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Abstract: The incidence of neurodevelopmental disorders especially in children has been on
the rise in recent decades, which is possibly caused by many different factors. In order to
further explain this situation and arouse enough attention, this review will specifically
elaborate genetic aspects and pathogenic hypothesis of these two kinds of neurodevelop-
mental diseases in children, autism and attention deficit hyperactivity disorder (ADHD)
while analyzing the relationship between different environmental toxins and these two
disorders. The effects of these pathogenic factors such as heavy metal lead, mercury,
polyvinyl chloride (PVC) and polychlorinated biphenyls (PCBs) and their strong pathogeni-
city will be explained in detail through literature data retrieval and analysis. In addition, other
neurotransmitter such as norepinephrine (NE) and serotonin (5-HT) signaling factors coming
down to these two neurodevelopmental disorders and how their abnormal concentration
present in the blood as well as the completely opposite results among experimental groups
and control group will be elaborated. Furthermore, other high-risk and high-exposure factors
may contribute to both diseases, such as alcohol and smoking abuse among parents, air
pollutants PM2.5 and PM10 in the environment will also be discussed in the review. Since
these environmental toxins and other harmful substances discussed in the paper have been
linked to an increasing number of children with autism and ADHD in recent decades, from
the medical perspective, this review will put forward certain succinct points to the aspects of
minimizing relevant exposure or risks in clinical and daily life, as well as feasible sugges-
tions in public health area for children, parents and prospective parents, to curb the growth of
these two diseases in part by raising awareness in the population and reducing unnecessary
exposure.
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Introduction

In recent years, due to multiple reasons such as the deteriorating environment, the
incidence of diseases in human beings, especially in children, is increasing. There
are many hypotheses concerning to this hot issue, including changes in the way
diseases are diagnosed, vaccines, and even neurotoxic chemicals in the environ-
ment. Studies have shown that many neurodevelopmental diseases may be caused
by neurotoxic chemicals such as lead, mercury, polyvinyl chloride and PCBs.!
From available data, there is quite certain that the incidence of Autism and
ADHD has increased over time, and the increase cannot be ignored over the past
decades.
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PCB and mercury emissions are strongly associated
with Autism in terms of neurotoxin pathogenicity.
According to relevant researches, every time mercury or
PCB emissions spike, the incidence of Autism seems to
increase. At the same time, it is also possible that these
neurodevelopmental disorders, particularly Autism and
ADHD, are caused by other factors, and it will take
years of research to find a direct link. But it is generally
agreed that most of the industrial chemicals present in the
environment today are known carcinogens, so caution is
warranted in public health areas. The public should be
careful about the biological accumulation of fish or food
contaminated with these chemicals in the body.

Background

Brain development is a series of evolutionary and degenerative
processes regulated by the interaction of cellular and environ-
mental factors. The period of rapid development lasts from
the second trimester to the first 24 months of life. These
processes are regulated not only by genetics but also by envir-
onmental factors. Fetal brain development is particularly sen-
sitive to the environment, prenatal stress can affect
neurotransmitters, neuromorphic, neurotrophic factors and
cell adhesion molecules and so on, particularly in sensitive
stage of acute or chronic regulate cell behavior and gene
expression alter neural development, the influence of the dis-
tortion of the cell behavior and gene expression form perma-
nent structure remodeling and function program rewoven, lead
to brain more susceptible to future stress. Studies have also
shown that early malnutrition can affect the hippocampus, an
area of the brain associated with spatial learning and memory,
and affect its morphological, neurochemical and neurophysio-
logical functions, leading to cognitive learning dysfunction.
Prenatal environment factors from various aspects affect fetal
brain development, development caused by cerebral ischemia
in the phenotype of susceptibility genes, stylized in cellular and
molecular level change normal brain cell behavior and specific
brain structures, reconstruction of the hypothalamic pituitary
adrenal axis, interfere with the key neurotransmitters, change
the course of normal brain development, increased neonatal
hypoxic ischemic encephalopathy and long-term high suscept-
ibility of neurodevelopmental disorder.”

Autism spectrum disorder (ASD) and attention deficit
hyperactivity disorder (ADHD) often occur together, and
both are highly hereditary while genetic risk variants are hard
to find. In terms of whole-gene association analysis, there are
some studies that have found specific genetic variations, but
very few have found genetic associations that support the

excitatory and inhibitory neurotransmitter systems involved
in the severity of ADHD and ASD symptoms by analyzing
multiple gene variations in a particular genome. For example,
glutamate and aminobutyric acid, major excitatory and inhibi-
tory neurotransmitters in the brain, have been shown to be
associated with hyperactivity/impulsivity severity, while the
GABA genome has been shown to be significantly associated
with inhibition.>

Autism

Autism, also called autistic disorder, is a kind of severe
nerve widely developmental disorders, which main fea-
tures are obstacle to verbal and nonverbal communication,
social interaction and rigid narrow interest. It usually
appears in children before the age of 3 and predisposes
to boys. The sex ratio is usually 4:1 ~ 6:1 with quite high
morbidity. Autism is a disorder that affects children’s
social skills. Widespread autism is known as autism spec-
trum disorder (ASD). It is estimated that 3.4 out of every
1,000 children aged 3-10 have ASD.* The incidence has
been on the rise in recent years, causing serious damage to
children’s physical and mental health, doing harm to the
families and society, which has aroused extensive attention
from all over the world. However, in terms of factors
influencing the etiology of ASD, Ma et al® believed that
good family upbringing was the protective factor.

Genetic Aspects and Pathogenic Hypothesis of ASD
The role of genetic factors in the development of autism has
been demonstrated in earlier twin studies: the prevalence of
autism in the monozygotic twins is significantly higher than in
the dizygotic twins. Studies have confirmed the occurrence of
autism some gene variations may be due to the influence
caused by the biological signaling pathways related to brain
development. One of the more recognized signal pathway
theory is about RAS pathway. RAS is a small guanine binding
protein, which plays an important role in the growth and
development of eukaryotic cells. Some genes on the chromo-
somes of autistic children have deletion, duplication and other
common mutations, and these locations contain important
genes and enzyme cutting sites that affect RAS pathway, thus
causing initiation effects in the regulation and expression.
Because of the role synapses play in brain development, it
has long been suspected that synaptic dysfunction may be the
cause of autism, and genetic mutation analysis has found many
mutations in genes along the way that may be linked to
Autism.® According to Tan et al,” although multiple gene loci
and susceptibility genes have been reported successively,
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genetic studies can only explain 20%~30% of heritability. So
far, most of the etiological studies on childhood Autism sup-
port that Autism is a neuropsychiatric developmental syn-
drome caused by external environmental factors affecting
individuals with genetic susceptibility to it. Meanwhile, social
and emotional disorders may be mainly related to dysfunction
of the limbic system which is the medial temporal lobe of the
brain.® Vaccarino et al’ also pointed out that RAS pathways
may explain some symptoms of Autism, such as macrocephaly
happened in about 20% of patients. This symptom is caused by
the rapid development of neural cells in the embryonic brain. It
may be caused by the disturbance of the fibroblast growth
factor (FGF) signal regulation mechanism or the proliferation
of neural stem cells before birth. Adviento et al'® also illu-
strated that certain complications of Autism, such as fragile
X syndrome and tuberous sclerosis (TS), have certain mutant
proteins linked to the RAS pathway.

Though abnormalities in brain structure and function are
widely believed to be linked to neurodevelopmental disor-
ders, the exact cause of Autism is still unknown. Most
scientists believe the deformity is the result of
a combination of genetic and environmental factors. Other
theories that have been investigated include the link between
vaccines, problems during pregnancy, and genetics.'' Autism
has long been considered primarily a genetic disorder with
a number of studies support this view. However, in recent
decades, scholars have found through in-depth and extensive
research that Autism is a biological disease with multiple
causes, mechanisms and phases while environmental factors
are closely related to it.

In terms of neuroimaging, positron emission tomography
(PET), functional magnetic resonance imaging (fMRI) and
single photon emission computer tomography (SPECT) were
used to find structural and metabolic abnormalities in the
limbic system, brainstem, cerebellum and related cortex. In
neuropathology, through animal model studies, some research-
ers have found that the limbic system of the brain may be
closely related to Autism. The limbic system is primarily
associated with Autism in the amygdala and hippocampus,
an almond-shaped subcortical center that controls human emo-
tion and aggression. Social withdrawal, compulsive behavior,
ignorance of dangerous situations, inability to extract informa-
tion from memory stores, and inability to adjust oneself to new
events or circumstances are associated with damage to the
hippocampus. The amygdala is also responsible for responses
to a variety of sensations. Individuals with Autism have been
found to have trouble responding to these stimuli, and surgical
damage or removal of the amygdala can reproduce the

aggressive and emotionally detached behavior of autistic chil-
dren in animals. Hippocampus is a center for learning and
memory. The inability of children with Autism to use pre-
viously stored information in new situations may be linked to
this part of the brain. It is also believed that ASD is related to
heredity or genetic abnormality rather than one or a few genes.
Cytogenetic studies have also found that people with specific
chromosomal aberrations have a higher incidence of getting
Autism. At present, except for no specific Autism susceptibil-
ity genes found on chromosome 14 and chromosome 20, other
chromosomal abnormalities are all considered to be correlated
with the incidence of Autism. For example, 7q31-q35, 15q11-
q13 and sex chromosomes are widely investigated in this area.
Researchers found that 1% to 3% of people with Autism have
abnormalities in chromosome 15, mostly gotten from their
mothers. There is now a consensus that Autism, or core pedi-
gree, is related to mutations on chromosomes 7 and 15.'
Similar conclusion has been found by Feng et al'® and Li

et al,14

who studied 42 cases of patients and found relevant
auxiliary examination of SPECT abnormality rate was 93%.
The prompt SPECT examination result has a certain value to
the diagnosis of Autism, which mainly reduced the left side of
the brain blood flow perfusion, frontal lobe on the temporal
lobe and the limbic system (hippocampal gyrus cingulate
insula, etc.). The exception results of these parts may lead to
social communication disorders in children with language
communication barriers, stereotyped behavior and feeling or
movement disorders.

In the field of neuroelectrophysiological testing, Kong &
Duan' selected clinically children who were diagnosed with
Autism from 2001 to 2007. They studied 30 cases of BAEP
and EEG examination data analysis results and found: BAEP
normal 11 cases (37%), 19 cases (63%); EEG normal 23 cases
(77%), 7 cases (23%). The results show that although the
abnormal rate of BAEP is different from that of EEG (the
former is obviously higher than the latter), it is indisputable
that some autistic children have abnormal BAEP and EEG, and
the abnormality of BAEP may be related to the characteristics

of Autism itself. Duan et al'

found some possible gut
microbes associated with Autism or flora composition. Since
most gut microbes cannot by in vitro culture, the potential
reason of causing Autism may be microbe in vitro culture of
bacteria. Small amounts of them can attach to the lining of the
intestine, be distributed in the small intestine, or be present in
the feces. Under the condition of current technology, it is
impossible to complete sampling and analysis of them, so

this speculation is still in the stage of theoretical research.
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Attention Deficit Hyperactivity Disorder (ADHD) is
a common neurobehavioral disorder that affects children
and persists through adolescence and adulthood.'” This
type of disorder makes it difficult for children to concen-
trate and focus on one single task. A large number of
studies have confirmed that 70% of ADHD symptoms
can last to adolescence while 30% of them may last until
adulthood in recent years. ADHD patients generally suffer
from a variety of mental disorders with increased risks of
anti-social behaviors and crimes related to substance
dependence in later stages of their lives. Therefore,
ADHD has been regarded as a chronic lifelong disease
which has become an important public health problem.'®

Genetic Aspects and Pathogenic Hypothesis of
ADHD
Neurodevelopmental and developmental factors can also
trigger children of getting ADHD. The condition is usually
diagnosed in preschoolers and early elementary schoolers,
which provides a structured environment that allows
symptoms to become apparent. It has been observed that
the structure and function of different parts of the brain of
ADHD children are different. Although there is no known
cause, problems during pregnancy or environmental toxins
may affect children’s brain development.'®

The exact cause of ADHD is still unknown, but it is
widely acknowledged that there is a strong neurobiological
basis. Changes in brain structure are thought to be the main
cause of the disease. Brain scans showed that the brains of
children with ADHD were 4% smaller than those without the
disorder. Neurotransmitters, which are called brain’s chemi-
cal messengers, perform poorly and found with less activity
in areas of the brain responsible for activity and attention in
ADHD patients.?® Recent data suggest that ADHD has neu-
rophysiological basis abnormality, and hyperactivity and
inattention may be related to insufficient function of catecho-
lamine system in the brain. Some scholars examined hyper-
activity children and found that local blood flow in the
prefrontal cortex of them was hypoperfusion. Brain imaging
also showed cortical atrophy in young adults with a history of
ADHD in children. Recent PET studies have also discovered
that the density of dopamine receptors is associated with
childhood development, leading to specific changes in dopa-
mine receptor density which do not occur until adolescence.
The area most susceptible to hyperactivity in children is
thought to be the dopa pathway in the anterior lobe.'
ADHD in children can be understood as a comprehensive

result of the dysfunction of information transmission
between neurons in the brain and the disorder of the mutual
restriction between inhibitory synapses and excitatory
synapses. Wang? thought that abnormal metabolism of neu-
rotransmitters in the brain may be caused by insufficient
quantity of neurotransmitters, leading to the consequence
that the information cannot be delivered in time.

Another possible source is exposure to some toxins during
pregnancy of their mothers. The brain begins to develop from
conception to the first year of life. Alcohol and cigarettes
distort the growth of nerve cells. Children with fetal alcohol
syndrome have the same symptoms of inattention, hyperac-
tivity and impulsivity as children with ADHD. Other drugs,
such as cocaine, can affect the normal development of brain
receptors, which may also lead to the disorder. Lastly, toxins
and everyday activities in the environment may be linked to
disruption of brain development and regular processes.”

Methodology
Purpose of Study

The purpose of this review is to find a series of risk factors
that may lead to Autism and ADHD in children from a certain
amount of professional literature. At the same time, some
possible pathogenic factors in neurobiological area were also
discussed in order to attract more attention from the public. In
addition, in public health area, especially in early screening
process of children with these neurodevelopmental disorders,
it is hoped to make a small contribution to providing them
with early intervention and proper treatment.

Research Method

The main research method of this review is literature
reading, through reading a large and sufficient amount of
literature, summarize valid data and conclusions or rele-
vant hypothesis, determine the pathogenic mechanism of
certain specific factors may lead to autism and ADHD;
looking for methods to reduce the risk of exposure to
diseases of newborns; making contributions to the public
health care of women and children.

Data Collection and Analysis
Literature searched in PubMed, Knowledge Network,
CQVIP and other databases; keywords including “Autism”,

9%

“ADHD?”, “neurotoxin”, “environmental toxin”, “exposure”,
etc. From official sources such as the Centers for Disease
Control in different regions, the National Institutes of Health,

and the Environmental Protection Agency, papers and
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articles, tabulating relevant data and analyzing the causes of
the increased incidence of children in recent years mainly
from the aspect of pathogenic mechanism.

Main Findings

In general, both autism (ASD) and attention deficit hyper-
activity disorder (ADHD) are polygenic and heterogeneous
diseases, which explains the difficulty of identifying under-
lying genetic factors.> According to Bedrosian et al,' to find
out whether there was a link between environmental toxins
and neurodevelopmental disorders, an analysis of large
amounts of data were collected between 1990 and 2007,
including toxins such as lead, mercury, PCBs and PVC.
The research found that only two neurobehavioral disorders,
which are autism and ADHD, had rather clear information
of their prevalence over the years.

Neurotoxin is any compound derived from an exogenous
source (ie, the environment) that affects neurodevelopment.
The major toxins include mercury, lead, PVC (polyvinyl
chloride) and PCBs (polychlorinated biphenyls). Exposure
to harmful toxins above the threshold or in large doses during
the early stages of pregnancy or childhood (especially during
infancy) could lead to many diseases, especially neurodeve-
lopmental diseases, fertility or even death.* Since humans
may be exposed to lead, mercury, PVC, and PCBs through
inhalation, ingestion, or merely through skin contact like
absorption, and they are used to produce many everyday
products, which poses a bigger risk to the whole population
and the environment. One of the serious results is that the
number of children getting autism and ADHD is increasing
over the course of decades.

Discussion
Different Neurotoxins Contribute to
Autism and ADHD

Data collected from a rather accurate survey shown in
Figure 1' of long-term data in 10 different US states
suggest and provide a possible link between environmental
toxins such as lead, mercury, PCBs, and autism rates; as
well as a graph of the percentage of children diagnosed
with ADHD. As can be seen from the statistical data in
Table 1,' the incidence of autism and ADHD in the United
States from 1992 to 2003 was accompanied by an increase
in the content of toxic substances such as heavy metals in
the environment, and the number of children with the
disease also showed a general trend of increasing year
by year.

Lead and Mercury
Lead is involved in certain serious diseases such as child-
hood leukemia. At the same time, lead has also been
proved by quite amount of studies of its link to many
teratogenic or defective diseases. Nowadays children are
still at risk for lead exposure, especially for those who live
in houses with lead-based paint. According to National
Safety Council,” it is estimated that more than 400,000
children under the age of six have high levels of lead in
their blood. The highest risk groups are fetuses and
younger children groups for their fastest development in
body. Exposure to low threshold concentrations of lead in
children under 6 years of age can lead to reduced IQ,
learning disabilities, attention deficit disorders, behavioral
problems, developmental delays and hearing impairment.
High levels of exposure can cause a range of more severe
reactions such as mental retardation, coma, and even
death. Not only does lead interfere with brain and neural
development in children, it also affects blood formation
and kidney function. During pregnancy, lead can be trans-
ferred from the mother through the “blood-placental bar-
rier” to the developing fetus. In addition, studies have
suggested that the stress of pregnancy can cause lead to
be released from a mother’s bones into her bloodstream
and eventually into the fetus, leading to toxic effects and
even birth defects. Results of a clinical control study?®
showed that there were statistically significant differences
in perinatal lead poisoning, toxic exposure, partial diet
and breastfeeding between the
(P<0.01).

Mercury is widely found in nature and such as air,

two tested groups

water and soil because it is a natural element on its own.
Meanwhile, even small amounts of mercury can cause
serious health problems. Very limited amount of mercury
exposure during pregnancy can pose a threat to the devel-
opment of embryos and fetuses in the womb early in life,
especially do harm to the development of one’s nervous
system. Similar to lead, mercury exposure remains the
highest risk in children under 6 years of age and fetuses.
Other relevant factors include the chemical form of mer-
cury during the time of exposure, the route of exposure,
and the current physical condition of the subjects.'
Historically, there have been outbreaks of methylmercury
in areas where fish are often consumed in large quantities.
Mothers with no signs of neurodevelopmental damage
have given birth to severely disabled babies, which
directly suggested that the nervous systems of fetuses are
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Table | Comparison of Trends in Neurodevelopmental Disorders and Neurotoxins in the General Environment in the United States

Between 1992 and 2003'

US Totals

Year Mercury Lead PCB PVC ADHD Autism Autism%

Age 6-22
1992 55998 4.40% 427320 15292 0.0257%
1993 26916 4.40% 164470 18695 0.0311%
1994 20952 4.40% 94962 22329 0.0368%
1995 23912 34432 9.83 28720 0.0469%
1996 25042 97945 33999 0.0549%
1997 38507 7.61% 987640 5.5% 42126 0.0674%
1998 289518 6.50% 6127249 5.9% 53644 0.0850%
1999 126792 5.03% 14598073 5.6% 65607 0.1030%
2000 71884 3.96% 1722883 12.85 6.6% 78928 0.1197%
2001 95690 3.03% 4646321 6.4% 97994 0.1469%
2002 100041 2.56% 3155954 7.2% 118071 0.1752%
2003 68231 2.00% 43228331 6.4% 140254 0.2061%

more susceptible to toxic mercury compounds than those
of adults.”’

PCBs (Polychlorinated Biphenyls) and PVC (Polyvinyl
Chloride)

PCBs are not only carcinogens, but also neurotoxins that
have been shown to cause many neurodevelopmental dis-
eases. Polychlorinated biphenyls (PCBs), due to their
extreme stability, can be naturally decomposed in natural
environments for many years. These toxins are stored in
human and animal adipose tissue and tend to bind to
sediments. They can be combined with seafloor sediments
through a process of bioaccumulation and consumed by
organisms, birds, fishes and human. Some clinical case
reports have shown that pregnant women with high levels
of PCB in their blood are more likely to give birth to
offspring with a variety of neurodevelopmental disorders,
such as lower 1Q and lower birth weight. PCBs are well-
established neurotoxins, so environmental PCBs may also
be associated with increased rates of neurodegenerative
diseases such as childhood autism, cerebral palsy, and
muscular dystrophy." When exposed to such an environ-
ment, the development of the infants’ brain can be

severely impaired.

Today, PVC is widely used in the manufacture of
rubber shoes, raincoats and other goods, but there have
been many studies on its harmful effects in recent years.
When PVC is burned, buried, or even used, it releases
toxic substances into the atmosphere. PVC production
process is designed with the use of chlorine and produce
two harmful substances vinyl chloride, a dangerous carci-
nogen, as well as ethylene dichloride. Both of them can do
harm to the kidney, lung, cardiovascular, immune and
nervous systems. Phthalates and bisphenol A were added
as softeners while these chemicals are directly or indirectly
released to the environment, causing harmful effects to
human and possibly lead to liver damage, damage to the
reproductive and nervous systems or even cancer. Children
are most often exposed to PVC through sucking or skin
contact with plastic toys. Plastic baby bottles and cutlery
used by infants are also an important way of exposure.’

Monoamine Neurotransmitters in Blood

Contribute to Autism and ADHD

For the pathogenesis of children with Autism and ADHD, it
is worth noting that blood monoamine neurotransmitter in
the central nervous system is involved in many physiologi-
cal reactions. Norepinephrine and Serotonin in the brain
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exist two kinds of function of the phase antagonism mature
neurotransmitter. They play important roles in the regulation
of mental activity, emotional response and other behavioral
patterns. They are important factors in the development of
and ADHD in
a neurobiochemical point of view, there were some article
data show that: children with Autism and ADHD have
shown changes in NE and 5-HT in their blood.”®
Generally, NE and 5-HT are in a balanced state of interaction

Autism children as well. From

to maintain the appropriate behavior spectrum. Once this
balance disturbed, behavior disorders are likely to occur.

Monoamine Neurotransmitters in
Blood-Norepinephrine (NE)

According to Luo et al*® since the level of NE in the blood
reflects the excitability of the sympathetic nerve, the level of
NE in the blood of children with ADHD is significantly
higher than that of normal ones, which may be one of the
causes of hyperactivity in children. As shown in Table 2,
children with Autism showed the opposite trend (NE levels
were significantly lower than those in normal children),
reflecting different disorders of arousal and inhibition.

Monoamine Neurotransmitters in Blood-Serotonin
(5-HT)

Luo et al*® also pointed out that normally serotonin inhi-
bits and stabilizes higher brain regions and mental activity.
Children diagnosed with ADHD whose 5-HT content in
blood was significantly lower than the normal ones (also
shown in Table 2). Probably leading to hyperactivity,
inattention and impulsivity. One of the reasons for children
with Autism is that 5-HT in their blood is significantly
higher than that of normal ones. It may be one of the
reasons for autistic children’s withdrawal behavior, com-
munication difficulties and communication difficulties. At
the same time, it can be concluded from the data in Table 2
that, compared with the data in the Control group, ie, the
normal children group, children in the autism group and

Table 2 Comparison of Monoamine Neurotransmitters NE and
5-Ht in Blood of ADHD and Autism Children with Normal Infants
(x*£5s)

Group n NE (0 g/mL) 5-HT (ng/mL)
ADHD group 35 687+124* 1.0+0.3*
Autism group 35 176+ 14* 16.318.6*
Control group 40 359+84 4.7+1.2

Note: Compared with the control group, *p<0.01.

the ADHD group showed an opposite trend in the propor-
tion of specific neurotransmitters in the comparative
experiment of the data difference and effectiveness.

Other Factors Contribute to Autism and
ADHD

Manganese and Polycyclic Aromatic Hydrocarbons
(PAHs)

Manganese is a natural trace element in soil, water and
plants. Manganese metal is mainly used in steel pro-
duction to improve hardness, stiffness and strength.
Several studies have linked excessive manganese expo-
sure to neurodevelopmental diseases in children.
According to Zhang and Yan,?® most of manganese in
the brain stays in the form of pancreatic phthalein
amine synthetase, which is the excitatory neurotrans-
mitter pancreatic phthalein amine metabolization key
enzyme. This enzyme is important for nerve excitation,
inhibition and balance. But excess amount of manga-
nese can alter this balance, causing dopamine metabo-
lism disorders in the nigra striatum after absorption
into human (NPC) cells, leading to neurologic symp-
toms of manganese toxicity. This could be associated
with lower math scores, lower psychological function-
ing and ADHD.

Polycyclic aromatic hydrocarbons (PAHs) are widely
found in urban air pollutants, mainly from the combustion
of fossil fuels and other organic materials, which are com-
monly considered to be neurotoxic. One study suggests that
exposure to PAHs in the air in New York City may be linked
to behavioral problems in ADHD children. In the nine-year
study, conducted in New York City, researchers determined
the association between behavioral problems with ADHD
and prenatal PAHs exposure by following the children of
African-American and Dominican women in New York City
over time, and finally conducted a professional evaluation of
postpartum exposure. The results suggested that high prena-
tal exposure to PAHs may increase the risk of ADHD beha-
vioral problems in the fetus after birth. However, the
mechanisms by which PAHs exposure may affect brain
development are not fully proven yet. Endocrine disruption,
reduced exchange of oxygen and nutrients due to placental
growth factor receptors, DNA damage, and epigenetic
changes are several suspected pathways. In addition, since
brain development and growth normally continue throughout
the whole childhood, direct exposure to them after birth may
also affect neurodevelopment and behavior in children.*
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Other Associated Factors

In a study?' of 28 children with ADHD, four of them
suggested that mild brain impairment in some children
may be related to genetic and environmental factors. In
addition, recent studies have found that the incidence of
some mental diseases such as alcoholism and pathological
personality among parents is higher than that of the control
group. All suggested that the clinical symptom fluctuation
of hyperactivity children was sometimes related to differ-
ent places and activities. The phenomenon that their symp-
toms fluctuate with the scene indicates that the changes of
hyperactivity children’s symptoms are affected by the
environment as well. In addition, the incidence of brain
trauma, asphyxia and parental dissonance were statistically
different between the two groups (P<0.05).

Moreover, it is also suggested by Huang and Jin®' that
the occurrence of ADHD is associated with genetic factors,
perinatal conditions, family psychological factors, nutrition
and dietary factors. Air pollutants, especially PM2.5 and
PM10, may increase the risk of developing Autism, but
there may exist bias in the results of epidemiological studies.
According to Ma and Li,? exposure of tobacco smoke before
and during pregnancy, including smoking and passive smok-
ing by pregnant women, has a number of negative effects on
the fetus, such as birth defects, preterm delivery, intrauterine
growth restriction, childhood obesity, neurodevelopmental
development and behavioral abnormalities. The toxic side
effects of tobacco smoke may be caused by chronic hypoxia
in the fetus. Through the direct effect of nicotine or smoking
caused by poor appetite and food consumption leading to
malnutrition, may also increase placental resistance; reduce
uterine blood flow; increase carbon and oxygen hemoglobin;
which could all contribute to the fetal intrauterine chronic
hypoxia environment. The mechanism of fetal brain dyspla-
sia induced by nicotine exposure is considered to be caused
by stimulation of acetylcholine release. Passive smoking
during pregnancy, like active smoking, will increase the
risk of fetal neural development and behavioral abnormal-
ities. Children exposed to tobacco smoke will have a 2.5
times higher risk of getting ADHD than children whose
mothers are not exposed to tobacco during or before
pregnancy.

Conclusion and Recommendations

Conclusion
To sum up, there may exist a possible link between the
harmful effects of certain environmental toxins and

neurotoxins in the pathogenesis of neurodevelopmental
disorders, in this review, autism and ADHD. The number
of children with these two disorders has soared over the
past few decades, linking to early and excessive exposure
to different kinds of environmental toxins such as lead,
mercury, PCBs and PVC. It is worth attention that children
of age 6 or younger with blood lead levels higher than
10pg/dL are more susceptible to environmental toxins
during early development, and they are more profound
effects since blood lead levels are closely related to one’s
direct exposure to lead.

In the meantime, factors like monoamine neurotrans-
mitter shall also be considered in the process and mechan-
ism of neural signaling since they are rather closely related
to children’s behavior and the detection of norepinephrine
and serotonin may play a role in promoting the under-
standing of children’s behavior patterns. Moreover, other
associated factors such as manganese, PAHs, alcoholism,
active and passive smoking, parents’ mental health, peri-
natal conditions, family psychological factors, nutrition
and diet factors, air pollutants, especially PM2.5 and
PM10 could all have an effect on children getting these
two diseases, while the specific pathogenic mechanism
still needs further research.

Prevention and Intervention

According to Harris and Blain,*” the potential health risks
of exposure to toxic environmental agents are now a major
public health issue and it is increasingly important to
develop expertise and facilities to investigate neurotoxicity
in humans. Special attention shall be paid to two priority
areas, one of which is the impact of long-term exposure to
low levels of environmental neurotoxins on developing
fetuses and growing infants. At the same time, early detec-
tion, early treatment, early intervention and professional
guidance are particularly important in the treatment of
these two diseases. In public health areas, it is particularly
crucial to carry out early publicity and education work due
to the differences in education and reception level among
citizens. Some parents may ignore or be reluctant to
acknowledge the symptoms their child shows in the early
stages of the illnesses, making it more difficult to diagnose
and treat under these circumstances. Therefore, it cannot
be neglected in future work such as carry out targeted
census in communities. The guidance of effective psycho-
logical evaluation should be also be advocated. At the
same time, strengthening the health care during pregnancy,
especially in the perinatal period and early stages of
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pregnancy; paying attention to avoid infection; using anti-
biotics with caution; carrying out regular prenatal exam-
inations  are intervention worth

some measures

advocating.*

Reduce Exposures

Since potential neurotoxin can be absorbed by inhalation,
skin contact, food intake and other contacts then stored in
human tissues, direct contact and skin absorption path-
ways are significantly more likely to produce clinical
symptoms. But direct application to nerve tissues is less
commonly found in real cases. Generally, most exposure
pathways are through inhalation, intake of food and water,
or absorption by skin. The process of entering the human
circulatory system from these sources is highly variable,
and unless appropriate biomarkers are available to assess
the body’s burden of toxins, it is extremely unscientific to
calculate the dose of toxins intuitively. Therefore, it is
particularly important to reduce exposure factors when
quantification is impossible.*> In simple terms, it is
impossible to avoid all environmental toxins, but it is
crucially important to limit your own exposures. People
who need to pay special attention to are the pregnant
mothers. Reducing the potential possibility of adverse
effects on the fetus to the minimum or eliminating risk
exposure during pregnancy, especially during the first
trimester is extremely crucial as the development of the
nervous system plays an important role in embryonic
development.

Other Preventive Measures

Regular testing of children’s blood lead. Once increased,
use calcium supplement, pectin or other effective methods
under the guidance of doctors to drive lead out of the body.
It is also suggested for these children to consume certain
amount of lea-removal-effect food, such as kelp and
beans.>® Liu®> thought that the state of existing organiza-
tions like Autism Rehabilitation Resources at present can-
not meet the needs of children diagnosed with the disease.
It is urgently needed to provide more of them with effec-
tive rehabilitation, which to a large extent, depends on the
active participation of their parents. The parents should
regularly pay visits to the Autism Rehabilitation Facilities
for family therapy consultation and evaluation, in order to
ensure the quality and effects of the treatment.
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