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Özet 

Bu çalışmada ağır metallerin insan sağlığına olan fizyolojik ve psikolojik etkileri incelenmiştir. Ağır metallerin insan 

sağlığına eser miktarda faydalı oldukları gibi yüksek konsantrasyonlarda organizmada ciddi sorunlar 

oluşturmaktadırlar. Oksidatif stres, reaktif oksijen türlerinin (ROS) oluşumu, kanser türleri (göğüs, prostat, akciğer, 

böbrek, kemik, karaciğer kanseri), çeşitli organ sorunları (karaciğer fibrozis, akciğer inflamasyonu, KOAH), 

hematopoetik sistem hasarı ve kardiyak hastalıklar buna bir örnektir. Ayrıca konsantrasyonu yüksek olan ağır metaller 

insan psikolojisini de olumsuz yönden etkilemektedir. Ağır metaller nörotoksik etkilere sahip olup bazı hastalıkları 

direkt ve indirekt etkilemektedir.  Böyle ki, Alzheimer, Parkinson, otizm spektrum bozukluğu veya dikkat eksikliği ve 

hiperaktivite bozukluğu gibi rahatsızlıkları tetikleyebilmektedirler. Aynı zamanda, depresyon, anksiyete, psikotik 

semptomlar, uyku bozuklukları veya huzursuzluk ağır metallere maruz kalmış insanlarda görülebilmektedir. Sonuç 

olarak konsantrasyonu yüksek olan ağır metal birikimi, bireyler üzerinde hem psikolojik hem de fizyolojik olumsuz 

ve ciddi hasarlara yol açmaktadır.  

Anahtar Kelimeler: Ağır Metaller, Fizyolojik Etkiler, Psikolojik Etkiler 

 

Ağır Metaller: Fizyolojik Temelden Psikolojik Sonuçlara 

Abstract 

In this study we aim to examine physiological and psychological effects of heavy metals on human health. As well as 

trace elements have beneficial impacts on human health, they present serious problems at high concentrations. 

Oxidative stress, reactive oxygen species (ROS) generation, cancers (Breast, prostate, lung, kidney, bone, liver 

cancer), several organ problems (liver fibrosis, lung inflammation, COPD), hematopoietic system damage, cardiac 

diseases are examples for heavy metal toxicity. Furthermore, heavy metals at elevated concentrations impact human 

psychology. Alzheimer’s disease, Parkinson’s disease, autism spectrum disorder, or attention deficit and hyperactivity 

disorder can be manifested by heavy metal toxicity. In addition, depression, anxiety, psychotic symptoms, sleep 

disorders, or restlessness can be present in individuals with heavy metal toxicity. In conclusion, heavy metal 

accumulation can lead serious physiologic and psychologic impacts on human beings. 
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1. Introduction 

Heavy metals are characterized as elements which have five or higher density, and by their atomic 

weight, that have influences on people and environment such as iron (Fe), mercury (Hg), zinc (Zn), 

arsenic (As), chromium (Cr), cadmium (Cd), copper (Cu), manganese (Mn) (Wang et al., 2021). 

Heavy metals present in two different resources, which are natural- manifests in nature-, and 

anthropogenic- influenced by people-, which may be counted as most common polluting aspect of 

heavy metals due to such human activities, for example, mining, agricultural works, smelting, 

industrialization, metal-including waste, military works, building materials, smokes (Sahmurova 

& Balkaya, 2016). Humans are exposed heavy metals through inhalation, ingestion, and skin 

absorption (Sahmurova et al., 2010). As industrialization has shown rapid increase, such as 

foundries, oil refineries, petrochemical plants, pesticide manufacturing, or chemical industry 

danger of exposure have been also increased; furthermore, for example, arsenic-contained 

industries, such as paper, glass, textile, or wood industries can be considered as examples of heavy 

metal exposure and heavy metals, as the exposure is common over time, have become major 

apprehension due to their bio-toxic effects on humans, and polluting effects on environment 

(Ohigau et al., 2022). Heavy metals may enter into human body through various ways; such metals 

are crucial and beneficial for human body, for example, Fe, Zn, Cu, and Mn, however, high 

exposure of these metals also can disrupt overall health (Sahmurova & Shahmurzada, 2016). 

In this study, we aim to investigate physiologic and mental adverse outcomes of 12 heavy metals 

which are vital heavy metals for human health- iron (Fe), manganese (Mn), copper (Cu), cobalt 

(Co), and toxic heavy metals- cadmium (Cd), arsenic (As), mercury (Hg), lead (Pb). 

2. Beneficial Heavy Metals for Human Health 

Some of these metals are vital for physiological functioning for human beings, such as Fe. Fe is 

considered to be essential for health in order to its benefits on health, first of all, body needs iron 

for synthesis of oxygen transport proteins, hemoglobin and myoglobin; furthermore, Fe is also 

crucial for heme and other iron-dependent prosthetic groups’ formation (Abbaspour et al., 2014); 

brain’s developmental process, myelination, or metabolism and synthesis of neurotransmitters also 

are considered to be the role of iron (Sahmurova et al., 2025). Secondly, Mn is also crucial for 

human health by its role in oxidative stress, anti-oxidant status, mitochondrial function, bone 

formation, regulation of blood sugar levels, growth and development, and neurotransmitter 
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synthesis; and we can also mention about its role in several biochemical activities, such as, lipid, 

protein, and carbohydrate metabolism (Obeng et al., 2024). After that, Cu is also required and 

significant for health. Among the roles of Cu, they can be mentioned as growth and development, 

respiration, eradication of free radicals, energy production, connective tissue formation, oxygen 

and iron metabolism, normal metabolic process including amino acids and vitamins, (Chellan & 

Sadler, 2015). Another vital element is Co which serves as a piece or component of vitamin B12. 

Strengthening immune response, demonstrating antibacterial activity, DNA synthesis, production 

of red blood cells, synthesis of amino acids, normal brain and nerve functioning, and production 

of neurotransmitters can be added as Co role in human body (Batyrova, 2024).  

3.Adverse Physiological Effects of Heavy Metals 

Even though these metals are required for human body and its functioning, excessive amount of 

absorption of these heavy metals may cause emergence of several physiological problems. First of 

all, Excessive Fe accumulation- iron overload can be genetic or acquired- on the body can cause 

such problems, for example, liver fibrosis, cirrhosis, cardiac issues, impairment in pancreas 

function, diabetes, cancer, or several neurodegenerative disorders (Wessling-Resnick, 2017). 

Lönnerdal (2017) posit that iron overload in infants and young children may cause impairment in 

growth; furthermore, he suggested that iron interactions with copper and zinc also causes several 

problems, such as decreased developmental functioning and changed gut microflora (Lönnerdal, 

2017). Also, Sulais et al. (2020) indicated that iron poisoning, in first 6h, may cause abdominal 

pain, diarrhea, vomiting, gastrointestinal bleeding, and even can cause, because of blood and fluid 

loss, hypovolemia. They also mention cytotoxicity that is related with exposure of substantial iron 

leading diminished mitochondrial function and oxidative phosphorylation that may cause cell 

death (Sulais et al., 2020). Mn also has negative impacts of human health. It has also adverse 

effects on individuals when humans are exposed Mn excessively, such as reproductive issues, 

immunological dysfunction, mutagenicity, carcinogenicity, muscular pain (Das et al., 2014). 

Thirdly, Cu’s impact of human health also mentioned. The benefits of Cu when its level is when it 

is absorbed trace amount; however, excessive Cu accumulation in human body can cause liver 

metabolism disorders, increased free radical formation, and development of central nervous system 

disorders (Claus, 2020). Impacts of Cu poisoning may lead gastrointestinal issues, nausea, 

vomiting, abdominal pain, red blood cell destruction, liver toxicity, kidney damage (Mahurpawar, 



Journal of Social Research and Behavioral Sciences, Volume: 11   Issue: 24   Year: 2025, p. 269-287. 

272 
 

2015). Elevated Cu levels in body have been indicated as risk factor for cardiovascular diseases, 

cancer, and lymphoma (Bost et al., 2016). Moreover, excessive Co aggregation may cause several 

health issues. Gregorowicz & Pajchel (2025) suggest that massive amount Co exposure emerges 

risks of cardiovascular, hematopoietic, and thyroid systems. Elevated levels of cobalt exposure 

have been investigated; tumors in airways, lung cancer, cardiomyopathy, nervous system 

problems, and endocrine system problems were indicated as consequences of cobalt exposure 

(Batyrova, 2024).  

However, several heavy metals are not required for life and have only toxic effects for individuals. 

Cd is indicated to be mostly accumulated in kidneys; a study conducted by Lech & Sadlik (2017) 

revealed that lowest Cd accumulation was found to be brain (0.02 μg/g), and highest accumulation 

was observed in kidneys (16.0 μg/g). Toxic effects of Cd are wide; several studies have posited 

that Cd is defined as carcinogenic (Kim et al., 2020). Cd may contribute the likelihood of kidney, 

breast, liver, hematopoietic system, bladder and pancreatic cancers (Derkacz et al., 2024). Li et al. 

(2019) revealed a link between Cd toxicity and cardiovascular diseases in a study with 4.304 

middle-aged males and females, and they suggested the mechanistic link between smoking and 

cardiovascular pathologies is partially explained by cadmium exposure. Other toxic metal is Hg. 

One of the ways exposing to Hg is dietary including seafood. It does not always cause high levels 

of exposure, however, deaths or adverse health outcomes due to ingestion have been mentioned. 

Inhalation is another way causing tremors, neuromuscular changes, headaches, and kidney thyroid 

problems (Mahurpawar, 2015). Moreover, low heart rate, inclined myocardial infraction risk, 

hypertension, atherosclerosis, or other cardiac issues are suggested to be cause of cardiotoxicity as 

a result of Hg exposure (Genchi et al., 2017). The other vulnerable part of human to Hg is suggested 

to be pulmonary system, and, in order to mercury vapor inhalation, lung inflammation, difficulty 

in breath, asthma, or chest pain can be seen in exposed individuals (Bjorklund et al., 2018). 

Additionally, Pb is defined as a toxic element for environment, animals, and humans. It is 

suggested that Pb aggregate in bones, liver, and kidneys, and, young people, and pregnant woman 

are vulnerable population for the adverse effects of Pb. (Wani et al., 2015). One pathology that is 

mentioned as a result of Pb exposure is atherosclerosis, and it was mentioned to be a stimulator for 

cardiovascular diseases’ development (Ilyas & Shah, 2016). Cancers also suggested to be related 

with Hg toxicity including brain, kidney, bladder, colon, and rectum cancers (Mahurpawar, 2015). 

The other toxic element is As which can cause instant toxic effects, for instance, severe vomiting, 
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blood and circulation impairment, nervous system damage, reduction in red blood cell production, 

liver enlargement, brain damage, renal damage, and death (Mahurpawar, 2015).  

4. Psychological Effects of Heavy Metals 

As well as there are physiological effects of heavy metal exposure, there are psychological side of 

the toxicity of these elements. Excess brain Fe is suggested in cognitive impairment especially by 

catalyzing oxidative stress via Fenton’s reaction leading to damage to cellular components causing 

neuronal death. This process is exacerbated by neuroinflammation, the iron-dependent cell death 

pathway of ferroptosis, and increased iron uptake due to blood-brain barrier dysfunction in 

neurodegenerative disease, such as Alzheimer’s disease, Parkinson’s disease, and prion disease 

(Spence et al., 2020). Excessive Fe intake was associated with cognitive dysfunction, impaired 

executive function, and psychomotor retardation which may lead panic disorders, generalized and 

social anxiety disorders, and depression (Sahmurova et al., 2025). Hypothyroidism, that is caused 

by excessive Fe uptake, is thought to lead such psychological symptoms, for instance, depression, 

restlessness, agitation, brain fog, loss of appetite, sleeping problems, or anxiety or anxiety signs 

which are sweats, tension, or irritability (Samuels & Bernstein, 2022). Sleep problems, due to 

toxicity, Sahmurova & Bakan Kıraç (2022) mentioned that, can cause such problems, for instance, 

headache, eating problems, anxiety, anger, overreacting, restlessness. 

Equally important, multiple studies indicated a cognitive deficit both adults and pediatric 

population as a result of low and high Mn absorption by body (Vollet et al., 2016). Several studies 

also posit the link between Mn toxicity and such diseases, for instance, Parkinson’s disease, 

Alzheimer’s disease, Huntington’s disease, amyotrophic lateral sclerosis, and prion disease 

(Martins et al., 2020). Growing evidence indicates that Mn exposure’s negative effect impacts, as 

developing brain is vulnerable to Mn toxicity, intellectual function, cognition (e.g., memory 

impairment, lower intelligence quotient), and behavior- including anxiety and depression- of 

developing children (Iyare, 2019; Lucchini et al., 2017).  

Moreover, the contribution of Cu on psychological well-being were several times indicated. As a 

result of Cu poisoning, fatigue can be seen in individuals due to impaired neurotransmitters in 

nervous system (Faazal et al., 2023). In addition, depression was also linked with high levels of 

Cu in the body; and also, due to Cu’s ability to reduce tissue manganese levels, can cause 

depression in highly exposed individuals (Anant et al., 2018). Psychiatric manifestations in Cu 
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poisoning were reported to be wide; personality change, anti-sociality, aggression, sleep problems, 

depression, anxiety, and psychotic symptoms are examples of psychological impact of elevated Cu 

exposure (Manchia et al., 2024). In a study conducted in Bangladesh with male and female adults 

revealed that, individuals with generalized anxiety disorder have elevated levels of serum copper 

(Islam et al., 2013).  

Furthermore, there is growing evidence suggesting that Co exposure may affect brain directly, such 

as neurotoxicity; tremors, coordination problems, mood disturbances, cognitive impairment, 

hearing and visual issues are thought to be neurological symptoms that individuals experience due 

to cobalt toxicity (Catalani et al., 2012). In addition, in studies conducted with hip arthroplasty 

patients revealed that failure in these operations can cause cobalt toxicity resulting in mood 

disorders, anxiety, sleep disorders, hallucinations, and cognitive decline (Pallavi et al., 2024). 

Furthermore, Tudoise et al. (2017) indicated that Co may manifest psychological and 

neurobehavioral symptoms and can present ADHD like symptoms.  

Besides the psychological impacts of vital elements, toxic heavy metals may contribute the 

emergence of several psychological problems. Neurological and psychological impacts of Cd 

exposure have been investigated; besides damaging nervous system, Cd can go through blood-

brain barrier (BBB), accumulate in brain, and may impair brain health directly (Lata & Mishra, 

2019). In addition to neurologic issues, Liu et al. (2019) posited that huge numbers of children 

cannot complete their neurologic development due to several problems suggesting that one of them 

is Cd exposure. Alzheimer’s disease, Parkinson’s disease, amyotrophic lateral sclerosis, olfactory 

dysfunction, parkinsonian-like symptoms, impaired vasomotor functioning, mental retardation, 

learning disabilities, dyslexia, and peripheral neuropathy are some of the mentioned problems due 

to Cd-induced neurotoxicity (Liu et al., 2019; Wang & Du, 2013). Depression is one of the highly 

linked mental issues with Cd exposure. Scinicariello et al. (2015) found that elevated blood Cd 

levels increase likelihood of developing depressive symptoms; Nguyen et al. (2022) revealed that 

2-fold increase in serum Cd levels linked with 21% incline in likelihood of depression.  

In addition, psychological side of Hg toxicity have been proposed multiple times; Santos-Lima et 

al. (2020) performed a Hg exposure analysis in children with hair samples, and, revealed that 

elevated levels of HgH associated with diminished neuropsychological performance on Estimated 

and Verbal IQ assessed by WASI; another study correlated high Hg levels with ASD (Sulaiman et 
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al., 2020); and there is growing evidence suggesting that there is a link between Hg exposure and 

ADHD (Huang et al., 2016). Yoshimasu et al. (2014) posited that there is an incline in ASD risk 

by 1.7 times, and, there is also incline in ADHD risk by 1.6 times due to Hg exposure. Hg toxicity 

can lead prolonged damage to fatal neurodevelopment; through utero or breast milk has been 

linked with impairments in learning, lower IQ, ADHD, mental retardation, and ASD (Oliveira et 

al., 2018). In some studies, furthermore, Hg exposure associated with depression and anxiety; in a 

study conducted by Kim et al. (2020) revealed that depression in Korean women positively 

correlated with elevated levels of blood mercury. 

Furthermore, Pb exposure, even at low levels, as a result of its capability of crossing placenta and 

blood-brain barrier, shows neurotoxic qualifications, affects nervous system, may disrupt 

neurodevelopment, can negatively alter neurobehavioral functions, may cause neurodegenerative 

diseases such as Alzheimer’s disease, or Parkinson’s disease, and impairs cognition and 

neurobehaviors for example, in children, problems in motor skills, impaired executive functions, 

decreased learning, or attention can be seen (Charkiewicz et al., 2023). Psychiatric pathologies are 

also connected with Pb levels; Pb exposure is mentioned to cause harm for brain and cause several 

psychological manifestations; blood Hg levels are positively associated with development of 

depression and anxiety (Buser & Scinicariello, 2017). Pb exposure in children, or prenatal and 

postnatal exposure to Pb, is associated with ADHD (Gari et al., 2022). Due to brain and nervous 

system effects, and cognitive adverse outcomes of some intellectual disorders, such as dyslexia, 

lower intelligence quotient, and specific learning disorders, are associated with Pb toxicity (Ebadi 

et al., 2025). Implicitly, a newborn who has special needs may cause family to experience severe 

stress and anxiety leading several psychologic problems (İşbilir & Sahmurova, 2024). 

Over the years, mental impacts of As exposure have been investigated. As is suggested to be having 

neurotoxic effects causing, cognitive decline, neurodevelopmental issues (e.g., cognitive 

impairment, learning problems. Furthermore, due to its triggering effect on brain inflammation 

and oxidative stress, it can damage brain cells. Neurodegenerative disorders, Alzheimer’s disease, 

or Parkinson’s disease, are also suggested to be caused by As toxicity (Tian et al., 2025). 

Furthermore, it is indicated that As can be a risk factor for ADHD (Roy et al., 2011). In addition 

to ADHD, Ding et al. (2023) observed elevated levels of As and Hg in the urine test of ASD group 

comparing the healthy group, suggesting that heavy metals may play different role in ASD 
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emergence or progression. Sharma & Kumar (2019) mentioned that exposure to As may lead 

impairment in both central nervous system and peripheral nervous system leading depression, 

memory decline, problem solving difficulty, and difficulty in body coordination. Moreover, Wu et 

al. (2017) reported that, in a study about As-induced acute psychosis, individuals have had severe 

symptoms, which were obsessive compulsive symptoms, psychosis, and hallucinations.  

5. Conclusion  

In this study we aimed to investigate the physiological and psychological impacts of heavy metals 

(Fe, Mn, Cu, Co, Cd, Hg, Pb, As,). Our findings revealed that while certain metals are essential 

micronutrients necessary for fundamental life processes, such as oxygen transport (Fe), enzyme 

activity (Mn, Cu), and nervous system function (Co), their beneficial effects are dose-dependent 

and limited to trace amount. Physiologically, heavy metal toxicity is mediated by their ability to 

induce oxidative stress and generate Reactive Oxygen Species (ROS). This results in direct damage 

to DNA, proteins, and lipids, leading to cellular dysfunction and death. Key physiological 

manifestations include organ damage. Sever toxicity is consistently linked to dysfunction in major 

organs, for example, liver (fibrosis, hepatotoxicity), kidneys (nephrotoxicity, chronic kidney 

disease), and cardiovascular system (hypertension, atherosclerosis, cardiomyopathy). Moreover, 

many heavy metals, notably Cd, Hg, Pb, and As are classified as carcinogens, increasing the risk 

for cancers in the lung, bladder, liver, and prostate. Furthermore, considering systemic disruption, 

heavy metals interfere with the hematopoietic system (e.g., anemia due to Pb and Cd exposure), 

reproductive health (fertility issues, developmental delays), and endocrine balance (e.g., thyroid 

dysfunction from Fe and Hg). In addition, the psychological adverse outcomes are particular 

profound, stemming from the heavy metals’ ability to penetrate the blood-brain barrier (BBB) and 

exert neurotoxic effects. The mechanisms include direct neuronal damage, disruption of 

neurotransmitter systems (cholinergic, dopaminergic, serotoninergic), neuroinflammation, and 

acceleration of pathological processes characteristic of neurodegenerative diseases. In addition, 

strong associations were found between heavy metal exposure and pathogenesis of Alzheimer’s 

disease, Parkinson’s disease, and other neurodegenerative disorder (e.g., excess Fe, Mn, Cd). 

Concomitantly, heavy metal exposure, particularly prenatal and early-life, is a recognized risk 

factor for autism spectrum disorder (ASD) and attention deficit and hyperactivity disorder 

(ADHD) (e.g., Hg, Pb, As, Tl). Additionally, elevated heavy metal levels are repeatedly correlated 



Heavy Metals: From Physiological Basis to Psychological Outcomes 

277 
 

with a spectrum of mental health issues, including depression, anxiety, psychotic symptoms, sleep 

disorders, and cognitive impairment. In conclusion, the cumulative evidence suggests that heavy 

metal toxicity is a significant public health concern with widespread implications for both physical 

and mental well-being. Their pervasive presence in the environment and occupational settings, 

coupled with the body’s limited capacity to safely manage excess levels, results in a devastating 

impact on human health, both physiologically and psychologically.  

6. Suggestions 

As a matter of environment pollution, heavy metals are one of the factors that affect human health 

negatively. As suggestions, for future studies and prevention strategies;  

(1) future researches should focus on delineate accurate, uniformly applicable threshold levels for 

vital heavy metals in various biological metrices;  

(2) furthermore, subsequent investigations also should implement advanced multi-omics 

approaches to fully map the molecular pathways by which heavy metals, particularly those with 

neurotoxic characteristics, breach the blood-brain barrier and cause neurodegenerative and 

psychiatric manifestations. This will promote the identification of novel biomarkers for early 

detection and clinical intervention;  

(3) additionally, considering the strong relations established between heavy metal toxicity and 

various neuropsychiatric symptoms, clinical studies are necessitated to evaluate the effectiveness 

and safety of targeted chelation therapies or nutritional interventions aimed at mitigating internal 

load of toxic metals as an complementary therapy for these conditions;  

(4) moreover, practitioners, especially in primary care and specialized fields (e.g., pediatrics, 

neurology, psychiatry), ought to evaluate heavy metal surveillance as part of the clinical evaluation 

for patients exhibiting idiopathic neurodevelopmental delays, complex neuropsychiatric 

symptoms, or occupational/environmental risk factors. This mandates enhanced professional 

development for healthcare providers on the varied presentations of heavy metal poisoning;  

(5) then, legislators should utilize the evidence of adverse psychological and physiological 

outcomes to establish and stringently apply stricter regulations on heavy metal effluents from 

industrial sectors (e.g., mining, smelting) and common consumer products. Population health 
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initiatives should prioritize decreasing common pathways of exposure, such as contaminated water 

and particular food sources;  

(6) lastly, prospective cohort studies are required to follow the enduring psychological and well-

being sequelae for individuals who have been subjected long-term exposure to heavy metals, even 

at low concentrations. Studies should investigate determinants that foster psychological resilience 

in impacted communities, which could inform mental health interventions. 

 

 

 

References 

Abbaspour, N., Hurrell, R., & Kelishadi, R. (2014). Review on iron and its importance for human 

health. Journal of research in medical sciences : the official journal of Isfahan University of 

Medical Sciences, 19(2), 164–174. 

Abdullahi, A., & Abdulkadir, A. (2016). Heavy metals and soil microbes. Environmental 

Chemistry Letters, 15(1), 65–84. https://doi.org/10.1007/s10311-016-0587-x 

Anant, J., Inchulkar, S., & Bhagat, S. (2018). Copper toxicity. European Journal of 

Pharmaceutical and Medical Research, 5(6), 232–237. 

Bakan Kıraç, İ., & Sahmurova, A. (2022). 12-14 yaş arasındaki ergenlerde internet bağımlılığı ile 

sürekli öfke-öfke tarzı ifade ve psikolojik dayanıklılıkları arasındaki ilişkinin incelenmesi 

[Investigation of the relationship between internet addiction and trait anger-anger expression style 

and psychological resilience in adolescents aged 12-14]. Journal of Social Research and 

Behavioral Sciences, 8(16), 371–390. https://doi.org/10.52096/jsrbs.8.16.20 

Batyrova, G. (2024). The Role of Cobalt in Human Health: A Brief Overview. West Kazakhstan 

Medical Journal, 66. 10.18502/wkmj.v66i1.15599. 

Bjørklund, G., Skalny, A. V., Rahman, M. M., Dadar, M., Yassa, H. A., Aaseth, J., Chirumbolo, S., 

Skalnaya, M. G., & Tinkov, A. A. (2018). Toxic metal(loid)-based pollutants and their possible 

https://doi.org/10.1007/s10311-016-0587-x
https://doi.org/10.52096/jsrbs.8.16.20


Heavy Metals: From Physiological Basis to Psychological Outcomes 

279 
 

role in autism spectrum disorder. Environmental research, 166, 234–250. 

https://doi.org/10.1016/j.envres.2018.05.020 

Bjorklund, G., Stejskal, V., Urbina, M. A., Dadar, M., Chirumbolo, S., & Mutter, J. (2018). Metals 

and Parkinson's Disease: Mechanisms and Biochemical Processes. Current medicinal 

chemistry, 25(19), 2198–2214. https://doi.org/10.2174/0929867325666171129124616  

Bode, H., Ivens, B., Bschor, T., Schwarzer, G., Henssler, J., & Baethge, C. (2021). Association of 

Hypothyroidism and Clinical Depression: A Systematic Review and Meta-analysis. JAMA 

psychiatry, 78(12), 1375–1383. https://doi.org/10.1001/jamapsychiatry.2021.2506 

Bost, M., Houdart, S., Oberli, M., Kalonji, E., Huneau, J. F., & Margaritis, I. (2016). Dietary copper 

and human health: Current evidence and unresolved issues. Journal of trace elements in medicine 

and biology : organ of the Society for Minerals and Trace Elements (GMS), 35, 107–

115. https://doi.org/10.1016/j.jtemb.2016.02.006 

Brown, S., & Torrens, L. A. (2012). Ironing out the rough spots--cognitive impairment in 

haemochromatosis. BMJ case reports, 2012, 

bcr0320126147. https://doi.org/10.1136/bcr.03.2012.6147 

Buser, M. C., & Scinicariello, F. (2017). Cadmium, Lead, and Depressive Symptoms: Analysis of 

National Health and Nutrition Examination Survey 2011-2012. The Journal of clinical 

psychiatry, 78(5), e515–e521. https://doi.org/10.4088/JCP.15m10383 

Catalani, S., Rizzetti, M. C., Padovani, A., & Apostoli, P. (2012). Neurotoxicity of cobalt. Human 

& experimental toxicology, 31(5), 421–437. https://doi.org/10.1177/0960327111414280 

Chellan, P., & Sadler, P. J. (2015). The elements of life and medicines. Philosophical transactions. 

Series A, Mathematical, physical, and engineering sciences, 373(2037), 20140182. 

https://doi.org/10.1098/rsta.2014.0182 

Charkiewicz, A. E., Omeljaniuk, W. J., Nowak, K., Garley, M., & Nikliński, J. (2023). Cadmium 

Toxicity and Health Effects-A Brief Summary. Molecules (Basel, Switzerland), 28(18), 6620. 

https://doi.org/10.3390/molecules28186620 

Chen, H., Chen, X., Hong, X., Liu, C., Huang, H., Wang, Q., Chen, S., Chen, H., Yang, K., & Sun, 

Q. (2017). Maternal exposure to ambient PM2.5 exaggerates fetal cardiovascular maldevelopment 

https://doi.org/10.1016/j.envres.2018.05.020
https://doi.org/10.1001/jamapsychiatry.2021.2506
https://doi.org/10.1016/j.jtemb.2016.02.006
https://doi.org/10.1136/bcr.03.2012.6147
https://doi.org/10.4088/JCP.15m10383
https://doi.org/10.1177/0960327111414280
https://doi.org/10.1098/rsta.2014.0182
https://doi.org/10.3390/molecules28186620


Journal of Social Research and Behavioral Sciences, Volume: 11   Issue: 24   Year: 2025, p. 269-287. 

280 
 

induced by homocysteine in rats. Environmental toxicology, 32(3), 877–

889. https://doi.org/10.1002/tox.22287 

Claus, H. (2020). How to Deal with Uninvited Guests in Wine: Copper and Copper-containing 

Oxidases. Fermentation, 6(1), 38. https://doi.org/10.3390/fermentation6010038 

Das, A. P., Ghosh, S., Mohanty, S., & Sukla, L. B. (2014). Consequences of manganese 

compounds: a review. Toxicological & Environmental Chemistry, 96(7), 981–997. 

https://doi.org/10.1080/02772248.2015.1005428 

Das, K. K., Das, S. N., & Dhundasi, S. A. (2008). Nickel, its adverse health effects & oxidative 

stress. The Indian journal of medical research, 128(4), 412–425. 

Ding, M., Shi, S., Qie, S., Li, J., & Xi, X. (2023). Association between heavy metals exposure 

(cadmium, lead, arsenic, mercury) and child autistic disorder: a systematic review and meta-

analysis. Frontiers in pediatrics, 11, 1169733. https://doi.org/10.3389/fped.2023.1169733  

Derkacz, R., Marciniak, W., Baszuk, P., Wysokińska, M., Chrzanowska, N., Lener, M., Huzarski, 

T., Gronwald, J., Dębniak, T., Cybulski, C., Jakubowska, A., Scott, R. J., & Lubiński, J. (2024). 

Blood Cadmium Level Is a Marker of Cancer Risk in Men. Nutrients, 16(9), 1309. 

https://doi.org/10.3390/nu16091309 

Ebadi, M., Narimani, M., Aghajani, S., Eyni, S., & Fattah Zade Ardalani, G. (2025). The Role of 

Heavy Metals as a Biomarker in the Pathogenesis of Dyslexia and Specific Learning Disabilities: 

A Systematic Review. Neuropsychobiology, 1–16. Advance online 

publication. https://doi.org/10.1159/000548323 

Gao, J., Shi, H., Dai, Z., & Mei, X. (2015). Variations of sediment toxicity in a tidal estuary: a case 

study of the South Passage, Changjiang (Yangtze) Estuary. Chemosphere, 128, 7–

13. https://doi.org/10.1016/j.chemosphere.2015.01.007 

Garí, M., Grzesiak, M., Krekora, M., Kaczmarek, P., Jankowska, A., Król, A., Kaleta, D., 

Jerzyńska, J., Janasik, B., Kuraś, R., Tartaglione, A. M., Calamandrei, G., Hanke, W., & Polańska, 

K. (2022). Prenatal exposure to neurotoxic metals and micronutrients and neurodevelopmental 

outcomes in early school age children from Poland. Environmental research, 204(Pt B), 112049. 

https://doi.org/10.1016/j.envres.2021.112049 

https://doi.org/10.1002/tox.22287
https://doi.org/10.3390/fermentation6010038
https://doi.org/10.1080/02772248.2015.1005428
https://doi.org/10.3390/nu16091309
https://doi.org/10.1159/000548323
https://doi.org/10.1016/j.chemosphere.2015.01.007
https://doi.org/10.1016/j.envres.2021.112049


Heavy Metals: From Physiological Basis to Psychological Outcomes 

281 
 

Genchi, G., Sinicropi, M. S., Carocci, A., Lauria, G., & Catalano, A. (2017). Mercury Exposure 

and Heart Diseases. International journal of environmental research and public health, 14(1), 74. 

https://doi.org/10.3390/ijerph14010074  

Gregorowicz, W., & Pajchel, L. (2025). The Role of Cobalt Ions in Angiogenesis—A 

Review. International Journal of Molecular Sciences, 26(15), 

7236. https://doi.org/10.3390/ijms26157236 

Gupta, R., Shukla, R., Pant, A., & Khanna, V. K. (2018). A dopamine-dependent activity in 

controlling the motor functions in cadmium induced neurotoxicity: Neuroprotective potential of 

quercetin. Parkinsonism & Related Disorders, 46(Suppl. 1), 

e39. https://doi.org/10.1016/j.parkreldis.2017.11.127  

He, M. D., Xu, S. C., Zhang, X., Wang, Y., Xiong, J. C., Zhang, X., Lu, Y. H., Zhang, L., Yu, Z. P., 

& Zhou, Z. (2013). Disturbance of aerobic metabolism accompanies neurobehavioral changes 

induced by nickel in mice. Neurotoxicology, 38, 9–16. https://doi.org/10.1016/j.neuro.2013.05.011 

Huang, S., Hu, H., Sánchez, B. N., Peterson, K. E., Ettinger, A. S., Lamadrid-Figueroa, H., 

Schnaas, L., Mercado-García, A., Wright, R. O., Basu, N., Cantonwine, D. E., Hernández-Avila, 

M., & Téllez-Rojo, M. M. (2016). Childhood Blood Lead Levels and Symptoms of Attention 

Deficit Hyperactivity Disorder (ADHD): A Cross-Sectional Study of Mexican 

Children. Environmental health perspectives, 124(6), 868–874. 

https://doi.org/10.1289/ehp.1510067 

Ilyas, A., & Shah, M. H. (2016). Multivariate statistical evaluation of trace metal levels in the 

blood of atherosclerosis patients in comparison with healthy subjects. Heliyon, 2(1), e00054. 

https://doi.org/10.1016/j.heliyon.2015.e00054 

Islam, M. R., Ahmed, M. U., Mitu, S. A., Islam, M. S., Rahman, G. K., Qusar, M. M., & Hasnat, 

A. (2013). Comparative analysis of serum zinc, copper, manganese, iron, calcium, and magnesium 

level and complexity of interelement relations in generalized anxiety disorder patients. Biological 

trace element research, 154(1), 21–27. https://doi.org/10.1007/s12011-013-9723-7 

Işbilir, M. F., & Şahmurova, A. (2024). Covid-19 sürecinde özel gereksinimli çocukların 

ebeveynlerinin psikolojik durumlarının incelenmesi [Investigation of the psychological states of 

https://doi.org/10.3390/ijms26157236
https://doi.org/10.1016/j.parkreldis.2017.11.127
https://doi.org/10.1016/j.neuro.2013.05.011
https://doi.org/10.1289/ehp.1510067
https://doi.org/10.1016/j.heliyon.2015.e00054
https://doi.org/10.1007/s12011-013-9723-7


Journal of Social Research and Behavioral Sciences, Volume: 11   Issue: 24   Year: 2025, p. 269-287. 

282 
 

parents of children with special needs during the Covid-19 process]. Journal of Social Research 

and Behavioral Sciences, 10(22), 136–158. https://doi.org/10.52096/jsrbs.10.22.08 

Iyare P. U. (2019). The effects of manganese exposure from drinking water on school-age children: 

A systematic review. Neurotoxicology, 73, 1–7. https://doi.org/10.1016/j.neuro.2019.02.013 

Jackson, J. S., & Rout, P. (2024, October 26). Aluminum toxicity. StatPearls Publishing. Retrieved 

from https://www.ncbi.nlm.nih.gov/books/NBK609094/ 

Kahloula, K., Adli, D. E. H., Slimani, M., Terras, H., & Achour, S. (2014). Effet de l’exposition 

chronique au nickel sur les fonctions neurocomportementales chez les rats Wistar pendant la 

période de développement [Effect of chronic nickel exposure on neurobehavioral functions in 

Wistar rats during the development period]. Toxicologie Analytique et Clinique, 26(4), 186–

192. https://doi.org/10.1016/j.toxac.2014.09.056 

Kim, K. W., Sreeja, S. R., Kwon, M., Yu, Y. L., & Kim, M. K. (2020). Association of Blood 

Mercury Level with the Risk of Depression According to Fish Intake Level in the General Korean 

Population: Findings from the Korean National Health and Nutrition Examination Survey 

(KNHANES) 2008-2013. Nutrients, 12(1), 189. https://doi.org/10.3390/nu12010189 

Kim T. H., Kim J. H., Le Kim M. D., Suh W. D., Kim J. E., Yeon H. J., et al. (2020). Exposure 

assessment and safe intake guidelines for heavy metals in consumed fishery products in the 

Republic of Korea. Environmental Science and Pollution Research, 27, 33042–33051. 

10.1007/s11356-020-09624-0 

Lamtai, M., Chaibat, J., Ouakki, S., Zghari, O., Mesfioui, A., El Hessni, A., Rifi, E. H., Marmouzi, 

I., Essamri, A., & Ouichou, A. (2018). Effect of Chronic Administration of Nickel on Affective 

and Cognitive Behavior in Male and Female Rats: Possible Implication of Oxidative Stress 

Pathway. Brain sciences, 8(8), 141. https://doi.org/10.3390/brainsci8080141 

Lata, S., & Mishra, T. (2019). Cadmium bioremediation: A review. International Journal of 

Pharmaceutical Sciences and Research, 10(9), 4120–4128. https://doi.org/10.13040/IJPSR.0975-

8232.10(9).4120-28 

Lech T., Sadlik J. K. (2017). Cadmium concentration in human autopsy tissues. Biological Trace 

Element Research, 179(2), 172–177. 10.1007/s12011-017-0959-5 

https://doi.org/10.52096/jsrbs.10.22.08
https://doi.org/10.1016/j.neuro.2019.02.013
https://www.ncbi.nlm.nih.gov/books/NBK609094/
https://doi.org/10.1016/j.toxac.2014.09.056
https://doi.org/10.3390/nu12010189
https://doi.org/10.3390/brainsci8080141
https://doi.org/10.13040/IJPSR.0975-8232.10(9).4120-28
https://doi.org/10.13040/IJPSR.0975-8232.10(9).4120-28


Heavy Metals: From Physiological Basis to Psychological Outcomes 

283 
 

Leyssens, L., Vinck, B., Van Der Straeten, C., Wuyts, F., & Maes, L. (2017). Cobalt toxicity in 

humans-A review of the potential sources and systemic health effects. Toxicology, 387, 43–56. 

https://doi.org/10.1016/j.tox.2017.05.015 

Li, H., Fagerberg, B., Sallsten, G., Borné, Y., Hedblad, B., Engström, G., Barregard, L., & 

Andersson, E. M. (2019). Smoking-induced risk of future cardiovascular disease is partly mediated 

by cadmium in tobacco: Malmö Diet and Cancer Cohort Study. Environmental health : a global 

access science source, 18(1), 56. https://doi.org/10.1186/s12940-019-0495-1 

Liu, Z., Cai, L., Liu, Y., Chen, W., & Wang, Q. (2019). Association between prenatal cadmium 

exposure and cognitive development of offspring: A systematic review. Environmental Pollution, 

254, 113081. https://doi.org/10.1016/j.envpol.2019.113081 

Lönnerdal B. (2017). Excess iron intake as a factor in growth, infections, and development of 

infants and young children. The American journal of clinical nutrition, 106(Suppl 6), 1681S–

1687S. https://doi.org/10.3945/ajcn.117.156042 

Lucchini, R., Placidi, D., Cagna, G., Fedrighi, C., Oppini, M., Peli, M., & Zoni, S. (2017). 

Manganese and Developmental Neurotoxicity. Advances in neurobiology, 18, 13–

34. https://doi.org/10.1007/978-3-319-60189-2_2 

Mahurpawar, M. (2015). Effects of heavy metals on human health. International Journal of 

Research - Granthaalayah, 3(9SE), 1-7. 10.29121/granthaalayah.v3.i9SE.2015.3282. 

Manchia, M., Paribello, P., Pinna, M., & Faa, G. (2024). The Role of Copper Overload in 

Modulating Neuropsychiatric Symptoms. International Journal of Molecular Sciences, 25(12), 

6487. https://doi.org/10.3390/ijms25126487 

Martins, A. C., Jr, Gubert, P., Villas Boas, G. R., Meirelles Paes, M., Santamaría, A., Lee, E., 

Tinkov, A. A., Bowman, A. B., & Aschner, M. (2020). Manganese-induced neurodegenerative 

diseases and possible therapeutic approaches. Expert review of neurotherapeutics, 20(11), 1109–

1121. https://doi.org/10.1080/14737175.2020.1807330 

Martins, A. C., Krum, B. N., Queirós, L., Tinkov, A. A., Skalny, A. V., Bowman, A. B., & Aschner, 

M. (2020). Manganese in the Diet: Bioaccessibility, Adequate Intake, and Neurotoxicological 

https://doi.org/10.1016/j.tox.2017.05.015
https://doi.org/10.1186/s12940-019-0495-1
https://doi.org/10.1016/j.envpol.2019.113081
https://doi.org/10.3945/ajcn.117.156042
https://doi.org/10.1007/978-3-319-60189-2_2
https://doi.org/10.3390/ijms25126487
https://doi.org/10.1080/14737175.2020.1807330


Journal of Social Research and Behavioral Sciences, Volume: 11   Issue: 24   Year: 2025, p. 269-287. 

284 
 

Effects. Journal of agricultural and food chemistry, 68(46), 12893–

12903. https://doi.org/10.1021/acs.jafc.0c00641 

Memoona, Faazal, B., Qasim, M., Mumtaz, S., Iftikhar, M., Khalid, I., Muzaffar, M. J., Nisar, H., 

& Adrees, M. (2023). Crop quality and quantity as influenced by important air pollutants in 

Pakistan. In F. L. P. Kin (Ed.), Ozone pollution and plant health: Understanding the impacts and 

solutions for sustainable agriculture (Vol. 108, pp. 109–144). Academic 

Press. https://doi.org/10.1016/bs.abr.2023.03.002 

Moguel-Cobos, G., Saldivar, C., Goslar, P. W., & Shill, H. A. (2020). The Relationship Between 

Social Anxiety Disorder and Motor Symptoms of Parkinson Disease: A Pilot 

Study. Psychosomatics, 61(4), 321–326. https://doi.org/10.1016/j.psym.2020.03.006 

Nguyen, H. D., Oh, H., Hoang, N. H. M., Jo, W. H., & Kim, M. S. (2022). Environmental science 

and pollution research role of heavy metal concentrations and vitamin intake from food in 

depression: a national cross-sectional study (2009-2017). Environmental science and pollution 

research international, 29(3), 4574–4586. https://doi.org/10.1007/s11356-021-15986-w 

Obeng, S. K., Kulhánek, M., Balík, J., Černý, J., & Sedlář, O. (2024). Manganese: From Soil to 

Human Health-A Comprehensive Overview of Its Biological and Environmental 

Significance. Nutrients, 16(20), 3455. https://doi.org/10.3390/nu16203455 

Ohiagu, F. O., Chikezie, P. C., Ahaneku, C. C., & Chikezie, C. M. (2022). Human exposure to 

heavy metals: toxicity mechanisms and health implications. Material Science & Engineering 

International Journal, 6(2), 78-87. 

Oliveira, C. S., Nogara, P. A., Ardisson-Araújo, D. M. P., Aschner, M., Rocha, J. B. T., & Dórea, 

J. G. (2018). Neurodevelopmental Effects of Mercury. Advances in neurotoxicology, 2, 27–

86. https://doi.org/10.1016/bs.ant.2018.03.005 

Pallavi, FNU, Singh, M., Kamil, M., & Singh, V. (2024). Psychiatric symptoms due to cobalt 

toxicity: A case report. Journal of Trauma & Intensive Care, 1(1), 10–

11. https://doi.org/10.5005/jtric-11018-0007 

https://doi.org/10.1021/acs.jafc.0c00641
https://doi.org/10.1016/bs.abr.2023.03.002
https://doi.org/10.1016/j.psym.2020.03.006
https://doi.org/10.1007/s11356-021-15986-w
https://doi.org/10.3390/nu16203455
https://doi.org/10.1016/bs.ant.2018.03.005
https://doi.org/10.5005/jtric-11018-0007


Heavy Metals: From Physiological Basis to Psychological Outcomes 

285 
 

Pelucio, L., Nardi, A., Maia, A., & Levitan, M. (2016). Psychiatric disorders and quality of life in 

patients with hypothyroidism: A narrative review. Journal of Depression and Anxiety, 5(4), Article 

1000241. https://doi.org/10.4172/2167-1044.1000241 

Roy, A., Kordas, K., Lopez, P., Rosado, J. L., Cebrian, M. E., Vargas, G. G., Ronquillo, D., & 

Stoltzfus, R. J. (2011). Association between arsenic exposure and behavior among first-graders 

from Torreón, Mexico. Environmental research, 111(5), 670–676. 

https://doi.org/10.1016/j.envres.2011.03.003 

Sahmurova, A. (2024). Covid-19 sürecinde yaşam doyumu, algılanan stres, umutsuzluk, psikolojik 

sağlamlığın incelenmesi [Investigation of life satisfaction, perceived stress, hopelessness, and 

psychological resilience during the Covid-19 process]. Journal of Social Research and Behavioral 

Sciences, 10(22), 194–227. https://doi.org/10.52096/jsrbs.10.22.12 

Sahmurova, A., Alkan, B., & Demir, M. B. (2025, August 27-29). A study of the relationship 

between anemia and some psychological parameters. In Proceedings of the 8th International 

Congress on Medical & Health Sciences (p. 8). Liberty Publishing House. ISBN: 979-8-89695-

184-1 

Sahmurova, A., & Balkaya, N. (2016). Enteromorpha compressa macroalgae as biosorbent for 

heavy metal removal: A preliminary economical evaluation. Desalination and Water Treatment, 

57(6), 2597–2603. https://doi.org/10.1080/19443994.2015.1067836 

Sahmurova, A. & Shahmurzada, B. (2016). Classification of Regions with Endemic Diseases 

Based on Trace Element Concentrations in Groundwater. Polish Journal of Environmental 

Studies, 25(4), 1685–1690. https://doi.org/10.15244/pjoes/61671 

Sahmurova, A., Türkmenler, H., & Elmaslar Özbaş, E. (2010). Biosorption kinetics and isotherm 

studies of Cd(II) by dried Enteromorpha compressa macroalgae cells from aqueous solutions. 

Clean–Soil, Air, Water, 38(10), 936–941. https://doi.org/10.1002/clen.201000100 

Samuels, M. H., & Bernstein, L. J. (2022). Brain fog in hypothyroidism: What is it, how is it 

measured, and what can be done about it. Thyroid, 32(7), 752–

763. https://doi.org/10.1089/thy.2022.0139 

https://doi.org/10.4172/2167-1044.1000241
https://doi.org/10.52096/jsrbs.10.22.12
https://doi.org/10.1080/19443994.2015.1067836
https://doi.org/10.15244/pjoes/61671
https://www.google.com/search?q=https://doi.org/10.1002/clen.201000100
https://doi.org/10.1089/thy.2022.0139


Journal of Social Research and Behavioral Sciences, Volume: 11   Issue: 24   Year: 2025, p. 269-287. 

286 
 

Santos-Lima, C. D., Mourão, D. S., Carvalho, C. F., Souza-Marques, B., Vega, C. M., Gonçalves, 

R. A., Argollo, N., Menezes-Filho, J. A., Abreu, N., & Hacon, S. S. (2020). Neuropsychological 

Effects of Mercury Exposure in Children and Adolescents of the Amazon Region, 

Brazil. Neurotoxicology, 79, 48–57. https://doi.org/10.1016/j.neuro.2020.04.004 

Scinicariello, F., & Buser, M. C. (2015). Blood cadmium and depressive symptoms in young adults 

(aged 20-39 years). Psychological medicine, 45(4), 807–815. 

https://doi.org/10.1017/S0033291714001883 

Sharma, A. & Kumar, S. (2019). Arsenic exposure with reference to neurological impairment: an 

overview. Reviews on Environmental Health, 34(4), 403-414. https://doi.org/10.1515/reveh-2019-

0052  

Spence, H., McNeil, C. J., & Waiter, G. D. (2020). The impact of brain iron accumulation on 

cognition: A systematic review. PloS one, 15(10), 

e0240697. https://doi.org/10.1371/journal.pone.0240697 

Sulais, A., Alfaraj, M., Alghanim, R., Alkhunaizi, S., & Alfaraj, D. (2020). From deficiency to 

overdose: Iatrogenic intravenous iron toxicity in a patient with iron deficiency anemia, a case 

report. Zenodo. https://doi.org/10.5281/zenodo.2562879 

Sulaiman, R., Wang, M., & Ren, X. (2020). Exposure to Aluminum, Cadmium, and Mercury and 

Autism Spectrum Disorder in Children: A Systematic Review and Meta-Analysis. Chemical 

research in toxicology, 33(11), 2699–2718. https://doi.org/10.1021/acs.chemrestox.0c00167 

Tian, Y., Hou, Q., Zhang, M., Gao, E., & Wu, Y. (2025). Exposure to arsenic and cognitive 

impairment in children: A systematic review. PloS one, 20(2), e0319104. 

https://doi.org/10.1371/journal.pone.0319104 

Tudosie, M., Truţă, E., Davitoiu, A., Mitu, A., & Bojescu, A. (2017). Optoelectronics method for 

determining the cobalt involved in symptoms of attention deficit hyperactivity disorder. 2017 21st 

International Conference on System Theory, Control and Computing (ICSTCC), 1–

4. https://doi.org/10.1109/ECAI.2017.8166474 

Vollet, K., Haynes, E. N., & Dietrich, K. N. (2016). Manganese Exposure and Cognition Across 

the Lifespan: Contemporary Review and Argument for Biphasic Dose-Response Health 

https://doi.org/10.1016/j.neuro.2020.04.004
https://doi.org/10.1017/S0033291714001883
https://doi.org/10.1515/reveh-2019-0052
https://doi.org/10.1515/reveh-2019-0052
https://doi.org/10.1371/journal.pone.0240697
https://doi.org/10.5281/zenodo.2562879
https://doi.org/10.1021/acs.chemrestox.0c00167
https://doi.org/10.1371/journal.pone.0319104
https://doi.org/10.1109/ECAI.2017.8166474


Heavy Metals: From Physiological Basis to Psychological Outcomes 

287 
 

Effects. Current environmental health reports, 3(4), 392–404. https://doi.org/10.1007/s40572-

016-0108-x 

Wang, N., Qiu, Y., Hu, K., Huang, C., Xiang, J., Li, H., Tang, J., Wang, J., & Xiao, T. (2021). One-

step synthesis of cake-like biosorbents from plant biomass for the effective removal and recovery 

heavy metals: Effect of plant species and roles of xanthation. Chemosphere, 266, 

129129. https://doi.org/10.1016/j.chemosphere.2020.129129 

Wani, A.L., Ara, A. & Usmani, J.A. (2015). Lead toxicity: a review. Interdisciplinary 

Toxicology, 8(2), 2015. 55-64. https://doi.org/10.1515/intox-2015-0009 

Wessling-Resnick M. (2017). Excess iron: considerations related to development and early 

growth. The American journal of clinical nutrition, 106(Suppl 6), 1600S–

1605S. https://doi.org/10.3945/ajcn.117.155879 

Wu, H. E., Abdel-Gawad, N. M., Gharbaoui, Y., Teixeira, A. L., & Pigott, T. A. (2017). An Unusual 

Case of Acute Psychosis With Obsessive-Compulsive Features Following Arsenic 

Poisoning. Journal of psychiatric practice, 23(5), 382–385. 

https://doi.org/10.1097/PRA.0000000000000254 

Yoshimasu, K., Kiyohara, C., Takemura, S., & Nakai, K. (2014). A meta-analysis of the evidence 

on the impact of prenatal and early infancy exposures to mercury on autism and attention 

deficit/hyperactivity disorder in the childhood. Neurotoxicology, 44, 121–131. 

https://doi.org/10.1016/j.neuro.2014.06.007 

https://doi.org/10.1007/s40572-016-0108-x
https://doi.org/10.1007/s40572-016-0108-x
https://doi.org/10.1016/j.chemosphere.2020.129129
https://doi.org/10.1515/intox-2015-0009
https://doi.org/10.3945/ajcn.117.155879
https://doi.org/10.1097/PRA.0000000000000254
https://doi.org/10.1016/j.neuro.2014.06.007

