright © 2012 John Wiley & Sons, Ltd.

Keywords: power-frequency; magnetosensory disruption; circadian biorhythms; nocturnal biorhythms; childhood leukemia

Révision de I'hypothése de la mélatonine a
la lumiére des données récentes sur la
magnétoréception

MELATONINE: HYPOTHESE

v" MLT élimine les radicaux libres* et protége contre le cancer
v' CEM-EBF inhibent la sécrétion nocturne de la MLT

v’ Effets des CEM-EBF sur la sécrétion de la MLT augmenteraient le
risque de cancer du sein

— Cette hypothése n’est plus retenue (plus d’études apres 2004)

aintenant on peut dire avec certitude qu’il n’y a aucune relation entre

les CEM-EBF et le cancer du sein !!

* Une molécule ou un atome qui a un ou plusieurs électrons non appariés. Une telle i ion est i résultant dans des remaniements chimiques rapides.
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Reconsidération de I'hypothese de la
melatonine a la lumiére des données
actuelles sur la magnétoréception

Noon
12:00

High alertness
10:00 Best coordination
Highest testosterone secretion 14:30
. 09:00, Fastest reaction time

Bowel movement likely 08:30 15:30

Greatest cardiovascular efficiency

i and muscle strength
Sharpest rise il;:orélub(. e streng

in blood pressure06:45 ]

06:00 ’ 4 7 7 18:00

18:30Highest blood pressure
19:00 Highest body temperature
circa

1:0Q Melatonin secretion starts
diem 02:00
l Deepest sleep

2:30
i 00:00 Bowel movements suppressed

Lowest body temperature 04:30'

Midnight

Rythme circadien

Rythme biologique dont le cycle prend environ un jour

CEM-EBF: PERTURBATION DE LA MAGNETORECEPTION (Perception des CEM) ??

Indications de la stimulation de la magnétoréception et ainsi de la perturbation du rythme
circadien par un champ magnétique de > 0,5 uT.

Cette perturbation induite par CEM-EBF pourrait expliquer la leucémie chez les enfants.
Une meilleure corrélation entre I'exposition nocturne aux CEM et la leucémie chez les
enfants comparé a une exposition 24h.

Données épidémiologiques :
Aucun risque de leucémie infantile a > 0,3 uT (24h) mais a > 0,3 uT (de nuit)
[Winsch-Filho et al. (2011) Cancer Epidemiol. 35, 534-539].

Influence de la direction du CEM et de I'age (jeune age renforce I'effet en raison des
différences dans la «physiologie circadienne» des jeunes par rapport aux adultes).
[Salti et al. (2000) J. Clin. Endocrinol. Metab. 85, 2137-2144;
Rivkees (2003) Pediatr. Endocrinol. Rev. 1, 38-45].
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ALZHEIMER

healthy
brain

advanced
alzheimer's
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AUTRES MALADIES
DEGENERATIVES?

Int. J. Epidemiol. Advance Access published February 2, 2008

Published by Oxford University Press on behalf of the International Epidemiological Association International Journal of Epidemiology 2008;1-12

% The Author 2008; all rights reserved. doi:10.1093/je/dym295

Occupational exposure to extremely low
frequency electric and magnetic fields and
Alzheimer disease: a meta-analysis

Ana M Garcia,'?* Antonio Sisternas'? and Santiago Perez Hoyos®*

Accepted 19 December 2007

Background Among potential environmental risk factors for Alzheimer discase
(AD), occupational exposures have received some attention, includ-
ing extremely low frequency electromagnetic fields (ELF-EMF).
A systematic review and meta-analysis of published epidemiological
studies on this subject was carried out.

Methods The search was concluded in April 2006. Bibliographic databases
consulted included PubMed, EMBASE, Cochrane Library and
NIOSHTIC2. Pooled estimates were obtained using random-effects
meta-analysis. Sources of heterogeneity between studies were
explored, as was publication bias.

Results Fourteen different studies (nine case-control and five cohort
studies) accomplished inclusion criteria. All these studies followed
standardized criteria for AD diagnosis and most of them obtained
quantitative estimates of exposure. Pooled estimates suggest an
increased risk of AD from case-control studies (ORpootea 2.03; 95%
CI 1.38-3.00) and from cohort studies (RRpoolea 1.62; 95% CI

.27), with moderate to high statistical heterogeneity in both

>s (respectively, I? =58% and I =54%). Cohort studies showed

s for exposed men (RRoea 2.05; 95% CI

.80, I =0%). Evidence of dose-response relationship was not

present. Test for publication bias suggests small study effects,
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Original Contribution

Residence Near Power Lines and Mortality From Neurod generative Di

Longitudinal Study of the Swiss Population

Anke Huss, Adrian Spoerri, Matthias Egger, and Martin R&6sli for the Swiss National Cohort Study

Initially submitted May 5, 2008; accepted for publication August 25, 2008.

The relation between residential magnetic field exposure from power lines and mortality from neurodes i
conditions was analyz.ed among 4.7 million persons of the Swiss National Cohort (Iintkying mortality ag:n:;ra\::z
data), ccgve.nng the period 2000-2005. Cox proportional hazard models were used to analyze the relation of living in
the proximity of 220-380 kV power lines and the risk of death from neurodegenerative diseases, with adjustment
fqr a range of potential confounders. Overall, the adjusted hazard ratio for Alzheimer's disease in persons living
wnthlr} 50 m of 3‘220—380 kV power line was 1.24 (95% confidence interval (Cl): 0.80, 1.92) compared with persons
whq lived ql a dl§!_&f_\09 of 00 m or more. There was a dose-response relation with respect to years of residence in
thg immediate vicinity of power lines and Alzheimer's disease: Persons living at least 5 years within 50 m had an
adjusted hazard ratio of 1.51 (95% CI: 0.91, 2.51), increasing to 1.78 (95% ClI: 1.07, 2.96) with at least 10 years and
to ?.00 (95% CI:_ 1.21, 3.33) with at least 15 years. The pattern was similar for senile dementia. There was little
evidence for an increased risk of amyotrophic lateral sclerosis, Parkinson’s disease, or multiple sclerosis.

dementia; neurodegenerative diseases; radiation, nonionizing

Abbreviations: ALS, amyotrophic lateral sclerosis; Cl, confidence interval;

| ELF-MF, extremely low frequency magnetic field(s);
ICD-10, Cl of D, Injuries, and Causes of Death, Tenth Revision. 2
Published by Oxford University Press on behalf of the International Epidemiological Association I ! Journal of Epidemiolegy 2008;37:341-343

& The Author 2008; all rights reserved. Advance Access publication 14 February 2008

doi:10.1093/ije/dyn024

Commentary: Epidemiological research on
extremely low frequency magnetic fields and
Alzheimer’s disease—biased or informative?

Martin Roosli

Accepted 14 January 2008

In 2006 the worldwide prevalence of Alzheimer’s
disease was estimated to be 26.6 million; and by 2050,
Alzheimer’s disease prevalence is expected to qua-
druple because of the increasing life expectancy in
many countries." Although the years of life lost per
Alzheimer’s discase case are relatively small, the
discase causes considerable distress for afflicted
families. Moreover, Alzheimer’'s disease patients
need substantial care resulting in substantial costs
for the health care system.

Little is known about the causes of Alzheimer’s
discase. Several genetic mutations have been identi-
fied to be associated with early-onset as well as late-
onset disease.? In addition, environmental factors are
assumed to play an important role, particularly for the
development of late-onset Alzheimer’s disease.”> Many
environmental, occupational or lifestyle risk factors

assessing long-term exposure to ELF-MF in our
everyday environment is complex. There are several
occupations where ELF-MF exposure is well char-
acterized and considerably higher than in the every-
day environment. It is thus not surprising that all
studies on ELE-MF exposure and Alzheimer’s disease
have focused on occupational exposure and no study
has been performed in the general population so far.
All epidemiological studies included in the meta-
analysis of Garcia ef al. collected cxposure data
retrospectively. Collecting retrospective exposure data
from Alzheimer's disecase patients is particularly
problematic if one has to rely on recollection only,
being unable to retrieve the information from routine
data sources, such as census data or occupation
records. In seven of the 14 reviewed epidemiological
studies exposure information had to be obtained by

9/25/2017
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Can cytogenetics explain the possible

association between exposure to extreme
low-frequency magnetic fields and
Alzheimer’s disease?

Annemarie Maes and Luc Verschaeve*

ABSTRACT: R ly, a

of

to low-fi

1
y elec

yet and there are no known b

| studies have

1 that occ

| as well as

ﬁelds (ELF-EMFs) may be a risk factor for Alzheimer’s disease. This Is not proven

al mech to
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A review of genome mutation and Alzheimer’s disease
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Introduction
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clinically prescncd cascs being histopathologically confirmed
a5 ADatp: 3). Worldwide 3

diagnascd cvery 7 5. The global incidence of dementia is
estimated 10 be 243 million, with ~4.6 million new cases
being diagnosed anmually (4,5). Cumrently between 165 W0and
180 000 Australians suffer from this disease, with an unmnusl
cost in 2004 to the Ausiralian government of $36 billon
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that by 2025 at least 34 million people worldwide will suffer
from AD (10)
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CEM-EBF: Effets génétiques induits ?

* SCENIHR 2015:
— Aucune altération directe de I'ADN
— Aucun effet génétique (cassures chromosomiques)
a <100 uT
— Effets co-mutagenes?

— Mutations génomiques?
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1) Augmentation de la fréquence des micronoyaux et/ou aberrations chromosomiques
numériques a > 100 pT

2) Augmentation de la fréquence des ‘buds’ (= amplification génique) a >50 pT

3) Risque réduit d’'altérations géniques a 5 et 10 uT (?)

SCENIHR 2015

“The previous SCENHIR Opinion indicated a possible increase in Alzheimer's disease
arising from exposure to ELF, stressing the need for further epidemiological and
laboratory investigations”.

What has been achieved since then?

“Although the new studies in some cases have methodological weaknesses, they
do not provide support for the previous conclusion that ELF MF exposure
increases the risk for Alzheimer’s disease”.

+

Macedo et al. (2017) Is Sleep Disruption a Risk Factor for Alzheimer's Disease?

J Alzheimers Dis. 2017;58(4):993-1002. doi: 10.3233/JAD-161287.

Mechanisms triggered by sleep disruption may be involved in AD development,
such as brain hypoxia, oxidative stresgzCircadian activity rhythms disturbances>
overexpression of orexins, and blood-brain barrier impairment.
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cumulative mortality

Risque réduit de dégats génétiques a 5 et 10 uT (?)
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= Exposition faible aux CEM et autres facteurs environnementaux stimulent
la réponse immunitaire et la réparation de 'ADN

= Stimulation plus efficace dans des cellules/tissus infectés ou stressés
(il existent d’autres exemples); donc, en cas de maladie ou de déséquilibre.

Une exposition a moins d’effets quand les cellules sont saines !
= HYPOTHESE:

Les CEM induisent dans les cellules une «situation de stress» faible qui est
responsable de I'activation prématurée du systeme immunitaire et d’autres
systemes d’alarme (p. ex. réparation de 'ADN). Les cellules pourront ainsi
plus rapidement se défendre contre des menaces externes

(agents pathogénes et autres). Celles-ci seront donc moins susceptibles d'étre
nuisibles.

4
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Peu de pathogénes dans le corps — mécanismes de défense
ne sont pas (encore) activés

Invasion de
pathogénes |
ALARME
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— DEFENSE

Bacteria are no
friendty
chﬂﬁans"

Que font les CEM-EBF?
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Peu de pathogénes dans le corps + CEM = ALARME & DEFENSE
ou autres expositions PRECOCE

MAIS: que se passe-t-il apres
expositions chroniques (longue durée)
aux CEM-EBF ?

Indications selon lesquelles une exposition prolongée pourrait d’abord
induire une stimulation du systéme immunitaire qui cependant disparaitrait
aprés un certain temps (épuisement?). Mais d'autres données ne confirment pas

cela.

Cela n'a jamais été suffisamment étudié jusqu'a maintenant!

%
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CONCLUSION

- Conclure a une relation entre les CEM-EBF et la leucémie infantile
« reste valable » mais il existe d'autres causes, peut-étre plus importantes.

- Le lien entre les CEM-EBF et I'émergence de maladies neurologiques telles que la
maladie d'Alzheimer est loin d’étre établi mais il n’est pas encore possible d’exclure

cette possibilité.

-Les CEM-EBF peuvent (tout comme d'autres facteurs de stress tels que les
radiofréquences ou certains autres agents physiques et chimiques) induire a court
terme une petite réponse (inoffensive) dans les cellules/organismes, mais les
implications a long terme ne sont pas encore connues.
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