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"Twenty percent of the known factors associated with autism are genetic, but most are not. It's
wrong to think of genes and the environment as separate and independent factors. Genes and
environmental factors interact. The net result of this interaction is metabolism." Robert
Naviaux UCSD School of Medicine (43)
Researchers have been scrambling to unlock the mysteries behind the alarming rise in autism
spectrum disorders (ASD). Autism causes a dismaying amount of suffering, loss of human
potential as well as financial burden. ASD is increasingly recognized as a serious public health
problem. According to the Centers for Disease Control and Prevention, the prevalence for ASD
has risen 1200-1500% over 20 years and is now over 1%. It affects about 1 in 68 children (one in
42 boys and one in 189 girls). Is this a real phenomenon or just heightened awareness and better
diagnosis? It is both. Research indicates that changes in diagnostic criteria have accounted for
some but not all of the increase. In California from 1992- 2005 the criteria for inclusion changed
and it is estimated that it accounted for about 25% of the increase in diagnosis.
(1)
Complex Brain Systems-Complex Brain Research
Autism is a complex disorder. A plethora of research has also discovered those with ASD have
many abnormalities in the brain including …loss of cell function, signaling dysfunction, loss of
purkinje cells and astrocytes, metabolism disorders, mitochondrial disorders, oxidative damage,
inflammation of the brain, mast cell activation, reduction of protein synthesis, overstimulation of
some areas of the brain involved in memory, alteration in the excitatory/inhibitory imbalance of
glutamatergic/GABAeric system and systemic immune dysfunction all connected to the
functional behavioral problems seen in autism. How are these connected with one diagnosis?
Faulty Genes and the Environment
Research suggests that a myriad of faulty genes are associated with autism however differences
in gene expression and exposure to environmental factors may contribute to differing autismrelated traits. (5) In fact studies of concordant twins suggest there is a stronger environmental
component than previously believed.(6)(70)(71) Genetic, environmental, and immunological
factors all appear to play a role in its pathogenesis. This is an important recent shift in

thinking about the issue as researchers are now looking at environmental influences in
addition to genetic links to autism. Identifying the specific biochemical and anatomic
abnormalities of ASD as well as the suspected environmental causes and triggers will help not
only in treatment but also urgently guide preventative actions for this difficult and costly
syndrome.
Environmental Causes or Contributors Need to be Addressed
As discussed in Autism Part 1 we are regularly exposed to a host of known neurotoxins and
biologic toxins including heavy metals, pesticides, plastics, industrial chemicals, flame
retardants, air pollutants, food additives and radiation. Umbilical cord samples show babies have
some 200 known toxins that have been circulating in their bloodstream during fetal development.
Known neurotoxins easily cross the blood brain barrier. (44,45) Endocrine disruptors are likely
suspects as well considering the development and functioning of the nervous system is intimately
tied to immune, reproductive and thyroid hormones during development both prenatally and
postnatally. (87)(89)
What interactions do these have on the developing brain? Is it just the brain that is out of order in
autism? Although there is much research to be done we know a great deal about mechanisms of
toxicity for environmental exposures and how they exert their effects on cells and metabolism.
In Autism Rising Part 1 these concepts were introduced. In Part 2 we will focus on the highlights
of current research into genetic, biochemical changes and pathophysiology. We will then look at
how researchers have connected at least some of the dots with regards to gene and environment
interactions. Scientists and experts in neurotoxicology are especially concerned and are now
calling for a precautionary and preventative strategies with regards to potential environmental
factors.

“We need a systematic search for potentially preventable environmental causes of autism,” Dr.
Philip Landrigan, Director of the Children's Environmental Health Center, Mt. Sinai
Autism
Autism Spectrum Disorder (ASD) is a behaviorally defined group of neurodevelopmental
disorders characterized by impairments of social interaction, communication and restricted,
repetitive and stereotyped patterns of behavior, interests and activities. Individuals with autism
vary widely in abilities, intelligence, and behaviors. From 30% to 60% of children with an
autism spectrum disorder have an IQ measure that falls in the intellectual disability range. (3) It
is generally diagnosed within the first 3 years of life during a time of critical and fragile circuit
refinement.
Autism is more common in boys by a factor of 4. Some show signs of autsim in infancy while
others may grow normally the first few years then suddenly become withdrawn or loose
language. (58) Many individuals with ASDs have symptoms of associated medical conditions,

including seizures, sleep problems, metabolic conditions, and gastrointestinal (GI) disorders,
which have significant health, developmental, social, and educational impacts. (34)
Behavioral symptoms include poor eye contact, language difficulty, inappropriate social
interaction, repetitive motion or rocking, constant motion, difficulty with changes in routine,
“Work on the maternal infection risk factor using animal models indicates that aspects of
brain and peripheral immune dysregulation can begin during fetal development and continue
through adult- hood. “ (63)
Thinking Beyond Genes
Although there has been a dizzying flow of reports in the last 5 years showing hundreds of
genetic alterations associated with ASD there is no one gene or set of genes found to explain
autism. (54) Many cases are sporadic, with no one else in the family affected. Studies in cases
where there is no family history show about 10% de novo gene mutations. (67) In addition
spontaneous epigenetic changes in the DNA (methylation without DNA sequence changes) can
also play a role in behavior disorders according to twin studies. (7)(70)(71) A variety of toxicants
and endocrine disruptors have also been implicated alone or in combination. Endocrine
disrupting chemicals may be a factor as males are 4 times more likely to be autistic suggesting
estrogen/testosterone alteration. In addition adrenal, gonadal, and thyroid hormones play an
important role in fetal neurodevelopment. “Any chemical that interferes with the actions of these
hormones therefore has the potential to disrupt brain development.”(88)
Autism Risk Factors:
Maternal Infection, Preterm Delivery, Paternal age, Air Pollution
Autism appears to be a heterogenous disorder that is influenced by multiple defective gene
family interactions along with environmental factors.(62) In addition genes affected by mutations
in autism overlap those mutated in schizophrenia and intellectual disability. Also autism risk is
known to be elevated with maternal infection, preterm birth, paternal age and exposure to air
pollution. (63)(66)(97)(98) “Progress … has not yet led to a unified understanding of ASD
pathogenesis or explained its highly variable clinical expression. With an increasingly firm
genetic foundation, the coming years will hopefully see equally rapid advances in elucidating the
functional consequences of ASD genes and their interactions with environmental/experiential
factors, supporting the development of rational interventions.” (54)
Common Aspects of Impairment:
Immune System, Inflammation, Oxidative Stress
Of the hundreds of studies already done there appear to be some common aspects of biochemical
changes and metabolism that link altered genes to environmental factors. A review of research
trends shows a strong association between ASD and immune dysregulation and inflammation
(416 articles), Oxidative stress (115 articles), mitochondrial dysfunction (145 articles) and

toxicant exposures (170 articles). (46) In addition many articles point to subgroups with
imbalances in the inhibitory/excitatory and glutamate signaling, a common biologic pattern seen
in ADHD and schizophrenia as well. (60) Toxic chemicals and radiation also cause biochemical
changes in cells, reactive oxygen species (ROS) and inflammation that are linked to chronic
disease.
“Overproduction of reactive oxygen and nitrogen species can result from exposure to
environmental pollutants, such as ionizing and non-ionizing radiation, ultraviolet radiation,
elevated concentrations of ozone, nitrogen oxides, sulphur dioxide, cigarette smoke, asbestos,
particulate matter, pesticides, dioxins and furans, polycyclic aromatic hydrocarbons, and
many other compounds present in the environment. It appears that increased
oxidative/nitrosative stress is often neglected mechanism by which environmental pollutants
affect human health.” (49) In fact some antioxidants have been shown to have protective
effects on cells exposed to ROS. (49)

Behavior Disorders Linked to Immune System Dysfunction
A particularly difficult aspect of ASD is intense reactivity, repetitive and difficult behaviors. A
link between altered immune responses and ASD was first recognized nearly 40 years ago.
Neurobiological research in ASD has highlighted pathways involved in neural development,
synapse plasticity, structural brain abnormalities, cognition and behavior. “Several lines of
evidence point to altered immune dysfunction in ASD that directly impacts some or all these
neurological processes. Extensive alterations in immune function have now been described in
both children and adults with ASD, including ongoing inflammation in brain specimens, elevated
pro-inflammatory cytokine profiles in the CSF and blood, increased presence of brain-specific
auto-antibodies and altered immune cell function. These dysfunctional immune responses are
associated with increased impairments in behaviors characteristic of core features of ASD, in
particular, deficits in social interactions and communication. This accumulating evidence
suggests that immune processes play a key role in the pathophysiology of ASD.” (17, 20, 21)
“Our results surprisingly converge upon immune, and not neurodevelopmental genes, as
the most consistently shared abnormality in genome-wide expression patterns. A
dysregulated immune response, accompanied by enhanced oxidative stress and abnormal
mitochondrial metabolism seemingly represents the common molecular underpinning of these
neurodevelopmental disorders.” Lintas 2012(35)
“Widespread changes in the immune systems of individuals with ASD have been identified, in
particular increased evidence of inflammation in the periphery and central nervous system.”
48

Key Signaling Cytokines increased with Inflammation in Autism

Cytokines are proteins involved in cell signaling and are produced by a variety of cells including
macrophages, B and T lymphocytes, mast cells, fibroblasts. They are important in modulating
the immune system, inflammation, infection, cancer and reproduction. (22)
Groundbreaking work by Pardo has shown an inflammatory-like state in postmortem autism
brains of all ages as indicated by elevated cytokines and activated microglia and astrocytes. “Our
findings indicate that innate neuroimmune reactions play a pathogenic role in an undefined
proportion of autistic patients.”(65)
Smith looked at maternal immune stimulation in mice and found a specific cytokine IL-6 that
accurately reproduces the abnormal autistic/schizophrenic like behavior in offspring by changing
gene expression.(86)
Ashwood showed significant increases of a variety of plasma cytokines in ASD. “These
findings suggest that ongoing inflammatory responses may be linked to disturbances in
behavior and require confirmation in larger replication studies.” (18)

Mitochondria Dysfunction and Autism
Basic science research has now linked mitochondrial abnormalities with abnormal brain
development in a subgroup of autism. Mitochondria are intracellular power plants with a three
layer phospholipid membrane and a nucleus containing DNA. They use oxygen to create
adenosine triphosphate or ATP, the chemical energy used in all our cells. The production of
cellular antioxidant glutathione is dependent on ATP. The inner folded membrane where ATP is
made is called the cristae. Precise regulation of calcium signaling is necessary for proper
functioning and dysregulated mitochondrial calcium has been implicated in several
neurodegenerative diseases. In addition mitochondria are sensitive to free radical formation and
oxidative stress which can cause damage to the membrane and DNA causing dysfunction of the
mitochondria.
Vulnerable Mitochondria
Rose found that a subset of children with autism have more vulnerable mitochondria. He states
“lymphoblastoid cell lines derived from children with autistic disorder have an abnormal
mitochondrial reserve capacity before and after exposure to reactive oxygen species … The
results of this study suggest that a significant subgroup of ASD children may have alterations in
mitochondrial function, which could render them more vulnerable to a pro-oxidant
microenvironment as well as intrinsic and extrinsic sources of ROS such as immune activation

and pro-oxidant environmental toxins. These findings are consistent with the notion that ASD is
caused by a combination of genetic and environmental factors.” (41)
Valenti has shown that mitochondrial dysfunction is a central actor in intellectual disabilityrelated diseases such as Down syndrome, autism, Fragile X and Rett syndrome. (24) “The
prevalence of developmental regression (52%), seizures (41%), motor delay (51%),
gastrointestinal abnormalities (74%), female gender (39%), and elevated lactate (78%) and
pyruvate (45%) was significantly higher in ASD with Mitochondrial Disorder(MD) compared
with the general ASD population….Most ASD/MD cases (79%) were not associated with
genetic abnormalities, raising the possibility of secondary mitochondrial dysfunction. (25)
“Therapeutic approaches are aimed at improving intellectual disability by activating
mitochondrial function and reducing oxidative stress to ameliorate the quality of life in the
subjects affected.” (24)
Oxidative Stress, Glutathione and Autism
Oxidative stress and glutathione (GSH) levels are another major focus of research. There is
increasing evidence of oxidative stress and reactive oxygen species (ROS) formation in the
pathophysiology of autism.
Reactive Oxygen Species: Darth Vader of molecules
Reactive Oxygen Species (ROS) are chemically active molecules that are normally formed in our
cells due to natural processes such as infection and can help kill unwanted bacteria. Under
normal conditions ROS serve as messengers in the regulation of intracellular signaling. Excess
ROS is harmful and may induce irreversible damage to our cellular components and lead to cell
death through mitochondrial pathways. ROS can cause damage to DNA, enzymes, fatty acids
and proteins.
Glutathione: Our Personal Antioxidant
Glutathione is the major antioxidant produced in all cells in the human body as well as in plants,
fungi and bacteria. It serves to protect and balance the organism from damage caused by free
radicals also known as reactive oxygen species which in excess destroy cell structures. In
addition it helps to preserve important antioxidants such as vitamin C and E. After its protective
antioxidant reaction is complete glutathione is regenerated back to its useful state by the enzyme
glutathione reductase.
Glutathione is essential in other vital biochemical functions such as energy utilization, immune
system activity, detoxification and disease prevention. “Glutathione (GSH) and related enzymes
are critical to cell protection from toxins, both endogenous and environmental, including a
number of anti-cancer cytotoxic agents.” (38) Natural glutathione production can be disrupted by
toxins such as paraquat. (37)

Reactive Oxygen Species in Autism
“Markers of oxidative damage to proteins, oxidative damage to DNA reduced glutathione,
chronic inflammation were found in the brain tissue of autistic individuals compared to
controls.” (26) “Glutathione is involved in neuro-protection against oxidative stress and
neuro-inflammation in autism by improving the anti-oxidative stress system. Decreasing
the oxidative stress might be a potential treatment for autism. ” (27)
In an earlier review article McGinnis states “Brain and gut, both abnormal in autism, are
particularly sensitive to oxidative injury. Higher red-cell lipid peroxides and urinary isoprostanes
in autism signify greater oxidative damage to biomolecules. A preliminary study found
accelerated lipofuscin deposition--consistent with oxidative injury to autistic brain in cortical
areas serving language and communication. Double-blind, placebo-controlled trials of potent
antioxidants--vitamin C or carnosine--significantly improved autistic behavior. Benefits from
these and other nutritional interventions may be due to reduction of oxidative stress.
Understanding the role of oxidative stress may help illuminate the pathophysiology of autism, its
environmental and genetic influences, new treatments, and prevention.” (28)
“Several lines of research support the view that both genetic and environmental factors
influence the development of abnormal cortical circuitry that underlies autistic cognitive
processes and behaviors” Pardo (65)
Mechanisms of Toxic Exposure in Autism

Review of Environmental Toxicants
Rossignal identified many toxicants that may act synergistically with genetic factors at critical
times of development to increase ASD. These include “pesticides, phthalates, polychlorinated
biphenyls (PCBs), solvents, toxic waste sites, air pollutants and heavy metals, with the strongest
evidence found for air pollutants and pesticides.” (73)
Toxins Create Reactive Oxygen Species:

Toxins such as tobacco, chemicals, hormone disruptors and both ionizing and non ionizing
radiation in the environment stimulate reactive oxygen species. This is one mechanism of injury
leading to chronic disease and cancer. (110) Natural antioxidants such as glutathione and
superoxide dismutase that protect cellular processes may become overwhelmed by this toxic
exposure. Antioxidant glutathione levels can drop and protection of cells is abolished leaving
the cell and the organism more vulnerable to other toxic exposures we commonly encounter.

Bisphenol A causes Oxidative Stress
Bisphenol A, a known endocrine disruptor with widespread exposure, appears to be an
environmental risk factor in genetically susceptible autistic children as it also causes increased
oxidative stress and mitochondrial dysfunction. (8)

Neurodevelopmental Toxins Deplete Glutathione causing or contributing to Autism
Waly and Deth from Northeastern University in Boston published a sentinel paper in 2008 on the
link between neurodevelopmental toxins and autism. It also explains how one or more
biochemical disruptions can be involved. (30)
They looked at ethanol, arsenic, lead, mercury, aluminum and the vaccine mercury preservative
thimerosal which are suspected to be etiological factors for neurodegenerative and
neurodevelopmental disorders. They note “Autism is a neurodevelopmental disorder
characterized by oxidative stress and impaired methylation status, including decreased activity of
the folate and vitamin B12-dependent enzyme methionine synthase (MS). MS-mediated
conversion of homocysteine to methionine is crucial for neurons and all mammalian cells to
sustain normal methylation status, involving more than 100 different reactions. Glutathione
(GSH) protects MS from oxidative inactivation by reactive oxygen species, while MS
inactivation increases GSH synthesis by augmenting transsulfuration. Utilizing cultured human
neural cells, we found that a 1 hour pre-incubation of cells with arsenic, lead, mercury,
aluminum and thimerosal .…caused a 60–70% reduction of intracellular glutathione. Our
findings suggest that heavy metals and ethanol may contribute to the occurrence of
neurodevelopmental disorders such as autism via a mechanism that involves oxidative stress and
inhibition of MS activity.”(30)
Deth concludes “oxidative stress, initiated by environment factors in genetically vulnerable
individuals, leads to impaired methylation and neurological deficits secondary to reductions in
the capacity for synchronizing neural networks.” (31)
Agarwal also demonstrated that arsenic, mercury and lead caused decreased glutathione and
surperoxide dismutase levels along with oxidative stress.(72)

“This study confirms earlier studies that implicate toxic metal accumulation as a consequence
of impaired detoxification in autism and provides insight into the etiological mechanism of
autism.” (76)

Mercury Targets Brain Cells

Prior to concerns about vaccinations mercury has been a well established neurotoxin. The phrase
“mad as a hatter” was coined to describe toxic symptoms of millners as mercury was used in the
manufacture of felt hats in the 18th and 19th century. Manifestations were tremor, ataxia, fatigue,
visual field constriction. With severe poisoning the patient is in a mute semi-rigid position with
primitive motion and speech.
The experience at Minamata Japan in the 1950’s where over 2,000 adults and children suffered
mercury poisoning over time from ingesting fish contaminated by mercury from a nearby plant is
long remembered. It was the first incident that led to the discovery that a poison such as mercury
could cross the blood brain barrier. Prior to that everyone thought the blood brain barrier was
impermeable to toxins. Many children born to mothers who ingested mercury had delayed motor
and development, ataxia, intellectual disability and convulsions. (94)
Small doses of mercury can disrupt normal neurological development both in utero and in early
life. Mercury can also be toxic to the kidneys, digestive and immune system. It is on the World
Health Organizations top 10 list of chemicals of major public health concern. (94)
A University of Calgary rapid speed video of neural degeneration shows the powerful effect
of mercury toxicity. (84)
Despite the fact that manufacturers have removed mercury from most vaccines there is still
widespread exposure to mercury. Exposure occurs largely from eating larger predator fish such
as tuna and swordfish but there is also concern about mercury in amalgam fillings and
pharmaceuticals(thimerasol). Elevated mercury is of special concern for pregnant women.
Biomonitoring in the U.S. has shown that there are elevated levels of mercury in 6-15% of
childbearing women that could pose a risk for normal neurodevelopment. (95)
Mercury from Power Plants
Mercury is also released from coal fired power plants and cement kilns. Palmer in 2006 reported
in an epidemiological study noting “a significant increase in the rates of special education
students and autism rates associated with increases in environmentally released mercury. On
average, for each 1,000 lb of environmentally released mercury, there was a 43% increase in the
rate of special education services and a 61% increase in the rate of autism.” (99)
Lead body-burden was associated with ASD severity… This study helps to provide additional
mechanistic support for Lead in the etiology of ASD severity” (77)
Elevated Heavy Metals Found in Hair of Autistic Children
Multiple studies have found elevated levels of heavy metals such as lead and mercury in autistic
children thus implicating toxic metal accumulation as a consequence of impaired detoxification

in autism in addition to exposure. (75)(77)(78)(79)(80)(81)“data showed that the patients with
autism spectrum disorder had significantly higher lead and mercury levels and lower glutathiones-transferase activity and vitamin E concentrations compared with the controls” Alabdali 2014
(78)
Geler in 2012 used hair toxic element testing for arsenic, mercury, cadmium, lead, chromium,
cobalt, nickel, aluminum, tin, uranium, and manganese. He found “Increasing hair mercury
concentrations significantly correlated with increased ASD severity but…no significant
correlations were observed between any other of the hair toxic metals examined and ASD
severity.” (77)
Lakshmi in 2011 looked at trace mineral levels that may be beneficial - copper, zinc, magnesium
and selenium versus toxic elements -mercury and lead in the hair and nail samples of autistic
children to evaluate whether the level of these elements could be correlated with the severity of
autism. She found “The significant elevation in the concentration of copper, lead, and mercury
and significant decrease in the concentration of magnesium and selenium observed in the hair
and nail samples of autistic subjects could be well correlated with their degrees of severity.” (78)
“The regular and long term use of microwave devices (mobile phone, microwave oven) at
domestic level can have negative impact upon biological system especially on brain. It also
suggests that increased reactive oxygen species (ROS) play an important role by enhancing the
effect of microwave radiations which may cause neurodegenerative diseases.” (119)
Wireless Communications:
Effects of EMF Radiation on Biological Systems

Wireless technologies are ubiquitous today but were developed only in the last 20 years with a
steady and sharp increase in their use and exposure since then. Several decades of peer reviewed
research has confirmed that microwave radiation from a variety of wireless devices such as cell
phones, WiFi routers, smart meters and baby monitors have non-thermal adverse biologic effects
on a cellular level. These include leakage of the blood brain barrier, genetic damage with single
and double stranded DNA breaks, disruption of intracellular communication, immune system
deregulation, allergic response, altered sperm function, cardiovascular effects, abnormal protein
synthesis, reactive oxygen species and alteration of DNA expression. (131)(132) In addition
several studies have confirmed sperm genotoxicity after exposure to wireless EMF radiation.
Epidemiological studies have demonstrated an increase in brain tumors, with long term cell
phone use- over 10 years. (124) Neurobehavioral effects from EMF have been reported to
include memory loss, tinnitus, headaches, hearing loss and insomnia. Electrosensitivity to

wireless devices and EMF is officially recognized as a functional impairment in Sweden and
affects about 3% of the population. (117)(118)
Schoolchildren have reported electrosensitivity in school after wi fi was placed with symptoms
of headache, rapid heart beat, nausea, weakness, shakiness and rashes. It did not occur when
they were home. (120)
Considering the wide range of cellular effects from microwave EMF it seems plausible that WiFi
communications would contribute to autistic development through de novo mutations or
exacerbate symptoms due to reactive oxygen species production thus overwhelming glutathione
stores.
Many scientists throughout the world have been calling for a reevaluation of the international
standards for EMF as they are not protective of human health.
The current RF-EMFstandards are based solely on heat effects of the microwave radiation
on tissue and not the biological effects seen in the laboratory at levels more than a hundred
times lower than what is allowed and considered safe.
EMF and Reactive Oxygen Species
EMF from wireless devices has been shown to cause reactive oxygen species and enhance free
radical formation in numerous studies. (101)(102)(103)(104)(105)(106)(107)(108)(109)(111)
Lui found that exposure to radiofrequency electromagnetic radiation (RF-EMR) emitted from
mobile phones induced DNA damage in male germ cells. He concluded that “these findings may
imply the novel possibility that RF-EMR with insufficient energy for the direct induction of
DNA strand breaks may produce genotoxicity through oxidative DNA base damage in male
germ cells.” (103)

“We present the first experimental evidence of neuropathology due to in-utero cellular
telephone radiation.” (129)

Affects on Sperm: Implications for male genetic link in autism
Scientists looking at the effects of mobile phone microwave frequencies on sperm have been
conducted in rats, mice, and rabbits using mobile phone RF exposure for variable lengths of
time. The results of these studies have shown that RF-EMR decreases sperm count and motility

and increases oxidative stress.(114) Genotoxic effects on sperm have also been found.(116) If
autism is linked to aging sperm with presumably more genetic damage it is possible cell phones
and wi fi from different sources could contribute to autism spectrum disorders.
Agarwal reported in Sterility and Fertility journal in 2009 the effects of one hour of cell phone
RF-EMF on human sperm. He found a significant decrease in sperm motility and viability. He
concluded that radiofrequency electromagnetic waves emitted from cell phones may lead to
oxidative stress in human semen and cautioned against men putting their cell phones in trouser
pockets. (115)
Mailinkot in 2009 looked at effects of RF-EMR from mobile phones on free radical metabolism
and sperm quality. He exposed rats to a mobile phone for 1 hour continuously per day for 28
days. The study showed that “rats exposed to RF-EMR exhibited a significantly reduced
percentage of motile sperm. Moreover, RF-EMR exposure resulted in a significant increase in
lipid peroxidation and low glutathione content in the testis and epididymis.” (113)
Avendano was the first to evaluate the effect of laptop computers receiving wireless Internet
signals on human spermatozoa. Researchers evaluated semen samples from 15 men. “The
samples were separated into 2 incubation groups: one that was exposed to a laptop computer
receiving a WiFi signal for 4 hours, and another that was not. Despite the fact that the 2 groups
were kept at a controlled temperature (25 °C) to rule out thermal effects, the results showed
significant DNA damage and decreased sperm motility in the laptop-exposed group.” (116)
Neurodevelopmental Disorders with Cell Phone Use
Animal and human research is now finding neurodevelopmental and neurologic abnormalities
that are of serious concern especially considering the near universal use of cell phones and
wireless devices inside and outside the home.
A study performed on adult rats showed altered behavior after 3 days of continuous exposure to
cell phone radiation. They expressed stress behavior actions. (125) In another study the rats were
exposed to a longer period of intermittent cell phone radiation. “Healthy male albino Wistar rats
were exposed to RF-EMR by giving 50 missed calls (within 1 hour) per day for 4 weeks, keeping
a GSM (0.9 GHz/1.8 GHz) mobile phone in vibratory mode (no ring tone) in the cage. Results
showed passive avoidance behavior was significantly affected in mobile phone RF-EMRexposed rats … when compared to the control rats. Marked morphological changes were also
observed in the CA(3) region of the hippocampus of the mobile phone-exposed rats in
comparison to the control rats. They concluded mobile phone RF-EMR exposure significantly
altered the passive avoidance behavior and hippocampal morphology in rats.” (126)
Rats exposed for even longer period-28 days- at peak power density of 146.60 μW/cm(2)
showed that mobile phone radiation could affect the emotionality of rats without affecting the
general locomotion. (127)
Another EMF rat study showed increased oxidation in the hippocampus which is key to memory
and learning.(128)

Danish Studies Find Surprising Link between EMF and Behavior
Some studies have explored human behavior problems and cell phone use. (122)(123)(124) Two
large Danish studies of 13,000(2008) and 28,745 children(2012) demonstrated that cell phone
use was associated with behavioral problems at age 7 years in children, and this association was
not limited to early users of the technology. Exposure to cell phones prenatally-and, to a lesser
degree, postnatally-was associated with behavioral difficulties such as emotional and
hyperactivity problems around the age of school entry. The results were a surprise to the authors
who expected to find no effect
Autistic Behavior With In-Utero Exposure
Adid in 2013 was the first to demonstrate biochemical changes similar to autistim in rats exposed
prenatally to cell phone radiation. “Mice exposed in-utero were hyperactive and had impaired
memory… recordings of miniature excitatory postsynaptic currents (mEPSCs) revealed that
these behavioral changes were due to altered neuronal developmental programming. Exposed
mice had dose-responsive impaired glutamatergic synaptic transmission onto layer V pyramidal
neurons of the prefrontal cortex. We present the first experimental evidence of
neuropathology due to in-utero cellular telephone radiation. “(129)
Summary
The delicate and complex wiring of the brain is especially vulnerable to toxic exposure during
early development. There are animal models demonstrating that autism can be created prenatally
by exposure to drugs such as valproic acid, thalidomide, misoprostol, maternal rubella infection
and the pesticide chlorpyrifos. (138) This is proof of principle and opens the door to further
investigation of toxic interactions in autism.
Scientists believe neurodevelopmental disorders such as autism have common biochemical
markers that may vary in subsets. These include reactive oxygen species, glutathione reduction,
mitochondrial disorders, inflammation, DNA alterations with now hundreds of associated gene
mutations. Some DNA changes are inherited but others occur de novo.
Autism it appears is not a single disorder, but a range of disorders that may have a variety of
causes. While autism may have inherited genetic alterations there is a significant environmental
component. Toxins such as heavy metals, industrial chemicals, food additives, pesticides,
plastics, endocrine disruptors such as Bisphenol A as well as non-ionizing microwave radiation
found in wireless devices can also cause cellular and molecular damage with production of
reactive oxygen species, inflammation and genetic damage similar to that seen in autism. These
toxins could act in concert to cause an array of biochemical and behavioral manifestations.
Unfortunately as we are increasingly exposed to the classic toxins there are novel insults to our
cells from newer environmental factors such as nanoparticles in consumer products and wireless
devices whose non-ionizing radiation which we now know can cause adverse biologic and

therefore health effects. Genetically modified foods create genetic pollution and are another area
of increasing concern with regards to both human and environmental health.
It is difficult to sort out any one cause of autism or host of other modern diseases. In order to
protect public health a rational and responsible approach to environmental toxins would be to
apply the precautionary principle. If an environmental factor has been shown to have toxic
effects with a reasonable amount of scientific data efforts to prevent commercial use or to reduce
or eliminate that factor would be addressed rapidly and without excessive corporate or political
interests that could obstruct responsible action. A systematic approach and ethical leadership is
called for.
The Precautionary Principle in the EU
As per Article 174(2) of the European Community Treaty the precautionary principle is one of
the fundamental principles of the European Union governing policies related to the environment,
health and safety. The precautionary principle or precautionary approach states that if an action
or policy has a suspected risk of causing harm to the public or to the environment in the absence
of scientific consensus that the action or policy is not harmful, the burden of proof that it is not
harmful falls on those taking an action.
Environmental scientists propose the precautionary principle as a new guideline in
environmental decision making. It has four central components: taking preventive action in the
face of uncertainty; shifting the burden of proof to the proponents of an activity; exploring a
wide range of alternatives to possibly harmful actions; and increasing public participation in
decision making. (136)
“Children today are surrounded by thousands of synthetic chemicals. Two hundred of them
are neurotoxic in adult humans, and 1000 more in laboratory models. Yet fewer than 20% of
high-volume chemicals have been tested for neurodevelopmental toxicity.” Dr. Philip
Landigan, Children’s Environmental Health Center, Mount Sinai

Scientific Recommendations: Prevention of Developmental Neurotoxicity (133)
1) Legally mandated testing of existing chemicals and pesticides in commerce with
prioritization of those with the most widespread use
2) Legally mandated premarket testing of new chemicals or processes before they enter
commercial use
3) Prioritize those chemicals/processes that have neurodevelopmental toxicity
4) Develop a new clearinghouse for neurotoxicity as a parallel to the International Agency for

Research on Cancer to assess industrial chemicals and processes with emphasis on precaution
and not absolute proof.
5) Shift from Risk Assessment to Alternatives Assessment as a more precautionary approach
(135)
6) Reevaluate the international standards for non-ionizing microwave EMF in wireless
communications to include biologically relevant safety limits that coincide with current literature
on levels that do not cause human, animal or environmental harm. (134)
Autism Part 3 will explore the link to other potential environmental factors that may contribute
to the sharp increase in this disorder.
References
1) Diagnostic change and the increased prevalence of autism. King M. Int J
Epidemiol. 2009 Oct;38(5):1224-34.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Diagnostic+change+and+the+increase
d+prevalence+of+autism++King+Int+j+Epid
2) Autism spectrum disorders and prematurity: a review across gestational
age subgroups. Mahoney AD. Adv Neonatal Care. 2013 Aug;13(4):247-51.
http://www.ncbi.nlm.nih.gov/pubmed/23912016
3) Risk for cognitive deficit in a population-based sample of U.S. children with
autism spectrum disorders: variation by perinatal health factors. Schieve LA.
Disabil Health J. 2010 Jul;3(3):202-12.
http://www.ncbi.nlm.nih.gov/pubmed/21122785
4) Prevalence of autism spectrum disorder among children aged 8 years autism and developmental disabilities monitoring network, 11 sites, United
States, 2010. MMWR Surveill Summ. 2014 Mar 28;63(2):1-21.
http://www.ncbi.nlm.nih.gov/pubmed/24670961
5) The genetics of autism. Muhle R. Pediatrics. 2004 May;113(5):e472-86.
http://www.ncbi.nlm.nih.gov/pubmed/15121991
6) Genetic and environmental influences on autistic-like behaviors in 2-yearold twins. Edelson LR. Behav Genet. 2009 May;39(3):255-64.
http://www.ncbi.nlm.nih.gov/pubmed/19377871
7) Gene × Environment interactions in autism spectrum disorders: role of
epigenetic mechanisms. Tordjman S. Front Psychiatry. 2014 Aug 4;5:53.
/www.ncbi.nlm.nih.gov/pubmed/25136320

8) Bisphenol A induces oxidative stress and mitochondrial dysfunction in
lymphoblasts from children with autism and unaffected siblings. Kaur K. Free
Radic Biol Med. 2014 Aug 4. http://www.ncbi.nlm.nih.gov/pubmed/25101517
9) In utero exposure to valproic Acid changes sleep in juvenile rats: a model
for sleep disturbances in autism. Cusmano DM. Sleep. 2014 Sep 1;37(9).
http://www.ncbi.nlm.nih.gov/pubmed/25142574
10)
Genetic Variation in Melatonin Pathway Enzymes in Children with
Autism Spectrum Disorder and Comorbid Sleep Onset Delay. Veatch OJ. J
Autism Dev Disord. 2014 Jul. http://www.ncbi.nlm.nih.gov/pubmed/2505948325.
11)
Sleep, plasticity and the pathophysiology of neurodevelopmental
disorders: the potential roles of protein synthesis and other cellular processes.
Picchioni D. Brain Sci. 2014 Mar 1;4(1):150-201.
http://www.ncbi.nlm.nih.gov/pubmed/24839550
12)
Pathophysiology of sleep-dependent memory consolidation
processes in children. Urbain C. Int J Psychophysiol. 2013 Aug;89(2):273-83.
http://www.ncbi.nlm.nih.gov/pubmed/23810995
13)
Protein synthesis during sleep consolidates cortical plasticity in vivo.
Seibt J . Curr Biol. 2012 Apr 24;22(8):676-82.
http://www.ncbi.nlm.nih.gov/pubmed/22386312
14)
The melatonin receptor agonist ramelteon effectively treats insomnia
and behavioral symptoms in autistic disorder. Kawabe K. Case Rep Psychiatry.
2014;2014:561071. http://www.ncbi.nlm.nih.gov/pubmed/24955274
15)
Epidemiology and management of insomnia in children with autistic
spectrum disorders. Miano S. Paediatr Drugs. 2010 Apr 1;12(2):75-84.
http://www.ncbi.nlm.nih.gov/pubmed/20218744
16)
Melatonin for insomnia in children with autism spectrum disorders.
Andersen IM J Child Neurol. 2008 May;23(5):482-5.
http://www.ncbi.nlm.nih.gov/pubmed/18182647
17)
The role of immune dysfunction in the pathophysiology of autism.
Onore C. Brain Behav Immun. 2012 Mar;26(3):383-92.
http://www.ncbi.nlm.nih.gov/pubmed/21906670
18)
Elevated plasma cytokines in autism spectrum disorders provide
evidence of immune dysfunction and are associated with impaired behavioral
outcome. Ashwood P. Brain Behav Immun. 2011 Jan;25(1):40-5.
http://www.ncbi.nlm.nih.gov/pubmed/20705131
19)

Increased anti-phospholipid antibodies in autism spectrum

disorders. Careaga M. Mediators Inflamm. 2013.
http://www.ncbi.nlm.nih.gov/pubmed/24174712
20)
Autism spectrum disorders: from immunity to behavior. Careaga M.
Methods Mol Biol. 2012;934:219-40.
http://www.ncbi.nlm.nih.gov/pubmed/22933149
21)
Immune dysregulation in autism spectrum disorder. Hsiao EY.Int
Rev Neurobiol. 2013;113:269-302. http://www.ncbi.nlm.nih.gov/pubmed/24290389
22)
Cytokines and Immunoregulation: An Overview.
http://pathmicro.med.sc.edu/mobile/m.immuno-13.htm
23)
Day and nighttime excretion of 6-sulphatoxymelatonin in
adolescents and young adults with autistic disorder. Tordjman S.
Psychoneuroendocrinology. 2012 Dec;37(12):1990-7.
http://www.ncbi.nlm.nih.gov/pubmed/22613035
24)
Mitochondrial dysfunction as a central actor in intellectual
disability-related diseases: An overview of Down syndrome, autism, Fragile X
and Rett syndrome. Valenti D. Neurosci Biobehav Rev. 2014 Feb 15.
http://www.ncbi.nlm.nih.gov/pubmed/24548784
25)
Mitochondrial dysfunction in autism spectrum disorders: a
systematic review and meta-analysis. Rossignol DA Mol Psychiatry. 2012
Mar;17(3):290-314. http://www.ncbi.nlm.nih.gov/pubmed/21263444
26)
Evidence of oxidative damage and inflammation associated with low
glutathione redox status in the autism brain. Rose S . Transl Psychiatry. 2012 Jul
10. http://www.ncbi.nlm.nih.gov/pubmed/22781167
27)
Glutathione-related factors and oxidative stress in autism, a review.
Ghanizadeh A. Curr Med Chem. 2012;19(23):4000-5.
http://www.ncbi.nlm.nih.gov/pubmed/22708999
28)
Oxidative stress in autism. McGinnis WR. Altern Ther Health Med.
2004 Nov-Dec;10(6):22-36. http://www.ncbi.nlm.nih.gov/pubmed/15624347
29)
A proposed link between aging, autism, and oxidation.
http://www.northeastern.edu/news/2013/03/richard-deth/
30)
Neurodevelopmental Toxins Deplete Glutathione and Inhibit Folate
and Vitamin B12-Dependent Methionine Synthase Activity: A Link between
Oxidative Stress and Autism. The FASEB Journal. 2008;22:894.1.
PHARMACEUTICAL SCIENCES, NORTHEASTERN UNIVERSITY, BOSTON,
MA.
http://www.fasebj.org/cgi/content/meeting_abstract/22/1_MeetingAbstracts/894.1

31)
How environmental and genetic factors combine to cause autism: A
Redox/Methylation Hypothesis. Neurotoxicology 29: 190-201 (2007). Deth R.
Neurotoxicology. 2008 Jan;29(1):190-201.
http://www.ncbi.nlm.nih.gov/pubmed/18031821
32)
Food-derived opioid peptides inhibit cysteine uptake with redox and
epigenetic consequences. Trivedi MS. J Nutr Biochem. 2014 Jun 6.
http://www.ncbi.nlm.nih.gov/pubmed/25018147
33)
Metabolic biomarkers of increased oxidative stress and impaired
methylation capacity in children with autism. James SJ. Am J Clin Nutr. 2004
Dec;80(6):1611-7. http://www.ncbi.nlm.nih.gov/pubmed/15585776
34)
Gastrointestinal Conditions in Children With Autism Spectrum
Disorder: Developing a Research Agenda. Ashwood. PEDIATRICS Vol. 130 No.
Supplement 2 November 1, 2012
35)
Genome-wide expression studies in autism spectrum disorder, Rett
syndrome, and Down syndrome. Lintas C. Neurobiol Dis. 2012 Jan;45(1):57-68.
http://www.ncbi.nlm.nih.gov/pubmed/21130877
36)
Prevention by alpha-tocopherol and rutin of glutathione and ATP
depletion induced by oxidized LDL in cultured endothelial cells. Schmitt A. Br J
Pharmacol. 1995 Oct;116(3):1985-90.
http://www.ncbi.nlm.nih.gov/pubmed/8640336
37)
Hydrogen peroxide responsive miR153 targets Nrf2/ARE
cytoprotection in paraquat induced dopaminergic neurotoxicity. Narasimhan M.
Toxicol Lett. 2014 Aug 4;228(3):179-91.
http://www.ncbi.nlm.nih.gov/pubmed/24866057
38)
Glutathione and glutathione analogues; therapeutic potentials. Wu
JH. Biochim Biophys Acta. 2013 May;1830(5):3350-3.
http://www.ncbi.nlm.nih.gov/pubmed/23201199
39)
Oxidative stress response elicited by mitochondrial dysfunction:
implication in the pathophysiology of aging. Wang CH. Exp Biol Med
(Maywood). 2013 May;238(5):450-60.
http://www.ncbi.nlm.nih.gov/pubmed/23856898
40)
Autism: Clinical Features and Dynamic Mechanisms. Martha
Herbert, Phd, MD. University of Texas Health Science Center, San Antonio Texas.
https://pediatrics.uthscsa.edu/grandrounds/handouts/2014-0124%20Autism,%20Chronic%20Features%20and%20Dynamic%20Mechamisms%2
0(Martha%20Herbert,%20MD,%20PhD).pdf
41)

Oxidative stress induces mitochondrial dysfunction in a subset of

autistic lymphoblastoid cell lines. Rose S. Transl Psychiatry. 2014 Apr 1;4:e377.
http://www.ncbi.nlm.nih.gov/pubmed/24690598
42)
Free radicals, antioxidants and functional foods: Impact on human
health. V. Lobo. Pharmacogn Rev. 2010 Jul-Dec; 4(8): 118–126.
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3249911/
43)
Single Dose of century-old drug approved for sleeping sickness
reverses autism-like symptoms in mice. Naviaux R. Translational Psychiatry. June
17, 2014. http://www.sciencedaily.com/releases/2014/06/140617102457.htm
44)
Tests Find More Than 200 Chemicals in Newborn Umbilical Cord
Blood. Scientific American. Dec 2, 2009.
http://www.scientificamerican.com/article/newborn-babies-chemicals-exposure-bpa/
45)
Partition of environmental chemicals between maternal and fetal
blood and tissues. Needham LL. Environ Sci Technol. 2011 Feb 1;45(3):1121-6.
http://www.ncbi.nlm.nih.gov/pubmed/21166449
46)
A review of research trends in physiological abnormalities in autism
spectrum disorders: immune dysregulation, inflammation, oxidative stress,
mitochondrial dysfunction and environmental toxicant exposures. Rossignol
DA. Mol Psychiatry. 2012 Apr;17(4):389-401.
http://www.ncbi.nlm.nih.gov/pubmed/22143005
47)
Enteric Bacterial Metabolites Propionic and Butyric Acid Modulate
Gene Expression, Including CREB-Dependent Catecholaminergic
Neurotransmission, in PC12 Cells - Possible Relevance to Autism Spectrum
Disorders. Nankova BB. PLoS One. 2014 Aug 29;9(8).
http://www.ncbi.nlm.nih.gov/pubmed/25170769
48)
Inflammatory profiles in the BTBR mouse: How relevant are they to
autism spectrum disorders? Careaga M. Brain Behav Immun. 2014 Jun 14.
http://www.ncbi.nlm.nih.gov/pubmed/24937468
49)
The Protective Role of Antioxidants in the Defence against
ROS/RNS-Mediated Environmental Pollution. Poljšak B. Oxid Med Cell Longev.
2014;2014:671539. http://www.ncbi.nlm.nCircuits in Autism is Reversible.
ih.gov/pubmed/25140198
50)
Disorder of Neuronal Circuits in Autism Reversible. Peter Scheiffel.
Science. September 2012.
http://www.sciencedaily.com/releases/2012/09/120914080642.htm
51)
Sex hormones in autism: androgens and estrogens differentially and
reciprocally regulate RORA, a novel candidate gene for autism. Sarachana T.
PLoS One. 2011 Feb 16;6(2). http://www.ncbi.nlm.nih.gov/pubmed/21359227

52)
Neurorehabilitation of social dysfunctions: a model-based
neurofeedback approach for low and high-functioning autism. Pineda JA,. Front
Neuroeng. 2014 Aug 7;7:29. http://www.ncbi.nlm.nih.gov/pubmed/25147521
53)
Aggression in low functioning children and adolescents with autistic
disorder. Bronsard G. PLoS One. 2010 Dec 21;5(12).
http://www.ncbi.nlm.nih.gov/pubmed/21200441
54)
Autism spectrum disorder genetics: diverse genes with diverse
clinical outcomes. Talkowski ME. Harv Rev Psychiatry. 2014 Mar-Apr;22(2):6575. http://www.ncbi.nlm.nih.gov/pubmed/24614762
55)
De novo mutations in schizophrenia implicate synaptic networks.
Fromer M. Nature. 2014 Feb 13;506(7487):179-84.
http://www.ncbi.nlm.nih.gov/pubmed/24463507
56)
Metabolic features of the cell danger response. Naviaux RK.
Mitochondrion. 2014 May;16:7-17. http://www.ncbi.nlm.nih.gov/pubmed/23981537
57)
Antipurinergic therapy corrects the autism-like features in the
poly(IC) mouse model. Naviaux RK. PLoS One. 2013;8(3).
http://www.ncbi.nlm.nih.gov/pubmed/23516405
58)
Autism Spectrum Disorders. Mayo clinic.
http://www.mayoclinic.org/diseases-conditions/autism-spectrumdisorder/basics/symptoms/con-20021148
59)
The State of Learning Disabilities 2014. National Center for
Learning Disabilities.
http://www.ncld.org/images/content/files/stateofld2014/2014%20State%20of%20L
D%20FINAL%20FOR%20RELEASE.pdf
60)
Research points to brains’s glutamate signaling in autism, ADHD
and schizophrenia. Hakonarson, H. Nature Genetics. Dec 4, 2011.
http://www.sciencedaily.com/releases/2011/12/111204144650.htm
61)
Modulation of corticospinal excitability by transcranial magnetic
stimulation in children and adolescents with autism spectrum disorder.
Oberman LM. Front Hum Neurosci. 2014 Aug 13;8:627.
http://www.ncbi.nlm.nih.gov/pubmed/25165441
62)
The impact of the metabotropic glutamate receptor and other gene
family interaction networks on autism. Hadley D. Nat Commun. 2014 Jun
13;5:4074.
http://www.ncbi.nlm.nih.gov/pubmed/?term=hakonarson+autism++nature+commun
ications

63)
Maternal infection and immune involvement in autism. Patterson,P.
Trends in Molecular Medicine. July 2011, Vol. 17, No. 7.
http://www.cco.caltech.edu/~phplab/pubs/0%20TMM.pdf
64)
Neuroglial activation and neuroinflammation in the brain of
patients with autism. Vargas DL . Ann Neurol. 2005 Jan;57(1):67-81.
http://www.ncbi.nlm.nih.gov/pubmed/15546155
65)
Immunity, neuroglia and neuroinflammation in autism. Pardo CA.
Int Rev Psychiatry. 2005 Dec;17(6):485-95.
http://www.ncbi.nlm.nih.gov/pubmed/16401547
66)
Sporadic autism exomes reveal a highly interconnected protein
network of de novo mutations. O’Roak, B. Nature 485, 246–250 (10 May 2012).
http://www.nature.com/nature/journal/v485/n7397/full/nature10989.html
67)
De novo mutations revealed by whole-exome sequencing are
strongly associated with autism. Nature 485, 237–241 (10 May 2012)
http://www.nature.com/nature/journal/v485/n7397/full/nature10945.html
68)
Sodium channel gene family: epilepsy mutations, gene interactions
and modifier effects. Journal of Physiology. Volume 588, 2010.
http://onlinelibrary.wiley.com/doi/10.1113/jphysiol.2010.188482/abstract;jsessio
nid=463CB06CC9B54DBB26DE35075DD29641.f03t01
69)
Simons Foundation Autism Research Foundation.
http://sfari.org/news-and-opinion/news/2012/hundreds-of-genes-involved-inautism-sequencing-studies-say
70)
Neuroanatomic variation in monozygotic twin pairs discordant for
the narrow phenotype for autism. Kates WR. Am J Psychiatry. 2004
Mar;161(3):539-46. http://www.ncbi.nlm.nih.gov/pubmed/14992981.
http://www.ncbi.nlm.nih.gov/pubmed/14992981
71)
Disease-associated epigenetic changes in monozygotic twins
discordant for schizophrenia and bipolar disorder. Dempster,E. Human
Molecular Genetics. September 9, 2011.
http://hmg.oxfordjournals.org/content/early/2011/09/22/hmg.ddr416.full
72)
Comparative oxidative stress, metallothionein induction and organ
toxicity following chronic exposure to arsenic, lead and mercury in rats.
Agrawal S. Cell Mol Biol (Noisy-le-grand). 2014 Jun 22;60(2):13-21.
http://www.ncbi.nlm.nih.gov/pubmed/24970117
73)
Environment
Environmental toxicants and autism spectrum
disorders: a systematic review. Rossignol DA. Transl Psychiatry. 2014 Feb 11;4.
http://www.ncbi.nlm.nih.gov/pubmed/24518398

74)
Epidemiologic evidence of relationships between reproductive and
child health outcomes and environmental chemical contaminants. Wigle DT. J
Toxicol Environ Health B Crit Rev. 2008 May;11(5-6):373-517.
http://www.ncbi.nlm.nih.gov/pubmed/18470797
75)
Heavy metals and trace elements in hair and urine of a sample of
arab children with autistic spectrum disorder. Blaurock-Busch E. Maedica
(Buchar). 2011 Oct;6(4):247-57. http://www.ncbi.nlm.nih.gov/pubmed/22879836
76)
A key role for an impaired detoxification mechanism in the etiology
and severity of autism spectrum disorders. Alabdali A. Behav Brain Funct. 2014
Apr 28;10:14. http://www.ncbi.nlm.nih.gov/pubmed/24776096
77)
Hair toxic metal concentrations and autism spectrum disorder
severity in young children. Geier DA. Int J Environ Res Public Health. 2012 Dec
6;9(12):4486-97. http://www.ncbi.nlm.nih.gov/pubmed/23222182
78)
Level of trace elements (copper, zinc, magnesium and selenium) and
toxic elements (lead and mercury) in the hair and nail of children with autism.
Lakshmi Priya MD. Biol Trace Elem Res. 2011 Aug;142(2):148-58.
http://www.ncbi.nlm.nih.gov/pubmed/20625937
79)
Toxic trace elements in the hair of children with autism. Fido A.
Autism. 2005 Jul;9(3):290-8. http://www.ncbi.nlm.nih.gov/pubmed/15937043
80)
Heavy metals and trace elements in hair samples of autistic children
in central Saudi Arabia. Al-Ayadhi LY. Neurosciences (Riyadh). 2005
Jul;10(3):213-8. http://www.ncbi.nlm.nih.gov/pubmed/22473261
81)
Mercury toxicity and neurodegenerative effects. Carocci A. Rev
Environ Contam Toxicol.2014;229:1-18.
http://www.ncbi.nlm.nih.gov/pubmed/24515807
82)
Modulatory effect of glutathione status and antioxidants on
methylmercury-induced free radical formation in primary cultures of cerebral
astrocytes. Shanker G. Brain Res Mol Brain Res. 2005 Jun 13;137(1-2):11-22.
http://www.ncbi.nlm.nih.gov/pubmed/15950756
83)
Free radical formation in cerebral cortical astrocytes in culture
induced by methylmercury. Shanker G. Brain Res Mol Brain Res. 2004 Sep
10;128(1):48-57. http://www.ncbi.nlm.nih.gov/pubmed/15337317
84)
How Mercury Causes Brain Neuron Damage - University of Calgary.
2007. https://www.youtube.com/watch?v=XU8nSn5Ezd8
85)
Methylmercury and brain development: imprecision and
underestimation of developmental neurotoxicity in humans. Grandjean P. Mt

Sinai J Med. 2011 Jan-Feb;78(1):107-18.
http://www.ncbi.nlm.nih.gov/pubmed/21259267
86)
Maternal Immune Activation Alters Fetal Brain Development
through Interleukin-6. Smith S. J Neuroscience. Oct 3, 2007.
http://www.jneurosci.org/content/27/40/10695
87)
Our Stolen Future:Are We Threatening Our Fertility, Intelligence,
and Survival?--A Scientific Detective Story. Theo Colburn, Peter Meyers, Diane
Dumanoski. http://www.ourstolenfuture.org/
88)
Clues to Autistic Behaviors Exploring the Role of Endocrine
Disruptors. Environmental Health Perspectives. Vol. 122.No. 5, May 2014.
http://ehp.niehs.nih.gov/wp-content/uploads/122/5/ehp.122-A137.pdf
89)
Gestational Exposure to Endocrine-Disrupting Chemicals and
Reciprocal Social, Repetitive, and Stereotypic Behaviors in 4- and 5-Year-Old
Children: The HOME Study. Braun, J. Environmental Health Perspectives.
Volume 122, No5, May 2014. http://ehp.niehs.nih.gov/1307261/
90)
Melatonin metabolite excretion among cellular telephone users.
Burch JB. Int J Radiat Biol. 2002 Nov;78(11):1029-36.
http://www.ncbi.nlm.nih.gov/pubmed/12456290
91)
[Melatonin as a most important factor of natural electromagnetic
fields impacting patients with hypertensive disease and coronary heart disease.
Part 1].Rapoport SI. Klin Med (Mosk). 2011;89(3):9-14.
http://www.ncbi.nlm.nih.gov/pubmed/21861395
92)
Is newborn melatonin production influenced by magnetic fields
produced by incubators? Bellieni CVEarly Hum Dev. 2012 Aug;88(8):707-10.
http://www.ncbi.nlm.nih.gov/pubmed/22421197
93)
Exposure to electromagnetic fields from laptop use of "laptop"
computers. Bellieni CV. Arch Environ Occup Health. 2012;67(1):31-6.
http://www.ncbi.nlm.nih.gov/pubmed/22315933
94)
Mercury and Health. WHO. 2013.
http://www.who.int/mediacentre/factsheets/fs361/en/
95)
Mercury exposure: medical and public health issues. Mahaffey KR.
Trans Am Clin Climatol Assoc. 2005;116:127-53.
http://www.ncbi.nlm.nih.gov/pubmed/16555611
96)
Disturbed cingulate glutamate metabolism in adults with highfunctioning autism spectrum disorder: evidence in support of the
excitatory/inhibitory imbalance hypothesis.

http://www.nature.com/mp/journal/vaop/ncurrent/full/mp201462a.html
97)
Early Postnatal Exposure to Ultrafine Particulate Matter Air
Pollution: Persistent Ventriculomegaly, Neurochemical Disruption, and Glial
Activation Preferentially in Male Mice. Allen JL. Environ Health Perspect. 2014
Sep;122(9):939-945. http://ehp.niehs.nih.gov/1307984/
98)
Developmental exposure to concentrated ambient ultrafine
particulate matter air pollution in mice results in persistent and sex-dependent
behavioral neurotoxicity and glial activation. Allen JL, Toxicol Sci. 2014
Jul;140(1):160-78. http://www.ncbi.nlm.nih.gov/pubmed/24690596
99)
Environmental mercury release, special education rates, and autism
disorder: an ecological study of Texas. Palmer RF. Health Place. 2006
Jun;12(2):203-9. http://www.ncbi.nlm.nih.gov/pubmed/16338635
100)
Autism-relevant social abnormalities in mice exposed perinatally to
extremely low frequency electromagnetic fields.
http://www.ncbi.nlm.nih.gov/pubmed/24970316
101)
Reactive oxygen species elevation and recovery in Drosophila bodies
and ovaries following short-term and long-term exposure to DECT base EMF.
Manta AK. Electromagn Biol Med. 2014 Jun;33(2):118-31.
http://www.ncbi.nlm.nih.gov/pubmed/23781995
102)
Drosophila oogenesis as a bio-marker responding to EMF sources.
Margaritis LH. Electromagn Biol Med. 2014 Sep;33(3):165-89.
http://www.ncbi.nlm.nih.gov/pubmed/23915130
103)
Exposure to 1800 MHz radiofrequency electromagnetic radiation
induces oxidative DNA base damage in a mouse spermatocyte-derived cell line.
Liu C. Toxicol Lett. 2013 Mar 27;218(1):2-9.
http://www.ncbi.nlm.nih.gov/pubmed/23333639
104)
Electromagnetic noise inhibits radiofrequency radiation-induced
DNA damage and reactive oxygen species increase in human lens epithelial
cells. Yao K. Mol Vis. 2008 May 19;14:964-9.
http://www.ncbi.nlm.nih.gov/pubmed/18509546
105)
[Metabolic changes in cells under electromagnetic radiation of mobile
communication systems]. Iakimenko. IL. Ukr Biokhim Zh. 2011 MarApr;83(2):20-8. http://www.ncbi.nlm.nih.gov/pubmed/21851043
106)
Non-thermal activation of the hsp27/p38MAPK stress pathway by
mobile phone radiation in human endothelial cells: molecular mechanism for
cancer- and blood-brain barrier-related effects. Leszczynski D. Differentiation.
2002 May;70(2-3):120-9. http://www.ncbi.nlm.nih.gov/pubmed/12076339

107)
Effect of 900 MHz radiofrequency radiation on oxidative stress in rat
brain and serum. Bilgici B. Electromagn Biol Med. 2013 Mar;32(1):20-9.
http://www.ncbi.nlm.nih.gov/pubmed/23301880
108)
Protective effects of melatonin and caffeic acid phenethyl ester
against retinal oxidative stress in long-term use of mobile phone: a comparative
study. Ozguner F. Mol Cell Biochem. 2006 Jan;282(1-2):83-8.
http://www.ncbi.nlm.nih.gov/pubmed/16317515
109)
Mobile phone-induced myocardial oxidative stress: protection by a
novel antioxidant agent caffeic acid phenethyl ester. Ozguner F. Toxicol Ind
Health. 2005 Oct;21(9):223-30. ttp://www.ncbi.nlm.nih.gov/pubmed/16342473
110)
Oxidative damage in chemical teratogenesis. Wells PG. Mutat Res.
1997 Dec 12;396(1-2):65-78. http://www.ncbi.nlm.nih.gov/pubmed/9434860
111)
The influence of 1800 MHz GSM-like signals on hepatic oxidative
DNA and lipid damage in nonpregnant, pregnant, and newly born rabbits.
Tomruk A. Cell Biochem Biophys. 2010;56(1):39-47.
http://www.ncbi.nlm.nih.gov/pubmed/19851891
112)
The effect of radiofrequency radiation on DNA and lipid damage in
female and male infant rabbits. Güler G. Int J Radiat Biol. 2012 Apr;88(4):36773. http://www.ncbi.nlm.nih.gov/pubmed/22145622
113)
Radio frequency electromagnetic radiation (RF-EMR) from GSM
(0.9/1.8GHz) mobile phones induces oxidative stress and reduces sperm motility
in rats. Mailankot M. Clinics (Sao Paulo). 2009;64(6):561-5.
http://www.ncbi.nlm.nih.gov/pubmed/19578660
114)
Effects of the exposure to mobile phones on male reproduction: a
review of the literature. La Vignera S. J Androl. 2012 May-Jun;33(3):350-6.
http://www.ncbi.nlm.nih.gov/pubmed/21799142
115)
Effects of radiofrequency electromagnetic waves (RF-EMW) from
cellular phones on human ejaculated semen: an in vitro pilot study. Agarwal A.
Fertil Steril. 2009 Oct;92(4):1318-25.
http://www.ncbi.nlm.nih.gov/pubmed/18804757
116)
Laptop Exposure Associated With Nonthermal Effect on Sperm Quality.
American Society for Reproductive Medicine 66th Annual Meeting.Nov 2010.
http://www.medscape.com/viewarticle/732024
117)
Electrohypersensitivity: state-of-the-art of a functional impairment.
Johansson O. Electromagn Biol Med. 2006;25(4):245-58.
http://www.ncbi.nlm.nih.gov/pubmed/17178584

118)
Reducing electromagnetic irradiation and fields alleviates
experienced health hazards of VDU work. Hagström M. Pathophysiology. 2012
Apr;19(2):81-7. http://www.ncbi.nlm.nih.gov/pubmed/22364840
119)
Cell phone radiation exposure on brain and associated biological
systems. Kesari KK. Indian J Exp Biol. 2013 Mar;51(3):187-200.
http://www.ncbi.nlm.nih.gov/pubmed/23678539
120)
WiFi in schools proven dangerous.
https://www.youtube.com/watch?v=KN7VetsCR2I&feature=related
121)
Cell phone use and behavioural problems in young children. Divan
HA, .J Epidemiol Community Health. 2012 Jun;66(6):524-9.
http://www.ncbi.nlm.nih.gov/pubmed/21138897
122)
Prenatal and postnatal exposure to cell phone use and behavioral
problems in children. Divan HA. Epidemiology. 2008 Jul;19(4):523-9.
http://www.ncbi.nlm.nih.gov/pubmed/18467962
123)
Maternal cell phone and cordless phone use during pregnancy and
behaviour problems in 5-year-old children. Guxens M. J Epidemiol Community
Health. 2013 May;67(5):432-8. http://www.ncbi.nlm.nih.gov/pubmed/23386674
124)
Case-control study of the association between malignant brain
tumours diagnosed between 2007 and 2009 and mobile and cordless phone use.
Hardell L. Int J Oncol. 2013 Dec;43(6):1833-45.
http://www.ncbi.nlm.nih.gov/pubmed/24064953
125)
Behavior and memory evaluation of Wistar rats exposed to 1·8 GHz
radiofrequency electromagnetic radiation. Júnior LC. Neurol Res. 2014
Sep;36(9):800-3. http://www.ncbi.nlm.nih.gov/pubmed/24620965
126)
Effect of radio-frequency electromagnetic radiations (RF-EMR) on
passive avoidance behaviour and hippocampal morphology in Wistar rats.
Narayanan SN. Ups J Med Sci. 2010 May;115(2):91-6.
http://www.ncbi.nlm.nih.gov/pubmed/20095879
127)
Analysis of emotionality and locomotion in radio-frequency
electromagnetic radiation exposed rats. Narayanan SN. Neurol Sci. 2013
Jul;34(7):1117-24. http://www.ncbi.nlm.nih.gov/pubmed/22976773
128)
Evaluation of oxidant stress and antioxidant defense in discrete brain
regions of rats exposed to 900 MHz radiation. Bratisl Lek Listy.
2014;115(5):260-6. http://www.ncbi.nlm.nih.gov/pubmed/25174055
129)
Fetal Radiofrequency Radiation Exposure From 800-1900 MhzRated Cellular Telephones Affects Neurodevelopment and Behavior in Mice.

Aldid, T.Nature. Scientific Reports 2, Article number: 312. Feb 18, 2013.
http://www.nature.com/srep/2012/120315/srep00312/full/srep00312.html
130)
Disturbance of the immune system by electromagnetic fields-A
potentially underlying cause for cellular damage and tissue repair reduction
which could lead to disease and impairment. Johansson O. Pathophysiology. 2009
Aug;16(2-3):157-77. Epub 2009 Apr 23.
http://www.ncbi.nlm.nih.gov/pubmed/19398310
131)
Single- and double-strand DNA breaks in rat brain cells after
acute exposure to radiofrequency electromagnetic radiation. Lai H, Singh NP,
Int J Radiat Biol 69(4):513-521, 1996.
132)
Melatonin and a spin-trap compound block radiofrequency
electromagnetic radiation-induced DNA strand breaks in rat brain cells. Lai, H,
Singh, NP, Bioelectromagnetics 18(6):446-454, 1997a
133)
Neurobehavioral Effects of Developmental Toxicity. Landrigan P.
Lancet Neurology. 2014:13: 330-38.
http://www.thelancet.com/journals/laneur/article/PIIS1474-4422(13)702783/abstract
134)

Bioinitiative 2012. http://www.bioinitiative.org/conclusions/

135)
Making Better Environmental Decisions. An Alternative to Risk
Assessment. Mary O’Brien. MIT Press. 2000
136)
The precautionary principle in environmental science. D Kriebel.
Environ Health Perspect. Sep 2001; 109(9): 871–876.
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1240435/
137) Brain study suggests autism starts before birth.
http://www.nbcnews.com/health/kids-health/brain-study-suggests-autism-startsbirth-n62681
138) What causes autism? Exploring the environmental contribution. Landrigan,P. Curr
Opin Pediatr. 2010 Apr;22(2):219-25. http://www.ncbi.nlm.nih.gov/pubmed/20087185
139) Neurexin Dysfunction in Adult Neurons Results in Autistic-like Behavior in Mice.
Rabaneda, LG. Cell Rep. 2014 Jul 24;8(2):338-46.
http://www.ncbi.nlm.nih.gov/pubmed/25017069

