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ABSTRACT
Social factors have always been the leading predictor of crime rates in the United States, but environmental factors such as heavy metals are now also being linked to crime rates. Social factors including sufficient financial income, a safe living environment, a supportive family, and adequate education have the greatest impact on whether or not a child will grow up to lead a successful life. Although, with more research there have been links between environmental factors, specifically heavy metals such as lead, cadmium and mercury, and life outcome. Heavy metals have been directly associated with causing neurotoxicity, specifically in young children. Neurotoxicity has been linked with mental instability and aggressive behavior; common traits of individuals who commit crimes. There has also been a correlation between individuals living in low income housing and facing higher exposures to heavy metals, in both urban and rural areas. The Public Health significance is that individually social factors and environmental factors are leading to crime rates, although together they increase the risk of criminal behavior. Two cases of individuals exposed to both detrimental environmental factors (mercury and lead) and social factors are examined in this essay showing how individuals are more susceptible to neurotoxicity and criminal activity when exposed to both.
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INTRODUCTION
	The hypothesis that high crime rates tend to be associated with three main factors; low socioeconomic status, family instability and poor education is well accepted. Even though that may be true, other factors may play a role. The idea that environmental hazards could also contribute to crime rates is less supported; but with more research the correlation becomes more apparent. In the United States, it is generally thought that indicators such as higher crime rates, in addition to poverty and low education attainment rates are associated with large urban areas.1 Altogether, these factors are powerful indicators of crime, and they also contribute to the vicious cycle of poverty and limited opportunities that continue to repeat themselves throughout generations. Socioeconomic status has always been the leading predictor of crime rates, but the less explored idea that heavy metals may be linked to higher crime rates is now gaining more support.
	Heavy metals, such as lead, manganese and mercury, are both naturally found in our environment and anthropogenic. These chemicals have been linked to increased health problems and found to affect bone growth, cell growth, cell function, and intelligence quotient (IQ). Individuals exposed to heavy metals, generally at a young age, are more at risk of developing a lower IQ and other neurobehavioral effects because the metals replace the nutrients that their brains need to fully develop.2 Over the last couple of decades, there has been an increase in research backing these findings, and linking exposures of heavy metals in young children to antisocial behaviors and an overall decreased academic and social performances.3  The concern is whether or not heavy metals, which can cause neurological toxicity, are also affecting individuals affiliation with crimes and violence. With more evidence linking heavy metals to negative outcomes, more questions and concerns have arose. Therefore, it is necessary to understand exactly how and what routes of exposure put humans most at risk. 
	Furthermore, environmental exposures and social inequalities are not limited to just urban areas. Research has found that heavy metals affect individuals in both rural and urban areas making the problem more large scale and harder to address. For example lead paint in homes has been linked to neurotoxicity, and even though lead paint is no longer used, old homes may have not been remediated leaving the exposure for multiple generations.3 Considering lead paint was used all over the United States, many individuals do not know about the exposure except when a landlord or the housing authority notifies them. Also, historically, burning coal has been a main source of heat for both rural and urban areas. This practice is not as common now, but when it was acceptable many were exposed to mercury as it is released when coal is burned. Children are most susceptible to these exposures and as they grow up they may experience neurological deformities, which may lead to increased criminal behaviors.
	My question is that if an individual grows up in a low socioeconomic environment and is exposed to heavy metals, are they more susceptible to neurological toxicity? If so, will that result in higher crime rates in these individuals? Research points to the fact that the combination of social factors linked with environmental hazards, primarily when exposure occurs at a young age, can create the perfect combination for mental instability which commonly results in criminal behavior. Also, do environmental hazards play a role that intensifies the exposures low socioeconomic individuals are predisposed to, or do they just confound the findings? It is essential to understand if there is a link between heavy metals and the low socioeconomic population in order to better understand the experiences, exposures and living situations these individuals come from. With this information we can determine how to protect and improve the health of Americans while lowering crime rates. 

SOCIOECONOMIC STATUS AND CRIME
	Access to resources such as sufficient financial income, a safe living environment, a supportive family, and adequate education are commonly what are needed for a child to grow up and lead a successful life. Although, the living environments of low income neighborhoods commonly have limited access to all those resources since health facilities, libraries and schools are prohibitively expensive. With limited opportunities for individuals to escape their hardships; they tend face many difficulties at a young age. Individuals growing up in poverty stricken areas are commonly surrounded by violence in the community and in their home; as child abuse is very common.4 The exposure of poor or low income community members to aggressive behavior, beginning at very early ages, engrains violent action as normal behavior in the minds of this group.  By facing hardships at a young age, community members feel the pressure from the societal level all the way down to the individual level.5 A conceptual framework model shows how multiple factors such as a living environment with limited access to resources and high crime rates can affect the emotional and behavioral health of individuals which can result in cognitive frailty (Figure 1).
	One of the biggest stressors on an individual is the constant fear of violence. Since Violence in a low income community is continuous it not only creates anxiety, but it also creates a social norm of violence as the youth and adolescent community members grow up. Ultimately the underlying cause of violence is based on limited financial resources or family income, as individuals do what they can to make ends meet. Commonly individuals in these situations resort to criminal activity by becoming involved with gangs and drug activities. Family income, is defined as all sources of income including public assistance, and it is the most important factor in determining quality of life.6 According to the National Research Council, a family’s income is directly correlated with the quality of an individual’s family, neighborhood and school.7   Low income housing tends to be located in high risk areas where education resources are lacking, and household structure is absent. With these limitations, low family income has been associated with delinquency, and higher rates of weapon related violence.6 Therefore, family income ultimately determines whether or not a child lives a successful life. 
[image: ]











Figure 1: Conceptual Framework Model: Cognitive Frailty
The conceptual model shows how societal level factors impact all levels of an individual, and can often result in mental health problems in an individual.

	Family income greatly affects the quality of a neighborhood and living conditions, which ultimately impact the outcome of a child’s life. If the child grows up in a supportive and nurturing living environment then they have a better chance of leading a successful adult life than if they grow up in a destructive and dangerous environment.8 Low income neighborhoods already provide a youth or adolescent with a difficult life, considering there are fewer social support systems and less effective social networks available.9 The neighborhoods also tend to be physically deteriorated and are accompanied by higher crime rates and more street violence.9 These neighborhoods submerge the youth and adolescent individuals into a difficult lifestyle at a young age, and provide them with limited resources to escape their hardships. Characteristics of high-poverty neighborhoods have also been associated with harmful consequences for socialization in addition to cognitive and emotional functioning.10 In general; exposure to community violence is drastically higher in youth and adolescent children if they come from a low-income family, than in children from an upper-income family.6 
	Structural changes in families have also been linked to increased violence. Absent parents are becoming more common and family support is continuing to deteriorate. Family support is ideal to help guide the youth and assist adolescents as they transition into adulthood. Therefore, with limited or no support the youth tend to face more difficulties and often partake in riskier behaviors.  Over time the family dynamic has changed drastically and there has been a large increase in the number of single family households. In 1965 only 10 percent of children were from a single family home, and by 2012, 28 percent of children were living in single family homes. This has shown an increase of 18 percent in just 47 years, and of those single family homes, 36 percent are living below 200 percent of the poverty level.11, 12 There has also been a link that single parent families, especially the more common single mother, tend to have lower incomes.8 Aside from income, with only one parent there is less supervision for youth and adolescents in these households. Studies have shown that about 40% of single parents have low-wage employment, therefore they commonly hold multiple jobs to pay their bills and support their families.13 Because these single parents tend to hold multiple jobs it limits their available time to supervise their children. This often results in youth and adolescent children taking part in riskier behaviors including using drugs and alcohol, engaging in sexual intercourse and participating in criminal activities. Therefore adolescents who come from single-parent households are significantly more likely to engage in riskier behaviors than their peers from two parent families due to less supervision and less structure at home.6,14
	The National Longitudinal Study of Adolescent Health, conducted in 1992, further explains social factors and how income and family structure impact risky behaviors. The compiled data for this study is from 134 different schools with a total of 15,243 participants.6 The purpose of the study was to look at the relationship between school grade and risky behaviors based on race/ethnicity, family income and family structure.6 When looking at the relationship between race and family income in 7th -12th graders, in every age group, as family income increased, all risky behaviors decreased drastically. In the weapon-related violence category; when income was less than $20,000 a year about 35% of adolescents engaged in the risky behavior compared to when income was greater than $41,000 a year where only 20% engaged in the risky behavior.6 The study showed the same results when comparing single parent and two parent family structures. Of the adolescents coming from a single parent house 33% engaged in weapon-related violence, compared to the 23% of adolescents coming from a two parent household. These social factors clearly present how social factors such as income and family structure affect the outcome of an adolescent. 
As addressed above income, living environment, and family structure all influence the development of children and adolescents, but education is another factor that can influence whether or not a child will lead a successful adult life. There is widespread belief that criminal behavior is more common in poor or minority populations, which tend to be located in inner cities and remote rural areas. In these areas educational abilities are often far below the standards of non-minority and affluent communities.3 This is often a result of disciplinary problems and chaotic learning environments which stem from concentrated poverty at home and limited resources in schools.8 Considering the majority of the adolescents and children in this demographic have limited parental involvement; they tend to not respect their parents, teachers, and sometimes themselves which is why many stop attending school or drop out of school at a young age. A study by the National Center for Education Statistics, concluded that low income students are five times more likely to drop out of school than middle income students and six times more likely to drop out than upper income students.15 With little structure, little education and little respect for their peers and themselves, criminal behavior becomes more prominent and low-income individuals tend to part take in voluntary actives that our society does not approve; such as violence and criminal activites.8
The National Health Interview Survey of 1995 also found that poor and low-income adolescents are at a greater risk than their more affluent counterparts to be in poor health, and have a higher risk of behavioral or emotional problems.7 This is all tied to how income affects living environments, family support and adequate education. Research has shown that poverty and low-socioeconomic status individuals are associated with poor academic performance, gang affiliation and limited family structure; which are all correlated with rates of violence.16

ENVIRONMENTAL HAZARDS AND CRIME
	Previously, the theories surrounding violent crimes were in response to social, economic and psychological variables; but are they the only factors that affect varying crime rates throughout the United States? It has been found that various environmental toxicants have also been linked to abnormalities in brain chemistry that lead to the loss of impulse control and increased aggressive behavior.17 Over the years many environmental hazards have been linked to subclinical effects on brain biochemistry, including lead, manganese and mercury (Tables 1-3). 

Table 1: Adequate Lead Levels  
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According to the CDC these are the blood lead levels for concern. The standard is now <5µg/dL.18


[image: ]Table 2: Adequate Manganese Levels










These are the adequate intake doses.19

[image: ]Table 3: Adequate Mercury Levels 
	




Based on Urinary concentrations levels exceeding 20µg/L start to cause cognitive problems and escalate.20
	
Those environmental toxicants are just a few that have been linked to neurotoxicity; resulting in learning disabilities, reduced IQ, antisocial behavior, poor impulse control and increased risk of aggressive behavior.3, 17 Neurotoxicity has been found to function as a catalyst with poverty, social stressors and drug or alcohol use by increasing the likelihood that an individual will commit a violent crime.17 This is because toxic substances such as lead, manganese and mercury tend to be found in industrial pollution, aging water systems and in homes with lead paint; which coincidentally are commonly near or found in low-income neighborhoods. The individuals who absorb these toxic elements, especially lead and manganese, are significantly more “at risk” to engage in violent and aggressive behavior then those not exposed to the elements.17 Early life exposure to these environmental toxicants is a leading factor for criminal behavior because they cause irreversible alterations to the brain; resulting in the individuals taking more risks and less able to deal with the frustrations of life.3                         
	In order to prove that environmental hazards are directly correlated with higher crime rates, correlation studies and prospective studies have been conducted. One correlation study was conducted on seven different samples of prison inmates, and the researchers evaluated their levels of toxic metals. In all seven groups either lead or manganese were significantly higher in the head hair of the violent offenders.21 Other correlation studies found results consistent with the prison inmates study, and concluded that violent offenders were more likely to have abnormal brain biochemistry.22 Prospective studies are also necessary to understand the link between environmental exposure and crime rates. Specifically, a prospective study was used to measure neurotoxicity years before a crime took place by proving that exposure during childhood can predict aggressive behavior and crime among juveniles and young adults. In Philadelphia, PA a longitudinal biosocial study was conducted on 1,000 Black residents from birth until 22 years of age.23 The study found that lead intoxication and anemia at the age of 7 were significant predictors of juvenile offenses and adult offenses for the males within the study. In another study, the results concluded that lead absorption in bones during childhood can predict aggressive behavior later in life.24 This could be a result of the long half-life (the time it takes for 50% to be removed) of lead in the human body. Lead resides in bone mass much longer than in soft tissues or blood. The study shows how the mean life of bone lead takes 10-30 years to leave the body instead of the mean life of one month in blood lead.25 Lead exposure, especially during growth, can cause lead to be incorporated into bone tissue and then be subsequently released back into the blood over time. Therefore, an individual is constantly being exposed to lead for an extended period of time even if the environmental exposure has been stopped (Figure 2). 
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Figure 2: Lead Exposure Routes
High levels of lead in blood results in absorption into the bone.  Lead is thus stored in the bone tissue where it can be released throughout an individual’s life. Not all lead will enter the bone, but both blood and bone lead levels have the same effect on cognitive development, yet bone lead will have a longer effect due to its long lifetime in the bone.25	
	Today lead toxicity is one of the biggest causes of neurotoxicity and has been linked to aggressive behavior and neurological damage. In the past, lead exposure could have been from leaded gasoline, but now most exposures are from lead paint, old pipes and lead-contaminated soil on highly travelled roads. Various studies have shown urban neighborhoods near major roads in Baltimore, Minneapolis and New Orleans having higher rates of lead toxicity.26 Studies have also showed that children who constantly put their hands in their mouth have higher rates of lead poisoning especially when they live near major roads in urban neighborhoods, because they are more likely to play on the contaminated soils of playgrounds and backyards.27 Lead paint is the next highest exposure for lead toxicity because even though lead paint has not been used on homes since 1978, many homes still have lead paint in them. More commonly old homes, urban neighborhoods and low income housing, are commonly neglected or not remediated and therefore the individuals living in these homes are constantly at risk of lead poisoning. 
	Children are more susceptible than adults to develop neurotoxicity from lead because they absorb up to 50% of the lead they ingest compared to the 8% adults ingest.28 Also lead is more likely to form in the bones of children than adults, resulting in a more long term exposure.28  Exposure to lead can negatively impact both adults and children’s cognitive function such as decreased IQ, but early life exposures tend to have a greater impact and predispose an individual to a life of violence and other criminal offending.3 This is because prolonged exposure to even low doses of lead during early development can cause neural damage resulting in lasting cognitive and behavioral deficits in addition to decreased IQ and productivity.29,23 It is clear that lead exposure reduces IQ and when the exposure occurs during infancy the effects of lead can last through puberty.3,16 Other behavioral deficits, such as Attention Deficit Disorder (ADD) and Attention Deficit Hyperactive Disorder (ADHD), which are commonly diagnosed in children today, are associated with significantly higher blood lead concentrations.3 Those conditions are also frequently associated with juvenile delinquency.30 In general, the highest levels of lead uptake have been reported within the demographic group that is most likely to commit violent crimes.31 		
	Manganese is another environmental toxicant that has been linked to neurotoxicity and increased crime rates. Manganese affects the brain by lowering the levels of essential neurotransmitters in the brain.16 With fewer neurotransmitters, there is a decrease in both the levels of essential minerals in brain cells, and the levels of serotonin in the brain. 32 Low levels of serotonin is caused by chronic exposure to about 10 mg of manganese per day, and is associated with mood disturbances, impulse control, aggressive behavior and outbursts of violent behavior.16, 33 Manganese toxicity can occur in a variety of ways. One way is through cast iron pipes, where old pipes leach the toxic chemical into the water supply. This is very common in decaying inner city housing, which tend to be occupied by the poor and low-income populations.16 Another mode of toxicity is through lifestyle and diet.  If an individual is calcium, zinc or vitamin D deficient, to name a few, the body will take up higher levels of manganese, making the chemical more toxic.16 This is apparent in a study conducted showing manganese uptake in animals who are raised on formula compared to animals raised on mother’s milk. The results concluded that animals raised on formula retained more manganese than animals raised on mother’s milk because mother’s milk has more nutrients than the formula.34 The study was then conducted on humans and again the babies raised on formula retained 5x more manganese than the babies raised on mother’s milk.35 When an individual has sufficient vitamins, manganese is not as toxic and has minimal impact on those exposed. The poor and low income populations tend to be malnourished, and in those populations manganese may have a greater impact on development and aggressive behavior outbursts.
	Mercury is the third type of environmental exposure that has a large impact on neurotoxicity and cognitive development. Mercury is either naturally occurring or anthropogenic, and over the last 100 years with 70% of the mercury released being anthropogenic, that is a big concern for humans and our health.35 One of the most common sources of anthropogenic mercury, and which has a great impact on human health is through the burning of coal. Coal-fired power plants are responsible for approximately one third of all emissions of mercury attributable to human activity.36  Even though coal is not used as much now, the particles do not just disappear. Mercury is able to circulate through the atmosphere and our aquatic environment, therefore once mercury enters the atmosphere, it will then return to the earth via rainfall and enter our waterways. Once mercury is in our water supply, it is then converted into methylmercury, and passed up the aquatic food chain.37  Methylmercury bio-accumulates within fish, and eventually when eaten by humans, the toxic form of mercury enters human bodies. Low income individuals do not commonly have a diet of fish, aside from canned tuna, which contains levels that exceed the safe level of mercury.38 Over-consumption of canned fish especially in children has been linked to neurotoxicity. For example, mercury is toxic to the central nervous system and in the body can cause personality changes, lower intelligence levels, and delayed neurodevelopment. Mercury has the greatest impact on neurodevelopment when exposure occurs during in-vitro and early childhood, because that is the crucial developmental period.37 Most common mercury exposure are from diet and proximity to factories or smelter site. Therefore just like the previous environmental toxicants stated before, mercury has a greater impact on poor or low-income individuals who tend to have houses closer to undesirable locations, such as a factory or living near coal mines.
	In general, it appears that the environment tends to increase the probability of individuals losing capacity for impulse control and having a lower IQ/ decreased cognitive development which leads to increasing rates of crime.15 Environmental hazards are reinforced by patterns of school dropouts, family disintegrations and unemployment to create the ideal setting for high crime rates and risky behaviors in poor or low-income populations.

CASE STUDY I: FAYETTE COUNTY, PA
	Fayette County, PA is the home of a 66 year old man, convicted of murder. Since his case is open, his name may not be released, therefore we will call him Fayette. Fayette grew up in a poverty stricken town located within the Klondike Coal Patches of the Appalachia region. As a child, his family lived 500 feet from a coal mine and several hundred yards from a coke oven that burned constantly. In addition to outside exposures, in order to keep their home warm, Fayette would sneak into the coal mines and steel coal for his family to burn in their home.	In addition to environmental exposures, Fayette had inadequate education, was illiterate, had a drastically low IQ, was unable to hold a job and frequently engaged in risky behaviors such as drug and alcohol consumption. He also discussed the hardships he faced at home and how his father was abusive to him and his siblings throughout his entire childhood. Those factors, and the fact that he came from a poverty stricken town put Fayette at a social disadvantage. His socioeconomic status and the environmental hazards he endured ultimately decreased his chances of living a normal adult life. 
	Based on his proximity to both the coal mines and the coke ovens, Fayette was constantly exposed to mercury in the atmosphere surrounding his home. The doses are unknown for the times he lived in Fayette County, but it can be estimated that they are at least 4x greater than the safe level of mercury exposure on any given human. This can be inferred based on a 1997 study conducted in Minnesota, where researchers looked at mercury deposition and coal combustion. The study concluded that between 1960 and 1970, the peak years, levels of mercury deposition were between 4.0 and 5.2 times higher than pre-industrial levels.39 The study also stated that levels didn’t decline until the 1980’s and by then Fayette was out of his developmental stages and mercury toxicity would have already affected his cognitive development.39
	Also considering his family burned coal constantly inside their home to keep warm, his exposure may be much higher than the study concluded since he was exposed both indoors and outdoors. The practice of burning coal in the home was common especially 66 years ago, before Fayette was born. This means that while his mother was pregnant with him, he was already exposed to mercury at significantly high doses. These exposures did affect his childhood, adolescent years and adulthood as he has a low IQ, delayed neurodevelopment, made riskier decisions and ultimately partook in a violent crime.
	Currently for his case, we are looking at both social and environmental factors that would prove that he is mentally retarded and was not able to understand the situation that let him to commit murder. Socially as a child he was abused and did not have an adequate education. He lived in poverty and that limited his access to health services, adequate education and social resources to better assist him with his learning disadvantages. Lastly his proximity to mercury leads us to believe that even before he was born his ability to live a normal adult life was drastically impacted. Tests were not done on him as a child, so his mercury levels are unknown, but considering his IQ level is in the bottom percentile, we can assume that his living environment did not help him live a normal life.

CASE STUDY II: PHILADELPHIA, PA
	A 33 year old man convicted of murder resides in Philadelphia, PA. Since his case is open, his name may not be released, therefore we will call him Philly. From birth, Philly constantly moved throughout the city of Philadelphia, and each home was in a poverty stricken, and low income neighborhood. These neighborhoods faced extreme disadvantage and risk factors; including racial segregation, physical deterioration, environmental hazards, and residential instability. The neighborhoods also faced high rates of female-headed households, unemployment, low status work, crime, and violence. Considering his neighborhoods were extremely unsafe for a child, his home life was not any better. He was constantly surrounded by drugs, alcohol and violence considering his first residence was essentially a crack house. Also, coming from a single parent household, where his mother brought various men around whom would abuse him, his home life and community set him up for a life of hardship and violence.
	Philly already faced a disadvantage in life considering where he grew up and how he was raised, but there were other factors that altered his cognitive development. Growing up, Philly had a history of traumatic brain injury and a history of drug abuse in addition to being exposed to lead. Medical records show that, in 1993, when Philly was 10 years old, his blood lead level was 5 mcg/dl and that he suffered from anemia, which is medically linked to lead exposure. With levels of 5 mcg/dl individuals already show cognitive problems including decreased IQ. Since he also suffered from anemia, which is found in exposures closer to 20mcg/dl, we can infer that his levels were probably much higher than 5mcg/dl. 
	Philly lived in various houses, but the residence he lived in the longest, has documentation consisting of letters from his landlord, acknowledging the presence of lead in his home. Sadly nothing was ever done to remediate this problem. His exposure to lead was constant throughout his childhood and this was primarily due to lead paint in his home. Testing was not done annually on his blood lead levels, but considering he had intellectual disabilities and all of his siblings faced similar disabilities, we can assume his exposure did not stop until he moved out of the city of Philadelphia to attend a private school that addressed his behavioral problems.
	Philly was sent to numerous schools due to the behavioral and intellectual difficulties he faced in the classroom. One school he attended described some of his problem areas as initiating conflicts with peers (usually through verbal or physical aggression) in addition to poor behavioral control, impulsive behavior, non-compliance to classroom rules, inappropriate language, not accepting responsibility for his behavior, and a low frustration tolerance. All of his developmental and behavioral issues have been linked to early lead exposure and most of these types of behaviors have been shown to be irreversible.
	In this particular case, we are trying to prove that his lead toxicity and unsuitable home life have influenced his lack of judgment and bad decisions. Considering he had a violent nature growing up, Philly’s story perfectly portrays how environmental hazards catalyzed by a dangerous social living environment ultimately produce more violent and riskier individuals. He would have already faced a more difficult life because he was surrounded by violence and drugs since early childhood, but considering he came from a low-income family he did not have the resources to escape his environment and stop his exposure to lead.
LINKING URBAN AND RURAL EXPOSURES
	Historically, low income individuals did not originally move to areas that had high pollution rates or deteriorating neighborhoods. Although, over time large companies have built industrial plants near neighborhoods and communities where the individuals did not have the means to fight back against big businesses. As more time has passed, individuals would leave these neighborhoods plagued with pollution, resulting in neglected and deteriorating neighborhoods. The only individuals who ultimately would live in these neighborhoods are those who cannot afford to live elsewhere.40 These environmental Justice issues are not limited to one area; they plague both urban and rural areas where individuals have limited influence in what happens to their neighborhoods.
	Both case studies portray very different individuals, but both stories are very similar and face environmental justice problems. While Philly comes from an inner city urban environment and Fayette comes from a rural coal patch town, both grew up in poverty stricken areas and were exposed to environmental hazards. Despite Philly being exposed to lead and Fayette being exposed to mercury, both environmental hazards cause neurotoxicity. Considering both faced cognitive impairments and both grew up in low-income neighborhoods their stories play out similarly. 
	Urban areas are commonly thought to have a higher risk of environmental exposures due to higher gas emissions from highly travelled roads and deteriorating lead paint, particularly what is found in city slums.3 The problem with this theory is that there are old buildings everywhere, both in urban and rural neighborhoods, therefore lead poisoning is not just limited to the cities. Also an individual’s proximity to coal mines or coke oven plants and smelter sites, while those exposures are less common, have proven that mercury toxicity is just as detrimental as lead poisoning on cognitive development.  Sometimes individuals must live in less desirable areas to survive, and be able to put a roof over their heads; but these less desirable neighborhoods are all over the United States. Therefore it doesn’t matter where an individual is from, because when someone is already at risk due to social factors, environmental hazards increase their odds of turning risky behaviors into criminal activities.

CONCLUSION
	At risk populations tend to be categorized as individuals who do not have access to adequate financial resources. With inadequate funds, these individuals are forced to endure unsafe living conditions, deteriorating family support and below standard education levels. Also, these individuals commonly grow up in neighborhoods that are plagued with gun violence, drug and alcohol abuse, and are frequently physically abused. Poverty stricken areas tend to not have access to resources that help individuals cope with their hardships or foster their cognitive impairments. Therefore these individuals commonly remain in these at risk neighborhoods and continue to pass this cycle of hardship and risky behavior on to future generations. 
	Social factors ultimately determine what individuals are more at risk of committing serious crimes based on their developmental environment; yet environmental hazards play a larger role in this outcome than many want to believe. Lead, manganese and mercury are three main neurotoxins that alter brain biochemistry commonly resulting in lowering IQ; and increasing antisocial behavior, poor impulse control and the risk of aggressive behavior. Environmental hazards function as a catalyst with poverty, social stressors and drug or alcohol use by increasing the likelihood that an individual will commit a violent crime. This occurs frequently because low income neighborhoods tend to have houses with lead paint in them and are commonly located near industrial waste sites that release environmental pollutants such as mercury. 
	In both Philly and Fayette’s case studies, both social and environmental hazards played key roles in their murder cases. Both individuals came from poverty stricken backgrounds filled with violence, abusive families and inadequate access to education and health resources. In both cases they had drastically low IQ’s and showed aggressive behaviors at a young age. Therefore both Fayette and Philly started their lives in the “at risk” populations, and adding environmental hazards only increased their aggressive behavior. Through adding mercury poisoning to Fayette and lead poisoning to Philly, both individuals went from living risky lives to committing serious crimes.	
	It has been found that some criminal and antisocial behavior is secondary to chemical exposure during critical brain development in early life.3 This means that both social and environmental factors influence brain development and can drastically alter whether an individual will live a normal adult life, or have a life filled with risky behavior and criminal activity. A Danish study provided weight to this hypothesis by showing that a high IQ was protective against serious criminal activity in high risk individuals.41 The study looked at the mean IQ’s of four different cohorts; those at high risk for serious criminal involvement but avoided criminal behavior, those at high risk who committed serious criminal behavior, those at low risk and avoided criminal behavior; and those at low risk who committed serious criminal behavior. The results showed that the mean IQ of the groups where individuals did not commit a serious crime were much higher than the groups that committed serious crimes.41
	The study shows that just because an individual is at risk due to social issues, doesn’t mean they will commit a serious crime. With environmental hazards causing neurotoxicity and lowering IQ, it has increased serious criminal activities in these more at risk populations. Therefore it can be accepted that individuals growing up in low socioeconomic environments and have exposures to heavy metals are more susceptible to neurological toxicity, and crime rates are higher in these individuals.
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Table 1.1: NTP conclusions on health effects of low-level Pb by life stage 0|
Life Stage | Blood Pb Level | NTP Conclusion | Principal Health Effects

Children <5 pg/dL Sufficient Decreased academic achievement, Q, and specific cognitive
measures; increased incidence of attention-related behaviors
and problem behaviors

Limited Delayed puberty and decreased kidney function in children 12
years of age

<10 pg/dL Sufficient Delayed puberty, reduced postnatal growth, decreased IQ, and
decreased hearing
Limited Increased hypersensitivity/allergy by skin prick test to allergens
and increased IgE* (not a health outcome)
Inadequate ‘Any age - asthma, eczema, nonallergy immune function,

cardiovascular effects; <12 years of age - renal function

Figure 4.9 Global distribution of burden of disease attributable to 20 leading selected risk factors
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2. RELEVANCE TO PUBLIC HEALTH

Table 2-1. Adequate Intake (Al) for Manganese

Life stage Age Males (mg/day) Females (mg/day)
Infants 0-6 Months. 0.003 0.003

7-12 Months 06 06

1-3 Years 12 12

4-8 Years 15 15

9-13 Years 19 16
Adolescents 14-18 Years 22 16
Adults 19 Years and older 23 18
Pregnancy All ages — 20
Lactation All ages — 26

‘Source: FNB/IOM 2001

https://www.google.com/ur?s:
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Should be collected in vacutainers containing heparin and then rerigerated. Ihe blood Hg level for the Y5th percentile of
the adult population is below S micrograms per liter (ug/L)" ; a blood concentration of 50 g/L or greater is considered
the threshold for symptoms of toxicity”. Although some individuals with high blood mercury levels do not exhibit clini-

cal symptoms.
‘Hair analysis primarily measures organic (methyl) mercury exposure only and is not useful for assessing recent
exposures.
Relationship of Urinary Mercury Concentration with Effects
Urinary Mercury Concentration | Sigas and Symptoms
(ngL)
<20 None
20 to 100 [+ Decreased response on tests fo nerve conducton, bain-wave activiy, and verbal skils
|+ Early indicaton of tremor on tsting
100 to 500  teitability. depression, memry loss, minor tremor, oher nervous system disturbances
Early signs of disturbed kidney function
500 to 1000 + Kidney inflammation
Swollen gums
|+ Significant remor and nervous sysem distrbances

‘Symptomatic patients who have experienced acute high-dose elemental mercury inhalation exposure should receive supportive
care and be monitored for development of acute pneumonitis and pulmonary edema in a hospital setting. For severe symptoms
and highly elevated circulating levels of elemental mercury, chelation may be required. Agents, such as dimercaptosuccinic
acid (DMSA) contain sulfhydryl groups, which bind mercury ions and facilitate their excretion through urine and feces. These
drugs may be expensive and are not always covered by health insurance.

Consult your regional Poison Control Center, 1-800-222-1222, or a medical toxicologist
experienced in chelation therapy for decisions regarding administration of chelation therapy.

+  ATSDR Medical Management Guidelines for Mercury - http://www.atsdr. cde gov/mme/mme asp?id=106&id=24
« Contact your ATSDR Regional Office. Regional phone numbers are listed at www.atsdr cde gov/dro/dro_org html

1 - CDC National Health and Nutrition Examination Survey (VHANES) (2001-2002); summarized in Third National
Report on Human Exposure to Environmental Chemicals (http://www.cde. gov/exposurereport/default htm)
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