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4. Cellular changes and potential mechanisms

In this section we look at EMFs and the changes that they have been found to make in DNA in 
cells, or in other cellular processes. We then look at some of the theories that have been proposed 
for the interaction between biological processes and external sources of EMFs.

A problem that  was  pointed out  by Mild (2009)  that  could be occurring  to confuse research 
findings, is that ELF electromagnetic fields caused by electronic equipment such as laboratory 
incubators, is largely unrecorded and uncontrolled.  These can generate significant amounts of 
EMFs, up to tens of microtesla.

DNA Breaks and Changes

For some time, DNA breaks were thought to be caused only by ionising radiation (like an X-ray 
or a nuclear bomb) acting directly on exposed cells.  However,  Professor Lai and others have 
consistently found single and double DNA strand breaks as a result of powerfrequency magnetic 
fields (Lai 1997, 19  98  , 2004) and a review by Phillips (2009), concluded that such breaks may have 
consequences for carcinogenesis and neurodegenerative diseases. The fields they exposed rat cells 
to were higher than are likely to be found in the normal residential environment, but were lower 
than the level at which DNA breaks would have been expected. They also found that melatonin 
(see separate article) helped to prevent the breakages (1997).  Ivancsits and colleagues also found 
that intermittent EMF exposure led to a significant increase in single and double-strand breaks in 
DNA (2002, 2003), as did Nikolova (2005). Focke (20  10  ) and Kim (2010) confirmed these findings, 
suggesting that the effects could be explained by disturbances in S-phase processes and triggering 
of apoptosis rather than the generation of DNA damage.

Sarimov (2011) found that chromatin conformation (the combination of DNA and proteins that 
make up the contents of the nucleus of a cell) was affected by magnetic field exposure at high 
levels,  but  the  effect  differed  between  individuals,  over  time  and  altered  according  to  the 
temperature at the time of exposure. Despite these variations, though, the authors concluded that 
the cells were changed by magnetic fields.

This concept that only ionising radiation could cause DNA breaks was challenged by Professor 
Eric Wright (2004) of Dundee University, who found effects of ionizing radiation in cells that had 
received no direct radiation exposure, what has become known as the bystander effect. Professor 
Denis  Henshaw  in  a  private  communication  (December  2008)  said  “the  word  'breakage'  is  a  
misnomer  because  it  is  not  usually  the  site  where  the  DNA was  “hit”  or  “attacked”  (by  chemicals,  
radiation  or  whatever),  rather  the  so-called  breaks  represent  points  of  failure  of  the  DNA replication  
template. The best examples here are genomic instability and the bystander effect, both nothing to do with  
direct 'hits' on the (parent) cell DNA”.  The bystander effect is where cells that have never been hit 
by ionising radiation, but were in the vicinity of those that were,  or even were cultured in a 
culture medium which had previously had cells in them that were irradiated, had DNA strand 
breaks induced in them. This occurs by a signalling effect from hit cells. Rossi (2011) found that 
cell  proliferation  rate  and  morphology  of  cells  in  one  petri  dish  was  affected  by  cells  in  a 
neighbouring one with no apparent chemical communication. A filter was used to screen EMFs 
and  the  changes  didn't  happen,  leading  the  authors  to  conclude  that  it  was  intercellular 
electromagnetic  communication,  an  example  of  the  bystander  effect.  However  Professor 
Henshaw  continues  “Chromosomal  aberrations  reflecting  DNA  strand  breaks  represent  replication  
failures in the DNA template. Such failures are associated with coding information and not necessarily  
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quantum energy at the level associated with ionising radiation. The myriad of responses involving genetic  
damage seen following exposures to magnetic fields are consistent with such loss of coding information.”

In a review of 29 studies (genotoxic and epigenetic) about DNA strand breaks and magnetic fields 
(MFs) by Ruiz-Gómez & Martínez-Morillo (2009), the authors concluded that the differences in 
conclusions could be explained if  “MF could act as a co-inductor of DNA damage rather than as a  
genotoxic agent per se.” Okudan (2010) found no genotoxic changes in mice as a result of  magnetic 
field exposures between 1 and 5 microtesla, although they did find higher micronucleus numbers, 
especially among males, at some frequencies.

DNA damage was found in all cerebral areas of mice exposed to low frequency magnetic fields 
(Mariucci 2010). The damage seemed to be repairable after a 7-day exposure.

Blank & Goodman (2009,  2011)  reviewed reports  of  increased stress  protein levels  and DNA 
strand breaks  due to  EMF interactions,  both of  which  are  indicative  of  DNA damage.  They 
suggested that the range of interaction with EMF is a characteristic of a fractal antenna, and DNA 
possesses 2 characteristics of a fractal antenna, electronic conduction and self symmetry. They 
concluded  that  these  properties  contribute  to  greater  reactivity  of  DNA  with  EMF  in  the  
environment, and the DNA damage could account for increases in cancer epidemiology.

Winker  (2005)  found that  intermittent  low-frequency EMFs led  to  considerable  chromosomal 
damage in dividing cells.

EEG changes

In a study by Marino (2004), each subject exhibited statistically significant changes in the EEG 
during presentation of the low-strength, low-frequency magnetic field. The 100% response rate 
suggests  that  the  ability  to  detect  such magnetic  fields  is  a  common property of  the  human 
nervous system. Carrubba (2009) also found changes in the EEG triggered by an external electric 
field.

Magnetic fields increased the uptake of glucose into the brain, depending on the direction of the 
field, affecting EEG (Frilot 2nd 2011).

Other cellular changes

Santini (2009) concluded in a review of papers looking at ELF cellular effects “the majority of the in  
vitro experimental results indicate that ELF fields induce numerous types of changes in cells. Whether or  
not  the  perturbations  observed  at  the  cellular  level  can be  directly  extrapolated  to  negative  effects  in  
humans is still unknown. However, the myriad of effects that ELF fields have on biological systems should  
not be ignored when evaluating risk to humans from these fields and, consequently, in passing appropriate  
legislation to safeguard both the general  public and professionally-exposed workers”.  The results of a 
study by  Ke  (2008)  suggested that  membrane receptors  could  be  one  of  the  most  important 
targets where extremely low frequency (ELF) MF interacts with cells, and Ras may participate in 
the signal transduction process of 50 Hz MF. A 'noise' MF could inhibit these effects caused by 
ELF-MF.

Lahijani (2009) also found a variety of cellular changes which resulted in deformities when chicks 
were exposed to EMFs before hatching.

Kaune (2002)  found that  the membranes of  living cells  may be affected by power frequency 
electric and/or magnetic fields at levels below those set by thermal noise limits. Cellini (2008) 
found changes in cell division in E. Coli exposed to EMFs. Sert (2011) found intracellular Ca(2+) 
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accumulation in cardiac ventricles increased in rats exposed to ELF magnetic field. No effect of  
ELF-EMFs was found in the proteins of the autonomic nervous system (Benfants 2008).

Bone marrow cells were affected by ELF-MF (Erdal 2007).

In 2006, Blackman reviewed work on EMF exposure, asking whether it could cause alterations in 
the  physiology  of  developing  organisms.  He  particularly  mentions  reports  that  indicate  that 
exposure of chicken eggs to electric fields of 10 volts per metre could cause the brain tissue of the 
hatched chickens  to  respond differently  in  a  particular  test,  and  subsequently  that  chemical 
sensitivity could develop in individuals with a history of power-line exposure.  He wondered 
whether the ambient electromagnetic environment can leave an imprint on developing organisms 
and if such imprint changes have the potential for health consequences.

Fifty Hz electric field may decrease plasma total cholesterol and triglyceride levels in rodents 
significantly, especially with long-term exposure (Coskun  & Comlekci  2010). Coskun (2009) also 
found  that  intermittent  and  continuous  magnetic  field  exposures  affect  various  tissues  in  a 
distinct manner because of having different tissue antioxidant status and responses. 

Gerardi (2008) found  “evidence that long term exposure to electromagnetic fields with a well defined  
frequency may have relevant  effects  on parameters  such as  body weight,  blood glucose  and fatty acid  
metabolism.” Giorgi  (2011)  found that  ELF magnetic  field  exposure  affected  cell  transposition 
activity, and the effects critically depend on the wave shape of the field, but not on the frequency 
and the exposure time, at least in the range observed in that particular study.

Makarov & Khmelinskii  (2013)  found that  a combination of  environmental  three-dimensional 
oscillating  low-frequency  electric  and  magnetic  fields  increased  or  decreased  the  lifespan  of 
drosophila  melanogaster.  They hypothesised that  they slowed down or accelerated metabolic 
processes by inducing vibrational motions at a sub-cellular or larger scale.

Potential  mechanisms  for  interaction  between  exogenous  EMFs 
and biological processes

Though  experiments  may be  contradictory  or  inconclusive,  nevertheless,  it  is  suggested that 
EMFs could act by:

 Directly increasing the level of harmful free radicals within the body
 Affecting other cellular processes, including tumour promotion, some of which may not 

even have been investigated as yet, including quantum-like processing of mental 
information in the brain (Khrennikov 2011)

 Decreasing the level of the protective hormone melatonin
 Affecting exposure to airborne pollutants, making them more harmful
 Other synergistic effects

Free radical effects

In body tissue free radicals are dangerous high-energy particles that damage cells and can both 
cause and accelerate the progression of cancer. Timmel & Henbest (2004) were among the first to 
show that exposure to EMFs can increase the yield of free radicals by more than 60%. The theory 
was reviewed by Simkó & Mattsson (2004), who concluded that EMFs cause a general increase in 
the  levels  of  free  radicals,  which  could  explain  the  diverse  and  often  inconsistent  nature  of 
observed effects of EMFs, free radicals being intermediaries in many natural processes. Martínez-
Sámano  (2010)  found  that  2  hours  of  60  Hz  EMF  exposure  might  immediately  alter  the 
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metabolism of  free radicals  decreasing antioxidant  activity  in the heart  and the kidneys,  and 
systems controlling the brain oxidative balance (Martínez-Sámano 2012). 

Experiments on mice (Rollwitz  2004, Crumpton  2005, Frahm  2006) found that magnetic fields 
stimulated the formation of  free  radicals  and also macrophage activity.  Some applications of 
EMFs were found to increase free radicals, whilst others did not (Güler 2007). Exposure to some, 
but not all, frequencies changes the cell cycle of human fibroblasts (connective tissue involved in 
wound healing), which may be an effect of free radical concentration (Cridland 1999).

Wolf  (2005)  found  a  dose-dependent  increase  in  DNA  damage  after  exposure  to  EMFs. 
Antioxidant administration reduced the damage, suggesting that redox reactions were involved. 
DNA damage could arise as a result of persistently elevated free radical concentrations, caused 
by long-term EMF exposure, or via the radical pair mechanism, by which magnetic fields increase 
the lifetime of free radicals, allowing more DNA damage to occur (Rollwitz 2004, Henshaw 2008, 
Eleuteri 2009). Yokus found in his studies (2005, 2008) that magnetic field exposure prolonged the 
life of free radicals detectable up to 100 days after exposure. There seemed to be a window effect  
and the higher levels of exposure did not have the same effect as lower ones.

Yoshikawa (2000) found that low frequency EMFs enhanced the level of nitric oxide that had been 
experimentally induced, thus increasing oxidative stress. Falone (2007) found that 50 Hz EMFs 
reduced cell tolerance to oxidative attacks, and Emre (2011) suggested a link between magnetic 
field exposure, oxidative stress, and induced cell death. Türközer (2008) and Akdag (2010) found 
no  change  in  cell  death,  but  increased  oxidative  stress,  and  diminished  antioxidant  defence 
system. Chu (2011) also found an increase in oxidative stress after ELF exposure for 3 hours. It  
was at a frequency which would be rarely encountered even in occupational circumstances, so 
the relevance may not be clear.

Polanaik (2010) suggested that vitamin E supplementation might decrease susceptibility to liquid 
peroxidation in tumour cells and that EMFs would reduce its effectiveness.

A review of the epidemiologic and experimental research on the potential carcinogenic effects of 
extremely low frequency electromagnetic fields (ELF EMF) by Simkó (2007) led her to conclude 
that “modulations on the oxidant and antioxidant level through ELF-EMF exposure can play a causal role  
in cancer development”.

Effects on other cellular processes

Binhi (2008) suggested that magnetic nanoparticles in the human body may be one of the avenues 
by which EMFs may be implicated in the development of childhood leukaemia. Changes in levels 
of cellular proteins or ions can affect cell function (such as removing unnecessary or damaged 
cells) and cause cancer cells to develop. Some experiments have shown that EMFs affect these 
functions (Sulpizio  2011),  though they have been difficult  to reproduce and therefore  remain 
controversial. Delle Monache (2008) found low frequency fields affected angiogenesis (the growth 
of  new blood vessels,  which can change tumours  from a dormant  state  to a malignant one). 
Calcium ions play a critical role in determining the rate of cell division, and the overall evidence 
is that magnetic fields induce changes in apoptosis (cell death), according to a review by Santini 
(2005), and a subsequent study by McCreary (2006). Changes in B lymphocytes can also change 
cellular  division  rates.  A  series  of  studies  (Uckun  1995,  Dibirdik  1998,  Kristupaitis  1998) 
demonstrated EMF effects that made cells more likely to become cancerous.  Basile (2011) found 
that the expression of the anti-apoptotic protein BAG3 was changed as a result of ELF exposure.  
The authors suggested that this may contribute to melanoma cell survival and/or resistance to 
cancer therapy. Boscolo (2001) demonstrated a reduction of blood NK lymphocytes and of the 
production of interferon in workers exposed to low frequency EMFs in a museum. However, the 
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original results have not yet been replicated, perhaps pointing to the need to tighten experimental 
protocols.

Electromagnetic fields were found to regulate the orientation of epithelial cell  (epithelial cells 
include  secretion,  selective  absorption,  protection,  transcellular  transport  and  detection  of 
sensation)  division  and  cause  their  directional  movement  (Zheleznov  2009).  Applied  electric 
fields  of  physiological  strength were  shown to produce significant  mechanical  torques  at  the 
cellular level (Hart 2010). 

ELF-EMF exposure was found to exert significant effects on synaptic activity, dependent  on the 
structure and neuronal network of the affected region (Varro 2009). 

Cells are not autonomous units responding to damage as independent entities. Recently, there 
have been many reports of effects arising in non-irradiated cells as a consequence of inter-cellular 
communication.  These  non-targeted  effects  have  been  demonstrated  in  the  descendants  of 
irradiated cells  (radiation-induced genomic instability)  and in cells  that  have received signals 
produced  by  neighbouring  irradiated  cells  (radiation-induced  bystander  effects)  but  the 
expression of such effects is significantly influenced by genetic factors (Wright 2008).

Evidence for indirect effects as a result of the ‘bystander effect’ has been shown by Wright and 
Mair (2008). Mair suggested that “EMF carcinogenesis involves the transport by macrophages of toxins  
(possibly including free radicals) to sites of infection or tumour localisation. This could increase mutation  
rates at these sites, perhaps promoting malignancy by introducing mutations, or by increasing the DNA  
instability  of  small  early  tumours,  thereby  engendering  a  more  aggressive  phenotype.”  Mair  also 
suggested that EMFs could be mutagenic on their own, or could potentiate ionizing radiation 
mutations. Pokorný (2009) also suggested that “Local invasion, detachment, and metastasis of cancer  
cells are subsequent events of disturbed electromagnetic interactions.”

Repacholi  &  Greenebaum  (1999)  suggested  that  induced  currents  circulate  mostly  in  the 
extracellular medium, and may be responsible for alterations in ion transport across membranes, 
voltage  sensitive  or  other  channels,  membrane  protein  function,  or  binding  of  hormones  or 
mitogens at the cell surface. To have a meaningful biological effect, signals from external fields 
must be either greater than the endogenous levels,  or discernible in a different manner.  This  
study was reported by McNamee (2009) who commented that EMFs may act on a molecular, 
cellular or organ level.

Sun (2010) concluded that 50-Hz magnetic field (MF) exposure for 72 hours could inhibit  the 
hormone secretion of trophoblasts, and an incoherent MF of equal intensity could completely 
eliminate the effects induced by the 50-Hz MF. 

Atasaoy (2009) suggested that electromagnetic fields could affect the functional capacity of the 
peripheral blood mononuclear cells by changing their adhesion ability. They wondered if these 
alterations  were  the  signs  of  immune  system  changes.  Selmaoui  (2011)  showed  that  50-Hz 
magnetic field exposure significantly increased IL-6, a protein that is part of the human immune 
response. Qiu (2010) indicated that protein kinase C signalling was involved in electromagnetic 
pulse-induced blood brain barrier permeability change. The magnetic field levels were at the top 
of ICNIRP-allowed occupational levels, but these effects should be looked at again. A study by Di 
Giampaolo (2006)  found that  high magnetic  field levels  in a museum workplace  affected the 
immune  systems  of  those  working  there;  the  women  more  than  the  men.  Johansson  (2009) 
reviewed papers on the effects of EMFs on the immune system and concludes that “EMFs disturb  
immune function through stimulation of various allergic and inflammatory responses, as well as effects on  
tissue repair processes. Such disturbances increase the risks for various diseases, including cancer.”
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Fonken (2012) found that light at night affected immune parameters in diurnal rodents. She also 
found  (2013)  that  chronic  exposure  to  even  very  low  levels  of  light  pollution  may  alter 
inflammatory responses, including a greater reduction in locomotor activity, increased anorectic 
behaviour and increased weight loss. She suggested that light at night disrupted core circadian 
clock mechanisms.

Ravera (2011) reported that only membrane-anchored enzymes decreased their activity as a result 
of exposure to specific levels of EMFs, and that this change was  reversible.

John Howard, at a conference in November 2008, introduced a paper describing how he had used 
fluorescent stains to show that exposure to chemicals (to which the cells were sensitised) and 
electromagnetic radiation caused almost identical rapid influxes of calcium into living cells. He 
suggested that Multiple Chemical Sensitivity (MCS) and Electrical Hypersensitivity (EHS) may be 
very similar and centred on changes in membrane permeability. 

Zhang (2010) found that 50 Hz 0.8µT magnetic field can induce the uptake of intracellular calcium 
in osteoblasts. Morabito (2010a, 2010b) found that acute exposure decreased calcium activity and 
increased  reactive  oxygen  species  (ROS)  levels,  and  nitric  oxide  levels  (Pall  2013).  Chronic 
exposure resulted in levels returning to non-exposure levels.

Chiu & Stuchly (2005), using two modelling techniques, found that imperceptible contact currents 
could  potentially  induce  biologically  significant  changes  in  transmembrane  potential  across 
cellular gap junctions from “several to over 200 microV”. It has been suggested by others (Peck & 
Kavet 2005) that contact currents (such as may be found on domestic water pipes) may be one of  
the causative mechanisms for leukaemia.

Studies with electric and magnetic fields in the extremely low-frequency range have shown that 
weak  fields  can  cause  charge  movement  (Albanese  2009).  Redistribution  of  charges  in  large 
molecules  can  trigger  conformational  changes  that  play  a  key  role  in  membrane  transport 
proteins, including ion channels, and probably account for DNA stimulation to initiate protein 
synthesis  (Blank  2008).  He  concluded  that  weak  EMFs  can  control  and  amplify  biological 
processes.  

Liboff (2009) found that changes in human body bioimpedance are significantly altered during 
exposure to ion cyclotron resonance (ICR) magnetic field combinations. Some of the effects were 
only found at ultra-low AC magnetic intensities. These findings reinforce the idea that “physical  
factors acting to influence the electric polarization in living organisms play a key role in biology.” 

Dendrites in the brain have been reported to be electrically excitable, requiring less stimulation 
than is normally required for biological changes (Sastre & Kavet 2002).

Davanipour & Sobel (2009) reviewed the research into EMF and the risks of Alzheimer's disease 
and breast cancer. They concluded that long-term significant occupational exposure increased the 
risk  of  both  and  suggested  two  biological  processes  that  may  be  responsible;  increased 
production of amyloid beta and decreased production of melatonin, as did Noonan (2002). Del 
Giudice (2007) found a significant increase of amyloid-beta peptide secretion following overnight 
exposure to low frequency EMFs.

Sobel in an earlier study (1995), had suggested that electromagnetic fields “may adversely influence  
calcium  homeostasis  and/or  inappropriately  activate  immune  system  cells  such  as  microglial  cells,  
initiating events that result in neuronal degeneration.”

Contalbrigo (2009) said that exposure to different electromagnetic fields is responsible for the 
variations  of  some  haematochemical  parameters  in  rats,  which  could  explain  some  of  the 
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variability in experimental findings (Cakir 2009). Magnetoreception may be more common than 
has  been  allowed for  which  could  explain  some  of  the  variability,  too,  as  in  the  preceding 
experiment. Robertson (2010) found changes in brain activity from pulsed EMFs, using functional 
brain imaging to observe them, and explained them in terms of brain changes involved in the 
processing of acute thermal pain.

Simkó  (2004),  in  an  overview  of  cellular  studies,  presents  a  model  describing  potential 
mechanisms for EMF exposure causing cell changes, which could lead to carcinogenesis. Pokorný 
(2008)  suggested  that  the  interaction  forces  between  cancer  cells  may  be  smaller  than  the  
interaction between healthy cells and cancer cells, and that the “mechanism of malignity, i.e. local 
invasion,  detachment  of  cancer  cells,  and  metastasis,  is  assumed  to  depend  on  the 
electromagnetic field” which presumably is open to disruption.

In  a  study by  Zhang (2013),  low frequency EMFs significantly  enhanced the  proliferation  of 
human epidermal  stem cells  (hESC)  in  a  frequency-dependent  manner,  with the  highest  cell 
proliferation  rate  at  50  Hz.  Exposure  to  a  low  frequency  EMF  significantly  increased  the 
percentage of cells at the S phase of the cell cycle, coupled with a decrease in the percentage of  
cells in the G1 phase, but the effect was not frequency dependent.

Park (2013) found that neural differentiation of human bone marrow stem cells were induced by 
EMF through mild generation of ROS.

The effect of EMF exposure on gene induction has been investigated using heat shock proteins,  
which play a role in cellular signal transduction pathways and are involved in essential cellular 
functions  such as  cell  proliferation,  differentiation and the  initiation of  apoptosis  (Morano & 
Thiele  1999).  Other  methods  have  also  demonstrated  the  potential  mechanism by which  MF 
influence  cell  growth  and  differentiation  (RY  Wu  2000).  Lin (2001)  found  that  responses  to 
magnetic fields were dependent on particular gene sequences, or cell status (Garip & Akan 2010) 
and changed when these mutated, and Tokalov & Gutzeit (2004) found that responsiveness was 
dependent  on  field  strength,  with  ‘windows’  of  maximum  response.  ELF  magnetic  fields 
stimulated cell  growth under specific  conditions of  exposure  (Belyaev  2011).  Lin (1994,  1997, 
1998a,  1998b) suggested that the heat shock factor was activated in exposed cells, and also that 
there was a increase in c-myc transcripts. Lin said  Because magnetic fields penetrate the cell, they  
could well react with conducting electrons present in the stacked bases of the DNA,” though the response 
did seem to depend on the presence of elevated protein levels. Strasák (2009) found protein (c-
Jun) changes in the brains of mice exposed to magnetic fields. 

Yang (2008) found genetic markers that showed those carrying this gene variant were four times 
more likely to develop childhood leukaemia if they also live within 100 metres of powerlines or  
transformers,  compared  to  those  with  a  fully  functioning  version  of  the  gene.  This 
groundbreaking piece of research indicates a potential for identifying individual susceptibility.

Cells which clump together take up less oxygen and also raise the risk of thrombosis.

Liboff (2013) offers an explanation for the effect of weak magnetic fields with biological systems. 
He says “the biological basis is likely to be found in the weak (-50 nT) daily swing in the geomagnetic field  
that results from the solar tidal force on free electrons in the upper atmosphere, a remarkably constant  
effect exactly in phase with the solar diurnal change. Because this magnetic change is locked into the solar-
derived everyday diurnal response in living things, one can argue that it acts as a surrogate for the solar  
variation, and therefore plays a role in chronobiological processes. This implies that weak magnetic field  
interactions may have a chronodisruptive basis, homologous to the more familiar effects on the biological  
clock arising from sleep deprivation, phase-shift employment and light at night. It is conceivable that the  
widespread sensitivity of biological systems to weak ELF magnetic fields is vestigially derived from this  
diurnal geomagnetic effect.”
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Light at Night (LAN) and melatonin

63% of the world population and 99% of the population of the European Union and the United 
States live in areas where the night sky is brighter than the threshold for light-polluted status set 
by the International Astronomical Union – that is, the artificial sky brightness is greater than 10% 
of the natural sky brightness above 45º of elevation.

Richard Stevens,  a  professor  and cancer  epidemiologist,  was  part  of  a  study team that  used 
satellite photos to gauge the level of night-time artificial light in 147 communities in Israel, then 
overlaid the photos with a map detailing the distribution of breast cancer cases (Kloog 2008). The 
results showed a statistically significant correlation between outdoor artificial light at night and 
breast cancer, even when controlling for population density, affluence and air pollution. Women 
living in neighbourhoods where it was bright enough to read a book outside at midnight had a 
73% higher risk of developing breast cancer than those residing in areas with the least outdoor 
artificial lighting. This link was confirmed by George Brainard, a professor of neurology.

Stevens (2009) summarises the current view of health effects as a result of light at night. Breast 
cancer  incidence  increases  rapidly  as  societies  industrialise.  Many  changes  occur  during  the 
industrialisation process, one of which is a dramatic alteration in the lighted environment from a 
sun-based system to an electricity-based system. Based on the fact that light during the night can 
suppress  melatonin  and  also  disrupt  the  circadian  rhythm,  it  was  proposed  in  1987  that 
increasing use of electricity to light the night accounts in part for the rising risk of breast cancer 
globally. Predictions from the theory include: non-day shift work increases risk, blindness lowers 
risk, long sleep duration lowers risk, and population level community night-time light level co-
distributes with breast cancer incidence. Thus far, studies of these predictions are consistent in 
support  of  the  theory.  Stevens  says  (2009)  that  the  molecular  genetics  of  circadian  rhythm 
generation  are  both  advancing  rapidly,  and  will  provide  for  the  development  of  lighting 
technologies at home and at work that minimise circadian disruption, while maintaining visual 
efficiency and aesthetics.

The National Institute of Environmental Health Sciences (NIEHS) in 2006 noted that it may not be 
entirely coincidental that dramatic increases in the risk of breast and prostate cancers, obesity and 
early-onset diabetes have mirrored the dramatic changes in the amount and pattern of artificial 
light generated during the night and day in modern societies.

Light at night led to changes in insulin production which can predispose to diabetes (Qian 2013).

When people are exposed, at night to light, a part of the electromagnetic spectrum, studies have 
shown significant reductions in the amount of melatonin that they have produced (reviewed by 
Henshaw & Reiter 2005, and many others). 

Melatonin is  responsible for many crucial processes in the body, including

• it  is  one of  the most  potent anti-  cancer substances that  the body naturally  produces,  
repairing damaged cells 

• it  maintains circadian rhythm
• it  is responsible for mood control, including depression and suicide
• it maintains the integrity of the immune system
• Other possible roles

Controlled  laboratory  studies  do  show  that  exposure  to  light  during  the  night  can  disrupt 
neuroendocrine physiology, thereby accelerating tumour growth.
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Breast cancer incidence is increasing globally (Stevens  2009). A study by O'Leary (2006) found 
women who switched the light on during sleep hours at home more than twice a week or more 
than  twice  a  night,  had  an  increased  risk  of  developing  breast  cancer.  Countries  in  which 
residents were exposed to more LAN had a higher number of men suffering from prostate cancer 
(Kloog 2009), though not lung or colon cancers, and women suffering from breast cancer, but not  
lung cancer (Kloog 2008). Prostate and breast cancers are hormone-dependent and thought to be 
associated with melatonin levels. Blask (2011) said that experimental evidence in rats and humans 
indicating that  LAN-induced circadian disruption  of  the  nocturnal  melatonin signal  activates 
human breast  cancer  growth.  Wu (2011)  suggested that  it  accelerated breast  tumour  growth. 
Pauley, in a meta-analysis (2004), suggested that the proper use and colour of indoor lighting is 
important to the health of humans. Reed (2011) suggested that health care institutions work with 
occupational  health  nurses  to  develop  and  implement  hazard  communication  and  policies 
concerning shift work, exposure to light at night, and increased risk for negative health outcomes, 
particularly breast cancer.

A paper by Kloog (2010) found a 30-50% increased risk of breast cancer in countries with the 
highest versus lowest LAN levels. No such association was found between LAN and incidence of  
non-hormone-dependent lung, colorectal, larynx or liver cancers in women. Increased LAN may 
have implications for other lifestyle changes that may be implicated in such an increase, so a 
straightforward cause/effect relationship cannot be assumed. 

Melatonin administered to experimental animals that were cancer-prone and exposed to constant 
light, significantly reduced the incidence of cancer, though not all animals exposed to constant 
light had an increased risk of tumours (Anderson 2000). Dauchy (2011) found that even very low 
levels  of  LAN in their  animal  laboratory  disrupted circadian  rhythms and stimulated cancer 
growth. Reducing LAN restored these aspects of metabolism. Zubidat (2011) found that LAN was 
an environmental stressor in voles. affecting endocrine responses.

Vinogradova  (2009,  2010)  found  that  constant  light  exposure  from  the  age  of  1-2  months 
accelerated aging and promoted tumour development in rats. Starting constant light at the age of 
14 months, tumour development was accelerated in females, but delayed in males.

Working night shifts has been acknowledged by the International Agency for Research on Cancer 
(IARC) as a class IIA carcinogen. That is, that it is a probable cause of cancer. Brudnowska & 
Peplonska (2011) carried out a literature review on night shift work and cancer risk. In 6 out of 10 
studies, a significant association was found between night shift work and risk of breast cancer. 
The increased risk has been reported in nurses, radio-telephone operators, flight attendants and 
women employed in occupations in which 60% of employees work at night.

There  is  growing  evidence  that  night  shift,  and  aeroplane  flight  personnel,  which  may  be 
considered to be proxies for exposure to light at night, is associated with an increased risk of 
breast cancer. Some studies show a direct link between light at night and breast cancer. (Tynes 
1996, Davis  2001, Hansen  2001, Rafnsson  2001, Schernhammer  2001,2006, Anisimov  2002,  2003 
Blask  2005,  Viswanathan  &  Schernhammer  2009,  Li  2010).  Other  cancers  have  also  been 
implicated, such as endometrial cancer (Viswanathan  2006),  colorectal cancer (Schernhammer 
2003), other cancers, and premature aging (Asinimov 2004, 2006).

Rotating night shift  is  associated with coronary heart  disease.  Brown (2009)  also found a 4% 
increased risk of ischemic stroke after periods of rotating night shift work. 

Fritschi (2011) suggests that multiple factors may be involved in the association between shift 
work and adverse health consequences (including cancer risk). They suggest phase shift; sleep 
disruption; lifestyle factors, such as poor quality diets, less physical activity and higher BMI; and 
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lower vitamin D.  These (and others)  could be included in further  studies,  to discover which 
factors may have synergistic effects. 

The risk of developing hormone-related cancers, such as breast and prostate cancer is decreased 
in people who have a visual impairment or who are blind (Pukkala  2006, Flynn-Evans  2009), 
supporting the link between light at  night,  melatonin implications and cancer risk.  However, 
there  are  some people  who  cannot  detect  light,  whose  melatonin  levels  are  still  affected  by 
exposure to light at night (Czeisler  1995). It seems that the eye may not be the only detector of 
light.

The intrinsic period of the human circadian pacemaker averages 24.18 hours in adulthood and 
does not shorten with age (Czeisler 1999). The 24-hour day/night cycle, known as the circadian 
clock, affects physiologic processes in almost all organisms. These processes include brain wave 
patterns,  hormone production,  cell  regulation,  and other  biologic  activities.  Disruption  of  the 
circadian clock is linked to several medical disorders in humans, including depression, insomnia, 
cardiovascular  disease  and  cancer,  says  Paolo  Sassone-Corsi,  chairman  of  the  Pharmacology 
Department at the University of California.  “Studies show that the circadian cycle controls from ten to  
fifteen percent of our genes,” he explains. Fonken (2009) found that mice exposed to constant light 
had increased depressive-like and decreased anxiety-like responses.

Adolescents living in brightly illuminated urban districts had a stronger evening-type orientation 
than adolescents living in darker and more rural municipalities. Time spent on electronic screen 
media use – a source of indoor light at night – is also correlated with eveningness. Adequate 
urban development design and parents limiting adolescents' electronic screen media use in the 
evening could help to adjust adolescents' zeitgeber (an environmental condition that acts to reset  
an innate biological rhythm) to early school schedules when they provide appropriate lighting 
conditions for daytime and for nighttime (Vollmer 2012).

The hypothesis that has been accepted is that light at night disrupts the body's circadian rhythm 
(Stevens & Rea 2001, Stevens 2007, Bedrosian 2012), and the production of melatonin (Blask 2002). 
Richard Stevens, one of the foremost researchers into the biological effects of light at night said in 
his  2005 paper  “Lighting  during  the  night  of  sufficient  intensity  can  disrupt  circadian  rhythms,  
including  reduction  of  circulating  melatonin  levels  and  resetting  of  the  circadian  pacemaker  of  the  
suprachiasmatic nuclei. Reduced melatonin may increase breast cancer risk through several mechanisms,  
including increased  estrogen  production and altered  estrogen receptor  function.  Epidemiologic  studies  
should  consider  gene  and  environment  interactions  such  as  circadian  gene  variants  and  shift  work  
requirements on the job”. 

Juutilainen  &  Kumlin  (2006) found  that  those  people  who  were  occupationally  exposed  to 
magnetic fields and also had night time light exposure produced significantly lower levels of  
melatonin.

Blask  (2009)  concludes  “The  mutual  reinforcement  of  interacting  circadian  rhythms  of  melatonin  
production,  the sleep/wake cycle  and immune function may indicate  a  new role for undisturbed,  high  
quality sleep, and perhaps even more importantly, uninterrupted darkness, as a previously unappreciated  
endogenous mechanism of cancer prevention.”

Ohta (2006) found that constant light very early in life (such as in neonatal intensive care units 
[NICUs]) had both acute and long-term disruptive effects on developing biological clocks and 
that  cyclic  lighting  conditions  are  critical  for  developing circadian  clocks  to  coordinate  their 
molecular circadian mechanisms. 

Other studies are implicating over- or underexpression of genes known to be involved in the 
body's circadian clock.  Healthy women showed a lower expression of  the CLOCK gene than 
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women  with  breast  cancer  (Hoffman  2010).  They  also  found  that  epigenetic  changes  –  the 
switching on or off of genes as a result of environmental factors – may play a role. For instance,  
an epigenetic change called promoter methylation, which turns off expression of CLOCK, was 
associated with a lower risk of breast cancer.  A pilot study by Zhu (2011) found evidence of 
cancer-relevant epigenetic effects of night shiftwork, affecting breast cancer risk.

Melatonin is a hormone known to be involved in mood regulation, and low melatonin levels have 
been  found  in  people  suffering  from  depression.  The  intensity,  duration  and wavelength  of 
lighting seems to be significant (Glickman 2002, Lockley 2003,  Hanifin 2006, Jasser 2006) though 
this has been less researched. Alpert (2009) suggested that it is primarily the blue wavelengths of 
light that are responsible for loss of melatonin. Blocking the blue wavelengths with amber glasses 
restores melatonin production. They believe that wearing these type of glasses or using blue-free 
light bulbs for a few hours before bedtime maximises melatonin production and reduces the risk 
of breast, ovarian and prostate cancer. Bennett (2009) suggested that these glasses or bulbs may be 
helpful in preventing postnatal depression in women who get up at night to feed their new-born 
babies. 

College students using computers late at night were investigated to see whether this had an effect 
on their melatonin levels. It seemed that as long as there were no bright, blue white light present 
as well, exposure to computer screens had little effect (Figueiro 2011). Clearly, monitors should be 
adjusted to  give the minimum light-exposure  that  is  comfortable  to work with in  night-time 
conditions.

The reduction of melatonin has been implicated in the development of Parkinson’s disease.  

Our exposure to light at night may be having some impact on the excessive weight that is  a  
problem for many people. Fonken (2010,  2013) reports that mice housed in bright or dim light 
without  a  dark  cycle  had  significantly  increased  body  mass  and  reduced  glucose  tolerance 
compared with mice who had a normal dark/light cycle, despite equivalent levels of calories and 
activity.  Karatsoreos (2011) also reports  the weight gain effect,  and adds that  animals  with a 
chronically disrupted circadian rhythm also showed decreased cognitive flexibility and changes 
in emotionality.

Airborne pollutant effects

Airborne pollutant particles are known to have a significant effect on health.  The strong electric 
fields associated with high voltage power lines may affect the charge on the chemicals found in 
traffic pollution, making them more likely to be absorbed by the body. This effect can be observed 
up to 7 kilometres downwind of a high voltage powerline (Fews 1999a). The older the cable and 
the wetter the weather the more charged ions are emitted (Fews 1999b). Very small particles are 
particularly hazardous because of their ability to penetrate deeply into the lung and pass into the 
bloodstream Seaton (1995). These small particles are in the size range where electrical charging 
can significantly increase lung deposition on inhalation. 

Other potential synergistic effects

A  study  by  Vanderstraeten  &  Gillis  (2010)  found  that  magnetic  fields  over  0.5  microtesla 
combined with the geomagnetic field to exceed the threshold of magnetoreception in migrating 
animals. As humans also have magnetite in their cells, this may explain one of the more subtle 
cellular  processes  (Kirschvink  2001).  It  has  also  been  found  that  the  human  flavoprotein 
crytochrome, CRY2, has the molecular capability to function as a light-sensitive magnetosensor 
(Foley 2011).
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Wu & Dickman (2012) spotted a group of 53 cells in pigeons' brains that respond to the direction 
and strength of the Earth's magnetic field. Each cell also showed a sensitivity to field strength,  
with the maximum sensitivity corresponding to the strength of the Earth's natural field. Where 
these cells are is a bit of a mystery. Ideas have included:- in their noses or beaks, in an inner ear  
organ, or even the compass cells in pigeon beaks are a type of white blood cell. As with most life  
processes, the answer may be complex, and more than one mechanism may be at work in bird 
navigation.

Pica  (2006)  found  that  changes  in  viruses  exposed  to  EMFs  occurred  only  when  they  were 
stimulated with TPA.

The content of this article can be freely used with appropriate citation    
           www.powerwatch.org.uk or www.emfields.org 
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