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Abstract- The risks associated with heavy metal pollution as a result of anthropogenic 

activities are enormous. In humans, toxic metals are transported and eliminated through 

many common cellular mechanisms and as a result, there exist toxicokinetic and 

toxicodynamic interactions among them. This work presents an in-depth review of the 

sources, benefits, detrimental effects as well as human exposure pathways and distribution 

of heavy or trace elements in organs and tissues. Relevant suggestions to limit human 

exposure to the lowest level known to have an adverse health effect were also made. 
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I. INTRODUCTION 

Several environmental pollution with different risk potential has been introduced by 

anthropogenic activities such as unfavourable waste management, intensive mining amongst 

others. The resulting pollutants can contaminate our foods, make them not suitable for 

consumption and eventually find their ways into humans. In Nigeria, detailed investigations for 

levels of heavy metals, mobility behaviour from waste dump materials, recycling companies, 

mining areas and vehicular exhaust in the environmental (soil, vegetables, water and rock) and 

biological samples from humans have been done in  Nigeria (Ojo et al., 2013, Oketayo et al., 

2016; Khaled and Mohammed, 2016).  Also, the concept for hazard assessment concerning the 

adverse effects of soil contamination to plants has been developed not only by Nigerian 

researchers but across the globe (Knoche et al., 1999; Schoenbuchner, 2005). From the 

investigations, conclusions have been drawn on the long-term behaviour of components while 

estimates of the risks have been made.  The transfer behaviour of heavy metals, including nickel 

from soil to food items and forage plants has been analyzed. 

The assessment of environmental heavy metal contamination due to vehicular emissions shows 

that in some urban cities with heavy traffic flow, accumulation of lead and other metals on 

vegetation and in soil decreases significantly away from the highway (Ogunsola and Akeredolu, 

1994). Many trace metals in leaded and unleaded fuel, diesel oil, antiwear substances added to 

lubricants, while brakepads and tyres are also released through vehicular emission (Alloway and 

Ayre, 1995). Polluted soils contaminate the food chain depending on the availability and 

mobility of the heavy metal species in the soil (Richards et al., 2000). The availability to plants 

of trace elements from the soil is also controlled by plant micronutrient requirements and their 

ability to take up or exclude toxic elements. Some plants are well adapted for survival in stressful 

environmental conditions. They can hold in their tissues in amounts higher than 1% of the metal 
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and up to 25% on a dry matter basis. These plants are called ‘hyperaccumulators’. Grasses take 

up less trace elements than fast-growing plants like lettuce, spinach and carrots. When grown in 

the same soil, accumulation of Cadmium by different plant species decreases in the order: leafy 

vegetables, root vegetables and then the grain crops (Morel, 1997). Aside food contamination, 

once metals are released into the environment, they can remain for decades and centuries 

(Klaassen, 1996), thereby increasing the likelihood of human exposure. Humans are exposed to 

heavy metals through inhalation of air pollutants, consumption of contaminated food and water. 

Food sources such as vegetables, grain, fruits, fish and shellfish can become contaminated by 

accumulating metals from surrounding soil and water. In humans, toxic metals are transported 

and eliminated through many common cellular mechanisms (Bridges and Zalups, 2005). As a 

result, there exist toxicokinetic and toxicodynamic interactions among toxic and essential metals 

(Goyer, 1997: Wang and Fowler, 2008).  

 

             II. NUTRITIONALLY ESSENTIAL METALS AND METALS OF KNOWN 

BENEFITS 

Metals that are generally regarded as nutritionally essential for humans are cobalt, chromium III, 

copper, iron, manganese, molybdenum, selenium, and zinc, and must be recognized as such in 

the regulatory process. While manganese is cited as a nutritionally essential metal (Goyer and 

Clarkson, 2001), evidence is limited to its role in non-human animal species. Manganese is an 

activator and constituent of many enzymes, and there have been reports of effects of manganese 

deficiency in humans, but requirement in humans cannot be established because of absence of 

data (WHO, 1996b).  

There is a small group of metals that are not known to be essential to human health but may have 

some beneficial effects at low levels of exposure. These include silicon, manganese, nickel, 

boron, and vanadium. These metals are also toxic at higher levels. Arsenic has also been 

considered by some as possibly having beneficial effects, (WHO, 1996a; NAS/IOM, 1999) but a 

recent critical review does not support this view for human exposure (NAS/IOM, 2003). 

However, some organic arsenic compounds have been utilized as growth factors in poultry and it 

has been suggested that arsenic deprivation may impair growth of rats, hamsters, goats, miniature 

pigs, and chicks; the possible beneficial metabolic functions of arsenic for humans have not been 

established.  Furthermore, arsenic has been found to be a human carcinogen at extremely low 

levels of exposure, which should be the major priority in consideration of regulatory control of 

human exposure (NAS/NRC, 1999).  

Boron, nickel, silicon, and vanadium have been shown to have biological functions in plants and 

some animals but essentiality for humans has not been demonstrated. However, human studies 

are limited. Boron is an essential nutrient for plants and some microorganisms and has a function 

in reproduction and development and possibly carbohydrate and mineral metabolism. Nickel 

serves as a cofactor or structural component of specific metalloenzymes with a variety of 

physiologic functions in lower animals and facilitates ferric iron absorption or metabolism. Rats 

deprived of nickel exhibited retarded growth, low hemoglobin, and impaired glucose 

metabolism. Vanadium has been found to influence glucose and lipid metabolism in in-vitro 

studies. Silicon has been shown to play an essential role in the development of bone in two 
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species of experimental animals, but no data is available to estimate a human requirement 

(NAS/IOM, 2003).  

For some of the metals in this group, there are no rigorously defined limits or levels that might 

have a particular beneficial human health effect, but upper safe levels are defined. In terms of a 

framework for assessment of metals and inorganic metal compounds, potential beneficial human 

health effects at low levels might be considered, but as yet these metals cannot be regarded as 

essential for humans. Also, one of the metals in this group, nickel, is regarded as a human 

carcinogen by inhalation.  

III.  TOXIC METALS WITH NO KNOWN ESSENTIAL OR 

BENEFICIAL EFFECTS 

Arsenic, cadmium, lead and mercury and their inorganic compounds are probably the most toxic 

metals in the environment. They have no known nutritional or beneficial effects on human health 

but are ubiquitous in nature and present in air, water, and soil, so that some level of exposure is 

not readily preventable. Other metals of interest include aluminum, antimony, barium, beryllium, 

silver, strontium and thallium. These metals have many industrial uses which increase the 

probability of human exposure. Industrial activities may also convert the metallic form of the 

metals to compounds that may be more soluble in various media, with a resultant increase in risk 

for exposure and toxicity (Goyer and Clarkson, 2001). 

The effects of lead vary according to exposure timing and levels as well as other factors. It 

primarily affects the peripheral and central nervous systems, renal function, blood cells and 

metabolism of vitamin D and calcium. It can lead to hypertension, reproductive toxicity and 

developmental effects. Lead also interferes with a hormonal form of vitamin D which affects 

multiple processes in the body including cell maturation, skeletal growth, decrease in blood 

haemoglobin, reduced synthesis of haeme (Shy, 1990) and even the sperm production in males at 

high temperature (Alexander et al., 1996). Most importantly, maternal blood Lead from 

exogenous and endogenous sources can cross the placenta and put the fetus at risk. Evidence also 

suggests some reproductive effects of Lead exposure which include female infertility, pregnancy 

and some other male reproductive problems (ATSDR, 1999b). 

The effects of chronic exposure to elevated Lead include brain damage, abdominal colic, 

varieties of behavioural disturbances, coma, respiratory arrest and hyperkeratosis on the soles of 

feet and palm (Hutton, 1987). Lead is a special hazard for young children. Several studies have 

shown that Lead exposures can significantly reduce the intelligent quotient of school-aged 

children (Wasserma et al., 1998). It could also cause aggressive behaviour, delinquency and 

attention disorders in boys of between the ages 7 and 11. Other effects include weakness in 

fingers, wrist and ankles (Dietrich et al., 1993). Lead exposure has also been associated with 

miscarriages and stillbirths in pregnant women (Hu, 1991: Baghurst et al., 1997). The summary 

of health effects of Lead is given in the Table 1. 
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TABLE 1 

SUMMARY OF LEAD HEALTH EFFECTS 

Concentration (µg /dL) Blood Lead 

levels 

Effects 

30 - ≥ 70 Neurological effects, decreased nerve conduction 

velocity in adults 

40 – 80 Disturbances in ocular motor function, reaction 

time, visual motor performance, hand dexterity, 

cognitive performance, IQ test mood, coping 

ability and memory 

≥ 40 Haematological effects 

21 – 90 Imunnological effects (depression of cellular 

immune function but no effect on hormonal 

immune function) 

200- 400 Gastrointestinal effects (abdominal pain, 

constipation, cramps, nausea, anorexia weight loss, 

vomiting ) 

(Source: ATSDR, 1999b). Mercury (metal) under ambient conditions is quite stable in soil and 

water (Melga, 1995). Biochemical reactions create organic compounds such as monomethyl 

mercury (CH3Hg+), dimethyl mercury (CH3)2 Hg which can be transported across membranes, 

stored in fat tissue and ultimately damage the central nervous system. The toxic effects of 

mercury are generally a function of solubility most especially the ability to combine with 

sulfhydrid (-SH) groups in biochemical important enzymes and proteins. Acute mercury 

poisoning causes corrosion of the intestinal tract, stomatitis and digestion upsets. Chronic 

mercurialism majorly involves the central nervous system leading to its serious and permanent 

damage, progressive anemia, gastric disorders, salivation metallic taste in the mouth, 

inflammation and tenderness of gum and teeth blackening (Hutton, 1987; ATSDR, 1999a). 

The chemical forms of arsenic are important as regard its toxicity. The toxicity of the element 

decreases in order As (III) > As (IV) > Organoarsenic (Bowen, 1979). The acute effects of 

arsenic poisoning include vomiting, diarrhea, nausea, intense abdominal pains, coma and death 

in most severe cases. Arsenic effects and signs on skin are hyperkeratosis on the sole of feet and 

palms (Hutton, 1987). 

Once cadmium enters the body, it accumulates in soft tissues primarily the liver and the kidney. 

Exposure to cadmium over time can result in accumulation of metals in the body which can pose 

significant health hazards for children. Human studies have shown that chronic exposure to 

cadmium can lead to serious health effects including lung cancer, emphysema and lung diseases 

and kidney damage. Evidence also suggests that maternal exposure to cadmium can cause lower 

birth weight in infants. Psychological and neurological effects have been observed in children 

exposed to low level of cadmium (EPA, 2000a).  
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Metals are emerging as an important class of human carcinogens. At least five transition metals 

or metalloids—arsenic, cadmium, chromium VI, beryllium, and nickel are accepted as human 

carcinogens in one form or another or in particular routes of exposure (NAS/NRC, 1999). 

Identification of the mechanism(s) responsible for metal carcinogenesis is elusive, partly because 

of the complex nature of metals interactions in biological systems. Many toxic metals, including 

carcinogenic metals, follow the metabolic pathways of similar essential metals. This is the likely 

result of similar binding preferences between carcinogenic metals and nutritionally essential 

metals (Clarkson, 1986). 

Metals typically do not require bioactivation, at least not in the sense that an organic molecule 

undergoes enzymatic modification that results in reactive chemical species (Waalkes, 1995). 

Enzymatic modification is generally not a mechanism available to detoxify metals. However, 

metals utilize other detoxification mechanisms, such as long-term storage (e.g., cadmium), 

biliary and/or urinary excretion. A major problem in recognizing metals as carcinogens in 

humans is the lack of populations of sufficient size and with definable single metal exposure. 

The availability of a large Taiwanese population with defined exposure to arsenic in drinking 

water recently provided sufficient data to provide a statistical link to the development of cancer 

in this population (NAS/NRC, 2001). 

Metals react with many different proteins in the body that may modify their toxicity and kinetics. 

Examples are the interaction of lead with heme synthesizing enzymes. Arsenic, Cadmium, 

mercury and Lead interfere with enzymes involved in energy metabolism by substituting with 

essential metals. Many metals bind with albumin for purposes of transport in the circulatory 

system and across cell membranes and within cells. In addition, there are also a number of 

specific metal-binding proteins (Goyer and Clarkson, 2001).  

 

IV. THE HUMAN EXPOSURE PATHWAYS AND DISTRIBUTION OF 

TRACE ELEMENTS IN ORGANS AND TISSUES 

            Heavy metals through many anthropogenic sources become part of the life cycle 

involving soil, plant, water, animal and man. Once these elements became part of the cycle, they 

may accumulate in the various media and ultimately become transferred into man through the 

skin, by oral intake or by inhalation of air pollutants. Humans are routinely and concurrently 

exposed to multiple toxic chemicals including various metals and organics, often at levels that 

can cause adverse and potentially synergistic effects. Figure 1 shows the schematic diagram of 

heavy metals transport and their recycling or pathways into and out of humans. It is a generalized 

physiologically-based toxicokinetic modeling system for mixtures (GTMM). It incorporates the 

interaction effects of complex mixtures and account for all the major tissues and exposure 

pathways.  
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Fig 1: Human exposure pathways and distribution of heavy metals in organs and tissues -GTMM 

Modeling              (Adapted from Georgopoulos, 2008). 

 

 They attack nervous tissue in form of protoplasmic poisons by enzymatic blocking of critical 

chemical reaction at different stages. Toxic metals may also exert their actions secondarily 

through the destruction of liver and kidney (Norman, 1970).  
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CONCLUSION 

Finally, the distribution of heavy metals varies significantly between the various organs 

and tissues. The variation is generally a reflection of metabolic competition between individual 

metal species such as the interaction between cadmium and zinc. (Sandstead, 1976). Heavy 

metals like lead and mercury enter the body mainly by absorption from the gastro and lower 

intestinal tract (Sandstead, 1976).  Metallic and inorganic mercury are the most common forms 

found in the environment. Mercury released to the atmosphere can be deposited into soil or 

waterways, where biological processes can change inorganic mercury to organic form (EPA, 

2000a). Therefore, environmental monitoring or screening of cultivars that exclude toxic 

elements should be a priority to protect food quality. Guidelines for regulatory activity that might 

limit human exposure to the lowest level known to have an adverse health effect should be used 

as check-up. 
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