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Capacity building

Rnowledge. Environment, Development and

Sustainability, 17(2), 299-314.
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XnuikéG ouoiec — lMapeupaivouv 0TO OPHOVIKO CUCTHHA

EvOokpIviKOi AIOTAPAKTEG

OpHOVIKOG
MupRvag / Y1rodoxéag

— <«— OpHOVEC

X

Kuttapo

MipgoUvTal TNV OPHOVIKR OPACT Kol £TOI ETTIPEPOUV
OlaTapaxEG OTOV AVOPWITIVO OPYAVIOUO.
NMou BpiokovTai:

KaAAuvTikd, NMpoocOeTa Tpo@igwy,
ATTOoppUTTAVTIKA, EVTOHOKTOVO
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Telka onueta opaong (end points)
EvVOooKpIVIKOV Al0TUPOKTOV
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To avBpWITIVO WA, AKOMA KAl
TOU guBpuUov, gival
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TOV OTHOOPAIPIKO AEPOA, TN YN KA
TO VEPO KAl TIG OUVNOEIEC TWV
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[TepitTAokn MNMepiBaAlovTiKn €kBeon ...

@ AvOBpwrtrol Kal 1d1aiTepa TTAIdIA AAAG KAl OAOKANPA OIKOCUCTAMATA DIAPKWG EKTIBEVTAI
O€ MiydaTa XNHIKWY ouoiwyv aAAG Kal TTARB0C akTIVOBOAIWY ayvowvTag TIC TTIOAVES
aOpOIOTIKEC/OUVEPYIOTIKEGC OPATEIC

@ ‘Exel TaparnpnOci cuvépyEia QUTOPAPHAKWY JE NAIAKH AAAG KOl NAEKTPOUAYVNTIKI
evEPYEIQ Kal OXI HOVO

@ Eioepyxdpeva puto@Apuaka oTov opyavioud aAAd diaxedpeva Kail oTo TTEPIBAAAOV
MeTaTpETTOVTAI/UETABOAICOVTAI OE DIAPOPETIKEG XNMIKEG DOMEG ME AYVWOTEG KAl
MN MEAETNUEVEG 1I0IOTNTEG.

@ H amoikodounon Twv apXIKWV oucIiwy € BuyaTtpikd TTpoidvTa gival duvaTtov va
EVEPYOTTOINOOUV NNXAVIOUOUG KUTTAPOTOEIKOTNTAC KAl YEVOTOEIKOTNTAG O€
avlpwTTouG Kal TTEPIBAAAOV

@ ‘ExkBeon o€ mepIBAAAOVTIKOUG TTAPAYOVTES OTTAVIA Eival O HENOVWPEVA EpeBiouaTa
Mapddeiypa o HAIog n HAekTpouayvnTika TEdia KAl QUTOPAPUOKA

Koppe, J. G., Bartonova, A., Bolte, G., Bistrup, M. L., Busby, C., Butter, M., &
Howard, V. Nicolopoulou P. (2006). Exposure to multiple environmental agents
and their effect. Acta Paediatrica, 95, 106-113.
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Exposome or
“life-course environmental exposures”

@ A general external environment including the urban
environment, education, climate factors, social
capital, stress.

@ A specific external environment with
specific contaminants, radiation, infections, lifestyle fact
ors (e.g. tobacco, alcohol), diet, physical activity, etc.

@ An internal environment to include internal biological
factors such as metabolic factors, hormones, gut
microflora, inflammation, oxidative stress.

Wild, C. P. (2005). Complementing the genome with an
“exposome”’: the outstanding challenge of environmental
NKUA Medical School MSc: exposure measurement in molecular epidemiology.
Environment and Health. Capacity building for Decision Making




Body burden

@ The air we breathe, water we drink, food we eat, and
even the homes we live In

-- all have some level of toxic contamination.

@ It's just the unavoidable nature of our industrialized world

there’s no safe threshold.
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Extremely low frequency-magnetic fields
(ELF-EMF)

@ Extremely Low Frequency-Magnetic Fields (ELF-MF) are
possible carcinogens to humans and some data suggest
that they can act as promoters or progressors.

@ Since NK cells play a major role in the control of cancer
development, an adverse effect on ELF-MF on NK
function has been hypothesized

Gobba, F., Bargellini, A., Scaringi, M., Bravo, G., & Borella, P. (2009).
Extremely low frequency-magnetic fields (ELF-EMF) occupational
exposure and natural killer activity in peripheral blood

lymphocytes. Science of the total environment, 407(3), 1218-1223.
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Radiation chemistry comes before
radiation biology.

@ Radiation chemistry is central of specific aspects.

@ Historically, the main application of radiation chemistry of
relevance to radiation biology has been investigations of
the free-radical processes leading to radiation-induced
DNA damage and its chemical characterization,

O'Neill, P, & Wardman, P. (2009). Radiation chemistry comes before
radiation biology. International journal of radiation biology, 85(1), 9-
25.
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Synergistic health effects between chemical
pollutants and electromagnetic fields 1/4

@ Humans and ecosystems are exposed to highly variable
and unknown cocktail of chemicals and radiations.

@ Although individual chemicals are typically present at low
concentrations, they can interact with each other
resulting in additive or potentially synergistic mixture
effects.

@ This was also observed with products obtained by
radiation actions such as sunlight or electromagnetic
fields that can change the effects of chemicals, such as
pesticides, and metal trace elements on health.
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Synergistic health effects between chemical
pollutants and electromagnetic fields 2/4

@ Humans and ecosystems are exposed to highly variable
and unknown cocktail of chemicals and radiations.

@ Although individual chemicals are typically present at low
concentrations, they can interact with each other
resulting in additive or potentially synergistic mixture
effects.

@ This was also observed with products obtained by
radiation actions such as sunlight or electromagnetic
fields that can change the effects of chemicals, such as
pesticides, and metal trace elements on health.
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Synergistic health effects between chemical
pollutants and electromagnetic fields 3/4

@ Concomitant presence of various pesticides and their
transformation products adds further complexity to
chemical risk assessment since chronic inflammation is
a key step for cancer promotion.

@ Degradation of a parent molecule can produce several
by-products which can trigger various toxic effects with
different impacts on health and environment.

@ For instance, the cocktail of sunlight irradiated
sulcotrione pesticide has a greater cytotoxicity and
genotoxicity than parent molecule, sulcotrione, and

questions about the impact of photochemical process on
environment.

NKUA Medical School MSc:
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Synergistic health effects between chemical
pollutants and electromagnetic fields 4/4

@ Adjuvants were shown to modify the biological features
of pesticides.

@ Addition of other elements, metals or biological products,
can differently enhance cell toxicity of pesticides or
electromagnetic radiations suggesting a synergy in living
organisms.

@ Electromagnetic fields spreading, pesticide by-products
and mixtures monitoring become greater for
environmental contamination evaluations.

Ledoigt, G., Sta, C., Goujon, E., Souguir, D., & El Ferjani, E. (2015).
Synergistic health effects between chemical pollutants and

electromagnetic fields. Reviews on environmental health, 30(4), 305-
309.
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lonizing and non-ionizing
electromagnetic field (EMF) radiation,
either stand-alone or in combination
with other agents,

exert health effects on biological
systems.

Kostoff, R. N., & Lau, C. G. (2017). Modified health effects of non-ionizing

electromagnetic radiation combined with other agents reported in the biomedical
literature. In Microwave Effects on DNA and Proteins (pp. 97-157). Springer, Cham.
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Chemicals or EMFs G\ 2 o X Chemicals or EMFs

SYNERGISTIC / ADDITIVE / UNCOOPERATIVE

Acute damage Long- term damage
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v"Cell death
v Chromosome ¥ Cancerogenesis
aberrations ¥ Genomic instability

v Oxidative stress/ ROS% v Premature senescence
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| v Karyotipic analysis

v Clonogenic survival v" Chromosome painting ' Delayed clonogenic
v Apoptosis v Micronuclei survival

v Cell-cycle alterations v Comet v"Delayed apoptosis
¥'y-H2AX phosphorylation v Gene expression




In daily living, the body Is exposed to
multiple external agents simultaneously

@ myriad non-ionizing EMF radiations,
M pesticides,

@ food additives,

[l heavy metal,

@ legal and illegal drugs,

@ ionizing radiation, and

@ air pollution.

Kostoff, R. N., & Lau, C. G. (2017). Modified health effects of
non-ionizing electromagnetic radiation combined with other
agents reported in the biomedical literature. In Microwave

Effects on DNA and Proteins (pp. 97-157). Springer, Cham.
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The number of combinations of
potential external agents is large

Each combination could potentially have

synergistic or antagonistic, and beneficial
or adverse, effects.

Kostoff, R. N., & Lau, C. G. (2017). Modified health effects of
non-ionizing electromagnetic radiation combined with other
agents reported in the biomedical literature. In Microwave

NI TR Effects on DNA and Proteins (pp. 97-157). Springer, Cham.
nvironment and Health. Capacity building for Decision Making




However...

@ Non-ionizing EMF radiation exposure safety

standards are based primarily on stand-alone
radiation exposures.

@ When combined with other agents, the adverse
effects of non-ionizing EMF radiation on
biological systems may be more severe.

@ Much work remains to be done before definitive
statements about non-ionizing EMF radiation
exposure safety can be made.

Kostoff, R. N., & Lau, C. G. (2017). Modified health effects of
non-ionizing electromagnetic radiation combined with other
agents reported in the biomedical literature. In Microwave

T —— Effects on DNA and Proteins (pp. 97-157). Springer, Cham.
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Health concerns have been raised
about non-ionizing EMF radiation from

@ mobile communication devices,
M occupational exposure,
M residential exposure,

A wireless networks in homes, businesses,
and schools, and

@ other non-ionizing EMF radiation sources
such as ‘smart meters’ and ‘Internet of
Things’

Kostoff, R. N., & Lau, C. G. (2017). Modified health effects of
non-ionizing electromagnetic radiation combined with other
agents reported in the biomedical literature. In Microwave
Effects on DNA and Proteins (pp. 97-157). Springer, Cham.
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Harmful Effects

@ “Extremely Low Frequency-Magnetic
Fields (ELF-MF) are possible carcinogens
to humans and some data suggest that
they can act as promoters or progressors”.

'Biochemical / Biophysical stimuli ‘

STEMCELLHI HE:
cytokines, cell adhesion molecules,
extracellularmatrix, growthfactor

BIOLOGICAL: CHEMICAL:

q_

\ Gobba F, Bargellini A, Scaringi M, Bravo G,
Borella P (2009) extremely low frequency-
magnetic fields (ELF-EMF) occupational
exposure and natural killer activity in
peripheral blood lymphocytes. Sci Total
Environ 407(3):1218-1223

|STEM CELL
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@ “These additional data support previous
findings concerning a possible association
between heavy mobile phone use and

brain tumours”

Coureau G, Bouvier G, Lebailly P, Fabbro-Peray P,
Gruber A, Leffondre K, Guillamo J-S, Loiseau H,
Mathoulin-Pelissier S, Salamon R, Baldi I (2014)
mobile phone use and brain tumours in the CERENAT
case-control study. Occup Environ Med 71(7):514-522
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@ Headaches, skin rashes,
sleep disturbances,
depression, decreased
libido, increased rates of
suicide, concentration
problems, dizziness,
memory changes,
Increased risk of cancer,
tremors, and other

neurophysiological
effects in populations

. Levitt BB, Lai H (2010) Biological effects
near base Stat| ons from exposure to electromagnetic radiation

emitted by cell tower base stations and other
antenna arrays. Environ Rev 18:369-395
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@ “The risk of childhood leukemia was higher
than expected for the distance up to 6 km
from the radio station.....and there was a
significant decline in risk with increasing
distance both for male mortality.....and for
childhood leukemia”

Michelozzi P, Capon A, Kirchmayer U,
Forastiere F, Biggeri A, Barca A, Perucci
CA (2002) Adult and childhood leukemia
near a high-power radio station in Rome.
Ital Am J Epidemiol 155(12):1096—1103

NKUA Medical School MSc:
Environment and Health. Capacity building for Decision Making



To epoTnUO EIVOL TL OVVOTOTNTES
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ApxN TNG TTPOPUAAENG

@ Orav 1a EMOTNPOVIKA TEKUNPIA Eival AVETTAPKN, UN KATAANKTIKA 1
apBéBala Kal OTTou UTTAPXOoUV eVOEIEEIC, XApNn OE MIA TTPOKATAPTIKNA
QVTIKEIYEVIKI) ETTIOTAMOVIKR agloAdynon, OTI Ta OUVANEI ETTIKIVOUvVA
atroTeAéoaTa yia To TTEPIBAAAOV KaI TNV UYEIQ TWV avOpWTTWY, TWV
CWWV Kal TWV QUTWV Eival ACUVETTA JE TO ETTIOIWKOPEVO ETTITTEQO
TTPOOTACIAC TOTE. ..

«KAAAIOV TO TTPOAQUPBAVEIV ] TO BEpaTTEUEIVY

Irrokparng (Kwg 460 m.X. - Aapioa 377 m.X.)
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Theodore Scorato, Environmental Health Trust
Devra Davis, Environmental Health Trust

Chrysanthi Kotampasi, Medical School of Athens
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