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Abstract 

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder that pertains to social- 

emotional interaction, verbal and non-verbal communication, and atypical behaviours. 

Autism spectrum disorder is a wide spectrum condition that has many probable causes. 

Throughout history, several studies have been carried out to help explain the causes of autism 

spectrum disorder that include genetic, environmental, and other factors. The increasing 

presence of harmful and toxic substances increases the exposure rate. Many studies have 

shown a notable correlation between the exposure to toxic substances and the development of 

autism spectrum disorder. The most common toxic substances found, both natural and 

anthropogenic, are pesticides such as DDT, BHC, Aldrin, and heavy metals such as lead, 

arsenic, and mercury. These contaminants can easily cross the blood-brain barrier and result 

in changes in the brain structure. This paper investigates the relation between lead 

contamination and autism development through the research question, “What concentration 

of lead can result in autism?” to ascertain the connection between exposure to lead and 

autism development. A comprehensive research of literature was conducted, identifying 

relevant studies according to three themes: autism, lead as an environmental pollutant, and 

lead as the causative agent of autism. Fourteen studies were selected, on which narrative 

analysis was conducted. Significant limitations including paternal habits and molecular 

interaction of lead are discussed. Keeping in mind these limitations and the consideration of 

strength, it was concluded that lead, even in lower levels, is toxic to the proper development 

of children. 

Keywords: lead, autism spectrum, environmental pollutant, heavy metals. 
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Chapter One: Introduction 

Introduction 

 This chapter describes the previous insights that led to the development of this 

research study on lead contamination and autism. Having previously obtained the degree of 

M.Sc. (Hons) Environmental Sciences, I was interested in knowing how different heavy 

metals such as arsenic, lead, and mercury, when present either naturally or due to 

anthropogenic activities, above a certain limit can disrupt normal developmental processes. 

This chapter highlights information regarding environmental contaminants, the definition of 

contaminants, and the relationship with the development of autism spectrum disorder. 

Following an introduction, the significance and a brief overview of the study is presented, 

along with a definition of critical terms. 

Personal Context 

I believe theoretical teaching techniques equipped with practical methodologies 

enable children to grasp knowledge quickly. Education is very important in every child’s life 

and that which is based on equity is beneficial. The most important point to consider for 

providing equitable education is acceptance of diversity among children that is favoured by 

inclusive education. Inclusive education plays a big role in providing proper learning 

opportunities for students with diverse needs. My interest in special education is particularly 

concerned with how children are affected by autism, especially as a result of lead 

contamination.  

 During my previous degree of M.Sc. Environmental Sciences, I was involved in the 

study of various environmental contaminants, acquiring analytical skills throughout the 

course. Having completed my degree, I took on the role of educator, teaching environmental 

sciences to undergraduate students. I continued teaching for two years, after which I joined a 

research project as a consultant, researching low fluoride and low arsenic aquifers in the 
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northern state of Punjab, India. This study included assessment of heavy metals as 

environmental contaminants in ground water and soil that find their way into the food chain, 

ultimately entering the human body. These heavy metals, such as lead, are known to cause 

neurological disorders, such as autism, that negatively affect the learning potential in 

children. My interest guided me to studies that focused on and emphasized that no lead 

concentration is safe and even lower concentrations of lead can potentially cause harmful 

learning disorders. During this study I was not only involved in extensive sample collection 

and testing from hand pumps that pumped drinking water from the ground as the primary 

source of water in rural Punjab, but I also observed first-hand the effect of heavy metals on 

the human body. After completion of my term as a consultant, my scope of understanding 

was broadened to not just the presence of heavy metals in natural reserves of water. 

Questions about how or what effect heavy metals might be having on the people living in 

affected areas became a main area of interest. Thus, it was a natural fit for me to further 

explore the study on how lead contamination impacts autism development. Completing my 

brief hiatus, I returned to the teaching profession.  

Although I taught for two more years, my focus remained on how interactions of 

environmental contaminants on the human body change the normal learning processes. This 

desire led me to endeavour in the Master of Education in Special Education program at 

Vancouver Island University. During this program, I came to know about different 

behavioural needs and challenges faced by students and what intervention strategies and 

techniques can be employed to teach a diversity of learners. I had an interest in Fetal Alcohol 

Syndrome Disorder (FASD) and Attention Deficit Hyperactivity Disorder (AD/HD), but 

chose to focus my research on Autism Spectrum Disorder (ASD). As such, I find this study 

important as it not only sheds light on negating effects of environmental contaminants, but 

this knowledge can be used to develop intervention techniques to enable students to learn. 
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Completing this study and finding out more about the different intervention techniques that 

can reduce the negative effects of lead poisoning can improve the learning environment for 

students. 

 Apart from educational goals, I also volunteered in the Kids for Kids program, which 

involved spending qualitative time with young learners in various activities ranging from 

sports and crafts to educational activities. I intend to keep myself occupied in different 

spheres of life and learning along the way. Through this thesis I intended to create knowledge 

about the consequences of both natural and anthropogenic sources of lead in causing autism. 

Ultimately, sharing my findings will help broaden the knowledge base of this area of 

research. 

Overview of Special Education 

 Special education in Canada has its roots in the country’s history, which is deeply 

linked with Great Britain. One of the first laws in Canada that promoted education to children 

with special needs was influenced by Canada’s signatory membership in the Universal 

Declaration of Human Rights in 1948. Canada’s historic British North America Act of 1867 

promulgated provinces to cater to the educational needs of children from kindergarten to 

Grade 12. This act lacked any rights for children with special needs, which was changed by 

the amendment of the Canadian Charter of Rights and Freedom in 1982. Organisations such 

as the National Institute on Mental Retardation (NIMR) and the Council for Exceptional 

Children in Canada (CECC) examined the changes in US educational policy and played a 

major role in designing appropriate programs that addressed the educational needs of children 

with special needs and established the role of Individual Education Plans (IEP) in education.  

Even though the provinces lacked a legislative mandate, Nova Scotia was the first 

province to introduce reforms in 1969 to develop programs for children with special needs, 

followed by Saskatchewan and Ontario. Between the 1950s and 60s parents saw little support 
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from government and started advocating for support for their children with exceptional needs. 

From the 1960s to 80s, a segregated system of school was followed, in which students with 

exceptional needs were termed “special education.” In the early 1980s the integration of 

children with special needs was included in regular schools, leading to mainstreaming. 

Within the mainstreaming model, students were placed in the least restrictive environment. 

However, it propagated the idea that “one size fits all,” creating disadvantages for students 

with unique needs. Under this model, children with special needs did not receive equitable 

education, resulting in a radical shift towards inclusive education, beginning in the 1990s. 

 Special education in British Columbia, Canada has in its principle the idea of 

inclusion, that all students are entitled to equitable access to learning, achievement, and the 

pursuit of excellence in all aspects of their educational programs. 

Autism Spectrum Disorder 

 Autism Spectrum Disorder (ASD) is a heterogeneous neurodevelopmental disorder 

that affects cognitive and higher cognitive functions, and that are behaviourally defined and 

characterized by impairments in communication and social interaction along with restrictive 

and repetitive behaviours. According to older versions of Diagnostic and Statistical Manual 

of Mental Disorders (DSM-4), ASD was an umbrella term covering a spectrum of disorders, 

including autistic disorder, Asperger’s syndrome and pervasive developmental disorder-not 

otherwise specified, which changed with DSM-5, replacing the different subdivisions into a 

single diagnosis of autism spectrum disorder. It affects every individual differently depending 

upon the type of symptoms and their severity. Generally, a person with ASD may have 

difficulty communicating and show a repetitive pattern of behaviour, which can happen at 

school, home, or work. ASD diagnosis is carried out by doctors or psychologists in Canada 

by observation as well as developmental interviews based on criteria from the Diagnostic and 

Statistical Manual of Mental Disorders (DSM-5). According to the National Autism 
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Spectrum Disorder Surveillance System (NASS) 2018 Report, and based on the data from 

2015 findings among children aged five to 17 across seven provinces and territory, ASD 

affects an estimated one out of 66 individuals in Canada with four times more males (one in 

42) than females (one in 165) being affected, which is nearly three times higher in prevalence 

considering the historical data (Ofner, 2018). This three times increase was corroborated from 

the historical data collected from Newfoundland and Labrador, Quebec, and Prince Edward 

Island that showed an increase in the prevalence of ASD from 6.0 per 1000 to 19.6 per 1000, 

3.5 per 1000 to 15.7 per 1000, 5.0 per 1000 to 17.7 per 1000, respectively (Ofner, 2018). The 

higher prevalence in boys is due to the mutation (microdeletion of PTCH1 gene), which is on 

the X chromosome and maternally inherited (Falco, 2014). Boys have the XY chromosome; 

therefore, the mutated gene acts dominant and expresses its trait as compared to girls, who 

have the XX chromosome, and the gene acts recessive (Noor et al., 2010). However, it is yet 

unknown whether the increase in ASD prevalence is due to some factors or better awareness 

of the signs of autism. In British Columbia alone, the prevalence of ASD is one in 68, with 

males one in 42 and females one in 188. For every one female diagnosed with ASD, there 

were five males with ASD (Ofner, 2018). The Increasing prevalence of ASD and high rates 

of related comorbidities have caused serious health loss and placed an onerous burden on the 

supporting families, caregivers, and health care services (Saghazadeh & Rezaei, 2017).  

Causes of Autism. Autism is a neuropsychiatric syndrome derived from the Greek 

word autos, which means isolating oneself from surroundings. It affects different body 

systems (Matson et al., 2012). Characteristics are observed within 1.5-2 years of age due to 

changes in the physical and computational connectivity of neurons. Symptoms can range 

from disturbed sleep, depression, decreased sleep duration, anxiety, and increased sleep onset 

delay (Belmonte et al., 2004). Different studies have been conducted to find out about the 

different factors that result in autism, the exact cause of which is not known. The probable 
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causes are hyper-connectivity between neural structures (Xu et al., 2018), poor 

communication between functional regions of brain (Thompson et al., 2016), genetic factors 

(Wise, 2015), and environmental factors (Kubota & Mochizuki, 2016). It appears that both 

genetics and the environment play major roles in causing autism, much of which is due to 

exposure to environmental toxins and heavy metals. Exposure to environmental toxicants, 

such as mercury, lead, arsenic, polychlorinated biphenyls (PCBs), and toluene are known 

causes of neurodevelopmental disorders (Grandjean & Landrigan, 2006). Lead is the most 

common heavy metal that has seen its increase in presence in the human environment. While 

exposure to high levels of lead can cause lead poisoning, even low levels of exposure to lead 

can be harmful for children’s health and development. Lead can easily cross the blood-brain 

barrier and deposit in the brain. Interaction produces metabolites that causes changes in the 

highly vulnerable neural structures of children (Lidsky & Schneider, 2003). Many homes 

built before 1960 used lead-based paints, which can be harmful if the paint is chipping, 

flaking, crushed, or sanded into dust (Lead Poisoning, 2019).  

Rationale of Study 

The study of potential environmental toxicant contributions to the development of 

ASD has been generally “neglected” (Lawler, 2008). However, several large studies 

examining the role of environmental factors in ASD are currently underway. One recent 

review reported that 190 articles (including review articles and animal studies) published 

since 1971 have examined environmental toxicants in ASD with 170 (89%) implicating an 

association with ASD (Rossignol & Frye, 2012). Through this study, it was demonstrated that 

there is compelling evidence that environmental toxicant exposure can result in increased risk 

of developing autism when exposed at different developmental stages. 

 The potential role of environmental factors in autism spectrum disorders (ASD) is an 

area of emerging interest within the public and scientific communities. The high degree of 
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heritability of ASD suggests that environmental influences are likely to operate through their 

interaction with genetic susceptibility during vulnerable periods of development. Evaluation 

of the plausibility of specific neurotoxicants as etiological agents in ASD should be guided by 

toxicological principles, including dose-effect dependency and pharmacokinetic parameters 

(Lawler, Croen, Grether, & Van de Water, 2004). 

Purpose and Significance of Study 

 The purpose of this research is to examine the correlation between exposure to lead 

contamination during vulnerable phases of development in prenatal and early child 

development and its effect on neurological development, resulting in autism. A systematic 

review of literature from scientific databases connected with heavy metal contamination and 

autism development will be performed and reviewed to assess the under explored problem. 

 This study gathered information on recent research carried out. The results of various 

research studies were compared to determine the cause-effect ratio of environmental toxicity 

on autism development. This provided a path to better understand the interaction of 

environmental variables with neurological development in the vulnerable years of growth. 

The acquired knowledge will be useful for the further development of early and effective 

intervention strategies to nullify the negating effects of toxicity and improve the learning 

environment and outcomes of children.  

Definition of Terms 

For purposes of this study, the following terms have been defined:  

 Autism. Autism, or autism spectrum disorder (ASD), refers to a broad range of 

conditions characterized by challenges with social skills, repetitive behaviours, speech, and 

nonverbal communication (DSM-V, 2013). 

 Comorbidity. This term refers to the association of two distinct diseases in the same 

individual at a rate higher than expected by chance (Bonavita & De Simone, 2008).  
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 Contaminant. A polluting or poisonous substance that makes something impure 

(Winchester, 2018). 

 Environmental Toxins. Environmental toxins are cancer-causing chemicals and 

endocrine disruptors, both human-made and naturally occurring, that can harm our health by 

disrupting sensitive biological systems (Winchester, 2018). 

Heavy Metal. Heavy metals are generally defined as metals with relatively high 

densities, atomic weights, or atomic numbers (Winchester, 2018).  

Overview of Study 

 Based on previous and current research on lead and autism, as well as my own 

experiences, the focus of my study was on the effects of lead contamination and autism 

development. The following question drove the direction of inquiry, “What concentration of 

lead can cause autism?” 

 This research study included the selection of relevant peer-reviewed journal articles 

from different databases that relate to effect of environmental toxicity on neuro-

developmental disorders like autism. From these selected research papers, screening was 

carried out on specific papers that provided positive or negative correlation between 

environmental toxicity and autism development to determine the actual cause effect of this 

highly under-rated study. 

The information was then examined by a navigation guide type of systematic 

methodology. Based on the findings, recommendations and future considerations will be 

discussed. This study provides much-needed emphasis on this little-explored area as the 

number of unquantified toxicants grow in the environment. 

Contribution of Study 

The main idea of conducting this research was to provide important information 

regarding toxicity caused by lead and resulting in the development of autism in exposed 
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children. Exposure to lead can result from contaminated food, water, air, and even through 

materials, such as paints, toys, and daily household items that may contain lead (Njati & 

Maguta, 2019). This study contributed towards refining and strengthening research regarding 

this topic, to provide relevant information in a concise manner and shed light on different 

angles through which future research can be undertaken. The study provided information 

regarding lead toxicity via particulate matter present in air that shows the effect of airborne 

lead on ASD.  

Summary 

In conclusion, this chapter provided introductory information regarding lead 

contamination and how it can be the causative agent of autism development in children. The 

impact that lead as an environmental toxicant, that can have far-reaching consequences on the 

neurodevelopmental growth on children, resulting in autistic like symptoms and autism is one 

of the undermined topics of study. The focus of this study was to review the past studies and 

prepare a systematic review. 
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Chapter 2: Literature Review 

Introduction 

This chapter discusses the different studies that have been carried out regarding the 

heavy metal, lead, and its effect on autism development. The purpose of this literature review 

was to find out about the earlier research that has been conducted in the field of lead toxicity 

and autism spectrum disorder. The study is categorized into three themes or areas that include 

autism and autism spectrum disorder, lead contamination from different sources, and effects 

of lead toxicity and autism development. 

Autism - A Neuro-Developmental Disorder 

In the study by Amaral (2017), the author clearly defined the purpose of causes of 

autism while defining autism as a neuro-developmental disorder characterized by deficits in 

social communication and repetitive behaviour. The research question was based on how 

environmental and genetic factors influence autism. Quantitative data analysis was done to 

analyze the data collected from studying twins in which at least one child was autistic. The 

participants were 21 twin children, in which 11 were identical and 10 were non-identical. The 

main results of the study results indicated that autism had a strong genetic component along 

with the influence of environmental factors. The researchers emphasized that maternal 

infection, maternal antibodies, use of drugs during pregnancy, environmental toxicants, and 

postnatal factors play major roles in autism development. The article provided a brief 

overview of autism and different causes that affect autism. However, further research is 

needed to understand the genetic and environmental causes of autism. 

In the study given by Shepherd and Waddell (2015), the researchers defined the 

purpose as a constructive mechanism to inform policymakers about making collective ethical 

judgements for children with autism. Qualitative analysis was used to interpret data collected 

from research questions and interactions. The researchers selected participants as parents, 
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policymakers, and researchers through a telephonic semi-structured interview. The data 

collected was analyzed for themes by employing a constant-comparative approach, carried 

out in three steps: coding of interview and establishing preliminary themes, recording the data 

using preliminary themes, and organizing themes into overarching categories. The main 

results of the study emphasized participants’ views with each focusing on the need for a more 

comprehensive approach to autism services—across the spectrum and throughout the 

lifespan. The study provided solid information regarding autism policy in Canada and how it 

can be improved upon to provide better care and support to children with autism. The 

strength of this article was that it provided diverse views of all the participants involved, 

pointing out the lack of services and supports available for school-aged children. Thus, 

concerns were raised to improve the services and support.  

In the study by Yates and Le Couteur (2016), the authors focused on the general 

aspects of ASD. The study provided essential information regarding diagnosis of ASD and an 

assessment framework for professionals. The main results emphasized ASD to be associated 

with medical conditions such as tuberous sclerosis and fragile X. The results also showed that 

symptoms and signs of ASD range from social communication, repetitive behaviour, 

regression, learning disabilities, epilepsy to neurodevelopmental and behavioural 

comorbidities. This study placed an emphasis on early intervention focusing on skill 

development. However, further research is needed to determine the effectiveness of early 

intervention on improving the life of individuals with ASD.  

In Mayes’ (2018) study, the purpose of the study was to create a short and authentic 

test for the diagnosis of autism. The researcher identified the six most important subset of 

items from the list of 30 item checklist for autism spectrum disorder that identified with high 

accuracy among the referred children with and without autism in agreement with a checklist 

for autism spectrum disorder full form and other instruments used for diagnosing autism. The 
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author conducted the study based on direct clinical parent interviews if their child had all 30 

items selected on a checklist for autism spectrum disorder, performed by a clinician. The 

researcher analysed the Checklist for Autism Spectrum Disorder (CASD) scores of selected 

607 referred children of age three to 17 years to determine the smallest number of items that 

differentiated between autistic and non-autistic with 100% accuracy. This small subset was 

then tested on an independent sample of 397 referred children (one-18 years of age), data 

collected from 1417 children in standardization sample, and 1052 children in normative 

sample. The results gave a diagnostic accuracy of 98.5, 97.6, and 99.8%, respectively, with 

CASD- Short Form (SF) giving equivalent results to CASD- Full Form (FF). The author laid 

the emphasis of this study on the fact that the CASD-SF, when completed by a clinician, 

produces excellent diagnostic results and can act as an important part of comprehensive 

diagnosis of autism. 

The purpose of the study presented by Hus (2107) was to identify the issues in 

recognition and distinction of ASD from other neurodevelopmental disorders and designing a 

culture-specific tool that assists speech language pathologists in managing autism in children. 

The author has comprehensively explained the issues pertaining to diagnosis of ASD that 

vary from absence of genetic or medical exam to test its occurrence as compared to other 

syndromes such as down syndrome, poor identification of ASD due to pertaining comorbid 

conditions, high occurrence of ASD with fragile x syndrome, present ASD classification, and 

problems in screening test parameters. The author specified one of the main problems in 

identification of ASD is the non-existence of tests and research available from non-western 

countries. As such, preparing a rich culture-specific test will enable speech language 

pathologists to be better equipped in ASD identification. The author laid the focus on early 

identification of ASD to benefit children from timely services and hence improving their 

quality of life. 
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Lead - An Environmental Toxicant 

Child, Moore, Vervoort, and Beutel (2018) intended to determine the sources and 

geographic extent to which lead released from smelters gets deposited in lakes in areas 

greater than 50 km. Quantitative data analysis using analytical methods were used to analyze 

the data collected. The researchers selected a distribution of lakes outside 50 km of radius 

based on the deposition of lead from nearby smelters and collected five to nine samples from 

the deepest point of each lake using gravity corer fitted with polycarbonate barrel; the top six 

cm of each core was sectioned at one cm interval, and below six cm, they were sectioned at 

two cm intervals. The main results showed that lead isotope compositions were an effective 

tracer for smelter emission deposition in the upper Columbia River valley. This study 

provided essential information regarding sources of lead, whether it is from naturally 

occurring lead or from non-ferrous smelters, which are the main source of lead pollution, as 

well as the best procedures for its analysis. Lead composition profiles support atmospheric 

deposition from trail smelters in all lakes. The focus of this study showed lead as an 

environmental pollutant and how lead, which is a heavy metal used in industries, is released 

into the air and lead particles or lead-laden dust can travel far and settle into lakes. This heavy 

metal deposition finds its way into the food chain, ultimately getting absorbed into the human 

body.  

In the study given by Ngueta, Abdous, Tardif, St-Laurent, and Levallois, (2016), the 

authors estimated the relationship between a cumulative water lead exposure index (CWLEI) 

and blood lead levels (BPb) in children one to five years of ages using multiple linear 

regressions. The data was statistically analyzed using DAGitty software (Textor, Hardt, & 

Knüppel 2011). Lead analyses was done using an analytical instrument called inductively 

coupled plasma mass spectroscopy (ICP-MS), which analyses the samples and gives the 

concentration of lead in samples. The main results showed mean blood lead levels were 
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higher in children in upper third and fourth quartiles of CWLEI compared with first quartile. 

The study emphasized that in children in age one to five years, blood lead levels were 

significantly associated with water lead concentration. In this age group, an increase of one 

μg/L increase in lead in water would result in an increase of 35% of BPb after 150 days of 

exposure. The focus of this study was to present the information regarding the relationship 

between lead contaminated water and blood lead levels in children aged one to five years. 

This study confirms the presence of high lead levels in the blood of children drinking lead-

contaminated water.  

The study presented by Liberda et al. (2018), investigated the concentration of blood 

lead levels through different sources in the communities of nine Cree nations near the James 

and Hudson River, Quebec, Canada. The authors employed random sampling to select 1776 

participants from the region known as Eeyou Istchee. The participants were grouped 

according to age groups of 8-14 years, 15-39 years, and 40 plus years, by sex, and by the 

community in which they lived. Of the data from 1776 participants, 1429 (809 females and 

620 males) were used in analysis. The researchers employed analytical methods to determine 

the lead concentration in blood using inductively coupled plasma mass spectrophotometer 

instrument. Along with analytical methods of analysis, survey questions were asked from the 

participants, both of which were then matched with blood lead levels. Investigation was also 

carried out to determine the dietary source of lead via questionnaires that calculated and 

summarized food consumption into six categories by using principal component analysis. The 

result of the study showed that approximately 50% of the participants that identified 

themselves as hunters by using lead ammunition, tobacco use, and consumption of traditional 

foods had a higher risk of blood lead levels. Further, males were found to have higher lead 

levels than their female counterparts. Both hunting with lead ammunition and consumption of 

hunted wildlife continue to present significant sources of lead and constitute important 
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findings that require exposure reduction strategies, a call echoed by others (Bellinger et al, 

2013; Mateo, Rodríguez-de la Cruz, Vidal, Reglero, & Camarero, 2007). The authors 

emphasized the role of education and campaigns to generate awareness regarding the use of 

lead, its detrimental effect on the human body, and preventive policies that can be taken to 

either reduce the use of lead or to use non-lead alternatives. 

Shah-Kulkarni et al.’s (2016) study examined the correlation between prenatal 

exposure of lead and children’s neurodevelopment at ages six, 12, 24, and 36 months. Of the 

1751 participants who were enrolled from May 2006 to December 2010 in the mothers and 

children environmental health study, 1475 participants were assessed in which prenatal blood 

contained lead levels and neurodevelopmental tests were performed on children. This resulted 

in final participants of 965, 732, 655, and 558 children at six, 12, 24, and 36 months, 

respectively. The researchers recorded two types of information, iron intake from the diet 

taken by mothers in the past 24 hours by interviews and blood lead level from the samples 

collected from maternal blood at gestation week 20 and at delivery and umbilical cord blood 

at delivery. The blood samples were analysed by using atomic absorption spectrophotometer 

and the concentration of lead in blood was in accordance to deuterium background correction 

mode. No blood was found to have lead level below 0.12 micro gram per decilitre. The 

researchers then assessed the neurodevelopmental conditions of children at six, 12, 24, and 36 

months by using a Korean version of the Bayley scale of infant development II (K-BSID-II) 

to get the mental development index that includes habituation, problem solving, memory, 

classification, vocalization, and language skills. The researchers also collected the 

psychomotor index of children along with mothers’ intelligence level by using the Wechsler 

Adult Intelligence Scale. The researchers used a linear mixed model as a tool for statistical 

analysis to correlate the relationship between prenatal lead exposure and MDI and PDI from 

six to 36 months. The results of the study showed a negative correlation of blood lead level to 
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the cognitive development of children at six months of age that was aggravated due to 

reduced iron intake. However, the concentration of lead in cord blood was found to be 

positively associated with impairment of cognitive development in children (Jedrychowski et 

al., 2009). This study emphasized the role of adverse effects of lead levels in blood as 

diagnosed from the cord blood and dietary iron intake, which uses the same absorption 

mechanism as lead. Also, reduced iron intake further results in increased lead intake 

aggravating the neurodevelopmental conditions in children. 

Pratinidhi et al. (2014) studied the effects of blood lead level on haematological and 

biochemical parameters of children with neurological condition in contrast to their healthy 

counterparts. The researchers selected 60 participants, 30 with known neurodevelopmental 

conditions and 30 healthy children. The selected children were of three to 12 years of age 

with 36 males and 24 females in both groups. The researchers collected blood samples and 

analysed using analytical instruments. The results showed a higher concentration of lead in 

blood in the study group as compared to the control group, in which nine children had lead 

levels of more than 10 micrograms per decilitre and two children with more than 20 

micrograms per decilitre. The emphasis of the study is on the increased lead exposure and 

absorption in children with neurological conditions correlated to their repetitive hand-to-

mouth activities, resulting in deposition into bones, followed by deposition in other organs. 

However, how the lead poisoning affects neurological changes is not fully understood and 

warrants deeper study. 

Lead as the Causative Agent of Autism 

In the study by Dickerson et al. (2016), the authors clearly defined the prevalence of 

autism spectrum disorder and how it is associated with a concentration of heavy metals like 

lead, mercury, and arsenic. The research question was based on the synergistic effect that 

heavy metals are causing autism spectrum disorder. Quantitative data analysis methods 
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employing statistics were used for data analysis, with well-referenced critique of data. The 

participants were focused on previous information regarding census areas from different 

locations from a total of 2558 areas on 4486 children with ASD along with air pollution data 

for evaluation of concentrations of inorganic arsenic compounds, lead compounds, and 

mercury compounds. The main results of the study emphasized higher cases of ASD 

prevalence with a high male-to-female ratio and with demographic adjustments. Researchers 

found that synergistic toxicity of lead and arsenic combined with mercury resulted in an 

increase in ASD prevalence. The study provided a strong conclusion in associating heavy 

metals, particularly lead, arsenic and mercury, with the prevalence of ASD. This study 

focused on the early effect of exposure to lead along with other heavy metals such as mercury 

and arsenic on autism development, with a focus on the atmospheric concentration of heavy 

metals and particulate matter on the development of autism spectrum disorders. The research 

was beneficial in providing new breakthroughs in estimating association and provided a 

direction for future research that involves the combined effect of lead, mercury, and other 

toxicants and ASD prevalence.  

Yassa (2014) defined autism as a form of lead and mercury toxicity with the purpose 

of the study to find out the relation between exposure to lead and/or mercury and autistic 

symptoms. The research question was based on the cumulating effect of lead and arsenic 

toxicity in causing autistic symptoms. Quantitative statistical analysis was carried out on the 

data generated from analytical analysis of samples by using analytical instruments such as 

atomic absorption spectrophotometer and Inductively Coupled Plasma Mass Spectrometry 

(ICP-MS). The participants were 45 children with autism (32 boys and 13 girls) between 

three and ten years of age. The study utilized neurologically typical children of comparable 

age and gender as control. The data collected was in a controlled manner, specifically 

according to blood and hair samples from both test and control groups. The main results 
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showed a significant delay in the ability to speak in children with autism as compared to child 

without autism. The results also emphasized that lead and/or mercury exposure in either the 

prenatal or postnatal period had a positive correlation in the presence of a child with autism in 

the family and subsequent treatment by chelation (a process of removing  heavy metals such 

as lead from the blood stream) had a positive effect on decreasing the levels of heavy metal 

and decreased the symptoms of autism in those children. This study specifically placed an 

emphasis on lead and mercury toxicity, with sample analysis from blood and hair of children 

with autism. Moreover, Yassa (2014) explained the significant delay in talking as a 

developmental milestone in children with autism as contrast to those without autism. Another 

important aspect of this study was the reduction in autistic symptoms when treated with the 

chelating agent, DMSA. The study provided a strong relation between the exposure to heavy 

metal and the development of autism spectrum disorder, and provided unique information 

obtained from thorough data collection and analysis, emphasizing the positive correlation of 

using paints and contaminated water and autism.  

Talbott et al. (2015) defined the risk of autism spectrum disorder due to fine 

particulate matter (atmospheric solid/liquid particles) and clearly defined the purpose to 

investigate the association between prenatal and early childhood exposure to fine particulate 

matter and risk for childhood ASD. The research question was based on how the increase in 

air-borne fine particulate matter can result in increased risk of autism spectrum disorder. 

Quantitative statistical analysis was used to analyze the data. The study was conducted on 

217 cases of ASD, based on the criteria that any child who scored 15 or above on the social 

communication questionnaire and had written documentation from a psychologist. The 

authors also selected 226 controls randomly, matched to birth, gender, and age as of the test 

population. Interviews were then conducted on the mother of each of the cases and control for 

collection of information regarding several variables ranging from socio-economic, 
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demographic, maternal and paternal occupation, family history of ASD to smoking history, 

child’s medical history, and residential history. The main results showed positive correlation 

between exposure of fine particulate matter to increased risk of autism spectrum, with more 

emphasis on a pre-pregnancy exposure to mother. The study showed a strong correlation 

between the effects of fine particulate matter and the development of autism. This study is of 

high significance and an important area of research providing unique information regarding 

the potential risk of airborne fine particles of heavy metal, especially in areas where there is 

high pollution, and its effect on causing autism in children. 

Hauptman, Stierman, and Woolf’s (2019) study discussed the potential relationship 

between autism spectrum disorder and lead poisoning in children. The purpose of this study 

was to offer recommendations to clinicians based on relevant research for families to better 

facilitate the management of children with ASD and blood lead levels. Lead exposure is a 

globally affected phenomenon that has far-reaching negative effects, especially on children, 

with more than 500,000 children having higher blood lead levels than the value set by the 

Centre for Disease Control and prevention (CDC). ASD is another global factor that is rising, 

with one in 66 children being affected in Canada. The authors discussed longitudinal studies 

that have shown the aftereffects of exposure to low levels of lead on the cognitive and 

academic achievement in children. The researchers also discussed similar conditions that both 

ASD and lead poisoning can have according to DSM-5, including social-emotional 

reciprocity and nonverbal communicative behaviours. Many of such cases have been 

misdiagnosed in which the ASD conditions reduced when specific steps were taken to control 

behavioural activities like pica behaviours. The researchers are of the view that regular 

check-ups with longer detailed check-ups for children with ASD, hospitalization in case of 

severity, chelation treatment methods after thorough scientific consideration, dietary 
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management, and better social and environmental conditions are some of the management 

steps that can be employed to nullify the negative effects of lead poisoning. 

Summary 

In summary, this review provided relevant information regarding research related to 

lead toxicity and autism development. These studies were significant in providing valuable 

information regarding correlation of lead contamination and autism development in children. 

Specifically, the studies presented in this review of literature provide a foundation for 

developing the present research study, which focused on lead contamination and autism 

development. These studies provided valuable insight in estimating the association of the 

combined effect of lead, mercury, and other toxicants and ASD. They provided unique 

information regarding participants, data collection and analysis, and data interpretation, and 

provided opportunities for future research. The current study will focus on the question, 

“What concentration of lead can cause autism?” 
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Chapter 3: Methodology and Methods 

Introduction 

This chapter validates how the research study was carried out while focusing on the 

research question, “What concentration of lead can cause autism?” This chapter begins with 

the explanation of the systematic review and the research methodology employed. It is 

followed by an overview of the research design in the next section. The following sections 

discuss the methods of search strategy employed, the type and number of participants, and the 

type of data collected. This chapter concludes with a discussion of quantitative and 

qualitative instruments employed for the analysis of data and its interpretation. 

Methodology 

 Different types of search and research methods are available to explore evidence to 

answer this research question. However, the most reliable method is one that points out the 

best evidence, using a rigorous and methodologically appropriate research method (Polit & 

Beck, 2008). To determine which method will be appropriate, literature was consulted from 

different sources and a systematic review was used. A systematic literature review attempts 

“to identify, appraise, and synthesize all the empirical evidence that meets pre-specified 

eligibility criteria to answer a given research question” (About Cochrane Reviews, n. d.). A 

systematic review is essential for evaluating the effectiveness of a study (Gillis & Jackson, 

2002). Moreover, systematic review is one of the methods that come with the highest level of 

evidence (Melnyk, 2004; Polit & Beck, 2008; Stevens, 2001). The systematic review involves 

compiling research findings through an organized approach based on inclusion criteria. 

Linking this evidence to research is instrumental in providing relevant information to the 

reader related to a methodological design and the strength of the findings (Melnyk, 2004).  

Stevens (2001) highlighted the strengths of the systematic review as its ability to 

increase the power and validity of the relationship between an intervention and an outcome. 
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Furthermore, an important part of systematic review is bias reduction that is approached by 

assessment of included studies through the use of rigorous scientific methods. Through this 

method a comprehensive and clear picture regarding lead contamination and autism was 

created that can enable future researchers to conduct studies in this area. 

Research Design 

 This study revolves around the research question, “What concentration of lead can 

result in autism?” This study was divided into three phases. The first two phases are inclined 

towards the discussion of autism and lead as an environmental pollutant, respectively. The 

third phase is an amalgamation of the first two, to determine how lead plays a role in the 

development of autism. To carry out this study, a set rule or idea that would define the 

outcome in each phase was established. The studies that were researched using the search 

terms were all utilized to find out about the research question, “What concentration of lead 

can cause autism?” Further, as there have been numerous studies conducted in the past 

regarding three phases, it was deemed relevant to garner these studies into one for the 

development of my own knowledge and to contribute to this growing field. The best possible 

research design for this study was systematic review. There were two important reasons for 

choosing this methodology. Aside from the strong support for using systematic review as a 

research design, this methodology was chosen to honour the previous research in the field 

and disseminate specific evidence to grow the knowledge base and highlight areas for future 

research. 

For this study, different design models of systematic review were considered that 

included the Cochrane Handbook for Systematic Reviews of Interventions (Deeks et al., 

2011), guidelines given by the Centre for Reviews and Dissemination (Khan et al., 2001), the 

Evidence for Policy and Practice Information and Co-ordinating Centre (EPPI, 2010) and the 
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Navigation Guide Systematic Review methodology (Woodruff & Sutton, 2014). However, 

only one model of systematic review was chosen for this study. 

Navigation Guide Systematic Review Methodology 

 The Navigation Guide method (Woodruff & Sutton, 2014) was chosen for this 

systematic review as it is one of the best evidence-based methodology when studying the 

effects of environmental factors on human development. The navigation guide uses a robust 

and transparent approach in synthesizing research that enables a concrete mechanism to 

develop protocols for linking environmental aspects to mitigate harmful developmental 

conditions. This study revolves around lead as an environmental toxicant that has the ability 

to develop into autism and autistic-like symptoms, thus the navigation guide method of 

systematic review was chosen for collecting, assessing, understanding, and examining the 

impact of studies in the development of the knowledge base for future research. 

 The guidelines were followed according to the navigation guide methodology of 

systematic review, which is carried out by a predefined set of rules or protocol. A protocol is 

beneficial in providing clear and transparent methodology while also reducing repetition 

(Higgins & Green, 2011). For the present study, the protocol was designed keeping in mind 

five main points as seen in Figure 1: study objective including PECO statement, search 

strategy, data collection, coding, and data analysis. 

 

Figure 1. Steps in Navigation Methodology of Systematic Review. 

PECO statement

Study selection

Data Extraction

Coding

Data Analysis
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Study Objective 

 The main aim of this study was to ascertain the research question, “What 

concentration of lead can cause autism?” To formulate this question and in order to make it 

answerable, an important part of the navigation guide method of systematic review is the 

development of “PECO” statement (Participants, Exposure, Comparator, and Outcomes).  

Participants. The participants were humans. The studies selected focused on 

participants that included infants and early aged children of any gender in the age range of 

one to two years along with their mothers. 

Exposure. The studies examined included any developmental exposure to lead that 

may have resulted from contaminated water, food, air, electronics, or any other household 

material, such as toys, textile, and dust. 

Comparator. Humans not exposed to any level of lead contamination. 

Outcomes. Clinical assessment, quantitative measure of intelligence, and autistic 

symptoms. 

Search Strategy. The studies were searched from different databases that included 

VIU library, PsycINFO (Psychological Abstracts), Education Resource Information Centre 

(ERIC), PubMed, and Google Scholar, using the keywords  “lead,” “lead contamination,” 

“autism,” “ASD,” “environmental contaminants,” and “autism due to lead.” The search terms 

were selected based on the information to be gathered; in this study these specific terms were 

used to populate as many relevant studies as possible. The search strategy employed was in 

consideration with an extensive search of relevant studies that were both specific and 

reproducible (Bigby & Williams, 2003; Lefebvre et al., 2008). The search strategy was based 

on the following eligibility criteria: 

1. The articles were published in English in peer-reviewed journals. 

2. The timeframe of selected studies was in the last five years. 
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3.  The studies selected must have participants that were infants, early aged children, 

and mothers. 

4. The studies included must have been about either autism, lead, or lead in 

combination with other environmental toxicants that result in autism or autistic- 

like syndrome. 

Out of the studies searched, 14 studies were selected based on the predefined criteria 

of relevant topics related to lead contamination and autism. All studies that had lead as an 

environmental pollutant or in conjugation with other pollutants that were measured in human 

beings and their association with autism or autistic like syndromes were included and 

reported. First, according to search terms, abstracts were read and in order to find out whether 

the studies were relevant to the above criteria, full text was downloaded and assessed. Studies 

that were either not peer-reviewed, commentaries, or website or newspaper articles were 

excluded.  

 To organise the studies, Microsoft Excel was used to create spreadsheets for data 

organization. All the final selected studies in this systematic review were compiled and 

described in Chapter 4. 

Data Collection  

The selected studies were entered into spreadsheets and were assessed for the type of 

data according to different attributes. A second spreadsheet was used to mention attributes of 

each included study. The information collected was detailed according to attributes such as 

author, publication year, participants, type of methodology used, and outcome or emphasis. 

The third spreadsheet was used for reporting results of selected studies and charted based on 

five domains: risk factors, autism diagnosis, presence of lead, lead concentration, 

physical/biological effects, cognitive effects, and learning or educational outcome. These 
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domains were developed according to the literature review and each domain had further sub 

domains, as shown in Table 1. 

Coding. All the domains and sub domains were then given numerical codes that were 

recorded. Coding was done in threes, which helped in compilation and summarizing large 

data. For example, the main domain was given code 1 with sub-domain 1.1, and not specified 

always had 0 in the end. Therefore, if a study talked about the presence of lead (1) with 

source (1.1) water, the code would be (1.11). If nothing was specified, NS was used and, in 

every category, NS is 0.  

Table 1  

Category Codes of Selected Studies 

Risk Factors 1 Lead Contamination 2 ASD 3 

Age NS 1.10 Source NS 2.10 Level NS 3.10 

0-6 1.11 Water 2.11 Low 3.11 

7-1 1.12 Food 2.12 High 3.12 

1-2 1.13 Air 2.13   

  Other 2.14   

Gender NS 1.20 Concentration NS 2.20 Diagnosis NS 3.20 

Male 1.21 0-1 2.21 Tested 3.21 

Female 1.22 1-2 2.22 Not 

tested 

3.22 

  2-3 2.23   

Mother NS 1.30     

Pregnant 1.31 

Not 

Pregnant 

1.32 

Family NS 1.40     

Structure 1.41 

Condition 1.42 

Other 1.43 

 

Physical/Biological Effects 4 

 

Cognitive Effects 5 

 

Weight NS 4.10 Academic NS 5.10 

Overweight 4.11 Improved 5.11 

Average 4.12 No 

change 

5.12 

Worse 4.13 Worse 5.13 
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Neurological NS 4.20 Attention NS 5.20 

Problematic 4.21 Improved 5.21 

No 

change 

5.22 

Non-

problematic 

4.22 

Worse 5.23 

  Visual-Spatial 

abilities 

NS 5.30 

Improved 5.31 

No 

change 

5.32 

Worse 5.33 

 

The risk factors with sub domains age, gender, mother, and family were included 

based on selected studies. The domain lead presence had source and concentration as sub 

domains, sources were again of different types and with varying concentration and referred to 

whether the study indicated concentration of lead above the specified limit. 

 The ASD domain was focussed on diagnosis, whether in the study selected the 

diagnosis for autism was tested or not. The physical and biological effects domain showed 

any changes in the physical appearance such as weight and neurological effects. The 

cognitive effects domain tracked changes in academic, concentration, and visual-spatial 

abilities in children that were exposed to lead. 

Data Analysis and Interpretation 

In relation to eligibility criteria, titles and abstracts were reviewed for relevance. The 

studies found suitable were downloaded and read. The studies grouped in phases were then 

assessed for common themes and the findings were analysed by narrative explanation 

technique to analyse the characteristics of studies and findings within a systematic review 

that summarized study characteristics into a narrative according to specified outcomes.  

Summary 

This chapter began by defining systematic review and the type of systematic review 

used in this study. Next, the different steps involved in conducting a systematic review are 
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listed, followed by an explanation of each steps. After presenting a description of 

participants, search strategy, and data collection, information regarding how data analysis and 

interpretation was done is provided. The steps in this chapter are in accordance with the 

research question, “What concentration of lead can cause autism?” 
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Chapter 4: Findings and Results 

Introduction 

Several studies have been conducted describing the environmental contribution 

towards the development of morbidities during the developmental stages of children that 

causes atypical development. This study primarily focused on the discussion of different 

studies regarding the role of lead contamination in the development of autism or autistic-like 

symptoms. The purpose of this chapter was to discuss the findings of this study according to 

the research question, “What concentration of lead can cause autism?” In this chapter the 

findings were discussed in three phases or themes according to the order found in the chapter 

two literature review. After discussing key findings and its analysis, connections were made 

to the current situation. 

Study Selection 

 In order to reach the findings, an important step was to select the studies. As 

described in chapter three, specific search terms along with search criteria were used. The 

main search engine used was VIU Library, as it allowed the download of full text if studies 

were found to be viable. Each search term generated numerous results with autism: 81,442, 

ASD: 40,617, lead: 2,976,825, lead contamination: 199,461, environmental contaminant: 

264,997, and autism due to lead: 28,255. The basic road map of conducting this study was 

designing the literature review in three phases, as shown in Figure 2. Therefore, the search 

terms “autism” and “ASD” were used in Phase 1. Through the results produced, different 

titles were explored and accordingly titles of interest relevant to the Phase 1 topic were 

downloaded. Similarly, for Phase 2, “lead,” “lead contamination,” and “environmental 

contaminants” were chosen and brought up studies explaining lead as an environmental 

toxicant, contaminating different sources through which it can enter the food chain and 

ultimately the human body. For the third phase, the search term, “autism due to lead” was 
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chosen to specify studies that defined lead toxicity as the causative agent of autism. In total, 

121 titles were identified from the generated records.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Flow Chart of Study Selection Process. 

Out of the 121 titles, 21 were duplicates and were not included in this study. The 

abstracts of the remaining 100 titles were read. Among them, 29 articles were found to be of 

Titles identified: 121 

Titles and abstracts 

screened: 100 

Full text articles 

assessed: 29 

Total studies included: 14 

Phase 2: 5 Phase 1: 5 Phase 3: 4 

Duplicates removed: 21 

Excluded: 15 
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significance, and their full text was downloaded via VIU library and other databases. After 

reading the full texts, 15 articles that were either animal studies or not related to this study 

were excluded. This resulted in inclusion of 14 studies with Phase 1: 5, Phase 2: 5, and Phase 

3: 4, as depicted in Figure 2. 

Findings  

 In performing this review, different study characteristics were recorded: type of 

journals, type of study, methodology used and results. These are common to all the included 

articles, followed by themes specific to each of the three phases.   

Phase 1: Autism – A Neurodevelopmental Disorder  

 The first phase was the development of information regarding autism spectrum 

disorder. Articles were specifically chosen according to the selected search terms described in 

chapter three, as depicted in Table 2. The five selected articles were then thoroughly read and 

analysed. 

Table 2  

Studies Selected Highlighting Autism as a Neurodevelopmental Disorder 

Study Author Purpose Participants/ 

Sample 

Methodology Results 

Examining the 

causes of 

autism. 

Amaral, 

D. G. 

How environmental 

and genetic factors 

influence ASD. 

21 twins Quantitative Autism had 

strong genetic 

component. 

A qualitative 

study of 

autism policy 

in Canada. 

Shepherd, 

C. A., & 

Waddell, 

C. 

To inform policy 

makers about 

making ethical 

judgements about 

ASD. 

Parents, policy 

makers, and 

researchers. 

Qualitative Need for 

comprehensive 

approach to 

ASD services. 

Diagnosing 

autism/autism 

spectrum 

disorders. 

Yates, K., 

& Le 

Couteur, 

A.  

General aspects of 

ASD. 

  Emphasis on 

early 

intervention 

focussing on 

skill 

development. 

Brief report: 

Checklist for 

autism 

spectrum 

Mayes, S. 

D. 

To create a short 

and authentic test 

for diagnosis of 

autism. 

Parents, 

children 

Qualitative Short form test 

is an important 

part of 

comprehensive 
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disorder: 

Most 

discriminating 

items for 

diagnosing 

autism 

diagnosis of 

ASD. 

Issues in 

identification 

and 

assessment of 

children with 

autism and a 

proposed 

resource 

toolkit for 

speech-

language 

pathologists. 

Hus, Y. To identify the 

issues in 

recognition and 

distinction of ASD 

from other 

neurodevelopmental 

disorders and 

designing a culture-

specific tool that 

assists speech 

language 

pathologists in 

managing autism in 

children. 

Children Qualitative Preparing rich 

culture 

specific test 

will enable 

speech 

language 

pathologist. 

  

The five selected studies were from four journals (Cerebrum, Journal of Autism and 

Developmental Disorders, Paediatrics and Child Health, and Folia Phoniatrica et 

Logopaedica) with two studies (Mayes, 2018; Shepherd & Waddell, 2015) belonging to the 

same journal (Journal of Autism and Developmental Disorders). In this phase, two studies 

(Amaral, 2017; Yates & Le Couteur, 2016) discussed prenatal factors that cause autism and 

associated co-morbidities, respectively. Two more studies (Mayes, 2018; Hus, 2017) 

discussed authentic assessment with emphasis on diverse population. Only one study 

(Shepherd & Waddell, 2015) is linked with policy regarding autism services in Canada.  

These five studies were read and assessed for findings, then grouped into themes 

specific to this phase. A total of four important themes were created, which were general 

aspects of ASD, factors, diagnosis, and policy and ethical judgements. 

General Aspects of ASD  

From the studies selected, it was inferred that autism or autism spectrum disorder 

extends over a range of spectrum with varying affects. As mentioned in the study by Amaral 
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(2017), it affects more males as compared to females with a ratio of four to one. ASD is 

characterized by shortcomings in social interactions with repeated behavioural patterns. 

Findings in Amaral’s (2017) paper, point towards the development of underlying knowledge 

about the factors or causes of autism spectrum disorder. 

 Factors. Although it has been mentioned that genetic and environmental factors play 

a major role in autism development, a deeper analysis has reviewed that neither one of them 

alone is responsible for autism. If that were the case, there would have been higher rates of 

occurrence with faster diagnosis. Therefore, one or more factors in conjugation play a role in 

autism development. These have been shown to manifest into autism during prenatal fetal 

development stages. These factors have been described in Table 3 below. 

Table 3  

Risk factors During Prenatal and Postnatal Phases of Development 

Factors Risk 

Prenatal  

Maternal Infections Weak risk, requires further research 

Antibody related CNS disorder Weak risk, requires further research 

Drugs High risk, complex to evaluate 

Environmental Toxicants High risk, warrants further research 

Genetics High risk, CHD8 gene mutation 

Postnatal  

Vaccines No known risk 

Social Isolation No known risk 
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Thus, it can be inferred from Table 3 that certain factors during prenatal development 

hold higher risk towards causing autism. However, more research is required to correctly 

evaluate the causes. 

 Diagnosis. Diagnosis of autism is carried out according to two international 

classification systems: Diagnostic Statistical Manual (DSM-5) by the American Psychiatric 

Association and International Classification of Diseases (ICD-11) by the World Health 

Organisation. Diagnosis is based on the recognition of symptoms and specific signs that the 

child shows. Findings from Yates and Le Couteur (2016) suggest that ASD, which is a 

heterogeneous neurodevelopmental condition, has effects on a child’s communication and 

interaction with the environment. A multidisciplinary approach towards assessment can 

provide early access to specialist care. An important part of diagnosis is the identification of 

co-morbid conditions during early assessment that can help improve the quality of life. 

Further, the findings by Mayes (2018) supported the creation of a six-item CASD-SF, which 

resulted in a valid and quick diagnostic tool for autism. The benefit of this tool was that when 

conducted by a clinician, it showed excellent diagnostic accuracy of more than 97% that 

supported its use as part of comprehensive evaluation for diagnosis of autism. Another 

finding given by Hus (2017) provided the importance of the identification of issues in the 

diagnosis of autism. As the majority of the research was conducted with one type of child, 

having a resource kit that is universal in approach regarding culture and region can enable 

faster ASD diagnosis. 

Policy and Ethical Judgements. Autism is a far-reaching neurodevelopmental 

disorder that has variable effects among children. It becomes a tedious task to equally provide 

health care and support to all. As such, parents, researchers, and policymakers have been 

struggling to create a single approach that will cater to the needs of all children. The findings 

of the study by Shepherd and Waddell (2015) discussed the importance of having a robust 
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policy that can greatly benefit children. The findings suggest the need for a comprehensive 

approach to providing support towards all children on the spectrum and an emerging 

consensus among parents, researchers, and policymakers for positively constructing services 

that support from diagnosis to transition into school, transition into adulthood, and to bring 

forth services to disadvantaged families by providing more public investments in mental 

health development.  

Phase 2: Lead – An Environmental Toxicant  

 This phase involved discussion regarding lead as an environmental toxicant. Lead, 

which is a heavy metal, has been used in a variety of articles ranging from water pipes to 

paints and toys. As such, this exposure has led to negative consequences on the human body, 

particularly during the developmental stages. The US Environmental Protection Agency 

(EPA) has set different limits for lead in different sources; for example, the permissible 

drinking water limit for lead is 15 microgram/litre or 0.015 mg/L. In Canada the maximum 

acceptable concentration has been reduced from 0.01 mg/L to 0.005 mg/L. However, lead 

still finds its way into the human body and even low background environmental doses have 

been found to produce negative effects on the human body. Once again, articles were 

organized into a table to determine overarching themes, as shown in Table 4. 

Table 4  

Articles Supporting Lead as an Environmental Toxicant 

Study Author Purpose Participants/ 

Sample 

Data 

analysis 

Results 

Tracking long-

distance 

atmospheric 

deposition of trace 

metal emissions 

from smelters in 

the upper 

Columbia River 

Child, et 

al. 

To determine the 

extent to which 

smelters release 

lead. 

Deep lake 

samples 

Quantitative  Lead 

isotopes are 

effective 

trace for 

smelter 

emission 

deposition. 
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Valley using pb 

isotope analysis of 

lake sediments. 

Use of a 

cumulative 

exposure index to 

estimate the 

impact of tap 

water lead 

concentration on 

blood lead levels 

in 1- to 5-year-old 

children 

(Montréal, 

Canada). 

Ngueta, 

et al. 

To estimate the 

relation between a 

cumulative water 

lead exposure 

index (CWLEI) 

and blood lead 

levels (BPb) in 

children one to 

five years of ages 

using multiple 

linear regressions. 

Children Quantitative Mean blood 

levels were 

higher in 

children age 

1 to 5 years 

drinking lead 

contaminated 

water.  

Source 

identification of 

human exposure 

to lead in nine 

Cree Nations from 

Quebec, Canada 

(Eeyou Istchee 

Territory) 

Liberda 

et al. 

To investigate the 

concentration of 

blood lead levels 

through different 

sources, in the 

communities of 

nine Cree Nations 

near the James and 

Hudson River, 

Quebec, Canada. 

People Quantitative 50% of the 

population 

that used 

lead 

components 

for hunting 

had lead 

toxicity with 

more in men 

as compared 

to women. 

Neurodevelopment 

in early childhood 

affected by 

prenatal lead 

exposure and iron 

intake. 

Shah-

Kulkarni 

et al. 

To correlate 

between prenatal 

exposure of lead 

and children’s 

neurodevelopment. 

Children  Quantitative Negative 

correlation of 

blood level 

with 

cognitive 

development 

at 6 months 

but 

positively 

correlated 

with cord 

blood. 

Effects of blood 

lead level on 

biochemical and 

hematological 

parameters in 

children with 

neurological 

diseases of 

western 

Maharashtra, 

India.  

Pratinidhi 

et al. 

To study the 

effects of blood 

lead level on 

haematological 

and biochemical 

parameters of 

children with 

neurological 

condition in 

contrast to their 

healthy 

counterparts. 

Children  Quantitative Higher 

concentration 

of lead in 

study group 

as compared 

to control 

group. 
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 In this phase, the studies were selected from five different journals. One study by 

Child et al. (2018) discussed the aerial deposition of lead particles released from smelters. 

Another three studies (Liberda et al., 2018; Ngueta et al., 2016; Pratinidhi et al., 2014) were 

linked with studying and identifying the source of blood lead levels and effect of blood lead 

levels. One paper by Shah-Kulkarni et al. (2016) was associated with studying the 

neurological effects of prenatal exposure. On further examination, the findings have been 

grouped into three main themes of sources, concentration, and neurodevelopment.  

 Sources. The findings of the study by Child et al. (2018) gave an indicated timeline of 

the effect that lead, and trace metal particles released from smelters have on the concentration 

of these in nearby lakes in eastern Washington. By using lead isotope analysis on the samples 

from nearby lakes, it was inferred that regular production at smelters resulted in increased 

deposition of lead as compared to the geogenic deposition before any smelter activity.  

Table 5  

Smelter Source of Lead Deposition in Lakes of eastern Washington 

 Lakes 

Smelter 

Source 

Simpson North 

Twin 

South twin Buffalo Owhi Roberta 

Trail Trail Trail Trail Trail Trail 

 

As shown in Table 5, from the two smelters in question, Trail (BC, Canada) and Le 

Roi (Washington, USA), Trail was found to be the main source of lead and other trace metal 

deposition in all the lakes. The Le Roi smelter had ceased production during 1920s, and 

subsequent analysis of geologic samples was equivalent to that from ores used in the Trail 

smelter. The analysis indicated increased lead accumulation through smelter use, with 
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Simpson Lake being the most affected. Another study by Liberda et al. (2018) described 

findings through different stages: 

i. Descriptive statistics described the blood lead levels of different communities 

of age group >8 years, with community H having the lowest BLL (0.079 

µmol/L) and community I had the highest BLL (0.419 µmol /L). 

ii. Exposure Sources were a further four types. Dietary exposure indicated higher 

BLL in persons who had higher consumption of traditional game meats. 

Hunting practices accounted the number of hunters, of the total participants, 

689 were hunters and had elevated BLL as compared to non-hunters. Further, 

type of ammunition used also indicated BLL with lead shot shell users having 

higher BLL than non-lead shot shell users. Smoking tobacco was not 

significantly associated with BLLs between smokers and non-smokers. 

These findings put emphasis on the use of lead-contaminated articles, or consumption 

of lead-contaminated meat that increased the blood lead level. 

Concentration. The concentration of blood lead (BPb) was assessed from the 

findings of Ngueta et al. (2016), which inquired about the cumulative lead exposure through 

drinking tap water and the effect of concentration of blood lead levels. The study discussed 

the relation of blood lead levels of children that solely depended on drinking tap water with 

different variables ranging from sociodemographic to environmental variables. Most of the 

variables show high geometric mean of blood lead levels that presented significant positive 

association between CWLEI and BPb. With increase in one unit of CWLEI, it resulted in 

10.5% increase in BPb. Increased lead was attributed to mother’s level of education, 

windowsill dust in which lead was deposited, as well as those paints that contained lead. The 

findings also suggested that this increase in blood lead was not related to recent exposure, but 

that the absorption of lead during several months of exposure resulted in its accumulation. 
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Further, according to the current drinking water level guidelines, the concentration of lead in 

water is below the acceptable limit, but exposure to even this low level of lead over long 

term, can have impact on blood lead levels of children. 

 Out of all the blood levels assessed from the findings of the study by Pratinidhi et al. 

(2014), the mean blood lead level that was associated with developmental delay in the study 

group was 16.7% (13 μg/dL) more than the control group. This increased blood lead level in 

children with developmental delay was associated with their more frequent hand-to-mouth 

activities, poor nutrition, and neglect. An important receptor known as N-methyl-D-aspartate 

is responsible for the proper brain development and maturation; as lead starts to deposit in the 

brain, it blocks this receptor and affects the normal development that limit the intake of new 

knowledge. 

Neurodevelopment. The proper neurodevelopment of a child is required for better 

wellbeing and based on protecting the mother and child from the harmful effects of lead 

toxicity. As discussed in the findings from Shah-Kulkarni et al. (2016), the blood lead level at 

different stages of pregnancy from early gestation to late gestation was recorded. The 

concentration of lead, whether high or low, was found to be associated with disruptive 

cognitive development of child; this, coupled with lower iron intake, further aggravated the 

harmful effects of lead.  

Phase 3: Lead as the Causative Agent of Autism 

 This phase is essential in discussing the development of autism due to contamination 

or exposure to lead through different media. Lead is a known heavy metal and is found to 

exist in different forms, elemental lead, inorganic, as well as organic. With different sources 

that range from paints, contaminated air and water, and food, it gets easily absorbed via 

inhalation, ingestion, as well as skin absorption. Once it is absorbed, it can cause severe 

damage to the kidneys and brain. It is known to easily cross the blood-brain barrier and 
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disrupt normal neural functioning. As such, in order to understand the different effects, the 

articles were arranged in a table to determine common themes, as shown in Table 6. 

Table 6  

Articles Supporting Lead as Causative Agent of Autism 

Study Author Purpose Participants Data 

analysis 

Results 

 

 

Autism 

spectrum 

disorder 

prevalence 

and 

associations 

with air 

concentrations 

of lead, 

mercury, and 

arsenic. 

Dickerson 

et al. 

The purpose of 

this study was to 

find association 

between 

prevalence of 

autism spectrum 

disorder and 

associations with 

air 

concentrations of 

lead, arsenic, and 

mercury. 

Children Quantitative Results 

showed 

81.6% cases 

of ASD were 

male with 

male to 

female ratio 

4:1. 

Autism: A 

form of lead 

and mercury 

toxicity. 

Yassa, H. 

A. 

The purpose of 

this study was to 

find out the 

relation between 

exposure to lead 

and/or mercury 

and autistic 

symptoms. 

Blood and 

hair samples 

from 

children. 

Quantitative The results 

indicated that 

lead and/or 

mercury 

exposure in 

either 

prenatal or 

postnatal 

period had a 

positive 

correlation 

with the 

presence of 

an autistic 

child in the 

family. 

Fine 

particulate 

matter and the 

risk of autism 

spectrum 

disorder. 

Talbot et 

al. 

The purpose of 

this study was to 

investigate the 

association 

between prenatal 

and early 

childhood 

exposure to fine 

particulate matter 

and risk for 

childhood ASD. 

Children Quantitative The results 

showed 

positive 

correlation 

between 

exposure of 

fine 

particulate 

matter to 

increased 

risk of 
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autism 

spectrum, 

with more 

emphasis on 

pre-

pregnancy 

exposure to 

mother.  

Children with 

autism 

spectrum 

disorder and 

lead 

poisoning: 

Diagnostic 

challenges 

and 

management 

complexities. 

Hauptman 

et al. 

The purpose of 

this study was to 

offer 

recommendations 

to clinicians 

based on relevant 

research for 

families to better 

facilitate the 

management of 

children with 

ASD and blood 

lead levels. 

Children Quantitative Regular 

detailed 

check-ups of 

affected 

children 

coupled with 

proper 

treatment can 

reduce 

effects of 

lead toxicity. 

  

The studies in this phase were selected from four journals; two articles presented by 

Dickerson et al. (2016) and Talbot (2015) discussed the association of ASD with air 

concentration of lead, arsenic, and mercury as well as suspended particulate matter (SPM), 

respectively. Another study by Yassa (2014) discussed autism as a form of toxicity due to 

synergistic effects of lead and mercury. The fourth study by Hauptman et al. (2019) focussed 

on the challenges faced for diagnosing children with ASD and lead poisoning. Through 

examining these studies, the following themes were created: toxicity and challenges and 

management, including hospitalization, chelation, multiple medications, alternative therapies, 

and diet.  

Toxicity. The findings of the study by Dickerson et al. (2016) indicated 81.6 % of 

ASD cases were male with ratio of 4:1 (male: female). The findings suggested that there was 

a significant positive association of 26-36% increased ASD prevalence with higher ambient 

lead concentration. This also correlated with the Nurses’ Health Study II, which reported 
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increased ASD prevalence in children from areas that had high ambient lead exposure than 

from those with low exposure (Roberts et al., 2013).  

 Apart from ambient air concentration of lead, mercury, and other heavy metals, 

suspended particulate matter (SPM) that exists in two forms, respirable suspended particulate 

matter (RSPM) of size equal to or less than 10 μm (PM10) and non-respirable suspended 

particulate matter (NRSPM) of size less than or equal to 2.5 μm (PM2.5), can present and 

cause ASD which is discussed in the findings of the study by Talbot et al. (2015). The 

findings present the association between ASD and exposure to PM2.5 during pre-pregnancy 

through year two as an increased risk of childhood ASD. ASD prevalence was observed 

during both prenatal and postnatal exposure with more elevation during prenatal exposure, 

suggesting that the latter play an important role. 

 Further, the findings of Yassa’s (2014) study present a formidable association of lead 

and mercury toxicity and ASD prevalence. Yassa (2014) compared developmental milestone 

months between autistic children and control. The research focused on sitting crawling, 

teething, walking, ability to speak (one to two words), and ability to speak in sentences. Both 

children with autism and control were relatively similar in their ability to sit around five 

months, teething between six and seven months, and crawling around 10 months. Children 

with autism showed slight delays in walking, taking 15 months to begin walking, compared 

to 13 months for control. However, drastic differences were noticed in the ability to speak 

between children with autism and control. Children with autism took 25 months to speak one 

to two words and were not recorded speaking any sentences. When compared to the control, 

these children were speaking one to two words at 12 months and sentences around the same 

time. This delayed milestone was attributed to exposure to paint during pregnancy, use of 

henna, type of water used, and residence in houses constructed before 1978. Further, the 

findings discussed the use of DMSA, which is effective in reducing the concentration of lead 
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and mercury from the body and resulted in improved speech with more words and sentences. 

Exposure to lead and or mercury does result in toxicity and causes inadvertent effects in the 

body, especially during the developmental stages. With this study, use of DMSA as a 

treatment has been shown to be partially viable. Further research is required to ascertain its 

value. 

 Challenges and Management. The findings of the study by Hauptman et al. (2019) 

discussed the two most severe problems associated with child development: ASD and lead 

contamination. As both ASD and lead contamination share certain key features, such as 

affecting preschool and school-aged children, increased hand to mouth behaviour/ pica 

habits, risk of re-exposure, and iron deficiency. Therefore, these require proper management 

to mitigate the problem. The following recommendations are listed for the proper 

management and mitigation.  

Hospitalization. Depending upon the blood lead level and ASD. It is necessary for 

proper hospitalization. 

 Chelation. In cases where the child has severe lead levels, chelates such as d-

penicillamine or dimercaptosuccinic acid can be used to reduce the burden of lead on the 

body. However, chelation should be used only when the child has known lead contamination. 

 Multiple medication. Proper consideration needs to be taken in providing 

supplements or medicine to the child to prevent occurrence of side-effects. 

 Alternate therapies. These are scientifically unproven and costly and result in 

untoward hardship to the parents. 

 Diet. Children affected with ASD generally have a nutritional deficiency of vitamins 

and minerals. Deficiency of iron can also result in increased lead uptake. Therefore, an 

adequate diet with balanced micro and macro components will prevent lead absorption.  
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  Both lead contamination and ASD affect the neurological functioning of the brain 

and disrupt normal growth. Following proper diagnosis and management can improve the 

child’s quality of life. 

Analysis   

This study was conducted keeping in mind the research question, “What 

concentration of lead can cause autism?” Based on the findings assessed from the three 

phases, the analysis was carried out, which is explained as follows. 

 Autism Spectrum Disorder is one of the main disorders that affects the normal 

development of children, affecting more males than female with a ratio of 4:1, although there 

are a variety of causes for its occurrence. This study focused on genetic and environmental 

causes with a focus on lead as the causative agent or precursor of ASD. The manifestation 

into ASD is observed mostly during the prenatal stages during which the neurological 

development occurs, which shows its effects during child growth. Many genomic studies 

have been conducted that have recognized various genes that are responsible for autism. One 

such gene is PTCH1 gene, which is found on the X chromosome. A mutation results in 

microdeletion, and as it is maternally inherited, it acts as a dominant trait in males as 

compared to recessive in females (Noor et al., 2010). This justifies why autism is more 

prevalent in males than females. There are other genes such as synapsin, dopamine 

transporter gene, neuroligin, and synapse associated proteins that have been found to be 

associated with autism. 

 Apart from genetic factors, environmental factors play an important role in autism 

development. Environmental factors can induce autism or autism-like symptoms in different 

ways. Certain environmental factors such as pesticides, toxicants, tobacco, and bisphenol 

(BPA) can induce epigenetic effects by acting as endocrine-disrupting chemicals (EDCs). 

They can result in methylation of DNA that can persist for longer periods preventing normal 
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development (Dao, Hong, Wang, & Tang, 2015). Apart from epigenetic effects, 

environmental toxicants such as heavy metals like lead, arsenic, and mercury affect proper 

development. The findings in this study have shown many instances where lead, either as 

such or along with other heavy metals/toxicants result in synergistic effects causing autism. 

Lead due to easy mining extraction and absence of problems such as rusting found its use in a 

variety of products ranging from construction, water pipes, toys, and paints. Nearly all the 

processes in which lead was used resulted in exposure to the human body whether it be as an 

anti-knocking agent (tetra alkyl lead) in petroleum or as part of paints or batteries. This 

analysis has been conducted by grouping the findings from all the themes into five main 

domains: risk factors, lead contamination, ASD, physical and biological effects, and 

cognitive effects. The frequencies of each of these themes is depicted in Figure 3.  

 

Figure 3. Frequency of Studies According to Category. 

According to Figure 3, lead contamination and ASD came up more often as they were 

the first two phases of the study. Risk factors, physical/biological effects, and cognitive 

effects all appeared in equal frequencies.  

Risk Factors. Autism or autism spectrum disorder is one of the main issues regarding 

normal development of the nervous system that leads to a disparity in learning and other 
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cognitive growth. The multitude of risks involved in the development of autism and their 

effect vary according to age, gender, mother, and family. Each of these factors is vast and 

varied. Two studies by Amaral (2017) and Dickerson et al. (2016) discussed the risks, with 

Amaral (2017) reporting environmental toxicants, genetics, and drugs as high risk factors, 

which correlates with other studies that provide information of interaction of genes with 

environment (Volk et al., 2014; Blake et al., 2013). There are many other studies, but the 

results are conflicting. Dickerson et al. (2016) indicated that males were more affected than 

females, which has been supported by the findings of Noor et al.’s (2010) explanation behind 

the genetics of ASD prevalence. Only one study by Yates and Le Couteur (2016) gave 

findings regarding pregnancy, whereas there were no specific findings for other risk factors 

such as family.  

Lead Contamination. About eight of the included studies discussed points about 

lead, focusing on its source and concentration (Child et al., 2018; Ngueta et al., 2016; Liberda 

et al., 2018; Pratinidhi et al., 2014; Shah-Kulkarni et al., 2016; Dickerson et al., 2016; Talbot 

et al., 2015; & Yassa, 2014). All the findings have inferred lead as a known potential 

environmental pollutant that is found in numerous states and media. Its composition in air, 

water, food, and other articles such as paints, toys, and electronics interact with the human 

body through skin absorption, inhalation, and ingestion. According to Nriagu (1990), 

between the 1920s and 1980s, lead was used as tetraethyllead because of its anti-knocking 

properties. This form of lead is organic and gets absorbed through skin as well as inhalation, 

and once absorbed, it can quickly travel via blood through different soft tissues or organs. 

Another aspect is that it is rapidly metabolized into triethyllead and then into inorganic lead 

that starts to deposit in bones (Barry, 1981). During this time, elevated blood lead levels were 

observed in adults as well as children to the value of 10 to 15 μg/dl, according to the Centre 

for Disease Control and Prevention (CDC).  
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Additionally, other sources such as the lead dust from smelters has been observed 

using lead isotope studies and found that these airborne lead particles can be carried to large 

distances and result in anthropogenic deposition and bioaccumulation (Child et al., 2018). 

These along with sources described in Liberda et al. (2018) increases the blood lead level and 

have been supported by findings by Ngueta et al. (2016) and Liberda et al. (2018). Further, 

higher values of BLL were found in children as compared to adults, which can be associated 

with more hand-to-mouth activities, poor nutrition, and neglect (Pratinidhi et al., 2014). 

Similar studies have reported higher BLL in children due to their behavioural activities such 

as ingestion from soil, dust, and paint chips that are known sources of lead (Calabrese et al., 

1997).  

Another important aspect that can result in higher BLL is that at the same 

concentration, the lead dose per unit of body mass is higher in children than in adults 

(Rabinowitz et al. 1980). Also, lead absorption adversely affects the human body, causing 

disruptions at the molecular and cellular level of the nervous system by producing secondary 

metabolites (Lidsky & Schneider, 2003). The findings of Dickerson et al. (2016), Talbot et al. 

(2015) and Yassa (2014) discussed sources of lead contamination and its association with 

ASD, which is discussed in the next section.   

ASD. About six studies discussed autism spectrum disorder (Yates & Le Couteur, 

2016; Mayes, 2018; Hus, 2017; Dickerson et al., 2016; Talbot et al., 2015; Yassa, 2014; & 

Hauptman et al., 2019). Three studies viewed the development of viable and robust diagnosis 

that is both fast and caters to different populations as essential (Yates & Le Couteur, 2016; 

Mayes, 2018; & Hus, 2017). A crucial part is the early assessment, which includes 

identification of any co-morbid conditions. Hauptman et al. (2019) reported mitigation 

measures that can be resourceful in the development of diagnosis and proper policy 
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construction for enabling children with autism spectrum disorder, such as hospitalization, 

chelation, multiple medications, alternative therapies, and diet.   

It has been inferred from the findings that bioaccumulation of lead in the human body 

can present or develop symptoms that are similar to autism spectrum disorder (Lidsky & 

Schneider, 2005). Both ASD and lead contamination result in neurobiological conditions that 

can be inferred that lead is one of the reasons for autism. The prevalence rate of ASD 

increases with exposure to lead from areas where there were high ambient air lead 

concentration along with presence of suspended particulate matter (PM2.5) that is reported to 

result in increase in ASD when exposed during prenatal stage (Dickerson et al., 2016; Talbot 

et al., 2015). However, certain studies have reported that this observed association linking 

ASD and lead contamination is due to behavioural activities of children (Cohen et al, 1976) 

or that children already diagnosed with ASD are at an increased risk of lead poisoning 

(Shannon & Graef, 1996). Further findings by Yassa (2014) depict lead toxicity that pertains 

to autism-like symptoms resulting in slow developmental milestone and treatment with 

DMSA, a chelating agent, reduced the BLL and improved developmental stages of children. 

However, there is little scientific evidence to support this and is a possible area of further 

research.  

Physical/Biological and Cognitive. Four studies reported findings that depict 

physical/biological and cognitive attributes related to lead contamination and ASD (Pratinidhi 

et al., 2014; Shah-Kulkarni et al., 2016; Yassa, 2014; & Yates & Le Couteur, 2016). These 

findings showed the presence of blood lead levels of more than 10 μg/dl to be associated with 

developmental delay causing neurological effects resulting in cognitive problems. A number 

of studies have shown similar results in which deficits in academic and learning as well as 

intelligent quotient is related to the presence of blood lead levels even lower than 10 μg/dl 

(Canfield, Jusko & Kordas, 2005; Lui et al., 2013; Miranda et al., 2007). This shows that 
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even such a low concentration has negative effects on cognitive development and learning 

potential. Several studies along with the data presented by CDC have stated that there is no 

safe value of lead and even minimal background exposure can result in negative effects. 

Further, the findings of all the selected studies in this systematic review are directed towards 

linking and understanding lead contamination and autism. After analysis of the above 

findings and other sources, no specific concentration of lead causes autism, though even less 

than 10 μg/dl have been known to produce autism-like symptoms. In order to fully 

understand, further research is needed that can explain the kinetics of lead involved in the 

development of autism. However, the knowledge generated by this study can be utilized in 

the realms of special education and services for students with autism.  

Resource for Special Education and Services 

 This section utilizes the information generated from this study in the realms of special 

education that can be beneficial for children with special needs and special education 

educators. Developing classroom intervention techniques, combined with proper clinical 

medicines and procedures, can greatly enhance the learning potential as well as cognitive 

processes of young learners. 

 Clearly, heavy metals, such as lead, with no biological requirement, when present in 

food and water can result in intellectual disability as well as difficulties in conceptual, social, 

and practical areas of learning. Throughout the world, lead impacts infants and young 

children and is one of the major issues that has been linked with autism spectrum disorder. As 

discussed in the above sections, lead deposits in soft tissue as well as teeth and bones, which 

causes a significant risk when released during pregnancy, becoming a source of exposure to 

the developing fetus. According to the WHO, children can absorb four to five times more 

lead than adults, resulting in developmental delays, behaviour disorders, reduction in IQ, and 

issues with visual-spatial skills/fine motor skills. 
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 It can result in a number of classroom-related disabilities or effects such as: 

• Lack of concentration and attention deficits. 

• Decreased executive functioning. 

• Visual-motor integration skills. 

• Behavioural changes including restlessness, impulsiveness, inattentiveness, 

and aggression. 

• Anti-social behaviours and poor self-regulation. 

Many studies have shown the adverse effects of lead contamination on learning 

outcomes (Amato et al., 2012). Developing knowledge about lead and its effect is therefore 

beneficial in designing classroom intervention techniques that can be utilized by educators in 

a classroom and promote enhanced learning outcomes.  

Classroom Interventions. These interventions can assist in better learning outcomes. 

The Connecticut State Department of Education (2012) recommends that young children 

receive different levels of intervention depending on their blood lead level. The level of 

intervention increases as the level of BLL or other risk factors increases, as follows.   

Level 1. The level 1 intervention strategies are designed for students who have had a 

history of concentration of blood lead level below 5 μg/dl. The students may or may not 

exhibit any developmental delays or other risk factors, but it is beneficial to construct 

intervention strategies that focus on developing a monitoring plan with annual review and be 

involved in enrichment programs, such as Head Start, and school readiness. Developing a 

monitoring plan with an annual review will enable teachers and parents to keep a track record 

of any developmental delay and the children’s learning growth and adjust as needed. The 

children affected by lead and having below average skills in math and literacy can be 

provided with a head start that can narrow down the gaps in learning and improve cognitive 

development, such as through a Head Start program. Involvement in school readiness 
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promotes a comprehensive and interdisciplinary approach that focuses on the health, 

wellbeing, and growth of the child. It is important to involve steps that improves the child’s 

ability to meet the demands of a learning environment. Enrichment programs improve 

learning and intellectual abilities by providing a head start, such as a summer enrichment 

program.  

Level 2. This level is associated with children having blood lead levels of 5 μg/dl. The 

students show some level of developmental delays that are linked to intellectual delays in 

learning, and may have additional risk factors, such as housing in poor areas. As such, 

developing a monitoring and accommodation plan are recommended interventions. 

Developing a monitoring plan that includes decision-making on the proper use of 

accommodations and their effectiveness is essential. A 504 Plan involves articulating 

accommodations that can be either physical, environmental, or instructional to enable a child 

in acquiring the necessary skills that enhance intellectual development (U.S. Department of 

Education, Office for Civil Rights, 2010).  

Level 3. It is recommended for students with BLL greater than 5ug/dl and actual 

developmental delay to design and complete an evaluation, develop and implement an IEP, 

and give placement to a district pre-K class. It is important to develop an Individual 

Education Plan that is designed based on the students’ specific learning expectations and 

provides proper accommodation in the form of instructional and assessment strategies to 

achieve the learning development. The placement in a District Pre-K is done based on 

including the most inclusive environment for children’s learning that enables the proper 

progress. 

These interventions with other accommodations can improve the intellectual and 

cognitive development of learners affected by lead contamination. Further, parents can be 

involved to improve the learning experience by: 



LEAD CONTAMINATION AND AUTISM DEVELOPMENT                                                52 
 

• Establishing relationships with local and national agencies by educating parents 

about the ill effects of lead contamination. 

• Requesting parents to get their child screened if there is concern. 

• Initiate an early intervention referral. 

• Educate family about provincial eligibility criteria. 

Although these are not exhaustive, further emphasis is placed on the enhancement in 

knowledge base about both lead contamination and autism to help in improving educational 

care and support for children with special needs. 

Summary 

This chapter provided an overview of the steps of the systematic review, how the 

studies were selected and grouped into three phases, and how the key findings were grouped 

into themes. Findings were then analyzed to understand the research question. Finally, this 

chapter ended by discussing the use of results of analysis in developing resources for children 

with special needs to help improve their educational goals. All the steps in this chapter were 

in accordance with the research question, “What concentration of lead can cause autism?” 
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Chapter 5: Conclusion 

Introduction 

 This chapter discusses the important findings of this study that focus on the effect of 

lead contamination in the development of autism in relation to the research question, “What 

concentration of lead can cause autism?” accompanied by restating the purpose of the 

study. After the discussion, the conclusion of this study with its value, limitations, and 

recommendation for future research are presented. 

Restating the Purpose 

 The immediate environment that encompasses different variables and their interaction 

with the human body play an important role in growth and development. It is a well-known 

concept that healthy development involves a number of factors such as societal, genetic, and 

environment. As research progresses towards unlocking the unknown, different issues 

relating to human health become clearer. With advanced modern-day techniques, any 

problem can be thoroughly examined from a variety of angles such as its origin, causes, and 

effects that are helpful in finding a cure as well as mitigation steps. Two of the most 

important issues that affect the health of young children are ASD and lead contamination.  

 ASD or autism spectrum disorder has been widely researched and studied, helping to 

develop its knowledge base. ASD is known to impact normal human development, and it 

affects every individual differently. With no specific single cause, its causes are as varied as 

the disorder itself. Several researchers have worked in different fields trying to find out if that 

particular cause is the reason for its development such as vaccination, childcare, family 

issues, societal, environment, genetic, as well as environmental. Although most of them, such 

as vaccines or parental involvement are not seen as any risk, the last two are known high-risk 

factors that result in autism. 
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 Several studies have been carried out that have shown that there are more than a 

hundred different genes that play an important role in autism (De Rubeis et al., 2014). 

Mutations that can be either addition or microdeletion can change the expressions that are 

genetically heritable and pass on to the next generation. However, genetics alone do not play 

an important role in autism; environmental factors can produce epigenetic effects that 

develop into autism. There are several environmental factors, such as pollutants, pesticides, 

heavy metals, and suspended particulate matter that lead to the development of autism. Of 

these, heavy metals are of particular interest in this study. 

 Heavy metals such as arsenic, cadmium, mercury, and lead are found naturally, 

possess high atomic weights, and are five times denser than water. They have been used in 

different industrial, agricultural, or medical applications, which has put a spotlight on their 

notorious nature regarding toxicity and negative effects on the human body (Tchounwou, 

Yedjou, Patlolla, & Sutton, 2012). Lead, one of the most commonly used heavy metals, had a 

number of applications ranging from petroleum, electronics, paints, medical, and even 

household items such as toys, and was a source of exposure to humans that produced negative 

consequences on normal development. As such, this research study explored the interaction 

of lead in the development of autism. A systematic review of literature was conducted to 

explore and ascertain the topic. The goal of this study was to enhance my own knowledge 

about lead contamination and autism development, add to the knowledge base in this area, 

and propose areas for further research and development of strategies for mitigating this issue. 

Summary of Findings 

 The main idea to carry out this study was to develop knowledge about lead 

contamination and autism development, which in themselves are vast topics. Several studies 

have been carried out that have linked autism development to genetic, environmental, natural, 

or anthropogenic reasons. Collecting and selecting relevant studies and analyzing findings 
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proved difficult. Reading and gaining knowledge about different steps of conducting this 

study pushed me slowly, but steadily, to develop this work. Although it was tough in the 

beginning, the process of how to carry on with this work gradually became clearer. However, 

there remains tremendous potential for personal improvement in the understanding of ASD 

and lead contamination. 

 My research question was focused on finding out if there was a specific concentration 

of lead that results in autism. Through the findings of this study, it became clear that lead, 

being a heavy metal, has no minimum concentration that could be regarded as a safe limit and 

its presence, exposure, and accumulation are all risks to the normal wellbeing of children. 

Not only lead alone, but other heavy metals such as mercury, arsenic, and cadmium, 

suspended particulate matter, pesticides, bisphenols, dioxins, and numerous other natural as 

well as anthropogenic pollutants have the potential to disrupt normal functioning of the 

human body, specifically in this case, the brain. 

Limitations 

For this study, I selected research papers that focused on two main criteria, ASD and 

lead. Both are important fields of research that are studied in accordance to children with 

special needs. 

 One limitation of the study was that the number of selected studies were few and in 

order to derive a comprehensive picture regarding the role of lead in autism development, a 

greater number of studies can be incorporated. Further, I focused on the effect of lead 

contamination on children as well as mothers. However, in future studies, conditions and 

habits of the father can also be considered that may suggest a certain paternal role. Another 

limitation was that, as this was a systematic review, my findings were based on the available 

literature. I believe it would be more significant if research that discussed the molecular 

effects of lead in the body is included.  
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Recommendation for Future Research 

 In order to expand the knowledge of the role that lead plays in the development of 

autism, researchers need to understand how lead interacts with the nervous system at the 

molecular level, what metabolites are produced, as well as synergistic effects of different 

variables and co-morbidities formed. This knowledge will not only help in understanding the 

relationship but will also provide a valuable resource for further development of mitigation 

and intervention techniques that can cater to a wide variety of learners. Educators would have 

a unique tool to provide education through easily accessible and projectable information that 

improves the educational outcome of young learners. 

Summary 

 This chapter restated the purpose of this study and highlighted the overview of the 

main findings. As such, the research question, “What concentration of lead can cause 

autism?” was not specifically answered but was instrumental in directing future research for 

the development of knowledge focusing on the role of lead or other materials on ASD. Using 

this background knowledge to help in the future development of intervention techniques and 

policy as supports for children with special needs, educators, training departments, 

administrators, and members of the school community are areas for future research. 
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