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ABSTRACT 

Omega-3 fatty acids also called essential fatty acids are known to have numerous benefits 

from pregnancy to old age. The presence of heavy metals in the fishes which are the main 

sources of the omega-3 acids however poses a serious health threat. Levels of six heavy 

metals consisting of four essential ones (Iron, Manganese, Zinc and Copper) and two 

toxic ones (Mercury and Cadmium) were determined in one hundred (100) samples 

consisting of ten (10) different brands of omega-3 food supplements available on the 

Ghanaian market using Cold Vapour Atomic Absorption Spectrometry for mercury and 

Flame Atomic Absorption Spectrometry for iron, manganese, cadmium, zinc and copper. 

The amount of the metals consumed daily in µg/g in each brand was calculated based on 

the mean concentrations of the metals. The calculated daily intake of mercury in µg/g 

ranged from 0.021 for Cardioace brand to 0.818 for Dr. Chris brand with Iron ranging 

from 6.844 µg/g for Artic Sea brand to 1845.756 µg/g for Joint Care. Manganese ranged 

from 0.835 µg/g for Alaska brand to 488.475 µg/g for Cardioace brand and Cadmium 

ranged from 0.531 µg/g for Deep Sea brand to 4.712 µg/g for Seven Seas brand. The 

calculated daily intake of Zinc ranged from 0.812 µg/g for High Sea brand to1816.380 

µg/g for Cardioace brand whilst that of Copper ranged from 0.073 µg/g for Artic Sea 

brand to 732.825 µg/g for Cardioace brand. Except cardioace brand, which recorded zinc 

as the highest metal, iron was the highest metal recorded for all the omega-3 brands.  

Also except the Seven Seas, Artic Sea, and Alaska brands  which had copper as the 

lowest metal, mercury was the lowest metal recorded for all the brands.The calculated 

daily intakes determined for the metals were below the daily intakes recommended by the 

Joint FAO/WHO expert committee on food supplements and vitamins showing that the 
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omega-3 food supplements analysed in this study are not likely to pose any health risk 

due to metal level to the public through consumption for both the toxic metals and the 

essential metals determined. 
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1  STATEMENT OF PROBLEM 

The first notion that omega-3 fatty acids can be beneficial was realized back in the early 

1970s when  Hans Olaf Bang and Jorn Dyerberg ( Dyeberg and Bang, 1972) searched for 

the reason behind the known rarity of thrombotic diseases, especially ischaemic heart 

disease, in Greenland Eskimos and found that fish-based Eskimo diet, rich in 

docosahexaenoic acid (DHA) and another omega-3 polyunsaturated fatty acid 

eicosapentaenoic acid (EPA) were suggested to be responsible (Stillwell and Wassall, 

2003). Since that time many research have been conducted on the omega-3s and have 

revealed a wide range of health benefits which have been divided into six categories: 

heart disease, cancer, immune problems, neuronal functions, aging and “other” hard to 

categorize problems such as migraine headaches, malaria and sperm fertility (Weber et 

al., 2006). 

 

As one might expect, the reputed health properties and apparent versatility of the Omega 

-3 has not escaped the keen eyes of the pharmaceutical industry. Each year new 

applications employing the omega-3 fatty acids become commercially available. 

Generally, the omega-3 containing products are of three types; as a supplement, as a 

component of infant formulas and as a component of parenteral (intravenous) and enteral 

(feeding tube) nutrition. 
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 Historically the primary source of omega-3 has been the oils of cold-water fish, such as 

tuna, salmon, trout, herring, sardines, bass, swordfish and mackerel (Weber et al., 2006). 

These fishes do not actually make the omega-3s themselves, but get them from feeding 

on the algae, which are the ultimate biological source.  

Omega-3 fatty acids belong to a class of fatty acids that are called essential fatty acids 

(EFAs). They are so called because the body cannot produce them and thus must be 

obtained from the diet (Weber et al., 2006). Three major nutritionally important omega-3 

fatty acids that are ingested in foods and used by the body are; Alpha-linolenic acid 

(ALA), Eicosapentaenoic acid (EPA) and Docosahexaenoic acid (DHA) with Alpha-

linolenic acid (ALA) being the primary omega-3 fatty acid (Weber et al., 1986). 

Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), have been receiving a lot 

of attention lately because of their cardio-protective and other so called “pleiotropic” 

effects (Weber et al., 1986). 

 

Minerals (inorganic nutrients) are materials found in foods that are essential for growth 

and health and do not contain the element carbon. These include water, sodium, 

potassium, chloride, calcium, phosphate, sulphate, magnesium, iron, copper, zinc, 

manganese, iodine, selenium, and molybdenum etc. They are classified as either micro or 

macro nutrients. The micro elements mostly fall under heavy metals and are needed by 

the body in smaller amounts.  Examples of such micronutrients are cobalt, copper, zinc, 

manganese iron etc. The macronutrients are however required in greater amounts by the 

body. Examples include potassium, magnesium and calcium (Odell and Sunde, 1997). 
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Much as we need these minerals for a healthy living, some of these minerals in higher or 

lower quantities than required may be damaging to health. Living organisms require trace 

amounts of some heavy metals, such as cobalt, copper, iron, manganese, molybdenum, 

vanadium, strontium, and zinc, but excessive levels can be detrimental to the organism. 

These are termed as beneficial heavy metals. These elements, or some forms of them, are 

commonly found naturally in foodstuffs, in fruits, vegetables and animals, and in 

commercially available multivitamin products or food supplements (Schrauzer, 1984) and 

as well as in the environment such as the soil and water. Other heavy metals such as 

mercury, plutonium, cadmium and lead are toxic metals and have no known vital or 

beneficial effect on organisms, and their accumulation over time in the bodies of animals 

can cause serious health effects (Boeing, 2000). 

 

 There is a strong link between micronutrient uptake by fish and their products, and the 

impact of contaminations on humans (De Leonardis et al., 2000; Yuzbasi et al., 2003). 

Some toxic elements under certain conditions can be beneficial. Examples include 

vanadium, tungsten, and even cadmium (Lane and Morel, 2000; Lane et al., 2005). 

In medical usage, heavy metals are loosely defined and includes all toxic metals 

irrespective of their atomic weight and "heavy metal poisoning" includes excessive 

amounts of iron, manganese, aluminium, or even beryllium (the fourth lightest element) 

(Duffus, 2002). 

Some of these metals are naturally found in the body and are essential to human health. 

Iron, for example, prevents anaemia, and zinc is a cofactor in over 100 enzyme reactions. 

http://nostalgia.wikipedia.org/wiki/Cobalt
http://nostalgia.wikipedia.org/wiki/Copper
http://nostalgia.wikipedia.org/wiki/Iron
http://nostalgia.wikipedia.org/wiki/Manganese
http://nostalgia.wikipedia.org/wiki/Molybdenum
http://nostalgia.wikipedia.org/wiki/Vanadium
http://nostalgia.wikipedia.org/wiki/Strontium
http://nostalgia.wikipedia.org/wiki/Zinc
http://en.wikipedia.org/wiki/Mercury_%28element%29
http://en.wikipedia.org/wiki/Plutonium
http://en.wikipedia.org/wiki/Lead
http://en.wikipedia.org/wiki/Toxic_metal
http://en.wikipedia.org/wiki/Animal
http://en.wikipedia.org/wiki/Vanadium
http://en.wikipedia.org/wiki/Tungsten
http://en.wikipedia.org/wiki/Cadmium
http://en.wikipedia.org/wiki/Toxic_metal
http://en.wikipedia.org/wiki/Iron
http://en.wikipedia.org/wiki/Manganese
http://en.wikipedia.org/wiki/Aluminium
http://en.wikipedia.org/wiki/Beryllium
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However, high levels of zinc can result in a deficiency of copper, another metal required 

by the body. 

Trace metals therefore, are metals in extremely small quantities, that are found in animal 

and plant cells and tissues. They are a necessary part of good nutrition, although they can 

be toxic if ingested in excess quantities (Underwood, 1977). 

Trace metals are depleted through the expenditure of energy by living organisms. They 

are replenished in animals by eating plants, and replenished in plants through the uptake 

of nutrients from the soil in which the plant grows. Human vitamin pills (food 

supplements) and plant fertilizers both contain trace metals as additional sources for trace 

metals (Schrauzer, 1984).  

Heavy or trace metals have positive and negative roles in human life (Adriano, 1984; 

Divrikli et al., 2003). Some of the heavy metals such as iron (Fe), zinc (Zn), manganese 

(Mn) and copper (Cu) are considered essential but can become harmful above certain 

levels. Some metals like cadmium (Cd) and mercury (Hg) are very toxic even at very low 

levels. 

Copper acts as a catalyst in the formation of haemoglobin, the oxygen-carrying blood 

component (Lahey, 1975). The highest concentrations in the body tissue are found in the 

liver and certain areas of the central nervous system, particularly, the brain.  

The presence of copper in the body helps in the oxidization of glucose and release 

energy, absorption of iron, secretion and balance of hormones by the thyroid gland, and 

assists in supplying the body's tissues with oxygen. It is also needed for the functioning 

of the amino acid, tyrosine, synthesis of red blood cells and the hormone, adrenaline.  

http://en.wikipedia.org/wiki/Metal
http://en.wikipedia.org/wiki/Animal
http://en.wikipedia.org/wiki/Plant
http://en.wikipedia.org/wiki/Nutrition
http://en.wikipedia.org/wiki/Toxicity
http://en.wikipedia.org/wiki/Vitamin
http://en.wikipedia.org/wiki/Fertilizer
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Physical symptoms of low copper include, low oxygen in the cells, lowered levels of 

HDL cholesterol, skin problems, swollen ankles, anaemia, cells suffocation and oxygen 

loss as well as low enkephalins produced in the brain. Psychological symptoms of low 

copper include auditory hallucinations and depression. 

 

Copper levels are more often too high than being too low. High copper concentrations 

can be toxic. It causes headaches, hypoglycemia, increased heart rate, nausea, inhibits 

urine production, anaemia, hair loss in women, damage to the kidneys, brain and liver 

(Nolan, 1983). High copper levels in children is associated with hyperactive behaviour, 

learning disorders such as dyslexia, and ear infections. High copper levels interferes with 

zinc, which is needed to manufacture digestive enzymes. Many people with high copper 

levels dislike proteins and are drawn to high-carbohydrate diets because they have 

difficulty digesting protein foods (Narang et al., 1991). 

 

Manganese is a trace mineral in human bodies. About 20 milligrams of manganese is 

found in the body and mostly concentrated in bones, kidneys, liver and pancreas 

(ATSDR, 2008b). Manganese, which has antioxidant, free-radical-fighting properties, is 

important for proper food digestion and for normal bone structure. Manganese helps 

reduce fatigue, prevents the incidence and severity of osteoporosis, and even improves 

memory. Manganese also helps the body to convert protein and fat to energy. It promotes 

normal bone growth, helps maintain healthy reproductive, nervous, and immune systems, 

and is involved in blood sugar regulation. In addition, manganese is involved in blood 

http://www.vitaminstuff.com/antioxidants.html
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clotting and the formation of cartilage and lubricating fluid in the joints (ATSDR, 

2008b).  

 

Manganese levels have also been shown to vary with the menstrual
 
or estrus cycle in 

humans and animals, and low manganese intakes
 
are associated with disruption of 

reproduction in animals (Penland and Johnson, 1993). Manganese deficiency has been 

linked to bone malformation, weakness, seizures, atherosclerosis, confusion, convulsions, 

eye problems, hearing problems, heart disorders, high cholesterol levels, hypertension, 

irritability, memory loss, muscle contractions, pancreatic damage, profuse perspiration, 

rapid pulse, tooth-grinding, tremors, and osteoporosis. Manganese is also linked to 

decreased superoxide dismutase activity in white blood cells, which leaves the body more 

vulnerable to the damaging effects of free-radicals (ATSDR, 2008b). 

 

Zinc is an essential mineral present in nearly every cell of the body. In addition, the body 

requires zinc for immunity, wound healing and maintaining senses of taste and smell. 

Zinc stimulates the work of about 100 enzymes that keep the normal body function and 

performs both structural and catalytic functions in many different enzymes as well as 

different metabolic processes such as the synthesis of the nucleic acids RNA and DNA 

(ATSDR, 2005). It is required for the transport of vitamin A from the liver, and as part of 

superoxide dismutase, helps protect cells from free radicals. Zinc is also required for 

normal growth and development, reproductive development and function, and to support 

the immune system, where it has been shown to increase T-lymphocytes and enhance 

http://www.vitaminstuff.com/superoxide-dismutase.html
http://www.bellybytes.com/nourish/zinc.html
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other white blood cell functions. However, because of its effect on increasing white blood 

counts, higher intake of zinc (unless low) is contraindicated with leukaemia. 

 

Low levels of zinc causes lung cancer, neural tube defects, slow growth, and anorexia. A 

study involving cancer showed maternal levels of zinc were decreased in women who 

bore children with neural tube defects (Hansen, 1983).  

 

Iron is essential for the formation of haemoglobin, the chemical in the blood that carries 

oxygen to the cells. Low levels of iron cause anaemia (Lahey, 1975). Severe cases of iron 

deficiency results in children becoming flabby with abnormal growth. Milder cases of 

iron deficiency may not produce any physical symptoms, but children may learn at a 

slower pace than children with a proper amount of iron in their diet. The combination of 

rice, beans, and meat consumed with fresh citrus fruit provides an excellent source of 

absorbable iron (Gillooly et al., 1983). 

Ingestion accounts for most of the toxic effects of iron because iron is absorbed rapidly in 

the gastrointestinal tract. The corrosive nature of iron seems to further increase the 

absorption (Hallberg et al., 1997). Most overdoses appear to be the result of children 

mistaking red-coated ferrous sulphate tablets or adult multivitamin preparations for 

candy. Other sources of iron are drinking water, iron pipes, and cooking ware. Target 

organs are the liver, cardiovascular system, and kidneys. 

http://www.answers.com/topic/hemoglobin
http://www.answers.com/topic/anemia
http://www.answers.com/topic/flabby
http://www.answers.com/topic/deficiency
http://www.answers.com/topic/cit-rus
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Cadmium is a by-product of the mining and smelting of lead and zinc. It is used in nickel-

cadmium batteries, PVC plastics, and paint pigments. It can be found in soils because 

they are found in insecticides, fungicides, sludge, and commercial fertilizers that are used 

in agriculture. Cadmium may be found in reservoirs containing shellfish. Cigarettes also 

contain cadmium. Lesser-known sources of exposure are dental alloys, electroplating, 

motor oil, and exhaust. Inhalation accounts for 15-50% of absorption through the 

respiratory system; 2-7% of ingested cadmium is absorbed in the gastrointestinal system. 

Target organs are the liver, placenta, kidneys, lungs, brain, and bones (ATSDR, 2008a). 

  

Mercury (Hg) is one of the most toxic heavy metals in our environment including the      

lithosphere, hydrosphere, atmosphere and biosphere (Zhang and Wong, 2007).  

Human activities release mercury into the air, water and soil. Mercury emissions into the 

environment can be from volcanic emissions, degassing from the earth’s crust and oceans 

cycling of geological bound mercury, laboratories, municipal waste, combustors in 

industries, chlor-alkali plants, agricultural activities, commercial and industrial boilers, 

gold mining and hosts of others. 

Micro bacteria convert the inorganic mercury in the water and sediments into highly toxic 

methylmercury. Through bioconcentration and bioaccumulation mercury can be 

deposited into the aquatic system and eventually threaten human health by fish 

consumption (Boeing, 2000). 
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The general population is most commonly exposed to mercury primarily from two 

sources: 

 eating fish and marine mammals (e.g., whales, seals) that may contain some 

methylmercury in their tissues or  

 the release of elemental mercury from the dental amalgam because it may 

dissolve in saliva and be ingested (Sallsten et al., 1996).  

 

Mercury has no known biological function and is highly toxic to human (William et al., 

1999). Depending on the chemical form and the dose received, mercury can be toxic to 

both human and wildlife. In people toxic doses can cause developmental effects in the 

foetus, as well as on the kidney and the nervous system in children and adults (US EPA, 

1984). The nervous system is one of the most sensitive targets following an exposure to 

mercury and may cause cognitive, personality, sensory or motor disturbances (WHO, 

1989a). Mercury poisonings have been caused by consumption of fish and fish products 

such as in the case of Minamata disease due to local villagers eating fishes containing 

high levels of methylmercury. The fishes were found from a body of water in Japan that 

was polluted by industrial effluent containing high concentration of methylmercury. The 

local villagers began to exhibit signs of neurologic effects such as visual loss, extreme 

numbness, hearing loss, and ataxia. Even babies exposed to the methylmercury in the 

uterus were the most severely affected members of the village.  The exposure continued 

even after birth because it was discovered that methylmercury was found in the breast 

milk of the mothers (Yoshino et al., 1966). 
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1.3 JUSTIFICATION OF OBJECTIVES 

People are exposed to heavy metals primarily by consuming fish and fish products.  

Heavy metal toxicity and their dangers to people is well established in scientific literature 

and several cases of heavy metal and particularly mercury toxicity in the environment 

have been reported (ATSDR, 2006). The most serious example is the case in Minamata 

Bay area of Japan from1953-1960, where mercury released from manufacturing plants 

contaminated fish and shellfish. Mercury levels of 5-20ppm were found in seafood eaten 

by 111people diagnosed with “Minamata disease” of which 45 people died due to the 

poisoning (Yoshino et al., 1966). Monitoring levels of heavy metals in fish and fish 

products has therefore become a matter of great importance in the world since then. 

Thus, the benefits of micronutrients may be completely reversed if present at either 

higher or lower levels than the required levels. Therefore, the World Health Organisation 

(WHO) has established levels for metals in food above which, it should not be consumed. 

For this reason, levels of trace metals in whatever consumed should be of much 

importance and concern. 

 

 The main source of omega-3 has been the oils of coldwater fish such as tuna, salmon, 

trout, herring, sardines, bass, swordfish and mackerel which acquire the omega-3s from 

feeding the algae, which are the ultimate biological source (Weber et al., 1986). Studies 

have revealed that since these coldwater fishes are known to have high levels of heavy 

metals in them, there is the potential of metal poisoning in the course of people taking the 

omega-3s (Mahaffey, 2004).  
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Pharmaceutical industries in their quest to explore the numerous benefits of omega-3 

fatty acids have made several preparations of omega-3 fatty acids commercially 

available. 

 

Studies assessing the combined benefits of omega-3 fatty acids and the adverse effects of 

heavy metal exposure are not available in Ghana and that people taking omega-3s might 

end up exposing themselves to the effects associated with toxic metals. Due to lack of 

research and inadequate data on the levels of heavy metals in Omega-3 food supplements 

available on the Ghanaian market, this research seeks to find whether the omega-3 food 

supplements on the Ghanaian market is safe for human consumption. 

 

1.1 RESEARCH OBJECTIVES 

This research seeks to determine the level of some selected heavy metals in Omega -3 

food supplements available on the Ghanaian market in order to ascertain their safety for 

human consumption. The following parameters shall be the indices of quality assessment 

and their respective determinations shall be the specific objectives of the study; 

 Determination of the selected heavy metals levels 

 To find out if the levels of the metals are of potential human health concern. 
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CHAPTER TWO 

2.0 LIERATURE REVIEW 

2.1 FACTS ABOUT OMEGA-3 FATTY ACIDS 

Omega-3 fatty acids belong to a class of fatty acid called polyunsaturated fatty acids 

(PUFAs) found in
 
certain foods. Omega-3 fatty acids cannot be made in the body and 

must be obtained
 
from food. They are therefore known as essential fatty acids.  

 

Polyunsaturated fats can be further divided into two groups based on the position of the 

first double bond: omega-3 fatty acids and omega-6 fatty acids. These numbers refer to 

the location of the first double bond in these unsaturated fatty acids, counting from the 

carbon on the methyl (omega) end of the compound. Alpha-linolenic acid (ALA) is the 

primary omega-3 Essential Fatty Acid (EFA) whilst linoleic acid (LA) is the primary 

omega-6 EFA (Weber et al., 1986).   

 

2.2 SOURCES OF OMEGA 3 FATTY ACIDS 

The long-chain omega-3 PUFAs, eicosapentaenoic acid (EPA) and docosahexaenoic acid 

(DHA) may be acquired mainly from sea foods in oily cold-water fish, such as tuna, 

salmon, trout, herring, sardines, bass, swordfish, and mackerel. With the exception of 

seaweed, most aquatic plants do not contain EPA or DHA. EPA and DHA are 

synthesized mainly by both unicellular and multicellular marine plants such as 

phytoplankton and algae (Pigott et al., 1987). They are eventually transfered through the 
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food chain and are incorporated into lipids of aquatic species such as fish and marine 

mammals, particularly those living in the cold waters at low temperatures, due to the 

ability of these fatty acids to maintain fluidity in such environments (Holmer, 1989).  

 

Plant sources of Omega-3 consist of flaxseed oil, hemp oil, soybeans, navy beans, 

walnuts and tofu (soy protein). Plant sources also include series of chain elongation and 

desaturation long chain fatty acid of ALA to give DHA and EPA to be utilized by the 

body (Sprecher et al., 1995). Plant sources are however considered an oblique source and 

may not be as efficient as fish or fish oil which is the direct source. Other sources of 

omega-3 fatty acids include foods such as egg, cereals, and even peanut butter (Sprecher 

et al., 1995).  

 

2.3 IMPORTANCE OF OMEGA- 3 FATTY ACIDS 

Omega-3 fatty acids are nutrients that perform key functions in our bodies. They are 

highly concentrated in the brain and appear to be particularly important for cognitive 

(brain memory and performance) and behavioral function (Weber et al., 2006). For 

example, they determine membrane fluidity and reactivity, oxidation rate, metabolic rate, 

and energy production. In addition, they are a factor in maintaining body temperature, 

insulating nerves, and cushioning body tissue (Weber et al., 2006). They are precursors to 

prostaglandins, hormone-like substances that are critical to the body’s overall health 

maintenance (Gibson et al., 1994). Omega-3 fatty acids regulate blood pressure, blood 

clotting, stimulation of the immune system, and general regulation of heart, kidneys, 
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liver, lungs, and brain (Weber et al., 2006). They inhibit thickening of the arteries by 

decreasing endothelial cells' production of a platelet-derived growth factor (the lining of 

the arteries is composed of endothelial cells). Omega-3s also increase the activity of 

another chemical derived from endothelial cells (endothelium-derived nitric oxide), 

which causes arteries to relax and dilate (Gibson et al., 1994).  

 

Omega-3 fatty acids also reduce the production of messenger chemicals called cytokines, 

which are involved in the inflammatory response associated with atherosclerosis (Manku, 

1983). They also reduce the risk of becoming obese and improve the body's ability to 

respond to insulin by stimulating the secretion of leptin, a hormone that helps regulate 

food intake, body weight and metabolism, and is expressed primarily by adipocytes (fat 

cells). Omega -3s also help to prevent cancer cell growth (Stillwell and Wassall, 2003).  

 

2.4 OTHER ESSENTIAL FATTY ACIDS 

The other types of the EFAs are the omega-6 fatty acids which have the first double bond 

in their structures located on the sixth carbon counting from the carbon on the methyl 

(omega) end of the compound. EFAs are fatty acids with a double bond before the 9th 

position from the omega.  The human body cannot form carbon to carbon double bonds 

before the 9th carbon from the omega position hence the inability of the human body to 

produce the EFAs.   
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It has been estimated that the present Western diet is “deficient” in omega-3 fatty acids 

with a ratio of omega-6 to omega-3 of 15–20:1, instead of the expected 1:1 (Crawford, 

1968). Many experts agree that it is important to maintain a healthy balance between 

omega-3 fatty acids and omega-6 fatty acids. Studies have revealed that over-

consumption of omega-6 fatty acids poses a lot of problems since some of the beneficial 

effects gained from omega-3 fatty acids consumption are negated by an over-

consumption of omega-6 fatty acids (Geleijnse et al., 2002). For example, omega-3 fatty 

acids have anti-inflammatory properties, whereas omega-6 fatty acids tend to promote 

inflammation. Cereals, whole grain bread, margarine, and vegetable oils, such as corn, 

peanut, and sunflower oil, are examples of sources of omega-6 fatty acids. In addition, 

people consume a lot of omega-6 fatty acid simply by eating the meat of animals that 

were fed with grains rich in omega-6. Some experts suggest that eating one to four times 

more omega-6 fatty acids than omega-3 fatty acids is a reasonable ratio. In other words, 

as dietitians often say, the key to a healthy diet is moderation and balance (Geleijnse et 

al., 2002).  

 

2.5 CONVERSIONS 

The conversion of ALA which is the primary omega-3 to EPA is of much interest 

because the cardioprotective effects of omega-3 have been most rigorously studied and 

closely associated with EPA. This conversion may explain, in part or in whole, ALA’s 

potential benefit. Isotope-labeled ALA feeding trials have shown the conversion of ALA 
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to EPA to vary between 0.2% and 21% and that of ALA to DHA to vary between 0% and 

9% (Boden, 2005).  

 

Most feeding studies that measure internal changes in membrane fatty acid composition 

show that ALA feeding will lead to an increase in EPA but has a null effect or slight 

decrease in DHA levels (Boden, 2005). These studies, however, are somewhat limited 

because the conversion of ALA to EPA and DHA is likely influenced by multiple factors 

including, sex, competitive inhibition of desaturase by linoleic acid, negative feedback 

inhibition of desaturase by EPA and DHA, and timing of the sample collection. Studies 

reveal that ALA’s cardioprotective properties were inversely related to EPA and DHA 

intake and that ALA’s cardioprotective properties are contingent on conversion to EPA 

and DHA which is inhibited by EPA and DHA intake (Mozaffarian et al., 2005).  

 

2.6 HEALTH BENEFITS OF OMEGA- 3 FATTY ACIDS 

Clinical studies suggest that omega-3 fatty acids may be helpful in treating a variety of 

health conditions. The evidence is strongest for heart disease and problems that 

contribute to heart disease, but the range of possible uses for omega-3 fatty acids include: 

 

2.6.1 High cholesterol control 

Those who follow a Mediterranean-style diet tend to have higher levels of high density 

lipoprotein (HDL or "good”) cholesterol levels. Similar to those who follow a 
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Mediterranean diet, Inuit Eskimos, who consume high amounts of omega-3 fatty acids 

from fatty fish, also tend to have increased HDL cholesterol and decreased triglycerides 

(fatty material that circulates in the blood) (National Cholesterol Education Program, 

2002). In addition, fish oil supplements containing eicosapentaenoic acid (EPA) and 

docosahexaenoic acid (DHA) have been reported in several large clinical studies to 

reduce low density lipoprotein (LDL or "bad") cholesterol and triglyceride levels 

(Institute of Medicine, 2002). Finally, walnuts (which are rich in alpha linolenic acid or 

ALA) have been reported to lower total cholesterol and triglycerides in individuals with 

high cholesterol levels.  

  

2.6.2 High blood pressure  

Several clinical studies suggest that diets or supplements rich in omega-3 fatty acids 

lower blood pressure significantly in individuals with hypertension (Geleijnse et al., 

2002). An analysis of 17 clinical studies using fish oil supplements revealed that 

supplementation with 3 or more grams of fish oil daily can lead to significant reductions 

in blood pressure in individuals with untreated hypertension. A meta analysis of 36 

randomized trials found that fish-oil intake (median dose 3.7 g/day EPA plus DHA) 

reduced systolic blood pressure by 2.1mm Hg (P < 0.01) and diastolic blood pressure by 

1.6mm Hg (P < 0.01) (Geleijnse et al., 2002). At least two mechanisms could account for 

this effect. First, incorporation of EPA and DHA into membrane phospholipids could 

increase systemic arterial compliance (Nestel et al., 2002). Second, EPA and DHA could 

improve endothelial function (Chin et al., 1995). This is consistent with the observation 
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that the antihypertensive effect of fish oil may be greater in populations with arterial 

stiffness and/or microvascular dysfunction, i.e. populations with hypertension and older 

populations (Geleijnse, 2002). In addition, a meta analysis of 30 randomized trials found 

that fish-oil intake (median dose 3.5 g/day EPA plus DHA) reduced heart rate by 1.6 bpm 

compared with placebo (P = 0.002) (Mozaffarian et al., 2005). 

 

2.6.3 Heart disease  

Omega-3 fatty acids have been shown to exert cardioprotective effects in both primary 

and secondary coronary heart disease (CHD) prevention trials (Mozaffarian and Rimm, 

2006). One of the best ways to help prevent and treat heart disease is to eat a low-fat diet 

and to replace foods rich in saturated and trans-fat with those that are rich in 

monounsaturated and polyunsaturated fats (including omega-3 fatty acids). Clinical 

evidence suggests that EPA and DHA found in fish oil help reduce risk factors for heart 

disease including high cholesterol and high blood pressure (Calder, 2004). There is also 

strong evidence that these substances can help prevent and treat atherosclerosis by 

inhibiting the development of plaque and blood clots, each of which tends to clog arteries 

(Calder, 2004). Clinical studies of heart attack survivors have found that daily omega-3 

fatty acid supplements dramatically reduce the risk of death, subsequent heart attacks, 

and stroke. Similarly, people who eat an ALA-rich diet are less likely to suffer a fatal 

heart attack (Calder, 2004).  

2.6.4 Diabetes  
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Individuals with diabetes tend to have high triglyceride and low HDL levels. Omega-3 

fatty acids from fish oil can help lower triglycerides and apoproteins (markers of 

diabetes), and raise HDL, so people with diabetes may benefit from eating foods or 

taking supplements that contain DHA and EPA (American Diabetes Association, 2007). 

ALA (from flaxseed, for example) may not have the same benefit as DHA and EPA 

because some people with diabetes lack the ability to efficiently convert ALA to a form 

of omega-3 fatty acids that the body can use readily. There have been reported cases of 

decrease in blood sugar levels in patients with type 2 diabetes while taking fish oil 

supplements (American Diabetes Association, 2007). 

 

 2.6.5 Weight Loss 

Appetite control is one of the most important factors involved in the success of dietary 

treatment of obesity. Due to its relation with energy balance, the consumption of omega-

3s have a role in appetite control and hence the prevention of obesity (Abete et al., 2006). 

Several nutritional approaches concerning energy restriction, nutrient distribution and 

subject characteristics have been investigated in order to achieve weight loss and 

maintenance in people with excess body weight (Goyenechea et al., 2006). Different 

dietary strategies have been under research with the aim to modify nutritionally the 

perception of satiety and hunger after eating. An increased protein intake (Leidy et al., 

2007), diet-related ketosis (Boden et al., 2005) and low glycemic index food 

consumption (Kaplan and Greenwood, 2002) have been suggested to decrease appetite. 

2.6.6 Arthritis  
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Most clinical studies investigating the use of omega-3 fatty acid supplements for 

inflammatory joint conditions have focused almost entirely on rheumatoid arthritis. 

Several articles reviewing the research in this area concluded that omega-3 fatty acid 

supplements reduce tenderness in joints, decrease morning stiffness, and allow for a 

reduction in the amount of medication needed for people with rheumatoid arthritis 

(Kremer, 2000). 

In addition, laboratory studies suggest that diets rich in omega-3 fatty acids (and low in 

the inflammatory omega-6 fatty acids) may benefit people with other inflammatory 

disorders, such as osteoarthritis (Danao-Camara and Shintani, 1999). In fact, several test 

tube studies of cartilage-containing cells have found that omega-3 fatty acids decrease 

inflammation and reduce the activity of enzymes that destroy cartilage (Curtis et al., 

2000). Similarly, New Zealand green lipped mussel (Perna canaliculus), another 

potential source of omega-3 fatty acids, has been reported to reduce joint stiffness and 

pain, increase grip strength, and enhance walking pace in a small group of people with 

osteoarthritis (Connor et al., 1997). In some participants, symptoms worsened before they 

improved.  

 

2.6.7 Osteoporosis  

Clinical studies suggest that omega-3 fatty acids such as EPA help increase levels of 

calcium in the body, deposit calcium in the bones, and improve bone strength (Kruger et 

al., 1998). In addition, studies also suggest that people who are deficient in certain 

essential fatty acids (particularly EPA and gamma-linolenic acid [GLA], an omega-6 
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fatty acid) are more likely to suffer from bone loss than those with normal levels of these 

fatty acids (Horrobin et al., 1999).  

 

2.6.8 Depression  

People who do not get enough omega-3 fatty acids or do not maintain a healthy balance 

of omega-3 to omega-6 fatty acids in their diet may be at an increased risk for depression 

(Hibbeln et al., 1995). The omega-3 fatty acids are important components of nerve cell 

membranes. They help nerve cells communicate with each other, which is an essential 

step in maintaining good mental health (Horrobin et al., 1999). In particular, DHA is 

involved in a variety of nerve cell processes (Edwards et al., 1998).  

 

2.6.9 Bipolar disorder  

In a clinical study of 30 people with bipolar disorder, those who were treated with EPA 

and DHA (in combination with their usual mood stabilizing medications) for four months 

experienced fewer mood swings and recurrence of either depression or mania than those 

who received placebo (Stoll et al., 1999). Another four months long clinical study 

treating individuals with bipolar depression and rapid cycling bipolar disorder did not 

find evidence of efficacy for the use of EPA in these patients.  
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 2.6.10 Schizophrenia  

Preliminary clinical evidence suggests that people with schizophrenia experience an 

improvement in symptoms when given omega-3 fatty acids (Fenton et al., 2001). 

However, a recent well-designed study concluded that EPA supplements are no better 

than placebo in improving symptoms of this condition (Laugharne et al., 1996). The 

conflicting results suggest that more research is needed before conclusions can be drawn 

about the benefit of omega-3 fatty acids for schizophrenia. Similar to diabetes, 

individuals with schizophrenia may not be able to convert ALA to EPA or DHA 

efficiently (Fenton et al., 2001).  

 

2.6.11 Attention deficit/hyperactivity disorder (ADHD)  

Children with attention deficit/hyperactivity disorder (ADHD) may have low levels of 

certain essential fatty acids (including EPA and DHA) in their bodies (Arnold et al., 

1994). In a clinical study of nearly 100 boys, those with lower levels of omega-3 fatty 

acids demonstrated more learning and behavioral problems (such as temper tantrums and 

sleep disturbances) than boys with normal omega-3 fatty acid levels (Stevens et al., 

1996). Clinical studies that examine the ability of omega-3 supplements to improve 

symptoms of ADHD are still needed. At this point in time, eating foods high in omega-3 

fatty acids is a reasonable approach for someone with ADHD (Baumgaertel, 1999). A 

clinical study used omega-3 and omega-6 fatty acid supplementation in 117 children with 

ADHD. The study found significant improvements in reading, spelling, and behavior in 

the children over the 3 months of therapy. Another clinical study found that omega-3 
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fatty acid supplementation helped to decrease physical aggression in school children with 

ADHD (Puri et al., 2000).  

 

2.6.12 Burns  

Essential fatty acids have been used to reduce inflammation and promote wound healing 

in burn victims. Animal research indicates that omega-3 fatty acids help promote a 

healthy balance of proteins in the body. Protein balance is important for recovery after 

sustaining a burn (De-Souza et al., 1998). Further research is necessary to determine 

whether omega-3 benefit people in the same way.  

 

2.6.13 Skin disorders  

In one clinical study, 13 people with a particular sensitivity to the sun known as photo 

dermatitis showed significantly less sensitivity to UV rays after taking fish oil 

supplements (Hayashi et al., 1999). Research indicates that topical sunscreens are 

however much better at protecting the skin from damaging effects of the sun than omega-

3 fatty acids. In another study of 40 people with psoriasis, those who were treated with 

medications and EPA supplements did better than those treated with the medications 

alone (Boelsma et al., 2001). In addition, many clinicians believe that flaxseed (which 

contains omega-3 fatty acids) is helpful for treating acne.  
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2.6.14 Inflammatory bowel disease (IBD)  

When added to medication, such as sulfasalazine (a standard medication for IBD), 

omega-3 fatty acids may reduce symptoms of Crohn's disease and ulcerative colitis (the 

two types of IBD) (Belluzzi et al., 2000).  

 

2.6.15 Asthma  

Clinical research suggests that omega-3 fatty acid supplements (in the form of perilla 

seed oil, which is rich in ALA) may decrease inflammation and improve lung function in 

adults with asthma (Okamoto et al., 2000). Omega-6 fatty acids have the opposite effect: 

they tend to increase inflammation and worsen respiratory function (Okamoto et al., 

2000). In a small, well-designed clinical study of 29 children with asthma, those who 

took fish oil supplements rich in EPA and DHA for 10 months had improvement in their 

symptoms compared to children who took a placebo pill. Asthma is a mediator driven 

inflammatory process in the lungs and the most common chronic condition in childhood. 

The leukotrienes and prostaglandins are implicated in the inflammatory cascade that 

occurs in asthmatic airways. There is evidence of airway inflammation even in newly 

diagnosed asthma patients within 2–12 months after their first symptoms (Laitinen et al., 

1993). Among the cells involved in asthma are mast cells, macrophages, eosinophils, and 

lymphocytes. The inflammatory mediators include cytokines and growth factors (peptide 

mediators) as well as eicosanoids, which are the products of ALA metabolism, which are 

important mediators in the underlying inflammatory mechanisms of asthma (Laitinen et 

al., 1993). 
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2.6.16 Macular Degeneration  

A clinical study confirms that EPA and DHA from fish, four or more times per week may 

reduce the risk of developing macular degeneration (Cho et al., 2001). Notably, however, 

this same study suggests that ALA may actually increase the risk of this eye condition. 

 

2.6.17 Cancer  

Consuming significant amounts of foods rich in omega-3 fatty acids appears to reduce the 

risk of colorectal cancer. For example, Eskimos, who tend to follow a high-fat diet but eat 

significant amounts of fish rich in omega-3 fatty acids, have a low rate of colorectal 

cancer (Calviello et al., 2004). Clinical studies have reported that low levels of omega-3 

fatty acids in the body are a marker for an increased risk of colon cancer. Although not all 

experts agree, women who regularly consume foods rich in omega-3 fatty acids over 

many years may be less likely to develop breast cancer (Connolly et al., 1999). In 

addition, the risk of dying from breast cancer may be significantly less for those who eat 

large quantities of omega-3 from fish and brown kelp seaweed (common in Japan) 

(Deckere, 1999). A population based clinical studies of groups of men suggest that a low-

fat diet with the addition of omega-3 fatty acids from fish or fish oil help prevent the 

development of prostate cancer (Aronson et al., 2001). 
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2.6.18 Other  

Although further research is needed, preliminary evidence suggests that omega-3 fatty 

acids may also prove helpful in protecting against certain infections and treating a variety 

of conditions, including autism, ulcers, migraine headaches, preterm labor, emphysema, 

psoriasis, glaucoma, Lyme disease, systemic lupus erythmatosus (lupus), irregular 

heartbeats (arrhythmias), multiple sclerosis, and panic attacks (Horrocks et al., 1999). 

Omega-3 fatty acid supplementation may also help to reduce stress and the effects it has 

on the body.  

 

2.7 REVIEW ON THE SELECTED HEAVY METALS  

2.7.1.0  MERCURY 

Mercury (Hg) is one of the most toxic heavy metals in our environment. A series of 

complex chemical transformations allow mercury to occur in three different forms in the 

environment. These forms are elemental mercury, inorganic mercury and organic 

mercury (Clarkson et al., 1984). The different forms of mercury have their intrinsic toxic 

properties and applications in industries, agriculture and medicine (Zhang and Wong, 

2007). The elemental mercury which has zero oxidation state constitutes about 98% of 

mercury in the environment (Zhang and Wong, 2007).  The inorganic mercury constitutes 

the simple inorganic salts of mercury such as chlorides, nitrates, and the sulphates of 

either Hg
+ 

or Hg
2+

. The salts of Hg
2+ 

ion form an important class of organometallic 

compounds by attaching itself to either one or two carbon atoms to form complex of the 

type RHgX and RHgR’; (where R and R’ represent the organic moiety). These forms of 
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mercury constitute the organic mercury. The organic moiety may be an alkyl, phenyl, or 

methoxyethyl radical. Methylmercury is the most important form of mercury in terms of 

toxicity and health effects from environmental exposures (Goyer, 1997).  

 

Mercury occurs naturally in the environment as well as through industrial and man-made 

(anthropogenic) processes (ATSDR, 2007). The major natural sources of mercury in the 

environment are degassing from the earth’s crust, emissions from volcanoes and 

evaporation from water bodies (IPCS, 1990). Mercury ore is found in all classes of rocks, 

including limestone, calcareous shells, sandstone, serpentine, chert, andesite, basalt, and 

rhyolite (ATSDR, 2007). The normal concentration of mercury in igneous and 

sedimentary rocks and minerals appears to be 10-50ng/g (Andersson, 1979); however, the 

mineral cinnabar (mercuric sulfide) contains 86.2% mercury (Stockinger, 1981).  

 

The main man-made source of mercury is through mining as a result of dumping of mine 

tailings and direct discharges to the atmosphere. Other important man-made sources are 

the combustion of fossil fuels, the smelting of metal sulfide ores, the production of 

cement, and refuse incineration. Mercury also enters the environment from fertilizers, 

fungicides and from solid waste i.e. thermometers or electrical switches (DEFRA and 

EA, 2002; IPCS, 1990). A recent study suggests that total mercury levels in the 

atmosphere have tripled as a result of anthropogenic activities (WHO, 2008). 
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 2.7.1.1  ROUTE OF EXPOSURE OF MERCURY TO MAN 

Potential sources of general population exposure to mercury include inhalation of 

mercury vapour in ambient air, ingestion of drinking water and foodstuffs contaminated 

with mercury, and exposure to mercury through dental and medical treatment (ATSDR, 

2007; IPCS, 1990). Naturally occurring elemental mercury in both ground and surface 

water is less than 0.5ng L
-1

. Mercury in drinking water is therefore not considered a 

major source of exposure except when significant pollution occurs (WHO, 2008).  

The major source of human exposure to mercury is through the diet, more specifically 

from the consumption of fish products. Most of the mercury consumed in fish or other 

seafood is the highly absorbable methylmercury form (IPCS, 1990; WHO, 2008). 

 Occupational exposure to mercury may be a major source of exposure. Individuals 

working in the production of electrical equipment, thermometers or barometers, those 

working in chemical processing plants or individual living in buildings where mercury-

containing latex paints were used may all be exposed to elemental mercury vapour via 

inhalation of inorganic mercury (ATSDR, 2007).  

 

2.7.1.2   LEVEL OF MERCURY IN THE ENVIRONMENT 

2.7.1.2.1 Water 

The earth’s crust is an important source of mercury for bodies of natural water. Some of 

this mercury is undoubtedly of natural origin, but some may have been deposited from 
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the atmosphere as a result of human activities (Lindquist et al., 1984). Natural weathering 

of mercury-bearing rocks is estimated to release about 800 metric tonnes of mercury per 

year directly to surface waters of the earth (GESAMP, 1985). Representative values for 

dissolved total mercury are; open ocean, 0.5-3 ng/litre; coastal sea water, 2-15 ng/litre; 

freshwater rivers and lakes, 1-3 ng/litre (Lindquist et al., 1984).  

 

Atmospheric deposition of elemental mercury from both natural and anthropogenic 

sources has been identified as an indirect source of mercury to surface waters (WHO, 

2008). Concentrations of mercury in rainwater and fresh snow are generally below 200 

ng/L (ATSDR, 2007). 

Mercury associated with soils can be directly washed into surface waters during rain 

events. Surface runoff is an important mechanism for transporting mercury from soil into 

surface waters, particularly for soils with high humid content (WHO, 2008). 

 

2.7.1.2.2   Soil 

In a review of the mercury content of virgin and cultivated surface soils from a number of 

countries, it was found that the average concentrations ranged from 20 to 625 ng/g (0.020 

to 0.625 ppm) (Andersson, 1979). Atmospheric deposition of mercury from both natural 

and anthropogenic sources has been identified as an indirect source of mercury to soil and 

sediments (WHO, 2008; ATSDR, 2007). Wisconsin lakes contained higher mercury 

levels of 0.09-0.24 ppm at the top 15cm of sediments relative to the lower levels recorded 
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for the lower sediments. Surface sediment samples from the Upper Columbia River in 

Washington State were found to contain up to 2.7 µg/g (ppm) mercury (Johnson and 

Eaton, 1980).   

 

Mercury is released to cultivated soils through the direct application of inorganic and 

organic fertilizers (e.g., sewage sludge and compost), lime and fungicides containing 

mercury (Andersson, 1979). Cappon, (1987) studied the contamination of sludge-

amended soil with inorganic and methylmercury and the emission of this mercury 

contamination into the atmosphere. The author reported that, routine application of 

municipal sewage sludge to crop land significantly increased the concentration of both 

total mercury and methylmercury in surface soil from 80 to 1000 µg/kg (ppb) and 0.3-

8.3µg/kg (ppb), respectively. 

 

2.7.1.3  ENVIRONMENTAL TRANSPORT AND DISTRIBUTION OF MERCURY 

The natural global bio-geochemical cycle of mercury, involves degassing of mineral 

mercury from the lithosphere and hydrosphere, long-range transport in the atmosphere, 

removal by wet and dry deposition to land and surface water, sorption to soil and 

sediment particulates, revolatilization from land and surface water, and bioaccumulation 

in both terrestrial and aquatic food chains. This emission, deposition, and revolatilization 

make it difficult to trace movement of mercury to its sources (WHO, 2008). 
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About 98% of the mercury found in the atmosphere is gaseous mercury (Hg
0
), the form 

involved in long-range (global) transport of the element. Residence time in the 

atmosphere has been estimated to range from 6 days to 2 years (ATSDR, 2007; IPCS, 

1990). This makes transport on a hemispherical scale possible and emissions in any 

continent can thus contribute to the deposition in other continents (IPCS, 1990).  

In soils and surface waters, mercury can exist in the mercuric (Hg
2+

) and mercurous 

(Hg
+
) states as a number of complexes with varying water solubilities. Mercuric mercury, 

present as complexes and chelates with ligands, is probably the predominant form of 

mercury present in surface waters. Vaporization of mercury from soils may be controlled 

by temperature, with emissions from contaminated soils being greater in warmer weather 

where soil microbial reduction of Hg
2+

 to the more volatile elemental mercury is greatest 

(WHO, 2008). The bottom sediment of the oceans is thought to be the ultimate sink 

where mercury is deposited in the form of the highly insoluble mercuric sulfide (IPCS, 

1990). The process of methylation of inorganic mercury (Hg [II]) to methylmercury by 

microorganisms, which is highly bio-available, is an important key to the fate of mercury 

in the environment (ATSDR, 2007). Methylation is usually greatest at the sediment water 

interface, but also occurs in the water column (WHO, 2008).  

Methylmercury in surface waters is rapidly accumulated by aquatic organisms; 

concentrations in carnivorous fish such as large tuna, swordfish, shark, and mackerel at 

the top of both freshwater and marine food chains. Humans absorb methylmercury easily 

by consumption of contaminated fish (IPCS, 1990). 
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2.7.1.4  MERCURY TOXICITY  

The high concentration of mercury found in water and fish tissues results from the 

formation of soluble monomethylmercury ion and dimethylmercury by anaerobic bacteria 

in sediments. The methylation agent by which inorganic mercury is converted to 

methylmercury compounds is methylcobalamin, a vitamin B analog. The bacteria that 

synthesize methane in anaerobic decay produces methylcobalamin as an intermediate in 

the synthesis; hence water and sediments in which anaerobic decay occurs provide the 

condition under which methylmercury production occurs (IPCS, 1990).   

Toxicity from eating contaminated fish is one of the main sources of mercury poisoning 

and one which is attracting a great deal of recent attention (ATSDR, 2007). 

Mercury is present in some fish and is of considerable interest because of its potential to 

cause hazard to the health of people who consume them. Concentration of methylmercury 

in fish depends on the trophic level, age or length of fish (Zhang and Wong, 2007). 

Fishes such as walleye, pike swordfish, tuna and shark have high levels of 

methylmercury due to bioaccumulation and biomagnifications (ATSDR, 2007). Rivers, 

lakes and sea have abundance of fish diversity; an important number of authors have 

reported concentrations of mercury in some species such as tuna, carp, tench, gray mullet, 

ell, sual, bagrus, snakehead, and bighead, grass and common carp. Mercury levels in 

rivers such as River Catalonia in Spain (Cheng et al., 1994) and River Kahanawake in 

Canada (Chan et al., 1986), are below permissible limits (according to the international 

standard) therefore consumption of fishes from these rivers is considered safe for human 

health. However, fishes coming from Lower Stour River, UK have showed 
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methylmercury concentrations between 0.08 and 1.20 mg/kg wet weight (Bub et al., 

1994), those coming from New Jersey, USA had 0.65±0.1–0.05±0.001 ppm, wet weight 

(Gochfeld, 2003), the ones from Mojana, Colombia had 0.346±0.171 ppm in carnivorous 

fish and 0.146±0.102 mg/g fresh wt (fw) in non-carnivorous fish (Marrugo-Negrete, 

2008) and are therefore considered not safe for human consumption. Usero (2003) found 

that concentrations of mercury in three species (eel, common sole and gray mullet) of fish 

muscle were considerably lower than the maximum levels for human consumption in 

southern Atlantic coast of Spain. 

 

2.7.1.5   HEALTH EFFECTS OF MERCURY EXPOSURE 

The health effects of mercury depends on its chemical form (elemental, inorganic or 

organic), the route of exposure (inhalation, ingestion or skin contact), and level of 

exposure. Different forms of mercury have different effects in humans, because they do 

not all move through the body in the same way (ATSDR, 2007). The effect can be acute 

or chronic. 

 

2.7.1.5.1   Acute Effects 

Acute (short-term) inhalation exposure to high levels of elemental mercury in humans 

results in central nervous system (CNS) effects, such as hallucinations, delirium, and 

suicidal tendencies. Gastrointestinal effects and respiratory effects, such as chest pains, 

dyspnea, cough, pulmonary function impairment, and interstitial pneumonitis have also 
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been noted from inhalation exposure to elemental mercury (IPCS, 1990). Such effects 

have been reported following exposure to 1.1 – 44 mg m
-3

 elemental mercury (ATSDR, 

2007). The kidneys are a major target organ following exposure to elemental mercury 

vapour due to the relatively high accumulation of mercury in the kidneys. High 

concentrations have been reported to result in acute renal failure and degeneration of the 

proximal convoluted tubules (ATSDR, 2007; WHO, 2008). 

 

2.7.1.5.2 Chronic Effects 

Chronic exposure to elemental mercury also affects the kidney in humans, with the 

development of proteinuria (ATSDR, 2007; WHO, 2008). The primary effect from 

chronic exposure to inorganic mercury is kidney damage, primarily due to mercury 

induced autoimmune glomerulonephritis (induction of an immune response to the body’s 

kidney tissue) (WHO, 2008). 

 

2.7.1.5.3   Reproductive / Developmental Effects 

Oral exposure to methylmercury has been observed to produce significant developmental 

effects. Methylmercury poisoning mostly affects the nervous system and it is especially 

harmful to infant’s developing nervous system. Maternal exposure can threaten the foetus 

because chemicals can be transferred to the developing foetus through the placenta 

(Slikker, 1994; Gochfeld, 2003); in fact, foetal brain is more susceptible than adult brain 

to mercury-induced damage (Clarkson et al., 1984). Infants born to women who ingested 
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high concentrations of methyl mercury exhibited CNS effects, such as retardation, ataxia, 

deafness and constriction of the visual field, blindness and cerebral palsy. At lower 

methylmercury concentration, developmental delays and abnormal reflexes were noted 

(ATSDR, 2007; WHO, 2008). Excessive prenatal exposure leads to delayed 

developmental functions including delayed walking, delayed speech development and 

hearing impairment. 

 

2.7.1.6 RELATIONSHIP BETWEEN METHYLMERCURY AND OMEGA-3    

FATTY ACID IN FISH 

Fish and shellfish are recommended dietary constituents (USEPA, 2004) providing 

sufficient amount of protein, vitamins, and the essential fatty acids (EFAs) 

docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA). In addition, fish and 

shellfish provide a favorable ratio of omega-6 to omega-3 fatty acids. Although many 

omega-3 fatty acids occur in nature, DHA and EPA are not synthesized by humans at a 

rate meeting metabolic needs making a dietary source necessary (Mahaffey, 2004). Over 

the past few years, recommendations for adequate intakes of the omega-3s have been 

highlighted (Stevens et al., 1996; Stillwell and Wassall, 2003) as measures that help to 

prevent cardiovascular disease and enhance in utero development of the foetus (USEPA, 

2004). Fishes rich in Omega-3s have been found to be contaminated with methylmercury 

which counteract the numerous benefits (Stillwell and Wassall, 2003; USEPA, 2004).The 

benefits of omega-3 cannot therefore be thought without considering the associated 

methylmercury accumulation.  Studies assessing the combined impact of omega-3 status 
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and methylmercury exposure on in-utero neurological development suggested both 

adverse effects of methylmercury exposure and benefits of increasing omega-3 intakes 

with an overall intermediate result (USEPA, 2004). The greatest benefits of omega-3 

consumption occurred when the omega-3s were obtained from fishes containing little or 

no methylmercury at all (Stillwell and Wassall, 2003). Consequently understanding the 

relative concentrations of omega-3s and methylmercury in specific fish species becomes 

an important consideration when formulating dietary advice (USEPA, 2004). Fishes such 

as tuna, salmon, trout, herring, sardines, bass, swordfish, and mackerel are much richer 

sources of omega-3 fatty acids (Mahaffey, 2004). There is an inconsistent relationship 

between the EFA content of a fish species and the mercury concentration typical of that 

species. For example, Domingo et al. (2007) demonstrated that although methylmercury 

concentrations increase steadily with body size in plankton and fish, EFAs show irregular 

retention patterns at different trophic levels.  

Although both EPA and methylmercury generally increase at higher trophic levels in the 

planktonic food web, the magnitude of bioaccumulation is much greater for 

methylmercury compared with EPA. This is because aquatic organisms retain EFAs at 

lower rates than they retain methylmercury (Domingo et al., 2007).  

The relationship differs for DHA and methylmercury accumulation. For EPA and 

methylmercury accumulation, although EPA and methylmercury increase along the 

planktonic food web, methylmercury bioaccumulates at higher rates than EPA (Domingo 

et al., 2007). By contrast, DHA, primarily found in phospholipids of cell membranes, is 

retained differently from EPA with respect to methylmercury (Domingo et al., 2007). 

Retention of dietary DHA is determined by the taxonomic composition of the planktonic 
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food web and independent of DHA requirements. This variability in the comparative 

rates of bioaccumulation for methylmercury, EPA, and DHA, helps to explain the need to 

determine the level of mercury in the omega-3 products (USEPA, 2004).  

The amounts of seafood products consumed in the human diet is gaining prominence 

making it necessary to consider potential risks associated with methylmercury exposure.  

 

2.7.2.0  CADMIUM 

Cadmium occurs naturally in its elemental form in the earth’s crust. Cadmium is not 

usually found in the environment as a metal but as a mineral combined with other 

element such as oxygen (Cadmium oxide), chlorine (cadmium chloride), or sulphur 

(cadmium sulphate, cadmium sulphide) (IPCS, 2001).  

Cadmium ores are rare. Greenockite (CdS) is the only mineral of any consequence that 

contains cadmium (IPCS, 2001). 

Cadmium does not corrode easily and has many uses in industry and consumer products, 

mainly in nickel-cadmium batteries, pigments used mostly in plastics, metal coatings, 

plastic stabilizers in polyvinyl chloride (PVC) and some metal alloys (Cook and Morrow, 

1995; Thornton, 1992). Cadmium compounds are also used in printing, in textiles, in 

television phosphors, photography, lasers, as a neutron absorber in nuclear reactors, in 

photovoltaic cells, and other semi-conducting cadmium compounds in a variety of 

electronic applications (Elinder, 1985; OECD, 1994). 
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Cadmium has no essential biological function and is extremely toxic to human. It is one 

of the commonest environmental metal poisoning. Inhalation accounts for 15-50% of 

absorption through the respiratory system; 2-7% of ingested cadmium is absorbed in the 

gastrointestinal system. Target organs are the liver, placenta, kidneys, lungs, brain, and 

bones (ATSDR, 2008a). 

Cadmium is widely distributed in the Earth’s crust (0.1-0.5 mg g
-1

), the atmosphere (1-5 

ng m
-3

), marine sediment (~1 mg g
-1

) and sea water (~0.1 mg g
-1

) (IPCS, 2001). 

Cadmium emissions arise from two major source categories, natural sources and man-

made or anthropogenic sources. Even though the average cadmium concentration in the 

earth’s crust is generally placed between 0.1 and 0.5 ppm, much higher levels may 

accumulate in sedimentary rocks. Marine phosphates and phosphorities have been 

reported to contain levels as high as 500 ppm (Cook and Morrow, 1995; WHO, 1992) 

and are thus undesirable to use as fertilizers (Taylor, 1997). Weathering and erosion of 

parent rocks result in the transport of large quantities of cadmium to the world’s oceans 

by rivers (OECD, 1994; WHO, 1992). Volcanic activity and forest fires have also been 

reported as natural sources of cadmium emission (Nriagu, 1980). Large amounts of 

cadmium enter the environment from human activities such as mining and smelting 

operations, fuel combustion, disposal of metal-containing products and application of 

phosphate fertilizer or sewage sludges, cement production and waste incineration 

(Elinder, 1985; WHO, 1992). 
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Estimates of cadmium emissions to the atmosphere from human and natural sources have 

been carried out at the world-wide, regional and national levels (IPCS, 1992). According 

to Nriagu (1988), about 10-15% of total airborne cadmium emission arises from natural 

processes, the major source being volcanic action. Atmospheric cadmium occurs mainly 

in the forms of cadmium oxide and cadmium chloride which are ultimately dispersed by 

the wind. 

 

Cadmium emissions to water are from phosphate fertilizers, non-ferrous metals 

production and the iron and steel industry (OECD, 1994). Mining represent a major 

source of cadmium release to the aquatic environment. Contamination can arise from 

mine drainage water, waste water from the processing of ores, overflow from the tailing 

pond, and rainwater run-off from the general mine area. The release of these effluents to 

local water-courses can lead to extensive contamination downstream of the mining 

operation (IPCS, 1992). Cadmium however, is usually a minor constituent of surface and 

groundwater (ATSDR, 1999). The atmospheric fall-out of cadmium to fresh and marine 

water represents a major input of cadmium at the global level (Nriagu and Pacyna, 1988). 

Acidification of soils and lakes may result in enhanced mobilization of cadmium from 

soils and sediments and lead to increased levels in surface and ground waters (WHO, 

1992). 

 

The application of phosphate fertilizers and atmospheric deposition are significant 

sources of cadmium input to arable soils in some parts of the world; sewage sludge can 
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also be an important source at the local level (IPCS, 1992). Cadmium in soil tends to be 

more available when the soil pH is low.  

Cadmium is taken up and retained by aquatic and terrestrial plants and is concentrated in 

the liver and kidney of animals that eat the plants (Elinder, 1985). 

Humans normally absorb cadmium into the body either by ingestion or inhalation. 

Dermal exposure is generally not regarded to be of significance (Lauwerys, 1986). 

Human exposure to cadmium from ingestion is either from consumption of food 

especially grain and leafy vegetables or accidental ingestion of dust or soils contaminated 

with cadmium (Williams et al., 1999). 

 The inhalation of cadmium-containing particles from ambient air, cigarette smoke, 

which contains cadmium taken up by tobacco or from working in areas exposed to 

cadmium fumes and dust constitute human exposures to cadmium (Elinder, 1985). Most 

drinking water contains very low levels of cadmium and is usually not an important route 

of exposure, although water may leach cadmium from plumbing (ATSDR, 2008a). 

 

2.7.2.1  ENVIRONMENTAL FATE 

Cadmium emitted to the atmosphere from combustion processes are usually in very small 

particulate forms that are subjected to long-range transport with atmospheric residence 

time of about 1-10 days (Keitz, 1980). Total deposition rates have been measured at 

numerous localities worldwide and values have generally been found to increase in the 

order: background < rural < urban < industrial (IPCS, 1992). 
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In polluted or organic-rich waters, adsorption of cadmium by humic substances and other 

organic complexing agents plays a dominant role in transport, partitioning, and 

remobilization of cadmium. Cadmium concentration in water is inversely related to the 

pH and the concentration of organic material in the water (Callahan et al., 1979). 

Cadmium has a relatively long residence time in aquatic system. In Lake Michigan, a 

mean residence time of 4-10 years has been calculated for cadmium (Wester et al., 1992).  

Rivers contaminated with cadmium can contaminate surrounding land, either through 

irrigation for agricultural purposes, by the dumping of dredged sediments, or through 

flooding (Forstner, 1980; Tsuchiya, 1978). Forstner (1980) reported soil cadmium 

concentration of 70 mg/kg in agricultural land adjacent to Neckar River, Germany, which 

received dredged sediments for soil improvement and Tsuchiya (1978) reported soil 

contamination due to irrigation in Japan. 

The most important soil factors influencing plant cadmium accumulation are soil pH and 

cadmium concentration (Page et al., 1981). Factors such as cation exchange capacity and 

the contents of the hydrous oxides of manganese and iron, organic matter and calcium 

carbonate also influence distribution of cadmium in soil and soil solution. Increases in 

these parameters result in decreased availability of cadmium to plants owing to a 

reduction of the level of cadmium in the soil solution (IPCS, 1992). Contamination of soil 

by cadmium is of concern because the cadmium is taken up efficiently by plants and, 

therefore, enters the food chain for humans and other animals (ATSDR, 2008a ; IPCS, 

1992).    

 



 42 

 2.7.2.2 HUMAN HEALTH EFFECTS 

Cadmium can enter the blood by absorption from the stomach or intestines after ingestion 

of food or water, or by absorption from the lungs after inhalation. However, once 

cadmium enters the body, it is very strongly retained; therefore, even low doses may 

build up significant cadmium levels in the body if exposure continues for a long time. 

The amount of cadmium needed to cause an adverse effect in an exposed person depends 

on the chemical and physical form of the element. In general, cadmium compounds that 

dissolve easily in water (e.g., cadmium chloride), or those that can be dissolved in the 

body (e.g., cadmium oxide), tend to be more toxic than compounds that are very hard to 

dissolve (e.g. cadmium sulfide) (IPCS, 1992). 

 

An acute intake of cadmium causes testicular damage and may affect female reproductive 

cycle. Within a few hours of exposure, there is necrosis and degeneration of the testes 

with complete loss of spermatozoa. This is thought to be due to an effect on the blood 

supply to these organs, reducing the blood flow (IPCS, 2001). Acute inhalation of 

cadmium may initially cause irritation of the upper respiratory tract, although symptoms 

may be delayed for 4-8hours. Dyspnea, chest pain and muscle weakness may also occur. 

Pulmonary oedema, bronchitis, chemical pneumonitis, respiratory failure and death may 

occur within days of exposure. In the long-term following exposure, progressive 

pulmonary fibrosis and impaired lung function may occur (WHO, 1992). Acute ingestion 

of cadmium produces severe gastrointestinal irritation, which is manifest as severe nausea 
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and vomiting, abdominal cramps and diarrhea. A lethal dose of cadmium for ingestion is 

estimated to be between 350 and 8900 milligrams (ATSDR, 2008a). 

 

Chronic oral exposure to cadmium leads to renal failure, characterized by proteinuria due 

to renal tubular dysfunction. The accumulation of cadmium in the kidney affects renal 

vitamin D metabolism, which subsequently disturbs calcium balance that may lead to 

osteomalacia and osteoporosis (DEFRA and EA, 2002). This, as well as the increased 

excretion of calcium and phosphorus may result in bone disease characterized by bone 

and joint aches and pains, a syndrome, first described in Japan, where it was termed the 

itai-itai (“ouch-ouch”) disease. Symptoms of this disease include weak bones that lead to 

deformities, especially of the spine or to more easily broken bones. It is often fatal 

(ATSDR, 2008a). 

 

Long term exposure to cadmium can cause anemia, loss of sense of smell, fatigue and/or 

yellow staining of teeth. Chronic inhalation of cadmium causes loss of renal tubular 

function, leading to proteinuria and impairs lung function by causing bronchitis, 

obstructive lung disease and in some cases intestinal fibrosis (IPCS, 1992). Chronic 

obstructive airway disease has been associated with long-term high-level occupational 

exposure by inhalation (OECD, 1994; WHO, 1992). 
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Cadmium (especially cadmium oxide) is also known to be carcinogenic, and in studies 

has been linked with cancers in the lungs and prostate. There may be no safe level of 

exposure to a cancer-causing agent (Williams et al., 1999). 

 

2.7.3.0  ZINC 

Zinc has a low abundance in nature (of the order 10 
−6

 of the earth’s crust) but has long 

been known because they are easily obtained from ores. It occurs widely in a number of 

minerals but the main source is sphaterite (ZnFeS) which occurs with Galena (PbS).  

Most of the zinc is from industrial activities such as mining, coal, waste combustion, 

welding and steel processing. Galvanised steel in the form of wire fencing gradually 

dissolves in the rains and drops to the ground below and drain away into the gutters and 

drain pipes. Water drains from zinc roofings may also be collected and drunk resulting in 

zinc poisoning. Drinking water also contains certain amount of zinc which may be higher 

when stored in zinc tanks (Alloway et al., 1993). Zinc containing aerosols may settle with 

dust and precipitate either on vegetation or in the soil which finally enter the food chain 

by the uptake by roots or foliar absorption (Adriano, 1986). 

Water is polluted with zinc due to the deposition of zinc-containing wastewater from 

industrial plants. This results in zinc polluted sludge on river banks and increase in 

acidity of waters and river bodies which accumulate in the bodies of fishes and finally 

enter the food chain (Abbasi and Soni, 1986). 



 45 

Large quantities of zinc can be found in soils. When the soils of farmland are polluted 

with zinc, animals will absorb high levels in feeding. Water-soluble zinc that is found in 

soils can contaminate groundwater. Soils with high levels of zinc can be washed off into 

rivers and other water bodies and accumulates in the bodies of fishes (Ahlers et al., 

1990). 

High level of zinc in the soil affects the activities of microorganisms and subsequently 

slows down the breakdown of organic matter. Only few plants are able to survive on 

zinc-rich soils resulting in low plant diversity near zinc-disposing factories (Anderson 

and Christensen, 1988). 

Zinc is also found in foods such as cereals (30-40ppm), poultry, fish and seafood, nuts, 

seeds, and brewer’s yeast.  Acid foods such as fruits stored in galvanized containers are 

also found to be a major source of zinc poisoning. Zinc in meat is tightly bound to 

myofibrils and has been speculated to influence the water binding capacity (Watanabe et 

al., 1997).  

 

2.7.3.1  IMPORTANCE OF ZINC 

Zinc is a trace element that is essential for human health to all forms of life.  Zinc plays a 

lot of important roles in the body. Zinc appears to be one of the most biologically 

important metals. It is a trace element that is essential for human health such that a large 

number of diseases and congenital disorders have been traced to zinc deficiency. The Zn 

2+
 ion is contained in several enzymes such as dehydrogenases, aldoses, and peptidases 
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attesting to its importance in carbohydrates, lipids and protein metabolism in virtually all 

organisms. These include the following; 

 It is necessary for a healthy immune system (Baer et al., 1985) 

 Zinc in the form of insoluble zinc oxide has been used in ointments in fighting 

skin problems such as acne, boils and sore throats (Agren, 1990). 

 Zinc plays an important role in DNA synthesis and cell division, constitutes many 

enzymes (dehydrogenase and carbonic anhydrase) and is needed by the tissues of 

the hair, nail, and skin to be in their best condition (Aamodt et al., 1979). 

 The supplementation of zinc in diets of 30-45 mol/L has been used successfully to 

promote the treatment of chronic ulcers (Berg and Shi, 1996). 

 Zinc is further used in the growth and maintenance of muscles (Prasad, 1969). 

 Children require zinc for normal growth and sexual development (Prasad, 1969). 

 Zinc helps to control the oil glands, and is required for the synthesis of protein 

and collagen – which is good for healthy skin and wound healing (Reilly, 1985). 

 In men, zinc plays an important role in the functioning of the prostrate gland and 

helps in the manufacture of testosterone and a shortage may induce a low sperm 

count, loss of libido and other emotional problems (Reilly, 1985).  

 Zinc also helps in fighting infection and inflammation of the prostrate gland in 

older men. Sperms also need zinc to swim to the egg (Reilly, 1985). 
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2.7.3.2  DEFICIENCY OF ZINC 

There is shortage of zinc in many people’s diet since zinc is destroyed in cooking. Zinc 

deficiency may also be due to high intake of calcium and copper. A deficiency of zinc 

will result in under-performing immune system, vulnerability to infections, allergies, 

night blindness, loss of smell, falling hair, white spots under finger nails, skin problems, 

sleep disturbances etc. Men with zinc deficiency may have problems with fertility, while 

women may experience irregular periods (ATSDR, 2005). Children with too little zinc 

may have stunted growth and slow sexual maturity (Halsted, etal., 1974). 

When people have too little zinc, they can experience a loss of appetite, decreased sense 

of taste and smell, slow wound healing and skin sores (Apgar, 1970). 

 

2.7.3.3  TOXICITY AND HEALTH EFFECTS OF ZINC 

Although humans can handle proportionally large concentrations of zinc, too much zinc 

can still cause eminent health problems such as stomach cramps, skin irritations (Lewis, 

2004), vomiting, nausea and anaemia (Gossel  and Bricker, 2001). 

High levels of zinc can damage the pancreas and disturb protein metabolism, and cause 

arteriosclerosis. Severe cases of zinc poisoning can cause sluggishness, loss of appetite, 

diarrhea, impaired reproductive development and function, and impaired bone growth. 

Extensive exposure to zinc chloride can cause respiratory disorders. Mothers exposed to 

large concentrations of zinc may cause severe damage to unborn and newly born children 

through blood or milk (Gossel and Bricker, 2001). 
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Metal fume fever results from inhalation of fumes of zinc oxide produced when zinc is 

heated to high temperatures, such as during welding, metal cutting, or smelting zinc 

alloys. Victims complain of nausea and vomiting, chills and fever, muscular aches and 

pains, and weakness (Gossel and Bricker, 2001). There is a reciprocal relationship 

between plasma levels of zinc and copper, to the degree that large doses of elemental zinc 

result in negative copper balance in patients with Wilson's disease (Klaassen, 2001). 

 

Acute ingestion of zinc produces gastrointestinal irritation and vomiting. Continual 

excessive zinc intake results in reductions in serum levels of copper (hypocupremia), 

sideroblastic anemia, and neutropenia (Haddad, 1998; Reynolds and Prasad, 1982).  

 

2.7.4.0  IRON  

Iron is a silvery-white or grayish metal. It makes up 5 percent of the Earth’s crust and is second in 

abundance to aluminum among the metals and fourth in abundance behind oxygen, silicon, and 

aluminum among the elements (Allen and Casterline, 2001). Iron, which is the chief constituent 

of the Earth’s core, is the most abundant element in the Earth as a whole (about 35 percent) and is 

relatively plentiful in the Sun and other stars (Underwood, 2001).   

Iron is a very active metal hence rarely exists as a free metal in the earth but occurs combined in 

its ores. It readily combines with oxygen in moist air forming rust. The most common ores of iron 

are hematite, limonite, magnetite, siderite, and taconite which is a mixture of hematite and silica. 

The naturally occurring isotopes of iron are iron-54, iron-56, iron-57, and iron-58 (Lahey, 1975). 

Man-made sources of iron are from mining and refining of other metals such as copper, that may 

contain iron ores, agriculture  and other industrial activities such as textile, paints, ceramics, 
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leather,  insecticide water purification and sewage treatment systems; photography,  wood 

preservative and even in dietary supplementation (Hallberg, et al., 1997).   

 The combination of rice, beans, and meat consumed with fresh citrus fruit provides an 

excellent source of absorbable iron (Gillooly et al., 1983). 

 

2.7.4.1  IMPORTANCE OF IRON 

Iron is one of the most important trace elements required and is widely distributed 

throughout the body. The total iron content of the body varies with sex, age, nutrition and 

state of health and species. The estimated dosage for adult males is 10mg per day and 18 

mg per day for females (Allen and Casterline, 2001).  

Iron is also essential element carrying oxygen and forming part of the oxygen-carrying 

proteins-haemoglobin in red blood cells and myoglobin in muscles. It is also a component 

of various enzymes and is concentrated in bone marrow, liver, kidney and spleen. 

 

2.7.4.2     DEFICIENCY OF IRON 

The deficiency of iron is based on the absorption and the rate at which it is lost. In terms 

of iron intake, fortified products and pharmaceutical supplements are important sources 

of iron in addition to the usual diet (Bothwell and Charlton, 1982). The actual amount of 

iron absorbed depends on the iron requirements, the presence of inhibitors and enhancers 

of iron absorption in the diet (Allen and Casterline, 2001). On the other hand, iron is lost 

in sweat and during menstruation, both of which can vary significantly among 

http://www.answers.com/topic/cit-rus
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individuals. Significant amounts of iron can also be lost due to parasitic infections such 

as malaria, hookworm and schistosomiasis (Allen and Casterline, 2001). Iron 

requirements are also increased during periods of rapid growth, such as during 

pregnancy, early childhood and adolescence (Allen and Casterline, 2001). 

 

Young children and women of reproductive age especially during pregnancy have 

increased requirements for iron, placing them at increased risk of deficiency and related 

adverse consequences (Allen and Casterline, 2001). Severe iron deficiency results in 

anaemia, and red blood cells that have a low haemoglobin concentration. Iron deficiency 

in pregnant women results in premature babies or babies with low birth weight (Innis et 

al., 1997). 

In young children, iron deficiency can manifest in behavioral abnormalities (including 

reduced attention) reduced cognitive performance and slow growth. In adults, severe iron 

deficiency impairs physical work capacity (Innis et al., 1997). 

Symptoms of iron deficiency may include fatigue, poor stamina, intestinal bleeding, 

excessive menstrual bleeding, nervousness, heart palpitations and shortness of breath. It 

may also cause the mouth corners to crack, brittle hair, and difficulty in swallowing and 

digestive disturbances (Petersen and Parkinson, 1996). 
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2.7.4.3  TOXICITY AND HEALTH EFFECTS OF IRON 

Iron is a heavy metal of concern, particularly because ingesting dietary iron supplements 

may acutely poison young children (e.g., as few as five to nine 30-mg iron tablets for a 

30-lb child). 

Ingestion accounts for most of the toxic effects of iron because iron is absorbed rapidly in 

the gastrointestinal tract. The corrosive nature of iron seems to further increase the 

absorption (Hallberg et al., 1997). Most overdoses appear to be the result of children 

mistaking red-coated ferrous sulphate tablets or adult multivitamin preparations for 

candy.  

 

High iron content in the body has been linked to cancer and heart disease. Excessive iron 

intake causes genetic abnormality. Iron supplements are the leading cause of deaths in 

children and as little as 600 mg of iron in children can be fatal. High iron intake for a 

long period can result in liver and heart damage, diabetes and skin diseases (Underwood, 

2001). 

Large iron supplementation may also contribute to the hardening of the arteries, heart 

diseases and reduced zinc absorption. In infants, an increase in the daily intake of iron 

might saturate the lactofirein secreted into the intestines and suppress the capacity of the 

protein to contribute to the body’s protection against infection (Bothwell and Charlton, 

1982). 
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2.7.5.0   COPPER 

Copper has a natural abundance of approximately 60 mg/kg in the earth's crust and 2.5 × 

10
-4

 mg/litre in the sea (Lide and Frederikse, 1993).   

Copper is found in a wide variety of mineral salts and organic compounds such as cuprite 

(Cu2O), malachite (Cu2CO3.Cu(OH)2), azurite (2CuCO3.Cu(OH)2), chalcopyrite 

(CuFeS2), chalcocite (Cu2S), and bornite  (Cu5FeS4). The most important sources of 

copper are chalcocite, chalcopyrite and malachite (Weant, 1985). Copper can also be 

found naturally in the elemental or metallic form. The metallic form is very stable to dry 

air at low temperatures but undergoes a slow reaction in moist air to produce a 

hydroxycarbonate or hydroxysulfate that forms a greenish-grey amorphous film over the 

surface which protects the underlying metal from further attack (Cotton and Wilkinson, 

1989). In compounds, copper usually has a valence of +2 but can exist in the metallic, +1 

and +3 valence states.  Copper is distributed along with other metals through the 

environment by precipitation into rivers which transport the particles as they flow.  

Depending on the flow dynamics, these particles settle out and form sedimentary   

deposits.  An important source of copper in aquatic sediments is from dead organisms 

which settle out and contribute both copper and organic material.  This also contributes to 

a significant source in the oceans. 

 

Nriagu (1989) estimated mean worldwide  emissions of copper from natural sources as 

follows: windblown dusts, 0.9-15 × 10
3
 tonnes;  forest fires, 0.1-7.5 × 10

3
 tonnes;  
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volcanic particles, 0.9-18 × 10
3
 tonnes;  biogenic processes, 0.1-6.4 × 10

3 
tonnes;  sea salt 

spray, 0.2-6.9 × 10
3
 tonnes. 

 

Average background concentrations of copper in air in rural areas range from 5 to 50 

ng/m
3
.  Copper levels in seawater of 0.15 µg/litre and in freshwater of 1.0-20 µg/litre are 

found in uncontaminated areas (Nriagu, 1979b).  Background levels of copper in 

uncontaminated sediments range from 800 to 5000 mg/kg (dry weight), from 2 to 740 

mg/kg (dry weight) in marine sediments with. median copper concentrations in 

uncontaminated soil reported to be in average of 30 mg Cu/kg within a range of 2-250 

mg/kg (Bowen, 1985). Copper is found as a natural component of foods eaten by humans 

and animals (ATSDR, 2004). 

 

Anthropogenic sources of copper include emissions from mines, smelters and foundries 

producing or utilizing copper, zinc, silver, gold and lead (ATSDR, 2004). Copper can 

also be released into the atmosphere through the burning of coal and from municipal 

waste incinerators. Other anthropogenic sources of copper include its use as an 

antifouling agent in paints, agriculture (fertilizers, algicides, feed supplements) and 

animal and human excreta (animal manure and human sewage sludge).  Copper is also 

intentionally released into some water bodies to control the growth of algae (Slooff et al., 

1989; ATSDR, 2004). 
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2.7.5.1   ENVIRONMENTAL TRANSPORT AND DISTRIBUTION 

2.7.5.1.1   Water  

Several processes influence the fate of copper in aquatic systems.  These include 

complexation to inorganic and organic ligands, sorption to metal oxides, clays, and 

particulate organic material, bioaccumulation and exchange between sediment and water 

(Stiff, 1971; Callahan et al., 1979). 

 

 Much of the copper discharged to water is in particulate form and tends to settle out, or 

be adsorbed by organic matter, hydrous iron, manganese oxides and clay in the sediment 

or water column (Callahan et al., 1979).  

 The copper (I) ion is unstable in aqueous solution, tending to disproportionate to copper 

(II) and copper metal unless a stabilizing ligand is present (Callahan et al., 1979).  The 

only cuprous compounds stable in water are insoluble ones such as the sulfide, cyanide 

and fluoride.  In its copper (II) state, copper forms coordination compounds or complexes 

with both inorganic and organic ligands. Ammonia and chloride ions are examples of 

species that form stable ligands with copper.  Copper also forms stable complexes with 

organic ligands such as humic acids.  In seawater, organic matter is generally the most 

important complexing agent.  Samples collected from the  surface waters (< 200 m) of the 

northeast Pacific revealed that over    99.7% of the total dissolved copper was associated 

with organic complexes.  At depths of 1000 m approximately 50-70% of the copper was 

in the organically complexed form.  Copper complexation gave rise to very low cupric 

ion activities in surface waters, around 1 pg Cu
2+

/litre.  The authors reported that two 
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classes of copper-binding ligands were identified: an extremely strong ligand at low 

concentrations dominated in surface waters and a weaker class of ligand at higher 

concentrations was found throughout the water column (Coale and Bruland, 1988). 

 

2.7.5.1.2   Soil 

In the terrestrial environment, a number of factors influence the fate of copper in the soil.  

These include the nature of the soil, soil pH, organic matter content, the soil redox 

potential, the presence of oxides, the base status of the soil and its cation exchange 

capacity (CEC), the rate of litter decomposition and the proportions of clay to silt to sand 

particles (ATSDR, 2004). The residence time of copper in the soil is also a function of 

overall climate and of the vegetation present at a site. 

Most copper deposited on soil are strongly adsorbed to the upper layer soil. It can be 

bound to the organic matter, as well as being adsorbed by carbonate minerals and 

hydrous iron and manganese oxides (Lehmann and Harter, 1984). Copper binds more 

strongly than most other metals and is less influenced by pH (Assaad and Nielsen, 1984).  

The greatest amount of leaching of copper occurs from sandy soils, compared with clays 

and peats, whereas acidic conditions favour copper leaching to the groundwater from top 

soil (Petruzzelli et al., 1988).          
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2.7.5.2    ENVIRONMENTAL LEVELS OF COPPER 

2.7.5.2.1      Water  

Copper is widely distributed in water because it is a naturally occurring element.  Nriagu 

(1979b) reported average copper levels in seawater ranging from 0.15 µg/litre in open 

ocean to 1.0 µg/litre in polluted near-shore waters; levels in fresh water were 1.0-20 

µg/litre.  Other reports indicate that copper concentrations in seawater are highly 

variable, ranging from 0.005 µg/litre in the Black Sea (Haraldsson and Westerlund, 1988) 

to 40 µg/litre in estuaries in southwest Spain (Cabrera et al., 1987).  Additional variation 

in copper concentrations is related to depth and the area in the ocean examined.  Surface 

concentration in the North Pacific Ocean drops from 0.1 µg Cu/litre (1.2 nmol/kg) in the 

California Current to 0.03-0.04 µg Cu/litre (0.4-0.5 nmol/kg) in the central oceanic 

region, and increases to 0.24 µg Cu/litre (3 nmol/kg) in deep waters (Boyle et al., 1977; 

Bruland, 1980).  In the North Atlantic Ocean surface waters display values of copper 

from 0.07 µg/litre (1.1 nmol/kg) to 0.11µg/litre (1.7 nmol/kg), whereas concentration of 

the metal increases to 0.13-0.26 µg/litre (2-4 nmol/kg) in deep waters (Moore, 1978). 

 

2.7.5.2.2 Soil 

Median copper concentrations in uncontaminated soil were reported to be 30 mg/kg 

(range 2-250 mg/kg) (Bowen, 1985).  Shacklette and Boerngen (1984) analysed soil 

samples from various locations in the USA, and found that copper concentrations in soils  

ranged from below 1 to 700 mg/kg    with an average of 25 mg/kg.  Kabata-Pendias and 
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Pendias (1984) reviewed worldwide literature on copper in uncontaminated surface soils 

and reported mean concentrations ranging from 6 to 80 mg/kg (dry weight). 

 

Copper can accumulate in soils from the long-term application of fertilizers or fungicides.  

Reuther and Smith (1952) analysed soils from mature Florida citrus groves and found 

that copper oxide levels in the topsoil increased with grove age.  Copper oxide levels of 

247mg/kg and 93 mg/kg (dry weight) were measured at depths of 0-8 cm and 8-15 cm, 

respectively.  At depths of > 15 cm, copper oxide levels of 18 mg/kg were measured. 

Copper oxide levels in adjacent untreated soil ranged from 1 to 2 mg/kg.  Christie and 

Beattie (1989) reported an accumulation of copper in soil from the application of pig 

slurry (50-200 m
3
/ha per year).  EDTA-extractable copper concentrations of up to 85.2 

mg/kg were recorded; levels in control soils ranged from 4.4 to 5.4 mg/kg. 

 

Paoletti et al. (1988) found that in Italy vineyard soil to which copper-containing 

fungicide had been applied contained mean copper concentrations of 89.8 mg/kg (dry 

weight).  Soils from other locations contained mean levels ranging from 44.0 to 52.1 

mg/kg.  Holmgren et al. (1993) analysed surface soil samples from agricultural regions 

throughout the USA.  Copper concentrations ranged from 0.3 to 495 mg/kg (dry weight).  

Copper levels were higher in the organic soil areas of Florida, Oregon and the Great 

Lakes, reflecting the use of copper fertilizers and fungicides. 

Copper can also accumulate at areas near copper smelting factories. Hunter et al. (1987a) 

reported mean surface soil copper concentrations of 15.1, 543 and 11 000 mg/kg at a 
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control site, 1 km from a copper refinery (Merseyside, United Kingdom) and at the 

refinery, respectively. Almost all of the copper contamination was held at the surface of 

the mineral soil. 

    

2.7.5.3   IMPORTANCE/USES OF COPPER 

The unique combination of properties of copper, including durability, ductility, 

malleability and electrical and thermal conductivity, determine its uses in a vast range of 

applications. Worldwide, the largest use of copper is in electrical wire and cable and 

other electronic applications, which can account for as much   as 65% (9.75 × 10
6
 tonnes) 

of total annual copper consumption. 

Rolled copper is also extensively used in architectural applications for roofing, rainwater 

goods and cladding, while rolled copper and brass are also used for vehicle radiators.  

Overall, the major industrialized countries consume over 1.5 × 10
6
 tonnes of rolled 

product per year.  Approximately 15% (2.25 × 10
6
 tonnes) of copper is used annually in 

building and construction, including plumbing, architectural applications such as roofing, 

guttering and flashing, and in fixtures and fittings.  Copper is also used in the 

manufacture of goes to transport equipment, air-conditioning and refrigeration as  well as 

general and light engineering uses such as machine parts, and  process equipment, 

coinage, ordnance and consumer goods, such as domestic appliances as well as 

production of bronze and brass alloys. 
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Copper is an essential element for all biota.  Copper was identified in plant (Bucholtz, 

1816) and animal (Harless, 1847) systems in the nineteenth century and postulated to be a 

biological catalyst in the early twentieth century (McHargue, 1925).  Subsequent 

nutritional studies demonstrated that copper is necessary for optimal growth of plants and 

animals (McHargue, 1927a, b;   Arnon and Stout, 1939; Woolhouse, 1983).  Copper is 

also essential for the utilization of iron in the formation of haemoglobin (ATSDR, 2004); 

hence its involvement in anaemia prevention. 

 

2.7.5.4   DEFICIENCY OF COPPER 

The lower limit of the acceptable range of oral intake (AROI) is 20 µg/kg body weight 

per day. In chi;dren, this figure is 50 µg /kg body weight per day. 

Characteristic clinical features of copper deficiencies in infants are anaemia refractory to 

iron, and low copper plasma levels (WHO, 1996). Copper deficiency has been considered 

to be the likely cause of the anaemia in children (Cordano et al., 1964). It has been shown 

that copper deficiency is associated with   increased incidence of infection and impaired 

weight gain in infants recovering from malnutrition (Castillo-Duran and Uauy, 1988). 

Copper deficiency is associated with altered immunity in humans (Prohaska and Failla, 

1993). Low copper intake has also been demonstrated to diminish glucose tolerance 

(Klevay et al., 1986) and alter cardiac rhythm (Lukaski et al., 1988). 
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The role of copper deficit in altered neurodevelopment has been postulated on the basis 

of the high copper content of the brain, especially of the basal ganglia. The existence of a 

prenatal critical phase in central nervous system (CNS) development during which 

copper deficiency can cause CNS damage has been suggested (Danks, 1988). This could 

explain the severe mental deficiency associated to prenatal tissue deficit found in Menkes 

disease while postnatally acquired nutritional copper deficiency is not accompanied by 

neurological abnormalities. 

 

2.7.5.5  TOXICITY AND EFFECTS ON HUMANS 

The upper limit of the AROI in adults is about 2-3 mg/day (ATSDR, 2004). Acute 

toxicity due to ingestion of copper is infrequent in humans and is usually a consequence 

of the contamination of beverages (including drinking-water) or from accidental or 

deliberate ingestion of high quantities of copper salts (ATSDR, 2004). Symptoms 

including vomiting, lethargy, acute haemolytic anaemia, renal and liver damage, 

neurotoxicity, increased blood pressure and respiratory rates and in some cases, coma and 

death have all been reported from copper toxicity (ATSDR, 2004).  Other symptoms 

associated with copper toxicity include nausea, abdominal pain, headache, dizziness, 

vomiting and diarrhea (Knobeloch etal., 1994). 
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2.7.6.0       MANGANESE 

Elemental manganese was isolated in 1774, though the oxide has been used in the 

manufacture of glass since antiquity. In the elemental state, manganese is a white-grey, 

brittle, and reactive metal with a melting point of 1244°C and a boiling point of 1962°C. 

It can form compounds in a number of oxidation states, the most important being +2, +3, 

and +7.  

Manganese is widely distributed in nature but does not occur as the free metal. The most 

abundant compounds are the oxide (in pyrolusite, brannite, manganite, and hausmannite), 

sulfide (in manganese blonde and hauserite), carbonate (in manganesespar), and the 

silicate (in tephroite, knebelite, and rhodamite). It also occurs in most iron ores in 

concentrations ranging from 50-350 g/kg, and in many other minerals throughout the 

world. A rough estimate of the average concentration of manganese in the earth's crust is 

about 1000 mg/kg (WHO, 2006). Manganese concentrations in igneous rock may range 

from about 400 mg/kg in low-calcium granitic rock to 1600 mg/kg in ultrabasic rock and 

sedimentary rocks. Deep sea sediments contain concentrations of about 1000 mg/kg 

(Turekian and Wedepohl, 1961). It has been reported that the manganese content of coal 

ranges from 6 to 100 mg/kg (Ruch et al., 1973) and that of crude oil from 0.001 to 0.15 

mg/kg (Bryan, 1970). 

Fumes, dust, and aerosols from metallurgical processing, mining operations, steel casting 

metal welding and cutting mainly in the form of manganese oxide are the principal 

sources of manganese. Dust from the handling of raw materials in metallurgical 
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processing and other manufacturing activities also contribute to the atmospheric 

concentration of manganese (ATSDR, 2008b). 

 

2.7.6.1   ENVIRONMENTAL LEVELS AND EXPOSURE 

2.7.6.1.1   Water 

Manganese may be present in fresh water in both soluble and suspended forms. Surface 

waters of various American lakes were found to contain from 0.02 to 87.5 µg of 

manganese per litre with a mean of 3.8 µg/litre (Kleinkopf, 1960). In two other studies, 

the contents of large rivers in the USA ranged from below the detection limit to185 

µg/litre (Durum and Haffty, 1961; Kroner and Kopp, 1965). 

  

 In studies on the manganese contents of sea water in North Sea, Northeast Atlantic, 

English Channel and the Indian Ocean, concentrations ranged from 0.03 to 4.0 µg/litre 

with mean values of 0.06 to 1.2 µg/litre. In estuarine and coastal waters of the Irish Sea 

and in waters along the North Sea shores of the United Kingdom, values ranging from 0.2 

to 25.5 µg/litre were reported with mean values of 1.5 to 6.1 µg/litre ( Jones et al., 1973; 

Bouquiaux, 1974). 

 

Manganese concentrations in treated drinking-water supplies in 100 large cities in the 

USA ranged from undetectable to 1.1 mg/litre, with a median level of 5 µg/litre; 97% of 

the supplies contained concentrations below 100µg/litre (Durfor and Becker, 1964). 
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According to a US Public Health Service survey quoted by Schroeder, (1966) manganese 

levels in tap water from 148 municipal supplies ranged from 0.002 to 1.0 mg/litre, with a 

median level of 10 µg/litre. Mean concentrations of manganese in drinking-water in the 

Federal Republic of Germany were reported to range from 1 to 63µg/litre (Bouquiaux, 

1974). 

 

2.7.6.1.2   Soil 

The average concentration of manganese in soils is about 500-900 mg/kg (WHO, 2006). 

The significance of manganese levels in soils depends largely on the type of compounds 

present in the soil and its characteristics (Nichol et al., 1967). 

 

2.7.6.1.3    Food 

The edible muscle tissue of 8 common commercial species of fish in New Zealand was 

reported by Brooks and Rumsey (1974) to have mean concentrations of manganese 

ranging from 0.08 to 1.15 mg/kg wet weight. Similar values (0.03-0.2 mg/kg wet weight) 

were found in North Sea fish. In cod and plaice, most values were lower than 0.1 mg/kg. 

Scallops, oysters, and mussels dredged from Tasman Bay contained average manganese 

levels of 111 mg, 8 mg, and 27 mg/kg dry weight, respectively (Brooks and Rumsey, 

1965). 
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In most human studies, the average daily intake of manganese, via food, by an adult has 

been reported to be between 2 and 9 mg/day. Values of about 2.3-2.4 mg/day have been 

reported from the Netherlands (Belz, 1960) and the USA (Schroeder et al., 1966). North 

et al. (1960) obtained an average daily intake of 3.7 mg for 9 American college women, 

and Tipton et al. (1969), using the duplicate portion method, reported 50-week, mean 

daily intakes of 3.3 and 5.5 mg, respectively, for two American adult males. Similarly, an 

average intake of 4.1 mg/day was reported from a Canadian composite diet (Méranger 

and Smith, 1972). In a study by Soman et al. (1969), also using the duplicate portion 

method, the average manganese intake for Indian adults was 8.3 mg/day, while the intake 

from drinking-water ranged from 0.004 to 0.24 mg/day. These results agree well with 

previously reported values for Indian adults on a rice diet (9.81 mg of    manganese/day) 

and on a wheat diet (9.61 mg of manganese/day) (De, 1949). 

 

The daily intake of manganese by bottlefed and breastfed infants is very low because of 

the low concentrations of manganese in cow's milk and, especially, in breast milk 

(McLeod and Robinson, 1972a). 

 

2.7.6.2 TRANSPORT AND DISTRIBUTION IN ENVIRONMENTAL MEDIA 

2.7.6.2.1.1   Water  

All water contains manganese derived from soil and rocks. Manganese in seawater is 

found mostly as manganese dioxide (MnO2), some of which is produced from manganese 
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salts by several species of bacteria common to soils and ocean muds. Mobilization of 

manganese is favoured by low pH conditions. Thus acid mine-drainage waters can give 

rise to high concentrations of dissolved manganese (ATSDR, 2008b). Mitchell (1971) 

showed that mobilization was greatly enhanced in acid, poorly drained podzolic soils and 

groundwaters. It was suggested by Nichol et al., (1967) that, in acid waterlogged soils, 

manganese passes freely into solution and circulates in the groundwaters and that it is 

precipitated on entering stream waters with pH values of 4.0 – 6.0, thus giving rise to 

stream sediments enriched with manganese. 

 

Particulate material suspended in natural waters may contain an appreciable proportion of 

manganese. Preston et al., (1972) found that 67-84% of the total manganese in shoreline 

and offshore areas of the British Isles was associated with particulate matter. Levels of 

particulate manganese present in ocean waters are low in comparison with levels of 

dissolved manganese. However, much larger amounts of particulate manganese occur in 

estuarine and river waters, where resuspension of bottom material may occur.  

In deep-sea sediments, manganese is concentrated in the form of both crustal material and 

coastal and shelf sediments. The composition of manganese nodules on the ocean floors 

is related to factors such as water composition, sedimentation rates, volcanic influences, 

and organic productivity. Regional variations have also been observed, especially in the 

Atlantic Ocean (Elderfield, 1972). On the basis of samples taken at 32 stations in the 

USA, Lazarus et al., (1970) concluded that the manganese in atmospheric precipitation 

was derived mainly from human activity.  
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2.7.6.2.2   Soil 

Manganese cycles in the soil have been proposed involving di-, tri-, and tetravalent 

manganese. Divalent manganese is transformed through biological oxidation to the less 

available trivalent form and later, through dismutation, the Mn
3+

 form is biologically 

reduced to Mn
2+

. The oxidizing power of higher oxides increases with acidity and thus 

reduction by organic matter is more likely at low pH values. Bacterial oxidation is very 

slow or absent in very acidic soils and Mn
2+

 predominates, thus organic matter can 

reduce the higher oxides of manganese. 

Under conditions such as low pH and aeration, the addition of organic compounds to soil 

can increase the chemical reduction of manganese and its uptake by plants. Nitrogen 

applications consistently reduce the availability of manganese. Organic material 

associated with a high pH can produce organic complexes of divalent manganese leading 

to insufficient available manganese for susceptible plants such as peas or cereals. 

 

2.7.6.3  ABSORPTION OF MANGANESE 

The main routes of absorption of manganese are the respiratory and gastrointestinal 

tracts. Absorption through the skin is not considered to occur to any great extent 

(ATSDR, 2008b). 

 

Not much is known about the mechanisms of absorption of manganese from the 

gastrointestinal tract however in vitro studies using the everted sac method, seemed that 
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manganese may be actively transported across the duodenal and ileal segments of the 

small intestine (Cikrt and Vostal, 1969). Other studies indicated that intestinal absorption 

of manganese takes place by diffusion in iron-overload states and by active transport in 

the duodenum and jejunum in iron-deficiency states (Thomson et al., 1971). The rate of 

absorption may be influenced by factors such as dietary levels of manganese and iron, the 

type of the manganese compound, iron deficiency, and age (WHO, 2006).  

 

2.7.6.4   DISTRIBUTION/TRANSPORT IN HUMAN BODY  

Manganese is an essential element for man and animals and thus occurs in the cells of all 

living organisms. Concentrations of manganese present in individual tissues, particularly 

in the blood, remain constant, in spite of some rapid phases in transport, indicating that 

such amounts may be considered characteristic for these particular organs irrespective of 

the animal species (ATSDR, 2008b). 

The total manganese body burden of a standard man of 70 kg has been estimated to be 

about 10-20 mg (WHO, 2006). In general, higher manganese concentrations can be 

expected in tissues with high mitochondria content, with the exception of the brain which 

contains only low concentrations (WHO, 2006). There also appears to be a tendency 

towards higher concentrations in pigmented tissues such as dark hair or pigmented skin 

(WHO, 2006). 
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In a study by Kitamura et al., (1974) performed on 15 Japanese males and 15 females 

high concentrations of manganese were found in the liver, pancreas, kidney, and 

intestines. Comparatively high concentrations were also found in the suprarenal glands. 

From birth to 6 weeks, infants have relatively higher tissue concentrations of manganese 

than older children, especially in tissues normally associated with low manganese levels. 

However, after about 6 weeks of age, no accumulation of manganese appears to take 

place with increasing age (Schroeder et al., 1966). This is in agreement with the study of 

Dobrynina and Davidjan (1969), who reported that manganese did not accumulate with 

age, and that the manganese content of the lung actually decreased with increasing age.  

 

Absorbed manganese is concentrated in the liver and it has been suggested that it forms 

complexes with bile components. It has also been suggested that manganese is 

transported directly into the bile (WHO, 2006).  

 

2.7.6.5    USES OF MANGANESE  

 Over 90% of the manganese produced in the world is used in the making of steel, either 

as ferromanganese, silicomanganese, or spiegeleisen. Manganese is also used in the 

production of nonferrous alloys, such as manganese bronze, for machinery requiring high 

strength and resistance to sea water, and in alloys with copper, nickel, or both in the 

electrical industry. In dry-cell batteries, manganese is used in the form of manganese 

dioxide, which is also used as an oxidizing agent in the chemical industry. Many 
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manganese chemicals, eg., potassium permanganate, manganese(II) sulfate, manganese 

dichloride, and manganese dioxide are used in fertilizers,  animal feeds, pharmaceutical 

products, dyes, paint dryers, catalysts, wood preservatives and, in small quantities, in 

glass and ceramics (WHO, 2006). 

 

 2.7.6.6   METABOLIC ROLE IN THE BODY 

The essential role of manganese as a trace nutrient for mammals was discovered mainly 

through experimental and epidemiological studies of deficiency states in animals. 

 Manganese has been shown to be associated with the formation of connective tissue and  

bone, with growth, carbohydrate and lipid metabolism, the embryonic development of the 

inner ear, reproductive function, and, probably, brain function (Underwood, 1971; 

NAS/NRC, 1973). 

Manganese catalyses the formation of glucosamine-serine linkages in the synthesis of the 

mucopolysaccharides of cartilage. Also the mitochondrial enzyme pyruvate carboxylase 

is a manganese metalloenzyme, and that manganese is linked with carbohydrate 

metabolism (WHO, 2006). 

It has also been discovered that the digestive enzymes prolidase and succinic 

dehydrogenase are manganese-dependent and that, in vitro, manganese can substitute for 

other metals, especially magnesium, in various biological reactions (Underwood, 1971; 

NAS/NRC, 1973). Lindberg and Ernster (1954) performed in vitro experiments on rat 
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liver mitochondria that demonstrated that manganese was required as a co-factor in 

oxidative phosphorylation.  

 

2.7.6.7  TOXICITY AND HEALTH EFFECTS ON HUMANS 

The toxicity of manganese varies according to the chemical form administered. Divalent 

manganese has been shown to be 2.5-3 times more toxic than the trivalent form (ATSDR, 

2008b).  

Signs and symptoms of extrapyramidal disorders, characteristic of manganese poisoning 

include symptoms such as failing memory, fatigue, increased perspiration, and tremor of 

the fingers, disturbed balance, adiadochokinesis, and muscular rigidity, neurological 

hyposexuality and manganese pneumonia (ATSDR, 2008b). 

The toxic effect of manganese exposure to the liver results in the inability of the liver to 

clear bilirubin from the bile, reduction in bile flow, decreased serum albumen/globulin 

and ultrastructural alterations in the liver cells (Penland and Johnson, 1993). Hepatic 

congestion, central vein thrombosis, and focal necrosis with leukocyte infiltration have 

also been reported as a result of the toxic effect of manganese (ATSDR, 2008b). 

Other effects of manganese possibly associated with the liver metabolism that have been 

observed include an increase in cholesterol synthesis ((ATSDR, 2008b), a disturbance in 

lipid and carbohydrate metabolism with lipid deposition in the liver and adrenals and an 

enhancement of the coagulating activity of the blood (Penland and Johnson, 1993). 
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Disturbances in sex function and testicular changes have been noted following exposure 

to potassium permanganate. Animals exposed orally or by inhalation to doses of 50 

mg/kg body weight for various periods of time exhibited changes in spermatogenesis.    

Embryogenesis was also adversely affected (Mandzgaladze, 1967). 

Processes such as genetic recombination might be affected by manganese through its 

influence on enzymes that control DNA structure and metabolism. Manganese can be 

substituted for magnesium in the binding of the two ribosomal subunits as well as in the 

binding of M-RNA to the whole ribosome (Buttin and Kornberg, 1966).  

Studies have shown that manganese exposure may contribute to the development of a 

chronic lung disease such as pneumonia and bronchitis. Individuals with a history of 

smoking appear to be more affected than nonsmokers and there is a relationship between 

the degree of smoking and the prevalence of respiratory tract symptoms in the 

manganese-exposed workers suggesting that smoking may act synergistically with 

manganese (Saric and Lucic-Palaic, 1977).  

Other effects of manganese exposure include alterations in immunological activity, 

disturbance of nitrogen metabolism and a depression by manganous chloride of the 

acetylcholine output (ATSDR, 2008b). 
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CHAPTER THREE 

 

3.0 MATERIALS AND METHODS 

3.1 Preparation of Glassware and Sample Containers 

All glassware and sample containers used were soaked in detergent solution overnight; 

rinsed and soaked in 10% (v/v) HNO3 overnight. They were rinsed with tap water 

followed by 0.5% (w/v) KMnO4, tap water again and finally rinsed with distilled water. 

They were then dried before use. 

 

3.2 Apparatus/Equipment 

The types of equipment used in this research are listed as follows; 

 Automated Mercury Analyzer Model HG-5000 (Sanso Seisakusho Co., Ltd, 

Japan), equipped with mercury lamp operated at a wavelength of 253.7 nm was 

used for the determinations.  

 SOLAAR (S Series 711239 v1.23) Flame Atomic Absorption Spectrometer  

 Thick walled long neck 50 ml volumetric flasks were used as digestion apparatus. 

 Hot plate with a temperature range of 150 – 350
0
C. 

 Analytical balance (Mettler Toledo, model B303) 
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3.3 Reagents and Solutions Prepared 

All reagents used were of analytical reagent grade (BDH Chemicals Ltd, Poole, England) 

unless otherwise stated. Double distilled water was used for the preparation of all 

solutions. 

 Mercury stock standard solution (1000 mg/L) was prepared by dissolving 0.0677 

g of HgCl2 in the acid mixture HNO3: HCIO3 (1:1)  in a 50 ml digestion flask 

with heating on a hot plate at a temperature between 200
0
C + 5 for 30 min. The 

solution was then diluted to 50ml with distilled water after cooling. 

 Mercury standard working solutions were freshly prepared by diluting an 

appropriate aliquot of the stock solution through intermediate solution using the 

blank solution. 

 Blank solutions were also prepared in the ratio of 1:1:1 distilled water: HNO3: 

HCIO3 bulked together for use as diluent. 

 Stannous chloride solution (10% v/v) was prepared by dissolving 10 g of the salt 

in 100 ml 1M HCl.  

 NaOH (5M) solution was prepared by dissolving 20 g NaOH in 100 ml double 

distilled water. 

 Acidified KMnO4 (0.5%) was prepared by dissolving 0.5 g KMnO4 in 100 ml 

0.5M H2SO4. 
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 Cadmium, Iron, Zinc, Manganese and Copper stock solutions of 1000 ppm were 

prepared by dissolving 0.5 g of pure metal in a small volume of 1% HCl and 

diluted to 500 ml with 1% HCl.  

 Standard solutions for Cadmium, Iron, Zinc, Manganese and copper were 

prepared by diluting the appropriate amount of the stock solutions to the required 

volumes. 

 

3.4 Sampling and Sample Preparation 

A total of One hundred Samples of omega-3 food supplements soft gels comprising ten 

different brands were purchased from retail outlets on the Ghanaian Market. Samples 

were transported to the laboratory, coded for easy identification and then stored in clean 

dry place until time for analysis.  

 

3.5 Digestion Procedure for the determination of mercury 

The omega-3 samples were digested for total mercury determination by an open flask 

procedure developed by Akagi and Nishimura (1991) as presented in the flow chart 

below. In this digestion method, one soft gel sample was put in a 50 ml volumetric 

digestion flask, and a mixture of 1ml distilled water and 2 ml HNO3-HCIO4 (1:1) was 

added. The mixture was then heated at a temperature of 200 + 5
0
C for 30 min until and 

the solution was clear. The sample solution was then cooled and diluted to 50 ml with 

double distilled water. 
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Sample (one soft gel in 50ml digestion flask) 

              H2O, 1ml 

             HNO3: HCIO4 (1:1), 2ml 

             Heat at 200
0
C ± 5

0
C for 30 min 

             Cool to room temperature 

Digested Sample 

 H2O, make up to 50ml 

Sample Solution, 5ml 

 10% SnCl2, 0.5ml 

Analysis for Hg CVAAS – Automatic Mercury Analyzer Model HG 5000 

 

Figure 3.0 Analytical procedure for the determination of total mercury in omega-3 

samples 
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3.6 Digestion of Blank and Standards for mercury determination 

A blank and standard solution, 25, 50 and 100 µl of 1 µg/ml standard mercury solution 

were subjected to the same digestion treatment as the sample to yield concentration of 25, 

50 and 100 ng as standard solutions for the experimental analysis. 

 

3.7 Determination of Mercury 

Determination of mercury in all the digests were carried out by cold vapor atomic 

absorption spectrophotometer (CVAAS) using an automatic Mercury Analyzer Model 

HG-5000 (Sanso Seisakusho Co., Ltd, Japan) developed at NIMD (1991). 

 

3.7.1 Operation of the Analyzer 

 The instrument was switched on and left for 20 minutes to warm up 

 The start button was pressed to purge the system for 3 minutes 

 The reset button was pressed to stop purging 

 A 5 ml aliquot of the sample was introduced into the reaction vessel using a 

micropipette. 

 Then 0.5 ml of SnCl2.2H2 was added from a dispenser. 
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 The start button was pressed immediately the stannous chloride was dispensed. 

After 30 seconds the 4 way valve rotated to allow the mercury vapour generated 

in the reaction vessel to flow into the absorption cell so as to generate a peak. 
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Figure 3.1 Apparatus for Mercury determination by cold vapour 
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3.8 Determination of Recovery 

Recovery of mercury was determined by adding 25 ng and 50 ng of mercury to two 

different samples of omega-3. The samples were taken through the digestion procedure. 

The resulting solutions were analyzed for mercury concentration. Percentage recovery for 

the spiked solutions was then calculated. 

The recovery was from 86-90% with an average of 88%. The results for recovery studies 

are shown in table 4.0. 

 

3.9 Determination of other metals 

The same digested sample in Section 3.5 after the mercury determination was used for 

the determination of copper (Cu), manganese (Mn), zinc (Zn), cadmium (Cd) and iron 

(Fe) using the SOLAAR (S Series 711239 v1.23) Flame Atomic Absorption 

Spectrometer. The wavelengths of 324.8 nm for Cu, 251.6 nm for Mn, 210.4 nm for Zn, 

228.8 nm for Cd and 259.9 nm for Fe were used. The concentrations of the metals 

obtained were then calculated.  
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3.10.1 Instrument Setup 

 The instrument was switched on. 

 The hollow cathode lamp was set to the lamp current recommended by the 

manufacturer i.e. 2/3 times the maximum current. The lamp was allowed to warm 

for about 20 minutes. 

 The wavelength and slit width were selected. By means of wavelength control, the 

required wavelengths were selected. 

 It was ensured that the radiation path was clear and the radiation was passing 

through the window to the photomultiplier using a white piece of paper. 

 The electronics and optics were set. 

 The burner was checked to ensure that it was in such a position that it is 

completely clear of light path. 

 The absorbance was zeroed and the exhaust fan started. 

 Gas flows (air and acetylene) were adjusted and the flame ignited. 

 The burner was allowed to heat up for about 15 minutes while aspirating water. 

 The standard solutions were then aspirated, followed by the blank and the samples 

but before every measurement, the spectrometer was zeroed with distilled water. 

 Each sample was aspirated three times. 
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Table 3.1 Operating Parameters for Solar Flame Atomic Absorption Spectrometer  

Metal 

Wavelength 

(nm) 

Burner 

height (mm) 

Fuel 

flow 

Manganese 210.4  6.2 1.0  

Iron  253.7  6.2  0.9 

Copper  217.0  6.2  0.9 

Zinc  228.8  6.2  0.9 

Cadmium  259.9 8.6   0.9 

 

       Background Correction - D2 for all metals. 

       Flame type – Air-C2H2 for all metals. 

        Signal type – Continuous for all metals. 
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CHAPTER FOUR 

4.0 RESULTS AND DISCUSSION 

The omega-3 samples were analysed for six heavy metals. A total of hundred (100) 

omega-3 samples comprising ten (10) different brands obtained from Ghanaian markets 

were used. 

Table 4.0 Recovery test for mercury analysis 

Sample used: Cardioace  (1.11 g) and Alaska (1.53 g) 

Omega-3 

Sample (g) 

Hg added 

(ng) 

Hg found 

(ng/g) 

Recovered 

(ng/g) 

% 

Recovery 

1.11 0 21 0  

1.53 0 21 0  

1.11 25 43 22 88 

1.53 25 43 22 88 

1.11 50 66 45 90 

1.53 50 64 43 86 

 

Results for the metal concentrations in µg/g are presented in Tables 4.2 to 4.11 in 

Appendix I. Summary of the results showing the mean, standard deviation and the range 

of concentration of metals in the omega-3 brands are presented in Tables 4.1a and 4.1b. 

The mean concentrations of metals in µg/g consumed daily in all the omega-3 samples 

are also presented in Table 4.15 in Appendix I. Graphical representations of the results 

for metals in the omega-3 brands are shown in figures 4.1 to 4.6 in Appendix II. Graphs 
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comparing the level of the metals in each omega-3 brand are also shown in figures 4.7 to 

4.16 in the Appendix II. 

 

The main source of the omega-3 oils are the deep sea fishes. The level of heavy metal 

accumulation in fishes therefore has a direct correlation to the level of heavy metal in the 

omega-3 product. Heavy metal content in fish is a good indicator for human exposure to 

metal bioaccumulation and has been confirmed in many publications (Love, et al,. 2003; 

Goyer, 1997; Adimado and Baah, 2002). This means that the consumption of fish 

products could be the main source of human exposure to heavy metals. This study 

therefore provides the basis to the level of human exposure to the metals determined 

through the consumption of the omega-3 products in this work. 

Aqua marine samples were analysed for the six metals. The concentrations (µg/g) of the 

metals ranged from 8.190 µg/g to 8.970 µg/g with a mean of 8.406 ± 0.027 for iron, from 

1.470 µg/g to 1.740 µg/g with a mean of 1.593 ± 0.007 for manganese, from 0.300 µg/g 

to 0.450 µg/g with a mean of 0.387 ± 0.062 for cadmium, from 1.500 µg/g to1.620 µg/g 

with a mean of 1.548 ± 0.048 for zinc, from 0.300 µg/g to 0.510 µg/g with a mean of 

0.393 ± 0.071 for copper and from 0.016 µg/g to 0.017 µg/g with a mean of 0.017 ± 

0.003 for mercury. 

 

The heavy metal concentration in Valupak samples ranged from 6.975 µg/g to 8.618 µg/g  

with a mean of 8.078 ± 0.057 for iron, from 1.891 µg/g to 2.139 µg/g with a mean of 

2.027 ± 0.076 for manganese, from 0.620 µg/g to 0.899 µg/g with a mean of 0.729 ± 
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0.014 for cadmium, from 1.178 µg/g to 1.302 µg/g with a mean of 1.234 ± 0.055 for zinc, 

from 0.186 µg/g to 0.248 µg/g with a mean of 0.217 ± 0.025 for copper and from 0.091 

µg/g to 0.097 µg/g with a mean of 0.093 ± 0.002 for mercury. 

 

Cardioace samples had heavy metal concentration  ranging from 12.330 µg/g to 12.465 

µg/g with a mean of 12.402 ± 0.043 for iron, from 487.350 µg/g to 489.600 µg/g with a 

mean of 488.475 ± 0.067 for manganese, from 0.945 µg/g to 1.080 µg/g with a mean of 

0.995 ± 0.047 for cadmium, from 1815.300 µg/g to 1817.560 µg/g with a mean of 

1816.380 ± 0.071 for zinc, from 732.150 µg/g to 733.500 µg/g with a mean of 732.825 ± 

0.057 for copper and from 0.020 µg/g to 0.021 µg/g with a mean of 0.021 ± 0.003 for 

mercury. The high content of 488.475 µg/g for manganese, 1816.380 µg/g for zinc and 

732.825 µg/g for copper determined in the Cardioace samples was due to the fact that 

0.45mg of manganese, 1.8mg of zinc and 0.7mg of copper were added during the 

formulation of the product as mineral supplement (stated on label of product). This means 

that 38.475 µg/g of manganese, 16.380 µg/g of zinc and 32.825 µg/g of copper were the 

actual heavy metal levels in the Cardioace samples. 

 

The metal concentration (µg/g) in Dr. Chris ranged from 21.976 µg/g to 22.177 µg/g with 

a mean of 22.056 ± 0.082 for iron, from 6.633 µg/g to 7.571 µg/g with a mean of 7.229 ± 

0.040 for manganese, from 1.139 µg/g to 1.407 µg/g with a mean of 1.226 ± 0.110 for 

cadmium, from 1.340 µg/g to 1.608 µg/g with a mean of 1.447 ± 0.021 for zinc, from 
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0.938 µg/g to 1.139 µg/g with a mean of 1.025 ± 0.071 for copper and from 0.260 µg/g to 

0.280 µg/g with a mean of 0.273 ± 0.005 for mercury. 

 

The results for Seven Seas for the heavy metal concentration (µg/g) ranged from 3.729 

µg/g to 3.828 µg/g with a mean of 3.772 ± 0.038 for iron, from 1.914 µg/g to 2.013 µg/g 

with a mean of 1.957 ± 0.063 for manganese, from 0.726 µg/g to 0.858 µg/g with a mean 

of 0.785 ± 0.103 for cadmium, from 0.396 µg/g to 0.475 µg/g with a mean of 0.465 ± 

0.032 for zinc, from 0.032 µg/g to 0.099 µg/g with a mean of 0.063 ± 0.063 for copper 

and from 0.110 µg/g to 0.130 µg/g with a mean of 0.123 ± 0.004 for mercury. 

 

The metal concentration (µg/g) in Artic Sea ranged from 6.765 µg/g to 6.930 µg/g with a 

mean of 6.844 ± 0.031 for iron, from 0.825 µg/g to 0.924 µg/g with a mean of 0.878 ± 

0.131 for manganese, from 0.759 µg/g to 0.858 µg/g with a mean of 0.789 ± 0.014 for 

cadmium, from 0.792 µg/g to 0.858 µg/g with a mean of 0.822± 0.039 for zinc, from 

0.033 µg/g to 0.132 µg/g with a mean of 0.073 ± 0.042 for copper and from 0.610 µg/g to 

0.700 µg/g with a mean of 0.658 ± 0.001 for mercury. 

 

Joint Care had levels of heavy metals ranging from 613.800 µg/g to 614.440 µg/g with a 

mean of 615.252± 0.051 for iron, from 7.260 µg/g to 7.392 µg/g with mean of 7.333 ± 

0.043 for manganese, from 0.660 µg/g to 0.825 µg/g with a mean of 0.762 ± 0.030 for 

cadmium, from 2.013 µg/g to 2.211 µg/g with a mean of 2.122 ± 0.041 for zinc, from 
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0.033 µg/g to 0.099 µg/g with a mean of 0.066 ± 0.074 for copper and from 0.015 µg/g to 

0.019 µg/g with a mean of 0.018 ± 0.005 for mercury. 

 

The range of  heavy metal concentration (µg/g) determined in Deep Sea samples were 

from 14.850 µg/g to 15.081 µg/g with a mean of 14.959 ± 0.059 for iron, from 2.310 

µg/g to 2.541 µg/g with a mean of 2.455 ± 0.056 for manganese, from 0.396 µg/g to 

0.660 µg/g with a mean of 0.531 ± 0.025 for cadmium, from 1.023 µg/g to 1.254 µg/g 

with a mean of 1.148 ± 0.029 for zinc, from 0.099 µg/g to 0.231 µg/g with a mean of 

0.149 ± 0.065 for copper and from 0.023 µg/g to 0.029 µg/g with a mean = 0.027 ± 0.008 

for mercury. 

 

Alaska samples had heavy metal concentration (µg/g) ranging from 5.610 µg/g to 5.808 

µg/g with a mean of 5.722 ± 0.032 for iron, from 0.759 µg/g to 0.924 µg/g with a mean 

of 0.835 ± 0.072 for manganese, from 0.660 µg/g to 0.858 µg/g with a mean of 0.762 ± 

0.059 for cadmium, from 0.792 µg/g to 0.990 µg/g with a mean of 0.908 ± 0.035 for zinc, 

from 0.033 µg/g to 0.297 µg/g  with a mean of 0.119 ± 0.028 for copper and from 0.410 

µg/g to 0.430 µg/g with a mean of 0.428 ± 0.002 for mercury. 

 

Finally, the results for the heavy metal concentration (µg/g) in High Sea samples ranged 

from 12.903 µg/g to 13.266 µg/g with a mean of 13.127 ± 0.024 for iron, from 7.062 

µg/g to 7.194 µg/g with a mean of 7.112 ± 0.004 for manganese, from 0.561 µg/g to 
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0.660 µg/g with a mean of 0.611 ± 0.063 for cadmium, from 0.726 µg/g to 0.924 µg/g 

with a mean of 0.812 ± 0.044 for zinc, from 0.033 µg/g to 0.165 µg/g with a mean of 

0.102 ± 0.038 for copper and from 0.027 µg/g to 0.030 µg/g with a mean of 0.029 ± 

0.004 for mercury. 
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 Table 4.1a  Total metal concentration (µg/g) in omega-3 samples  

OMEGA-3 

SAMPLE 

IRON MANGANESE CADMIUM 

Mean Std Dev Range Mean Std Dev Range Mean Std Dev Range 

AQUA MARINE 8.406 0.027 8.190 – 8.970 1.593 0.007 1.470 – 1.740 0.387 0.062 0.300 – 0.450 

VALUPAK 8.079 0.057 6.975 – 8.618 2.027 0.076 1.891–2.139 0.729 0.014 0.620–0.899 

CARDIOACE 12.402 0.043 12.330 – 12.465 488.475 0.067 487.35-489.60 0.995 0.047 0.945–1.080 

DR. CHRIS 22.056 0.082 21.976 – 22.177 7.223 0.040 6.633–7.571 1.226 0.110 1.139–1.407 

SEVEN SEAS 3.772 0.038 3.729 – 3.828 1.957 0.063 1.914–2.013 0.785 0.103 0.726–0.858 

ARTIC SEA 6.844 0.031 6.765 – 6.930 0.878 0.131 0.825–0.924 0.788 0.014 0.759–0.858 

JOINT CARE 615.252 0.051 613.80 – 616.44 7.333 0.043 7.260–7.392 0.762 0.030 0.660–0.825 

DEEP SEA 14.959 0.059 14.850 – 15.081 2.455 0.056 2.310–2.541 0.531 0.025 0.396–0.660 

ALASKA 5.722 0.032 5.610 – 5.808 0.835 0.072 0.759–0.924 0.762 0.035 0.660–0.858 

HIGH SEA 13.127 0.024 12.903 – 13.266 7.112 0.004 7.062–7.194 0.611 0.063 0.561–0.660 
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Table 4.1b Total metal concentration (µg/g) in omega-3 samples contd. 

OMEGA-3 

SAMPLE 

ZINC COPPER MERCURY 

Mean Std Dev Range Mean Std Dev Range Mean Std Dev Range 

AQUA MARINE 1.548 0.048 1.500 – 1.620 0.393 0.071 0.300 – 0.510 0.017 0.003 0.016– .017 

VALUPAK 1.237 0.055 1.178– 1.302 0.217 0.025 0.186–0.248 0.093 0.002 0.091– .097 

CARDIOACE 1816.38 0.071 1815.3-817.56 732.825 0.057 732.15–733.50 0.021 0.003 0.020– .021 

DR. CHRIS 1.447 0.021 1.340 – 1.608 1.025 0.071 0.938–1.139 0.273 0.005 0.26 – 0.28 

SEVEN SEAS 0.465 0.032 0.396 – 0.475 0.063 0.063 0.032 – 0.099 0.123 0.004 0.11 – 0.13 

ARTIC SEA 0.822 0.039 0.792 – 0.858 0.073 0.042 0.033– 0.132 0.658 0.001 0.61 – 0.70 

JOINT CARE 2.122 0.041 2.013 – 2.211 0.066 0.074 0.033– .099 0.018 0.005 0.015– .019 

DEEP SEA 1.148 0.029 1.023 – 1.254 0.149 0.065 0.099– 0.231 0.026 0.008 0.023– .029 

ALASKA 0.908 0.035 0.792 – 0.990 0.119 0.028 0.033– 0.297 0.428 0.002 0.41 – 0.43 

HIGH SEA 0.812 0.044 0.726 – 0.924 0.102 0.038 0.033– 0.165 0.029 0.004 0.027– .030 
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Iron is an integral part of many proteins and enzymes that maintain good health. In 

humans, iron is an essential component of proteins involved in oxygen transport 

(Dallman, 1986; Institute of Medicine, 2001). It is also essential for the regulation of cell 

growth and differentiation (Bothwell et al., 1979; Andrews, 1999). A deficiency of iron 

limits oxygen delivery to cells, resulting in fatigue, poor work performance, and 

decreased immunity. Iron deficiency is associated with anaemia, constipation, nausea, 

vomiting, and diarrhoea (Bhaskaram, 2001; Haas and Brownlie, 2001). On the other 

hand, excess amounts of iron can result in increased risk of free radical damage, cancer 

and even death (Corbett, 1995). Iron, which is an essential trace element, was determined 

in the omega-3 products analysed in this project. The range for iron concentration in the 

omega-3 products was from 3.772 µg/g in the Seven Seas sample to 615.252 µg/g in 

Joint Care sample. 

  

Vanaja et al, 2007 determined the concentrations of trace metals in some brands of fish 

oil supplements and had the concentration of iron ranging from 25.8 µg/g to 161.8 µg/g. 

Howe, (1998) analysed levels of trace metals in some omega-3 fatty acids in Australian 

fishes and recorded mean metal concentration of 32.08 µg/g for iron.  

 

The concentrations of iron found in other researches are comparable to the iron 

concentration obtained in the omega-3 products in this study.  The high content of iron of 

615.252 µg/g found in Joint Care samples may be due to the source and type of fish from 

which the omega-3 oil was extracted. The main source of the omega-3 oils are the deep 
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sea fishes. The level of heavy metal accumulation in fishes therefore has a direct 

correlation to the level of heavy metal in the omega-3 product. The calculated daily 

concentration (µg/g) of iron consumed which ranged from 6.844 µg/g for Artic Sea to 

1845.756 µg/g for Joint Care was however below the daily threshold value of 15000 

µg/70kg body weight for iron recommended by the Joint FAO/WHO Committee on food 

supplements. The general trend for the concentration (µg/g) of iron in the omega-3 

products was Seven Seas < Alaska < Artic Sea < Valupak < Aqua Marine < Cardioace < 

High Sea < Deep Sea < Dr. Chris < Joint Care. 

 

Manganese is the most important element in the treatment of menopausal symptoms, 

osteoporosis, and postpartum depression. Inadequate manganese intake has been 

associated with parenteral nutrition, resulting in dermatitis, changes in hair pigmentation 

and slowed hair growth (ASTDR, 2008a). Individuals who regularly dislocate joints 

(particularly knee joints) are known to have insufficient manganese levels. On the other 

hand, high manganese levels increase the risk for tendon/ligament tears, pneumonia, loss 

of sex drive and sperm damage in men. Excess manganese also interferes with the 

absorption of dietary iron (Blaurock-Busch, 1997; ATSDR, 2008a).  

 

In this research, manganese levels in the omega-3 samples ranged from 0.835 µg/g for 

Alaska samples to 488.475µg/g for Cardioace samples. The concentrations (µg/g) of 

manganese recorded in this work are comparable to the work done by Vanaja et al, 

(2007) who determined the concentrations of trace metals in some brands of fish oil 
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supplements and Howe, (1998) who analysed levels of trace metals in some omega-3 

fatty acids in Australian fishes and recorded  manganese concentration (µg/g) ranging 

from 0.008 µg/g to 0.54 µg/g and a mean manganese concentration of 10.27 µg/g 

respectively. The calculated daily manganese consumption which fell within the range of 

0.835 µg/g for Alaska to 488.475 µg/g for Cardioace, are however on the lower side 

when compared to the recommended daily threshold value of 5000 µg/70kg body weight 

for manganese set by the Joint FAO/WHO expert Committee on food Supplements. The 

order for the level of manganese determined was; Alaska < Artic Sea < Aqua Marine < 

Seven Seas < Valupak < Deep Sea < High Sea < Dr. Chris < Joint Care < Cardioace. 

 

Eating food or drinking water with very high cadmium levels severely irritates the 

stomach, leading to vomiting and diarrhoea, hypertension, and sometimes death. 

Accumulation of lower levels of cadmium over a long period of time can lead to a build-

up of cadmium in the kidneys and cause kidney damage (ATSDR, 2008b).  

Cadmium, a toxic metal was determined in the omega-3 products. The mean heavy metal 

concentration (µg/g) obtained in this study ranged from 0.387 µg/g for Aqua marine 

samples to 1.226 µg/g for Dr. Chris samples. The mean cadmium concentrations (µg/g) 

recorded in this study are comparable to the concentration (µg/g) obtained by Vanaja et 

al, (2007) who determined the concentrations of trace metals in some brands of fish oil 

supplements and had mean cadmium concentrations ranging from 0.012 µg/g to 1.320 

µg/g. Kotb, et al. (1991) studied the levels of some heavy metals in omega-3 fatty acids 

in popular species of Arabian Gulf fish and obtained mean cadmium concentration 
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ranging from 0.530 µg/g to 2.093 µg/g. The mean cadmium concentration ranging from 

0.387 µg/g for Aqua marine samples to 1.226 µg/g for Dr. Chris samples obtained in this 

research is comparable to the results obtained by Kotb, et al., (1991). 

 

The different levels of cadmium in the omega-3 products may be due to the fact that the 

fish oils were extracted from fishes from different sources. The mean cadmium 

concentration (µg/g) in the products were in the order; Aqua marine < Deep sea < High 

sea < Valupak < Joint care = Alaska < Seven Seas <Artic Sea < Cardioace < Dr. Chris. 

Generally, levels of cadmium consumed daily in the omega-3 products which ranged 

from 0.531 µg/g for Deep Sea to 4.712 µg/g for Seven Seas are below the daily threshold 

value of 17 µg/70kg body weight recommended by the Joint FAO/WHO Expert 

committee on food supplements for cadmium. Hence consuming these products poses no 

health risk for the consumer. 

 

Zinc is important during puberty, pregnancy, and menopause. If large doses of zinc (10-

15 times higher than the recommended daily intake) which is 8-15 mg/day are consumed, 

stomach cramps, nausea, and vomiting may occur. Ingesting high levels of zinc for 

several months may cause anaemia, damage the pancreas, and decrease levels of high-

density lipoprotein (HDL) cholesterol. Consuming low levels of zinc is at least as 

important a health problem as consuming too much zinc. Without enough zinc in the diet, 

people may experience loss of appetite, decreased sense of taste and smell, decreased 

immune function, slow wound healing, and skin sores. Too little zinc in the diet may also 
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cause poorly developed sex organs and retarded growth in young men. If a pregnant 

woman does not get enough zinc, her babies may have birth defects (ATSDR, 2005).  

Zinc, which is one of the most essential heavy metals, was determined in the omega-3 

products. The highest level was obtained in Cardioace samples (1816.38 µg/g) with the 

lowest of 0.4653 µg/g determined in Seven Seas samples.  

The concentration (µg/g) obtained in this study is comparable to the studies by Howe, 

(1998) who obtained mean concentration of 3.02 µg/g of zinc in some omega-3 fatty 

acids in Australian fishes and Vanaja et al. (2007) who obtained zinc concentration 

(µg/g) ranging from 0.28 µg/g to 8.12 µg/g in some brands of fish oil supplements. The 

high level of zinc in Cardioace as compared to the other products is due to the addition of 

1800 µg/g of zinc during formulation of the product (as indicated on label of product). 

The calculated daily intakes of zinc in the omega-3 samples which ranged from 0.812 

µg/g for High Sea to 1816.380 µg/g for Cardioace are however below the WHO/FAO 

recommended daily intake of 15000 µg/70kg body weight. The zinc concentration (µg/g) 

obtained were in the order; Seven Seas < High Sea < Artic Sea < Alaska < Deep Sea < 

Valupak < Dr Chris < Aqua Marine < Joint Care < Cardioace. 

The consumption of the omega-3 products is thus not likely to pose any health risk to 

human and is safe for consumption in terms of zinc content.  

 

Copper helps the body to use iron. It is also important for nerve function, bone growth, 

helps body use sugar and protects cell membranes from being destroyed by free radicals. 

A wide range of cardiovascular and blood disorders may be attributed to copper 
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deficiency. Higher than normal levels of copper may cause nausea, vomiting, stomach 

cramps, or diarrhoea (ATSDR, 2004). The range of copper concentration (µg/g) 

determined in the omega-3 products was from 0.063 µg/g for Seven Seas to 732.825 µg/g 

for Cardioace which had 700 µg/g of copper added during the formulation (information 

on label). This means that 32.825 µg/g of copper is the level due to heavy metal 

accumulation. 

Howe (1998) analysed levels of trace metals in some omega-3 fatty acids in Australian 

fishes and recorded mean metal concentration of 1.08 µg/g for copper which is 

comparable to the range from 0.063 µg/g to 732.825 µg/g recorded in this work. Also 

Vanaja, et al. (2007) analysed fish oil supplements and obtained copper concentration 

(µg/g) ranging from 0.006 µg/g to 22.025 µg/g which is comparable to the concentration 

(µg/g) obtained in this study. 

All the omega-3 products including Cardioace samples had concentration (µg/g) of 

copper below the recommended daily intake of 2000 µg/70kg body weight set by joint 

WHO/FAO expert committee on food supplements for copper. The order of copper levels 

was; Seven Seas < Joint Care < Artic Sea < High Sea < Alaska < Deep Sea < Valupak< 

Aqua Marine < Dr. Chris < Cardioace. All the products are thus safe for consumption as 

far as the level of copper is concerned. 

 

Mercury one of the most toxic metals was determined in the omega-3 samples. The mean 

mercury concentration (µg/g) which ranged from 0.017 µg/g for Aqua marine to 0.658 

µg/g for Artic sea is comparable to the study by Kotb, et al. (1991) on the levels of some 
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heavy metals in omega-3 fatty acids in popular species of Arabian Gulf fish who obtained 

mean mercury concentration (µg/g) ranging from 0.04 µg/g to 1.45 µg/g. The mean 

mercury concentration range obtained in this study is also comparable to the result 

obtained by Vanaja, et al. (2007) who found that the concentration of mercury in some 

fish oil supplements ranged from 0.06µg/g to 0.012µg/g.The determined daily intakes for 

mercury which ranged from 0.021 µg/g for Cardioace to 0.818 µg/g for Dr. Chris were 

below the recommended daily intake of 16 µg/70kg body weight set by the Joint 

FAO/WHO expert committee on food supplements for mercury. The consumption of the 

omega-3 products thus poses no health risk as far as level of mercury is concerned.  

The level of mercury in the omega-3 products were in the order; Aqua marine < Joint 

care < Cardioace < Deep sea < High sea < Valupak < Seven seas < Dr. Chris < Alaska < 

Artic sea. The different levels of mercury in the omega-3 products may be due to the fact 

that the oils were from different fishes from different sources at perhaps different trophic 

levels as found by Love et al. (2003). Formulation factors were also different for each 

product hence the variations in mercury levels. 

 

Lindquist in 1991 reported that the main factors for the accumulation of heavy metals in 

aquatic media (fish, algae, aquatic plants) are organic matter, pH, seasonal changes, 

regional variations and hydrologic conditions as well as the rate of atmospheric 

deposition.  
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The low levels of metals determined in this work may be due to the fact that the omega-3 

products were extracted from fishes of waters with low level of atmospheric depositions 

of metals. 

Also human activities such as agriculture and mining that contribute to heavy metal 

accumulation could be minimal. 

The low levels of metals obtained in this study may also be due to the fact that factors 

such as pH, temperature, microbial activities, and organic matter that affect the 

accumulation of heavy metals could be unfavourable. 

Seidler (1987) found that factors such as cooking, frying, and refining processes could 

decrease levels of metals in fish oils to as much as 15% depending on the thermal 

treatment. The low levels of the metals determined in this study could also be attributed 

to the extraction and the refining methods used. 

 

Comparing the values of the calculated daily intakes from taking the omega-3 product for 

the metals shown in Tables 4.15 to the their FAO/WHO recommended daily intakes of 

15000 µg/70kg for iron, 5000 µg/70kg for manganese, 71 µg/70kg for cadmium, 15000 

µg/70kg for zinc, 2000 µg/70kg for copper and 16 µg/70kg for mercury, it is observed 

that there is no likelihood of metal poisoning from taking the omega-3 products under 

this study. 
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CHAPTER FIVE 

 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 CONCLUSION 

From the analysis carried out, the following conclusions may be deduced from the results 

obtained. 

 Some metal content in some omega-3 food supplements available on the 

Ghanaian market were determined.  All the concentrations of the metals in the 

omega-3 products were below the World Health Organization (WHO) limit. 

 

 The calculated daily intakes of the metals determined in the omega-3 food 

supplements in microgram/gram are far below the recommended daily intakes by 

the FAO/WHO Joint Committee on food supplements which shows that the 

omega-3 food supplements analysed in this study are not likely to pose any health 

risk to the public through consumption for both the toxic elements and the 

essential micronutrients determined. 
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5.2 RECOMMENDATIONS 

The following recommendations are suggested as a result of the outcome of this study 

 

 Concentrations of heavy metals in other omega-3 food supplements on the 

Ghanaian market that are not covered by this research should be determined. 

 

 Monitoring of levels of heavy metals in omega-3 food supplements should be 

encouraged. 

 

 Other works such as dioxins and PCBs levels not covered by this research should 

be determined in omega-3 supplements on the Ghanaian market. 
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APPENDIX I 

Table 4.2 LEVELS OF METALS IN AQUA MARINE (µg/g) 

SAMPLE CODE IRON MANGANESE CADMIUM ZINC COPPER MERCURY 

AM 1 8.850 1.500 0.300 1.530 0.510 0.017 

AM 2 8.280 1.740 0.420 1.50 0.300 0.016 

AM 3 8.190 1.620 0.390 1.50 0.330 0.016 

AM 4 8.970 1.740 0.450 1.620 0.450 0.016 

AM 5 8.340 1.470 0.360 1.500 0.390 0.017 

AM 6 8.250 1.560 0.330 1.530 0.420 0.017 

AM 7 8.370 1.650 0.420 1.590 0.330 0.016 

AM 8 8.220 1.590 0.450 1.530 0.390 0.016 

AM 9 8.310 1.500 0.390 1.560 0.360 0.017 

AM 10 8.280 1.560 0.360 1.620 0.450 0.017 

 

Table 4.3 LEVELS OF METALS IN VALUPAK (µg/g) 

SAMPLE CODE IRON MANGANESE CADMIUM ZINC COPPER MERCURY 

VA 1 7.471 2.046 0.620 1.178 0.217 0.096 

VA 2 8.277 2.077 0.682 1.240 0.186 0.097 

VA 3 6.975 1.984 0.682 1.178 0.217 0.092 

VA 4 8.742 2.077 0.744 1.178 0.248 0.092 

VA 5 8.525 2.139 0.713 1.240 0.186 0.091 

VA 6 8.463 1.891 0.6913 1.178 0.217 0.093 

VA 7 8.184 2.015 0.837 1.302 0.248 0.091 

VA 8 7.564 1.922 0.620 1.302 0.217 0.094 

VA 9 7.967 2.046 0.899 1.271 0.248 0.091 

VA 10 8.618 2.077 0.806 1.302 0.186 0.093 
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Table 4.4 LEVELS OF METALS IN CARDIOACE (µg/g) 

SAMPLE CODE IRON MANGANESE CADMIUM ZINC COPPER MERCURY 

CD1 12.420 488.250 1.035 1815.300 733.050 0.021 

CD 2 12.465 487.350 0.990 1816.200 733.500 0.020 

CD 3 12.375 488.250 0.900 1817.550 732.150 0.020 

CD 4 12.375 487.800 0.990 1816.200 732.150 0.020 

CD 5 12.465 488.250 0.990 1815.300 733.500 0.021 

CD 6 12.420 489.150 1.035 1816.650 732.600 0.021 

CD 7 12.375 488.250 0.945 1817.100 732.150 0.021 

CD 8 12.330 489.150 0.990 1816.650 732.600 0.021 

CD 9 12.420 488.700 1.080 1816.650 733.050 0.020 

CD 10 12.375 489.600 0.990 1816.200 733.500 0.020 

 

 

Table 4.5 LEVELS OF METALS IN DR. CHRIS (µg/g) 

SAMPLE CODE IRON MANGANESE CADMIUM ZINC COPPER MERCURY 

DC1 21.976 7.504 1.407 1.340 1.072 0.277 

DC 2 22.110 7.571 1.340 1.474 0.938 0.275 

DC 3 21.976 7.437 1.206 1.340 1.005 0.276 

DC 4 21.976 6.633 1.273 1.407 0.938 0.285 

DC 5 22.177 7.437 1.139 1.608 1.072 0.276 

DC 6 22.043 7.504 1.139 1.474 0.938 0.269 

DC 7 21.976 6.700 1.072 1.407 1.005 0.266 

DC 8 22.110 7.370 1.340 1.340 1.139 0.268 

DC 9 22.177 7.504 1.139 1.474 1.072 0.270 

DC 10 22.043 6.633 1.206 1.608 1.072 0.271 
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Table 4.6 LEVELS OF METALS IN SEVEN SEAS (µg/g) 

 

Table 4.7 LEVELS OF METALS IN ARTIC SEA (µg/g) 

SAMPLE CODE IRON MANGANESE CADMIUM ZINC COPPER          MERCURY 

AS1 6.798 0.924 0.825 0.825 0.066 0.651 

AS 2 6.93 0.858 0.759 0.825 0.033 0.635 

AS 3 6.831 0.891 0.792 0.792 0.099 0.725 

AS 4 6.765 0.858 0.726 0.825 0.066 0.672 

AS 5 6.798 0.924 0.792 0.858 0.132 0.712 

AS 6 6.897 0.825 0.759 0.792 0.033 0.625 

AS 7 6.864 0.858 0.792 0.825 0.099 0.622 

AS 8 6.831 0.924 0.825 0.825 0.066 0.700 

AS 9 6.831 0.891 0.759 0.858 0.099 0.621 

AS 10 6.897 0.825 0.858 0.792 0.033 0.618 

 

SAMPLE CODE IRON MANGANESE CADMIUM ZINC COPPER MERCURY 

SS1 3.729 2.013 0.825 0.429 0.099 0.112 

SS 2 3.762 1.947 0.792 0.495 0.033 0.133 

SS 3 3.729 1.980 0.759 0.462 0.066 0.123 

SS 4 3.828 1.914 0.792 0.495 0.099 0.128 

SS 5 3.762 1.947 0.858 0.396 0.066 0.119 

SS 6 3.762 1.914 0.759 0.462 0.033 0.121 

SS 7 3.795 2.013 0.825 0.495 0.099 0.124 

SS 8 3.729 1.947 0.726 0.462 0.066 0.119 

SS 9 3.795 1.980 0.792 0.462 0.033 0.121 

SS 10 3.828 1.914 0.726 0.495 0.032 0.128 
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Table 4.8 LEVELS OF METALS IN JOINT CARE (µg/g) 

SAMPLE CODE IRON MANGANESE CADMIUM ZINC COPPER MERCURY 

JC1 614.790 7.293 0.726 2.079 0.066 0.018 

JC 2 613.800 7.392 0.825 2.145 0.066 0.017 

JC 3 616.440 7.392 0.693 2.211 0.099 0.018 

JC 4 614.460 7.260 0.825 2.046 0.033 0.017 

JC 5 615.450 7.392 0.825 2.013 0.099 0.019 

JC 6 614.790 7.293 0.660 2.112 0.066 0.018 

JC 7 616.110 7.260 0.792 2.079 0.033 0.016 

JC 8 615.120 7.392 0.726 2.145 0.066 0.019 

JC 9 616.440 7.359 0.759 2.178 0.099 0.017 

JC 10 615.120 7.293 0.792 2.211 0.033 0.019 

 

 

Table 4.9 LEVELS OF METALS IN DEEP SEA (µg/g) 

SAMPLE CODE IRON MANGANESE CADMIUM ZINC COPPER MERCURY 

DS1 14.883 2.442 0.429 1.254 0.165 0.029 

DS 2 14.949 2.508 0.561 1.056 0.132 0.027 

DS 3 15.081 2.442 0.396 1.089 0.099 0.027 

DS 4 14.916 2.508 0.462 1.122 0.165 0.023 

DS 5 14.982 2.475 0.594 1.155 0.099 0.027 

DS 6 14.850 2.409 0.528 1.023 0.132 0.024 

DS 7 15.081 2.310 0.462 1.188 0.099 0.028 

DS 8 14.949 2.409 0.627 1.221 0.198 0.029 

DS 9 14.916 2.508 0.594 1.155 0.231 0.027 

DS 10 14.982 2.541 0.660 1.221 0.165 0.025 
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Table 4.10 LEVELS OF METALS IN ALASKA (µg/g) 

SAMPLE CODE IRON MANGANESE CADMIUM ZINC COPPER MERCURY 

AL1 5.709 0.759 0.759 0.957 0.099 0.430 

AL 2 5.808 0.825 0.726 0.891 0.132 0.434 

AL 3 5.775 0.792 0.726 0.990 0.066 0.431 

AL 4 5.643 0.891 0.792 0.891 0.099 0.431 

AL 5 5.610 0.825 0.759 0.924 0.033 0.430 

AL 6 5.676 0.924 0.825 0.924 0.033 0.414 

AL 7 5.742 0.858 0.693 0.858 0.132 0.432 

AL 8 5.775 0.792 0.660 0.792 0.297 0.431 

AL 9 5.808 0.891 0.858 0.891 0.231 0.429 

AL 10 5.676 0.792 0.825 0.957 0.066 0.419 

 

 

Table 4.11 LEVELS OF METALS IN HIGH SEA (µg/g) 

SAMPLE CODE IRON MANGANESE CADMIUM ZINC COPPER MERCURY 

HS1 13.233 7.095 0.627 0.759 0.165 0.028 

HS 2 13.134 7.161 0.561 0.858 0.066 0.027 

HS 3 12.903 7.095 0.66 0.924 0.033 0.030 

HS 4 13.233 7.062 0.561 0.759 0.066 0.029 

HS 5 13.068 7.128 0.594 0.792 0.132 0.028 

HS 6 13.101 7.062 0.594 0.726 0.132 0.028 

HS 7 13.068 7.161 0.660 0.825 0.132 0.028 

HS 8 13.134 7.062 0.627 0.792 0.132 0.029 

HS 9 13.266 7.095 0.627 0.825 0.099 0.030 

HS 10 13.134 7.194 0.594 0.858 0.066 0.029 
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Table 4.12 MEAN CONCENTRATIONS OF METALS IN SAMPLES (µg/g) 

OMEGA-3 

SAMPLE 

MEAN CONCENTRATION OF METALS ( µg/g) 

Fe Mn Cd Zn Cu Hg 

AQUA MARINE 8.406 1.593 0.387 1.548 0.393 0.017 

VALUPAK 8.079 2.027 0.729 1.237 0.217 0.093 

CARDIOACE 12.402 488.475 0.995 1816.380 732.825 0.021 

DR. CHRIS 22.056 7.223 1.226 1.447 1.025 0.273 

SEVEN SEAS 3.772 1.957 0.785 0.465 0.063 0.123 

ARTIC SEA 6.844 0.878 0.788 0.822 0.073 0.658 

JOINT CARE 615.252 7.333 0.762 2.122 0.066 0.018 

DEEP SEA 14.959 2.455 0.531 1.148 0.149 0.026 

ALASKA 5.722 0.835 0.762 0.908 0.119 0.428 

HIGH SEA 13.127 7.112 0.611 0.812 0.102 0.029 
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Table 4.13 RANGES OF CONCENTRATIONS OF METALS IN SAMPLES (µg/g) 

OMEGA-3 

SAMPLE 

RANGES OF CONCENTRATIONS OF METALS IN SAMPLES ( µg/g) 

Fe Mn Cd Zn Cu Hg 

AQUA 

MARINE 

8.19 – 8.97 1.47 – 1.74 0.300 – 0.450 1.50 – 1.62 0.30 – 0.51 0.016 – 0.017 

VALUPAK 6.975 – 8.618 1.891 – 2.139 0.620 – 0.899 1.178– 1.302 0.186– 0.248 0.091 – 0.097 

CARDIOACE 12.330 – 12.465 487.35 – 489.60 0.945 – 1.080 1815.30-1817.56 732.150– 733.50 0.020 – 0.021 

DR. CHRIS 21.976 – 22.177 6.633 – 7.571 1.139 – 1.407 1.340 – 1.608 0.938– 1.139 0.260 – 0.280 

SEVEN SEAS 3.729 – 3.828 1.914 – 2.013 0.726 – 0.858 0.396 – 0.475 0.032– 0.099 0.110 – 0.130 

ARTIC SEA 6.765 – 6.930 0.825 – 0.924 0.759 – 0.858 0.792 – 0.858 0.033– 0.132 0.610 – 0.700 

JOINT CARE 613.80 – 616.44 7.260 – 7.392 0.660 – 0.825 2.013 – 2.211 0.033– 0.099 0.015 – 0.019 

DEEP SEA 14.850 – 15.081 2.310 – 2.541 0.396 – 0.660 1.023 – 1.254 0.099– 0.231 0.023 – 0.029 

ALASKA 5.610 – 5.808 0.759 – 0.924 0.660 – 0.858 0.792 – 0.990 0.033– 0.297 0.410 – 0.430 

HIGH SEA 12.903 – 13.266 7.062 – 7.194 0.561 – 0.660 0.726 – 0.924 0.033– 0.165 0.027 – 0.030 

 

TABLE 4.14 STANDARD DEVIATIONS OF CONCENTRATIONS OF METALS 

OMEGA-3 

SAMPLE 

STANDARD DEVIATION OF CONCENTRATION OF METALS ( µg/g) 

Fe Mn Cd Zn Cu Hg 

AQUA MARINE 0.027 0.007 0.062 0.048 0.071 0.003 

VALUPAK 0.057 0.076 0.014 0.055 0.025 0.002 

CARDIOACE 0.043 0.067 0.047 0.071 0.057 0.003 

DR. CHRIS 0.082 0.040 0.110 0.021 0.071 0.005 

SEVEN SEAS 0.038 0.063 0.103 0.032 0.063 0.004 

ARTIC SEA 0.031 0.131 0.014 0.039 0.042 0.001 

JOINT CARE 0.051 0.043 0.030 0.041 0.074 0.005 

DEEP SEA 0.059 0.056 0.025 0.029 0.065 0.008 

ALASKA 0.032 0.072 0.035 0.035 0.028 0.002 

HIGH SEA 0.024 0.004 0.063 0.044 0.038 0.004 
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Table 4.15 MEAN DAILY CONSUMPTION OF METALS IN SAMPLES (µg/g) 

OMEGA-3 

SAMPLE 

DAILY 

DOSAGE 

(CAPSULE)  

Mean Daily Consumption of Metals in Samples ( µg/g) 

Fe Mn Cd Zn Cu Hg 

RDI/µg/Day  15000 5000 71 15000 2000 16 

AQUA MARINE 2 16.812 3.186 0.774 3.096 0.786 0.033 

VALUPAK 1 8.079 2.027 0.729 1.237 0.217 0.093 

CARDIOACE 1 12.402 488.475 0.995 1816.380 732.825 0.021 

DR. CHRIS 3 66.169 21.688 3.678 4.342 3.075 0.818 

SEVEN SEAS 6 22.631 11.741 4.712 2.792 0.376 0.738 

ARTIC SEA 1 6.844 0.878 0.789 0.822 0.073 0.658 

JOINT CARE 3 1845.756 21.998 2.287 6.366 0.198 0.053 

DEEP SEA 1 14.959 2.455 0.531 1.148 0.149 0.027 

ALASKA 1 8.406 0.835 0.762 0.908 0.119 0.428 

HIGH SEA 1 8.079 7.112 0.611 0.812 0.102 0.029 

 

*The calculations for the maximum intake were based on recommended daily intake 

values from www.lenntech.com/recommended-daily-intake.htm recommended daily 

intake on minerals and vitamins and Joint FAO/WHO expert committee on food 

supplements. 

*The mean daily consumptions were calculated by multiplying the calculated mean metal 

levels by the dosage stated on the product. 
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APPENDIX II 
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                    Fig.4.1: Level of iron in the omega-3 food supplements 
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         Fig.4.2: Level of manganese in the omega-3 food supplements 
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         Fig 4.3: Level of cadmium in the omega-3 food supplements 
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 Fig 4.4: Level of zinc in the omega-3 food supplements 
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 Fig 4.5: Level of copper in the omega-3 food supplements 
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 Fig 4.6: Level of mercury in the omega-3 food supplements 
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         Fig 4.7: levels of the metals in Aqua Marine 
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               Fig 4.8: levels of the metals in Valupak 
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             Fig 4.9: levels of the metals in Cardioace 
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               Fig 4.10: levels of the metals in Dr. Chris 
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              Fig 4.11: levels of the metals in Seven Seas 
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  Fig 4.12: levels of the metals in Artic Sea 
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  Fig 4.13: levels of the metals in Joint Care 
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              Fig 4.14: levels of the metals in Deep Sea 
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               Fig 4.15: levels of the metals in Alaska 

 

 

  

C
o

n
c

 (
u

g
/g

)

 

     Fig 4.16: levels of the metals in High Sea 

 

 

 



 118 

REFERENCES 

Aamodt, R.L., Rumble, W.F., Johnston, G.S., Foster, O. and Henkin, R.I. (1979) Zinc 

metabolism in humans after oral and intravenous administration of Zn-69m. Am J Clin 

Nutr, 32: 559–569. 

Abbasi, S.A and Soni, R. (1986) An examination of environmentally safe levels of zinc 

(II), cadmium (II) and lead (II) with reference to impact on channelfish Nuria denricus. 

Environ Pollut, 40: 37–51. 

Abete, I., Parra, M.D., Zulet, M.A. and Martinez, J.A. (2006) Different dietary strategies 

for weight loss in obesity: Role of energy and macronutrient content. Nutrition Research 

Reviews, 19: 5–17. 

Adimado, A.A. and Baah, D.A. (2002) Mercury in human blood, urine hair, nail and fish 

from Ankobra and Tano river Basin in South Western Ghana. Bull. Environ. Contam. 

Toxicol., 68:339-346. 

Adriano, D.C. (1986) Zinc. Trace elements in the terrestrial environment. New York, 

Springer, 35: 421–469. 

Adriano, D.C. (1984) Trace Metals in the Terrestrial Environment. New York: Verlag 

Springer, 17:335-67. 

Agren, M.S. (1990) Percutaneous absorption of zinc from zinc oxide applied topically to 

intact skin in man. Dermatologica, 180: 36–39. 



 119 

Ahlers, W.W., Reid, M.R., Kim, J.P. and Hunter, K.A. (1990) Contamination-free sample 

collection and handling protocols for trace elements in natural fresh water. Aust J Mar 

Freshwater Res, 41: 713-720. 

Akagi, H. and Nishimura, H. (1991) Speciation of Mercury in the environment. In: 

T.Suzuki, N, Imura & T.W. Clarkson, (Eds), Advances in mercury Toxicology, Plenum 

press, USA, 53-76 

Aljab'ev, G.A. and Dmitrienko, M.M. (1971) Trace elements in edible foods. med. Inst., 

107: 90-94. 

Allen, L. and Casterline-Sabel, J. (2001) Prevalence and causes of Nutritional Anemias. 

Ramakrishnan, U. eds. Nutritional Anemias: CRC Press Boca Raton FL, 7-22. 

Allowway, B.J. and Ayres, D.C. (1993) Chemical Principles of Environmental Pollution. 

Chapman and Hall. 5:152-160, 163-164. 

American Diabetes Association, (2007) Nutrition recommendations and interventions for 

diabetes. A position statement of the American Diabetes Association. Diabetes 

Care.;30:48-65. 

American Medical Association  Department of drugs, (1986) Drug Evaluation, 6(111); 

859. 

Anderson, P.R. and Christensen, T.H. (1988) Distribution coefficients of Cd, Co, Ni, and 

Zn in soils. J Soil Sci, 39: 15–22.  



 120 

Andersson, A. (1979) Mercury in soils. In: Nriagu, J. O. ed. The biogeochemistry of 

mercury in the environment. New York, NY: Elsevier/North Holland Biomedical press 

79-112. 

Andrews, N.C. (1999) Disorders of iron metabolism. N Engl J Med, 341: 1986-1995. 

Apgar, J. (1970) Effect of zinc deficiency on maintenance of pregnancy in the rat. J Nutr, 

100: 470–476. 

Arnold, L.E., Kleykamp, D., Votolato, N., Gibson, R.A. and Horrocks, L. (1994) 

Potential link between dietary intake of fatty acid and behavior: pilot exploration of 

serum lipids in attention-deficit hyperactivity disorder. J Child Adolesc 

Psychopharmacol; 4(3):171-182. 

Arnon, D.I. and Stout, P.R. (1939) The essentiality of certain elements in minute quantity 

for plants with special reference to copper. Plant Physiol, 14: 371-375. 

Aronson, W.J., Glaspy, J.A., Reddy, S.T., Reese, D., Heber, D. and Bagga, D. (2001) 

Modulation of omega-3/omega-6 polyunsaturated ratios with dietary fish oils in men with 

prostate cancer. Urology; 58(2):283-288. 

Assaad, F.F. and Nielsen, J.D. (1984) A thermodynamic approach for copper adsorption 

on some Danish arable soils. Acta Agric Scand, 34:    377-385. 

ATSDR (Agency for Toxic Substances and Disease Registry). (2007) Toxicological 

profile for Mercury. Atlanta, GA: U.S. Department of Health and Human Services, 

Public Health Service, 1-395. 



 121 

ATSDR (Agency for Toxic Substances and Disease Registry). (2005) Toxicological 

profile for Zinc. Atlanta, GA: U.S. Department of Health and Human Services, Public 

Health Service. 

ATSDR (Agency for Toxic Substances and Disease Registry). (2004) Toxicological 

profile for Copper. Atlanta, GA: U.S. Department of Health and Human Services, Public 

Health Service. 

ATSDR (Agency for Toxic Substances and Disease Registry). (2008a) Draft 

toxicological profile for Cadmium. U.S. Department of health and human Services, 

Public Health Service.  

ATSDR (Agency for Toxic Substances and Disease Registry). (2008b) Toxicological 

profile for Manganese. (Draft for Public Comment). Atlanta, GA: U.S. Department of 

Health and Human Services, Public Health Service. 

ATSDR (Agency for Toxic Substances and Disease Registry) (1999) Toxicological 

profile for cadmium, lead and mercury, U.S. Department of health & human services, 

Atlanta, Georgia, public health service. 

ATSDR (Agency for Toxic Substances and Disease Registry) (2006). Interaction profile 

for chlorpyrifos, lead, mercury, and methylmercury. Atlanta, GA: Agency for toxic 

substances and disease registry, public health service. 

Baer, M.T., King, J.C., Tamura, T., Margen, S., Bradfield, R.B., Weston, W.L. and 

Daugherty, N.A. (1985) Nitrogen utilisation, enzyme activity, glucose intolerance and 

leukocyte chemotaxis in human experimental zinc depletion. Am J, 41: 1220–1235. 



 122 

Baldwin, D.R. and Marshall, W.J. (1999) Heavy metal poisoning and its laboratory 

investigation (review article), Annals of Clinical Biochemistry; 36: 267-300.  

Barber, D.A. and Lee, R.B. (1974) The effect of micro-organisms on the absorption of 

manganese by plants.  New Phytol., 73: 97-106. 

Baumgaertel, A. (1999) Alternative and controversial treatments for attention-

deficit/hyperactivity disorder. Pediatr Clin of North Am .;46(5):977-992. 

Belluzzi, A., Boschi, S., Brignola, C., Munarini, A., Cariani, C. and Miglio, F. (2000) 

Polyunsaturated fatty acids and inflammatory bowel disease. Am J Clin Nutr ;71 

(suppl):339-342. 

Belz, R. (1960) The amounts of iron, copper, manganese and cobalt in average diets of 

various age groups in the Netherlands. Voeding, 21: 236-251. 

Berg, J.M. and Shi, Y. (1996) The galvanization of biology: a growing appreciation for 

the role of zinc. Science: 271: 1081-1085. 

Bhaskaram, P. (2001) Immunobiology of mild micronutrient deficiencies. Br J Nut, 85: 

75-80 

Blaurock-Busch, E. (1997) The Clinical Effects of Manganese (Mn). Mineral and Trace 

Element Analysis, Laboratory and Clinical Application. Am J. Clinical Chemistry, 33: 

351-356. 

Boden, G., Sargrad, K., Homko, C., Mozzoli, M. and Stein, T.P. (2005) Effect of a low 

carbohydrate diet on appetite, blood glucose levels, and insulin resistance in obese 

patients with type 2 diabetes. Annals of Internal Medicine, 15(142), 403-411. 



 123 

Boeing, D.W. (2000) Ecological effects, transport and fate of mercury, a general review. 

Chemosphore, 40:1335-1351. 

Boelsma, E., Hendriks, H.F. and Roza, L. (2001) Nutritional skin care: health effects of 

micronutrients and fatty acids. Am J Clin Nutr.;73(5):853-864. 

Bothwell, T.H., Charlton, R.W., Cook, J.D. and Finch, C.A. (1979)  Iron Metabolism in 

Man. St. Louis: Oxford: Blackwell Scientific 12(3):123-142. 

Bothwell, T.H and Charlton, R.W. (1982) A general Approach to the problem of iron 

Deficiency and Iron Overload in the population at large. Seminars in Haem, 12(34):54-

62. 

Bouquiaux, J. (1974) Non-organic micropollutants of the environment. Detailed list of 

levels present in the environment. Luxembourg, Commission of the European 

Communities, 74(2). 194-221.  

.Bowen, H.J.M. (1985) The natural environment and the biogeochemical cycles. In: 

Hutzinger D ed. Handbook of environmental chemistry.New York, Basel, Springer-

Verlag, 12: 1-26. 

Boyle, E.A., Sclater, F.R. and Edmond, J.M. (1977) The distribution of dissolved copper 

in the pacific. Earth Planet Sci Lett, 37: 38-54. 

Brooks, R.R. and Rumsey, D. (1974) Heavy metals in some New Zealand commercial 

sea fishes.  N. Z. J. Mar. Freshwater Res., 8: 155-166. 

Brooks, R.R. and Rumsey, M.G. (1965) The biogeochemistry of trace element uptake by 

some New Zealand bivalves.  Limnol. Oceanogr., 10: 521-527. 



 124 

Bruland, K.W. (1980) Oceanographic distributions of cadmium, zinc, nickel, and copper 

in the North Pacific. Earth Planet Sci Lett, 47: 176-198. 

Bryan, D.E. (1970) Development of nuclear analytical techniques for oil slick 

identification (Phase 1). Work done under AEC contract No. AT (904-3)-167 by Gulf 

General Atomic (Report No. 9889). 

Bubb, J.M. and Lester, J.N. (1994) Anthropogenic heavy metal inputs to lowland river 

systems, a case study. Water Air Soil Pollut, 78: 279-296. 

Bucholtz, C.F (1816) Chemical study of the vanilla shoot (Siliqua vanillae). Report 

Pharm, 2: 253. 

Burrows, W.D. (1975) Principles of neutron activation analysis. In: Krenkel, D. A., ed. 

Heavy metals in the aquatic environment, Oxford, Pergamon; 58: 5-60. 

Buttin, G. and Kornberg, A. (1966) Enzymatic synthesis of deoxyribonucleic acid. XXI. 

Utilization of deoxyribonucleoside triphosphates by Escherichia coli cells. J. biol. Chem., 

241 (22): 5419-5427. 

.Cabrera, F., Soldevilla, M., Cordon, R. and De Arambarri, P. (1987) Heavy metal 

pollution in the Guadiamar river and Guadalquivir estuary (South west Spain). 

Chemosphere, 16(2-3): 463-468.  

Calder, P.C.  (2004) n-3 fatty acids and cardiovascular disease: evidence explained and 

mechanisms explored. Clin Sci;107:1–11. 



 125 

Callahan, M.A., Slimak, M.W. and Gable, N.W. (1979) Water-related fate of 129 priority 

pollutants. Washington, DC: U.S. Environmental protection agency, Office of water 

planning and standards. EPA-440/4-79-029a. 

Calviello, G., Di Nicuolo, F., Gragnoli, S., Piccioni, E., Serini, S., Maggiano, N., 

Tringali, G., Navarra, P., Ranelletti, F.O. and Palozza, P. ( 2004)  n-3 PUFAs reduce 

VEGF expression in human colon cancer cells modulating the COX-2/ PGE2 induced 

ERK-1 and -2 and HIF-1alpha induction pathway. Carcinogenesis.; 25:2303-2310. 

Cappon, C.J. (1987) Mercury and Selenium content and chemical form in vegetable crops 

grown on sludge-amended soil. Arch. Environ. Contam. Toxicol., 10:673-689. 

Castillo-Duran, C. and Uauy, R. (1988) Copper deficiency impairs growth of infants 

recovering from malnutrition. Am J Clin Nutr, 47:710-714. 

Chan, W.H, Tank, A.J.S., Chung, D.H.S. and Lusis, M.A. (1986) Concentration and 

deposition of trace metals in Ontario. Water Air Soil Pollut, 29: 373-389. 

Cheng, J., Chakrabarti, C.L., Back, M.H. and Schroeder, W.H. (1994) Chemical 

speciation of Cu, Zn, Pb and Cd in rain water. Anal Chim Acta, 288: 141-156. 

Cho, E., Hung, S., Willet, W.C., Spiegelman, D., Rimm, E.B. and Seddon, J.M. (2001). 

Prospective study of dietary fat and the risk of age-related macular degeneration. Am J 

Clin Nutr .;73(2):209-218. 

Christie, P. and Beattie, J.A.M. (1989) Grassland soil microbial biomass and 

accumulation of potentially toxic metals from long-term slurry application. J Appl Ecol, 

26: 597-612. 



 126 

Chugh, K.S., Sharma, B.K., Singhal, P.C., Das, K.C. and Datta, B.N. (1977) Acute renal 

failure following copper sulphate intoxication. Postgrad Med J, 53(615): 18-23. 

Chuttani, H.K., Gupta, P.S., Gulati, S. and Gupta, D.N. (1965). Acute copper sulfate 

poisoning. Am J Med, 39: 849-854. 

Cikrt, M. and Vostal, J. (1969) Study of manganese resorption  in vitro through intestinal 

wall.  Int. clin. Pharmacol Toxicol., 3: 280-285. 

Clarkson, T.W., Hamada, R. and Amin-Zaki, L. (1984) Mercury In: J.O. Nriagu (ed.). 

Changing metal cycles and human health. Springer- Verlag, 15:285-309. 

Coale, K.H. and Bruland, K.W. (1988) Copper complexation in the northeast Pacific. 

Limnol Oceanogr, 33: 1084-1101 

Comens, P. (1956). Manganese depletion as an etiological factor in hydralazine disease.  

Am. J. Med., 20: 944-945.  

Connolly, J.M., Gilhooly, E.M. and Rose, D.P. (1999) Effects of reduced dietary linoleic 

acid intake, alone or combined with an algal source of docosahexaenoic acid, on MDA-

MD-231 breast cancer cell growth and apoptosis in nude mice. Nutrition Can.; 35(1):44-

49 

Connor, S.L. and Connor, W.E. (1997) Are fish oils beneficial in the prevention and 

treatment of coronary artery disease. Am J Clin Nutr.; 66 (suppl):1020-1031. 

Cook, M.E. and Morrow, H. (1995) Anthropogenic source of cadmium in Canada, 

national workshop on cadmium transport into plants, Canadian network of toxicology 

centres, 23:34-67. 



 127 

Corbett, J.V.  (1995) Accidental poisoning with iron supplements. Am J Matern Child 

Nurs, 20: 234. 

Cordano, A., Baertl, J. and Graham, G.G. (1964) Copper deficiency in infants. Pediatrics, 

34: 324-336 

Cotton, F.A. and Wilkinson, G. (1989). Advanced inorganic chemistry. New York, John 

Wiley & Sons Ltd, 755-775. 

Crawford, M.A. (1968). Fatty acid ratios in free-living and domestic animals. Lancet; 

1:1329–33. 

Curtis, C.L., Hughes, C.E., Flannery, C.R., Little, C.B., Harwood, J.L. and Caterson, B. 

(2000) N-3 fatty acids specifically modulate catabolic factors involved in articular 

cartilage degradation. J Biol Chem .;275 (2):721-724. 

Dabeka, R.T. (2004) Assessment of food contaminants among Canadians. International 

Journal of Food Science and Technology, 39: 321–355 

Dallman, P.R.  (1986) Biochemical basis for the manifestations of iron deficiency. Annu 

Rev Nutr, 6: 13-40. 

Danao-Camara, T.C. and Shintani, T.T. (1999) The dietary treatment of inflammatory 

arthritis: case reports and review of the literature. Hawaii Med J.; 58 (5):126-131. 

Danks, D.M. (1988) Copper deficiency in humans. Annu Rev Nutr, 8: 235-257. 

Dann, T. (1994) Environment Canada -- PM10 and PM2.5: Concentrations at Canadian 

sites, 1984 to 1993. Ottawa, Canada, Environmental Technology Centre, 93(3):28  



 128 

De, H.N. (1949) Copper and manganese metabolism with typical Indian diets and 

assessment of their requirement for Indian adult. Ind. J. med. Res., 37: 301-309. 

Deckere, E.A.M. (1999) Possible beneficial effect of fish and fish n-3 polyunsaturated 

fatty acids in breast and colorectal cancer. Eur J Cancer Prev ;8:213-221. 

DEFRA and EA (Department for Environment Food and Rural Affairs and Environment 

Agency). (2002). Contaminants in soil: Collation of toxicological data and intake values 

for humans. Cadmium and Mercury. R&D Publication TOX 3. 

De Leonardis, A., Macciola, V. and De Felice, M. (2000) Copper and iron determination 

in edible vegetable oils by graphite furnace atomic absorption spectrometry after 

extraction with diluted nitric acid. International Journal of Food Science and 

Technology, 35: 371–375 

De-Souza, D.A. and Greene, L.J. (1998) Pharmacological nutrition after burn injury. J 

Nutr.;128:797-803. 

Divrikli, U., Saracoglu, S., Soylak, M. and Elci, L. (2003) Determination of trace heavy 

metal contents of green vegetable samples from Kayseri-Turkey by flame atomic 

absorption spectrometry. Fresenius Environmental Bulletin, 12: 1123–1125. 

Dobrynina, O. Ju. and Davidjan, L.G. (1969) Changes with age in the levels of iron, 

manganese, copper and cobalt in the organs of healthy men.  Med. Z. Usb., 12: 47-50. 

Doisy, E.A. (1973) Micronutrient controls on biosynthesis of clotting proteins and 

cholesterol. In: Hemphill, D.D., ed.  Trace substances in environmental health, Columbia, 

MO, University of Missouri, 6:193-199.  



 129 

Domingo, J.L., Bocio, A., Marti-Cid, R.and Llobet, J.M. (2007). Benefits and risks of 

fish consumption. Part II. RIBEPEIX, a computer program to optimize the balance 

between the intake of omega-3 fatty acids and chemical contaminants. Toxicology 230: 

227–233. 

Duby, P. (1980) Extractive metallurgy. In: Kirk-Othmer encyclopedia of chemical 

technology, New York, John Wiley & Sons Ltd, 3: 739, 767. 

Duffus, J.H. (2002) Heavy metals" a meaningless term? (IUPAC Technical Report). Pure 

and Applied Chemistry, 10: 793-807.  

Duffor, C.N. and Becker, E. (1964) Public water supplies of the 100 largest cities in the 

US, 1962.  I. Am. Water Works Assoc., 56 (3): 237-246.  

Durum, W.H. and Haffty, J. (1961)  Occurrence of minor elements in water, Washington, 

DC, US Geological Survey, 445: 11  

Dyeberg, J. and Bang, H.O. (1972) Plasma lipids and lipoproteins in Greenlandic West 

Coast Eskimos. Acta Medica, Scandinavica: 192: 85-91. 

Edwards, R., Peet, M., Shay, J.and Horrobin, D. (1998) Omega-3 polyunsaturated fatty 

acid levels in the diet and in red blood cell membranes of depressed patients. Journal of 

Affective Disorders, 48(2-3):149-155.  

Elderfield, H. (1972) Compositional variations in the manganese oxide component of 

marine sediments.  Nature (Lond), 237 (70): 110-112. 

Elinder, C.G. (1985) Cadmium: Uses, occurrence and intake. In: Friberg, L., Elinder, C. 

G., Kjellström, T., eds. Cadmium and health: A toxicological and epidemiological 



 130 

appraisal. Vol. I. Exposure, dose, and metabolism. Effects and response. Boca Raton, FL: 

CRC Press, 23-64. 

Ethyl Corporation, (1974) Methylcyclopentadienylmanganese tricarbonyl (MMT), an 

anti-knock agent for unleaded gasoline  Ferndale. MI, Ethyl Corp. Research Lab, 2: 423-

452. 

FAO/WHO (Expert Committee on food supplements), (2004). Summary of Evaluations 

Performed by the Joint FAO/WHO Expert Committee on Food Additives (JECFA 1956-

2003), (First through sixty-first meetings). Food and Agriculture Organization of the 

United Nations and the World Health Organization, ILSI Press International Life 

Sciences Institute, Washington, DC. 

Fenton, W.S., Dicerson, F.and Boronow, J. (2001) A placebo controlled trial of omega-3 

fatty acid (ethyl eicosapentaenoic acid) supplementation for residual symptoms and 

cognitive impairment in schizophrenia. Am J Psychiatry; 158(12):2071-2074. 

Forstner, U. (1980) Cadmium in the environment, Part I. In: Nriagu, J.O., ed. Cadmium 

in polluted sediments, New York, Chichester, John Wiley & Sons. 305-363. 

Geleijnse, J., Giltay, E., Grobbee, D., Donders, A.and Kok, F. (2002). Blood pressure 

response to fish oil supplementation: metaregression analysis of randomized trials. J 

Hypertens, 20:1493–9. 

GESAMP, (1985) IMO/FAO/UNESCO/WMO/IAEA/UN/UNEP Joint Group of Experts 

on the Scientific Aspects of Marine Pollution: Atmospheric transport of contaminants 



 131 

into the mediterranean region, Athens, Geneva, World Meteorological Association, 

26:140-154. 

 

Gibson, R.A., Arnold, L.E., Kleykamp, D., Votolato, N., Horrocks, L., (1994). Potential 

link between dietary intake of fatty acid and behavior: pilot exploration of serum lipids in 

attention-deficit hyperactivity disorder. J Child Adolesc Psychopharmacol; 4(3):171-182. 

Gillooly, M., Bothwell, T. H., Torrance, J. D., MacPhail, P., Derman, D. P., Bezwoda, W. 

R., Mills, W and Charlton, R. W. (1983). "The Effects of Organic Acids, Phytates and 

Polyphenols on the Absorption of Iron from Vegetables. British Journal of Nutrition, 49: 

331–342. 

Gilmour, C.C and Henry, E.A.,  (1991). Mercury Methylation in aquatic systems affected 

by acid deposition. Envrion. Pollut.71:131-170. 

Gochfeld, M., (2003). Cases of mercury exposure bioavailability and absorption. 

Ecotoxicology and Environmental Safety, 56: 174–179. 

Gossel, T.A; Bricker, J.D., (2001). Principles of clinical toxicology. The basic science of 

poisons, New York: McGraw-Hill , 6: 647. 

Goyenechea, E., Parra, M. D., and Martı´nez, J. A., (2006). Weight regain after slimming 

induced by an energy-restricted diet depends on IL-6 and PPAR-g2 gene polymorphisms. 

British Journal of Nutrition, 96: 965–972. 

Goyer, A.R., (1997). Toxic metals and essential metal interactions. Annual Review of 

Nutrition, 17: 37–50. 



 132 

Grant, L.D., Elias, R., Nicholson, W., Goyer, R., and Olem, H., (1990). Indirect health 

effects associated with acidic deposition. In: State of science and technology. National 

Acid Precipitation Assessment Program (NAPAP), 23: 23-33. 

Gwalteney-Brant, S.M (2002) Nephrotoxicity and gastrointestinal toxicity with 

ulcerations and hemorrhage, how do fish oils affect vascular function? Pharmacol 

Physiol, 22:71–81. 

Haas, J.D. and Brownlie. T. (2001) Iron deficiency and reduced work capacity: a critical 

review of the research to determine a causal relationship. J Nutr, 131: 676-690 

Haddad, L.M., (1998). Clinical Management of poisoning and drug overdose, 

Philadelphia,PA,  Saunders,  3: 800. 

Hall, W.S., Bushong, S.J., Hall, L.W., Lenkevich, M.J. and Pinkney, A.E. (1988) 

Monitoring dissolved copper concentrations in Chesapeake Bay, USA. Environ Monit 

Assess, 11(1): 33-42. 

Hallberg, L., Hulten, L. and Gramatkovski, E. (1997) Iron Absorption from the Whole 

Diet in Men: How Effective Is the Regulation of Iron Absorption? American Journal of 

Clinical Nutrition, 66: 347–356.  

Halsted, J., Smith, J.C. and Irvin, M.I., (1974) A conspectus of research on Zinc 

requirement of Man. J. Nutr. 104: 345. 

Hansen, C. R. Jr. (1983) Copper and zinc deficiencies in association with depression and 

neurological findings. Biological Psychiatry, 18: 395-401. 



 133 

Haraldsson, C. and Westerlund, S. (1988) Trace metals in the water columns of the Black 

Sea and Framvaren Fjord. Mar Chem, 23(3-4): 417-424. 

Harless, E. (1847) About the blue blood of some non-vertebrate animals and its copper 

content. Muller's Arch Anat Physiol, 1847: 148.  

Hart, E.B., Steenbock, H., Waddell, J. and Elvehjem, C.A. (1928) Iron in nutrition: 

Copper as a supplement to iron for hemoglobin building in the rat. J Biol Chem, 77 (7): 

797-812. 

Hayashi, N., Tsuguhiko, T. and Yamamori, H. (1999) Effect of intravenous w-6 and w-3 

fat emulsions on nitrogen retention and protein kinetics in burned rats. Nutrition, 

15(2):135-139. 

Helz, G.R., Hugget, R.J. and Hill, J.M. (1975) Behavior of Mn, Fe, Cu, Cd, and Pb 

discharged from a wastewater treatment plant into an estuarine environment. Water Res, 

9: 631-636. 

Hibbeln, J.R.and Salem, N., Jr. (1995) Dietary polyunsaturated fatty acids and 

depression: when cholesterol does not satisfy. Am J Clin Nut., 62(1):1-9. 

Holmer, G. (1989) `Triglycerides' in Marine Biogenic Lipids, Fats and Oils. (Ackman, 

R.G., ed.),  CRC Press, Boca Raton, FL, USA 1: 140-74.  

Holmgren, G.G.S., Meyer, M.W., Chaney, R.L. and Daniels, R.B. (1993) Cadmium, lead, 

zinc, copper, and nickel in agricultural soils of the United States of America. J Environ 

Qual, 22: 335-348. 



 134 

Hopper, S.H. and Adams, H.S. (1958) Copper poisoning from vending machines. Public 

Health Rep, 73: 910-914. 

Horrobin, D.F. and Bennett, C.N. (1999) Depression and bipolar disorder: relationships 

to impaired fatty acid and phospholipid metabolism and to diabetes, cardiovascular 

disease, immunological abnormalities, cancer, ageing and osteoporosis. Prostaglandins 

Leukot Essent Fatty Acids, 60(4):217-234. 

Horrocks, L.A and Yeo, Y.K. (1999) Health benefits of docosahexaenoic acid. 

Pharmacol Res. 40 (3):211-225. 

Howe, P.R. (1998) Omega-3 fatty acids and trace element levels, an Australian 

Perspective. World review of Nutrition and Dietetics, 83: 200-215. 

Hubutija, V.A. (1972) Distribution and retention of unipolar electrically charged 

industrial manganese dust in the respiratory organs. Gig. Tr. prof. Zabol., 2: 27-31.  

Hunter, B.A, Johnson, M.S. and Thompson, D.J. (1987) Ecotoxicology of copper and 

cadmium in a contaminated grassland ecosystem: I. Soil and vegetation contamination. J 

Appl Ecol, 24: 573-586. 

Hurn, R.W., Allsup, J.R. and Cox, F. (1974) Effect of gasoline additives on gaseous 

emissions, Washington, DC, US Environmental Protection Agency, (EPA-650/2-75-014).  

Innis, S.M., Nelson, C.M., Wadswirth, L.D., MacLaren, I.A and Lwanga, D. (1997) 

Incidence of iron –deficiency anemias among nine-month old infants in Vancouver, 

Canada. Can. J. Public Health, 88: 80-84. 



 135 

Institute of Medicine. (2002) Dietary Reference Intakes for Energy, Carbohydrate, Fiber, 

Fat, Fatty acids, Cholesterol, Protein and Amino Acids. International Journal of Food 

Sciences and Nutrition, 53: 305–316. 

Institute of Medicine, (2001) Food and Nutrition Board. Dietary Reference Intakes for 

Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, Iodine, Iron, Manganese, 

Molybdenum, Nickel, Silicon, Vanadium and Zinc. International Journal of Food 

Sciences and Nutrition, 50: 115–302. 

IPCS (International Programme on Chemical Safety), (2001). Cadmium. World Health 

Organisation. Geneva. Environmental Health Criteria, 221. 

IPCS (International Programme on Chemical Safety), (1990). Methylmercury. World 

Health Organization. Geneva. Environmental health criteria, 101. 

IPCS (International Programme on Chemical Safety), (1992). Cadmium. World Health 

Organization. Geneva. Environmental health criteria, 134. 

Jackson, T.A. (1997) Long-range atmospheric transport of mercury to ecosystems, and 

the published evidence. Environmental Review, 5: 99–120. 

Jantsch, W., Kulig, K. and Rumack, B.H. (1985) Massive copper sulfate ingestion 

resulting in hepatotoxicity. J Toxicol Clin Toxicol, 22: 585-588. 

Johnson, M.S. and Eaton, J.W. (1980) Environmental contamination through residual 

trace metal dispersal from derelict lead-zinc mine. J. Environ. Qual., 9(2): 175-179. 

Jones, P.G.W., Henry, J.L. and Folkard, A.R. (1973) The distribution of selected trace 

metals in the water of the North Sea 1971-73, Lowestoft, International Council for the 



 136 

Exploration of the Sea (ICES), Fisheries Improvement Committee, Fisheries Laboratory, 

5:13.  

Kabata-Pendias, A., and Pendias, H. (1984) Trace elements in soils and plants. Boca 

Raton, Florida, CRC Press, Inc., 2: 315. 

Kadar, I., Koncz, J. and Fekete, S. (2000) Experimental study of Cd, Hg, Mo, Pb and Se 

movement in soil-plant-animal systems. In: Kniva, International Conference Proceedings, 

Patija, Croatia, 4: 72–76. 

Kaplan, R.J. and Greenwood, C.E. (2002) Influence of dietary carbohydrates and 

glycaemic response on subjective appetite and food intake in healthy elderly persons. 

International Journal of Food Sciences and Nutrition, 53, 305–316. 

Keitz, E.L. (1980) Atmospheric cycles of cadmium and lead: Emissions, transport, 

transformation and removal. McLean, VA, The Mitre Corporation, 12:45-97. 

Kennish, M.J. (1992) Ecology of Estuaries. Anthropogenic effects. CRC. Press, Inc., 

Boca Raton, F1. 3: 124-231. 

Kitamura, S., Sumino, K., Hayakawa, K. and Shibata, T. (1974) Heavy metals in normal 

Japanese subjects (Amounts of 15 heavy metals in 30 subjects).  Environ. Health Rep., 

28: 29-60.  

Klassen, C.D. (2001) Casarette and Doull’s Toxicology, the basic Science of poisons, 

New Tork, NY: McGraw-Hill, 6; 847. 

Kleinkopf, M.D. (1960) Spectrographic determination of trace elements in lake waters of 

Northern Maine.  Geol. Soc. Am. Bull., 71: 1231-1242. 



 137 

Klevay, L.M., Canfield, W.K. and Gallagher, S.K. (1986) Decreased glucose tolerance in 

two men during experimental copper depletion. Nutr Rep Int, 33: 371-382. 

Knobeloch, L., Ziarnik, M., Howard, J., Theis, B., Farmer, D., Anderson, H. and Proctor, 

M. (1994) Gastrointestinal upsets associated with ingestion of copper-contaminated 

water. Environ Health Perspect, 102: 958-961. 

Kotb, A.R., Hadeed, A. and Al-Baker, A.A. (1991) Omega-3 PUFAs and Heavy metal 

content in some popular species of Arabian Gulf fishes. Food chem., (40; 185-90). 

Krell, U. and Roeckner, E. (1988) Model simulation of the atmospheric input of lead and 

cadmium into the North Sea. Atmos. Environ., 22(2): 375-381. 

Kremer, J.M. (2000) n-3 fatty acid supplements in rheumatoid arthritis. Am J Clin Nutr., 

(suppl 1):349S-351S. 

Kroner, R.C. and Kopp, J.F. (1965) Trace elements in six water systems of the United 

States.  Am. Water Works Assoc. J., 57: 150-156. 

Kruger, M.C., Coetzer, H., de Winter, R., Gericke, G. and van Papendorp, D.H. (1998) 

Calcium, gamma-linolenic acid and eicosapentaenoic acid supplementation in senile 

osteoporosis. Aging Clin Exp Res.10:385-394. 

Lagerwereff, J.V. (1967) Heavy-metal contamination of soils. In: Brady, N.C., ed.  

Agriculture and the quality of our environment, Norwood, M.A, Plimpton Press, 343-

364. 



 138 

Lahey, F. (1975) A copper Deficiency Anaemia is Indistinguishable Haematologically 

from that of an Iron Deficiency Anaemia. Clinical Significance of the Essential 

Biological Metals, 23:57 

Laitinen, L.A., Laitinen, A. and Haahtela, T. (1993) Airway mucosal inflammation even 

in patients with newly diagnosed asthma. Am Rev Respir Dis; 147(3):697–704. 

Lane T.W. and Morel, F.M. (2000) A biological function for cadmium in marine diatoms. 

Proc Natl Acad Sci, 97: 4627–4631. 

 

Lane, T.W., Saito, M.A., George, G.N., Pickering, I.J., Prince, R.C. and Morel, F.M. 

(2005) Biochemistry: a cadmium enzyme from a marine diatom. Nature, 435: 42. 

Larsen, A.M. (2002) Contaminants and food safety in Danish foods. Den.  J. Nutr., 27: 

229-232. 

Laugharne, J.D., Mellor, J.E and Peet, M. (1996) Fatty acids and schizophrenia. Lipids; 

31:163-165. 

Lauwerys, R.R. (1986) Health maintenance of workers exposed to cadmium, the 

cadmium council, Inc., New York, NY, 16: 4-5 

Lazrus, A.L., Loramge, E. and Lodge, J.P. Jr. (1970) Lead and other metal ions in United 

States precipitation.  Environ. Sci. Technol., 4: 55-58. 

Le’blanc, T.H. (2006) Contaminants and food safety in French foods with reference to 

Marselle. Fr.  J. Nutr., 28: 220-234. 

http://www.pnas.org/cgi/pmidlookup?view=long&pmid=10781068


 139 

Lehmann, R.G. and Harter, R.D. (1984) Assessment of copper-soil bond strength by 

desorption kinetics. Soil Sci Soc Am J, 48: 769-772. 

Leidy, H.J., Carnell, N.S., Mattes, R.D. and Campbell, W.W. (2007) Higher protein 

intake preserves lean mass and satiety with weight loss in pre-obese and obese women. 

Obesity (Silver Spring), 15, 421–429. 

Lewis, R.J. Sr. (2004) Sax’s Dangerous properties of Industrial materials. Wiley and sons 

Inc., NJ, 11: 3717. 

Lide, D.R. and Frederikse, H.P.R. (1993) CRC handbook of chemistry and physics, Boca 

Raton, Florida, CRC Press.  74:235-451.  

Lindberg, O. and Ernster, L. (1954) Manganese a co-factor of oxidative phosphorylation.  

Nature (Lond.), 173: 1037-1038. 

Lindquist, O. (1991) Mercury in Swedish environment. Water, air, SoilPubls., 55(1-2):1-

261. 

Lindquist, O., Jernelov, A., Johansson, K. and Rodhe, R. (1984) Mercury in the Swedish 

environment; global and local sources,Solna, National Swedish Environmental Protection 

Board, 1816:105.  

Lipworth, L., Martinez, M.E., Angell, J., Hsieh, C.C. and Trichopoulos, D. (1997) Olive 

oil and human cancer: An assessment of the evidence. Preventive Medicine, 26; 181-190. 

Love, J.L., Rush, G.M. and McGrath, H. (2003) Total mercury and methylmercury levels 

in some New Zealand commercial marine fish species. Food Additives and 

Contaminants, I20:37-43. 



 140 

Lukaski, H.C., Klevay, L.M. and Milne, D.B. (1988) Effects of copper on human 

autonomic cardiovascular function. Eur Appl Physiol, 58: 74-80.  

Mahaffey, K.R. (2004) Fish and shellfish as dietary sources of methylmercury and the 

omega-3 fatty acids, eicosahexaenoic acid and docosahexaenoic acid: risks and benefits. 

Environ Res, 95(3): 414-28. 

Mandzgaladze, R.N. (1967) Some clinical and experimental data on the effect of 

manganese compounds on sexual function.  Vopr. Gig. Tr. Profpatol. 11: 126-130.  

Manku, M.S. (1983) A Comparison of GLC and HPLC Methods for Determining Fatty 

Acid Composition of Evening Primrose and Soybean Oil, Journal of Chromatographic 

Science, 21:1-35.  

Marrugo-Negerte, M.W. (2008) Methylmercury levels in carnivorous fishesin Mojana 

river, Columbia. Hydrobiologia, 68:228-236. 

McHargue, J.S. (1925) The occurrence of copper, manganese, zinc, nickel, and cobalt in 

soils, plants, and animals, and their possible function as vital factors. J Agric Res, 30: 

193-196. 

McHargue, J.S. (1927a) The proportion and significance of copper, iron and zinc in some 

mollusks and crustaceans. Trans Ky Acad Sci, 2: 46-52. 

McHargue, J.S. (1927b) Significance of the occurrence of manganese, copper, zinc, 

nickel, and cobalt Kentucky blue grass. Ind Eng Chem Res, 19: 274-276.  

McLeod, B.E. and Robinson, M.F. (1972a) Dietary intake of manganese by New Zealand 

infants during the first six months of life.  Br. J. Nutr., 27: 229-232. 



 141 

Mena, I., Horiuchi, K., Burke, K. and Cotzias, G.C. (1969) Chronic manganese 

poisoning. Individual susceptibility and absorption of iron.  Neurology, 19: 1000-1006. 

Meranger, J.C. and Smith, D.C. (1972) The heavy metal content of a typical Canadian 

diet.  Can. J. public Health, 63: 53-57. 

Minerals Year Book, (1977) Washington, DC, US Department of Interior, Bureau of 

Mines, 3:1152-1167. 

Mitchell, R.L. (1971) Trace elements in soils, Aberdeen, Macaulay. Institute for Soil 

Research, Tech. Bull. 20: 8-20.  

Montori, V., Farmer, A., Wollan, P.C. and Dinneen, S.F. (2000) Fish oil supplementation 

in type 2 diabetes: a quantitative systematic review. Diabetes Care, 23, 1407-1415. 

Moore, M.N. (1978) The distribution of dissolved copper in the eastern Atlantic Ocean. 

Earth Planet Sci Lett, 41: 461.  

Moran, J.B. (1975) The environmental implications of manganese as an alternate 

antiknock.  Paper, presented at the 1975 SAE Automobile Engineering Meeting, Detroit, 

MI, (No. SAE 750926). 

Mouri, T. (1973) Experimental study of inhalation of manganese dust. Shikoku Acta 

Med., 29 (2): 118-129.  

Mozaffarian, D. and  Rimm, E.B. (2006) Fish intake, contaminants, and human health: 

evaluating the risks and the benefits. Journal of American Medical Association, 296: 

1885-1889 



 142 

Mozaffarian, D., Geelen, A. and Brouwer, I. (2005) Effect of fish oil on heart rate in 

humans: a meta-analysis of randomized controlled trials. Circulation; 112:1945–52. 

 Musaeva, L.D. and Kozolova, G.I. (1973) The accumulation of manganese in bilberries 

as a result of the environmental condition of the leaves.  J. biol. 7: 71-76.  

Nakagawa, T. (1968) A study on the manganese content in daily food consumption in 

Japan.  J. Osaka City Cent., 17 (9-10): 401-424.  

Nakamura, Y. and Osada, M. (1957) Studies on trace elements in food and beverages. 

Manganese content in green tea.  Ann. Rep. Pharm., 3: 19-21.  

Narang, R.L., Gupta, K.R., Narang, H.P. and Singh, R. (1991). Levels of copper and zinc 

in depression. Indian Journal of Physiology and Pharmacology, 10: 69-73. 

NAS/NRC, (1973) Manganese, Washington, DC, National Academy of National 

Research Council, 14: 1-191.  

National Cholesterol Education Program, (2002) Third Report of the National 

Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and 

Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III) final report. 

National Heart, Lung and Blood Institute, National Institutes of Health, 2: 5202-5215. 

Nestel, P., Shige, H. and Pomeroy, S. (2002) The n-3 fatty acids eicosapentaenoic acid 

and docosahexaenoic acid increase systemic arterial compliance in humans. Am J Clin 

Nutr; 76:326–330. 

Nichol, I., Horsnail, R.F. and Webb, J.S. (1967) Geochemical patterns in stream sediment 

related to precipitation of manganese oxides. Trans Inst. Min. Metall., 76: 113-115. 



 143 

NIOSH (National Institute for Occupational Safety and Health), (1994). NIOSH manual 

of analytical methods. U.S. Department of health and human services, National institute 

for occupational safety and health, 10:1-123. 

Nolan, K.R. (1983) Copper toxicity syndrome. Journal of Orthomolecular Psychiatry, 

12: 270-282. 

North, B.B., Leichsenring, J.M. and Norris, L.M. (1960) Manganese metabolism in 

college women.  J. Nutr., 72: 217-223.  

Nriagu, J.O. (1979b) Copper in the environment: Ecological cycling. 1: 43-75.  

Nriagu, J.O. (1989) A global assessment of natural sources of atmospheric trace metals. 

Nature (Lond); 338: 47-49. 

Nriagu, J.O. and Pacyna, J.M. (1988) Quantitative assessment of worldwide 

contamination of air, water and soils by trace metals. Nature (Lond.); 333: 134-139. 

Nriagu, J.O. (1980) Cadmium in the atmosphere and in precipitation, cadmium in the 

environment. ecological cycling, 1;71-114. 

Odell, B.L. and Sunde, R.A. (1997) Handbook of Nutritionally Essential Mineral 

Elements. New York, John Wiley and Sons Ltd., 8:145-278 

O'Donohue, J.W., Reid, M.A., Varghese, A., Portmann, B. and Williams, R. (1993) Case 

report: Micronodular cirrhosis and acute liver failure due to chronic copper self-

intoxication. Eur J Gastroenterol Hepatol, 5: 561-562. 



 144 

OECD (Organization for Economic Co-operation and Development), (1994). Risk 

reduction monograph No. 5: Cadmium OECD environment directorate, Paris, France. 

Okamoto, M., Misunobu, F. and Ashida, K. (2000)  Effects of dietary supplementation 

with n-3 fatty acids compared with n-6 fatty acids on bronchial asthma. Annals of 

Internal Medicine, 39(2):107-111. 

Page, A.L., Bingham, F.T. and Shang, A.C. (1981) Cadmium. In: Lepp, N.W., ed. Effect 

of heavy metal pollution on plants, barking, Essex, applied science; 1: 77-109. 

Paoletti, M.G., Iovane, E. and Cortese, M. (1988). Pedofauna bioindicators and heavy 

metals in five agroecosystems in north-east Italy. Rev Ecol Biol Sol, 25: 33-58.  

Penland, J.G. and Johnson, P.E. (1993) Dietary calcium and manganese effects on 

menstrual cycle symptoms. Am J Obstet Gynecol, 168: 1417–1423. 

Petersen, K.M. and Parkinson, A.J. (1996) Iron deficiency anemia among Alaska natives 

may be due to faecal loss rather than inadequate intake. Am. J. Clin. Nutr. 126: 2774-

2783. 

Petruzzelli, G., Szymura, I., Lubrano, L. and Cervelli, S. (1988) Retention of Cu and Cd 

by soil influenced by different adsorbents. Agrochimica, 32: 240-243.  

Pigott, G.M. and Tucker, B.W. (1987) Science Opens New Horizon for Marine Lipids, in 

Human Nutrition in Food. Rev. Inter. 3, 105-138. 

Pimentel, J.C. and Marques, F. (1969) “Vineyard sprayer's lung” a new occupational 

disease. Thorax, 24: 678-688. 



 145 

Prasad, A.S. (1969) A century of research on the metabolic role of zinc, Am. J. Clin. 

Nutr. 22: 1215. 

Preston, A., Jefferies, D.F., Dutton, J.W.R., Harvey, B.R. and Steele, A.K. (1972) British 

isles coastal waters. The concentrations of selected heavy metals in sea water, suspended 

matter and biological indicators - a pilot survey.  Environ. Pollut, 3: 69-82.  

Prohaska, J.R. and Failla, M.L. (1993) Copper and immunity In: Klurfeld D.M ed. 

Human nutrition, Nutrition and immunology. 8:309-332.   

Puri, B., Richardson, A.J. and Horrobin, D.F. (2000) Eicosapentaenoic acid treatment in 

schizophrenia associated with symptom remission, normalisation of blood fatty acids, 

reduced neuronal membrane phospholipid turnover and structural brain changes. Int J 

Clin Pract, 54(1):57-63. 

Reilly, C. (1985) The dietary significance of adventitious iron, zinc, copper and lead in 

domestically prepared food. Food Add. Contam, 2: 209-15. 

Reith, J.W.S. (1970) Soil factors influencing the trace element content of herbage. In: 

Mills, C. F., ed.  Trace element metabolism in animals, London, Livingstone, E.S. 5:410-

412.  

Reuther, W. and Smith, P.F. (1952) Iron chlorosis in Florida citrus groves    in relation to 

certain soil constituents. Proc Fla State Hortic Soc, 65: 62-69.  

Reynold, J.E.F. and Prasad, A.S. (1982) Martindale- Pharmacopoeia (eds),. London: The 

pharmaceutical Press, 28; 943. 



 146 

Ruch, R.R., Gluskoter, H.J. and Shimp, N.F. (1973) Occurrence and distribution of 

potentially volatile trace elements in coal: An interim report, Illinois State Geological 

Survey, Environmental Geology, 61; 1-43.  

Sallsten, G., Thoren, J., Barregard, L., Schutz, A. and Skarping, G. (1996) Long-term use 

nicotine chewing gum and mercury exposure from dental amalgam fillings. J. Dent. Res. 

75, 594–598. 

Saric, M. and Lucic-Palaic, S. (1977) Possible synergism of exposure to airborne 

manganese and smoking habit in occurrence of respiratory symptoms. In:Inhaled 

Particles, Oxford and New York, Pergamon Press, 4: 773-779.  

Schrauzer, G.N. (1984) The Discovery of the Essential Trace Elements: An Outline of the 

History of Biological Trace Element Research. In Biochemistry of the Essential Ultra-

trace Elements, New York, Plenum, 11:17–31. 

Schroeder, H. A., Balassa, D.D. and Tipton, I.H. (1966) Essential trace elements in man; 

manganese, a study on homeostasis.  J. chron. Dis., 19: 545-571.  

Schroeder, W.H., Dobson, M., Kane, D.M. and Johnson, N.D. (1987) Toxic trace 

elements associated with airborne particulate matter: A review. J Air Pollut Control 

Assoc, 37: 1267-1285. 

Seidler, T. (1987) Effect of additives and thermal treatment on the content of Nitrogen 

compounds and nutritive value of hake meat. Die Nahrung; 31(10): 959-70. 

Sempl, A.B., Parry, W.H. and Phillips, D.E. (1960) Acute copper poisoning: An outbreak 

traced to contaminated water from a corroded geyser. Lancet, 2: 700-701.  



 147 

Shacklette, H.T. and Boerngen, J.G. (1984). Element concentrations in soils and other 

surficial materials of the conterminous United States. Washington, DC, US Geological 

Survey, 1270:105  

Slikker Jr.W. (1994) Placental transfer and pharmacokinetics of developmental 

neurotoxicants. In: Chang, L.W. (Ed.), Principles of Neurotoxicology. Marcel Dekker 

Inc., New York, 659-680. 

Slooff, W., Cleven, R.F.M.J., Janus, J.A. and Ros, J.P.M. (1989) Integrated criteria 

document copper. Bilthoven, The Netherlands, National Institute of Public Health and 

Environmental Protection, 9:147.  

Soman, S.D., Panday, V.K., Joseph, K.T. and Raut, S.J. (1969) Daily intake of some 

major and trace elements.  Health Phys., 17: 35-40.  

Spencer, D.W. and Sachs, P.L. (1970) Some aspects of the distribution, chemistry and 

mineralogy of suspended matter in the Gulf of Maine.  Mar. Geol., 9: 117-136. 

Spitalny, K.C., Brondum, J., Vogt, R.L., Sargent, H.E. and Kappel, S. (1984) Drinking-

water-induced copper intoxication in a Vermont family. Pediatrics, 74: 1103-1106 

Sprecher, H., Luthria, D.L., Mohammed, B.S. and Baykoushewa, S.P. (1995) 

Reevaluation of the Pathways for Biosynthesis of Polyunsaturated Fatty Acids. J. Lipid 

Res. 36, 2471-2477 

Stein, R.S., Jenkins, D. and Korns, M.E. (1976) Death after use of cupric sulfate as 

emetic. J Am Med Assoc, 235: 801.  



 148 

Stevens, L.J., Zentall, S.S., Abate, M.L., Kuczek, T., Burgess, J.R. (1996) Omega-3 fatty 

acids in boys with behavior, learning and health problems. Physiology and Behavior, 

59(4/5):915-920. 

Stiff, M.J. (1971) The chemical states of copper in polluted fresh water and a scheme of 

analysis to differential them. Water Res, 5: 585-599.  

Stillwell, W. and Wassall, S.R. (2003) Docosahexaenoic acids membrane properties of 

unique fatty acids. American Dietetic Association, 107: 1599-1611. 

Stockinger, H. (1981) Patty’s industrial hygiene and toxicology. In: Clayton, G. D., 

Clayton, F. E., eds, New York, NY: John Wiley & Sons, 3(2a):1769-1792. 

Stoll, A.L., Severus, W.E. and Freeman, M.P. (1999) Omega 3 fatty acids in bipolar 

disorder: a preliminary double-blind placebo-controlled trial. Arch Gen Psychiatry: 

56(5):407-412. 

Swaine, D. J. (1962) The trace-element content of fertilizers. Commonwealth Bureau of 

Soil Science, Technical Communication, 52:150-177.  

Swedish Expect Group, (1971) Methylmercury in fish. A toxicological epidemiological 

evaluation of risk. Nord. Hyg. Tidskr. 4: 19-364. 

Taylor, M.D. (1997) Accumulation of cadmium derived from fertilizers in New Zealand 

soils. Science of Total Environment; 208: 123-126. 

Ter Haar, G.L., Griffin, M.E., Bandt, M., Oberding, D.G. and Kapron, M. (1975) 

Methyleyclopentadienyl manganese tricarbonyl as an antiknock: Composition and fate of 

manganese exhaust products. J. Air Pollut. Control Assoc., 25 (8): 858-860.  



 149 

Thomson, A.B.R., Olatunbosyn, D. and Valberg, L. S. (1971) Interrelation of intestinal 

transport system for manganese and iron.  J. lab. clin. Med., 78 (4): 642-655.  

Thornton, I. (1992) East sources and pathways of cadmium in the environment. IARC Sci 

Publ.; 118: 149-162. 

Tipton, I.H., Stewart, P.L. and Dickson, J. (1969) Patterns of elemental excretion in long 

term balance studies.  Health Phys., 16: 455-462. 

Tsuchiya, K. (1978) Cadmium studies in Japan: a review, Amsterdam, Oxford, New 

York, Elsevier /Science, 12: 376-386. 

Turekian, N.K. and Wedepohi, K.H. (1961) Distribution of the elements in some major 

units of the earth's crust.  Geol. Soc. Am. Bull.,72: 175-191. 

Underwood, B. (2001) Nutritional Anemias Worldwide: A historical overview, 

Nutritional Anemias, 4:1-6. 

Underwood, E.  J. (1977) Trace Elements in Human and Animal Nutrition. New York: 

Academic Press, 4:122-128. 

Underwood, E.J. (1971) Manganese. In:  Trace Elements in Human and Animal 

Nutrition, New York, Academic Press, 3:177-207.  

US EPA (United States Environmental Protection Agency), (2004). What you need to 

know about mercury in fish and shellfish. EPA-823-F-04-009, 2.  



 150 

US EPA (United States Environmental Protection Agency), (1984) Mercury health 

effects update: health issues assessment, Washington DC, US Environmental Protection 

Agency,EPA – 600/8-84-019F. 

Usero, C.D. (2008) Mercury in species of fish. Ecotoxicol. Envir., 21: 221-230. 

Vanaja, S., Driscoll, B. and Obenarf, R. (2007) Trace elements in fish and fish oil 

supplements. The Application Notebook, Atomic Spectroscopy, Spex Certiprep.123:13-

16. 

Wallace, R.A. (1971). Mercury in the environment, the human element, Oak Ridge, Oak 

Ridge National Laboratory, 1:23-56. 

Watanabe, T., Kiron, V. and Satoh, S. (1997) Trace minerals in Fish Nutrition, 

Aquaculture, 151: 34-37. 

Weant, G.E. (1985) Sources of copper air emissions. Research Triangle Park, North 

Carolina, US Environmental Protection Agency, Air and Energy Engineering Research 

Laboratory, (EPA 600/2-85-046). 

Weber, P.C., Fischer, S. and von Schacky, C. (1986) The conversion of dietary 

eicosapentaenoic acid to prostaglandins and leukotrienes in man. Prog Lipid Res; 

25:273– 276. 

Weber, H.S., Selini, D.and Huber, G. (2006) Prevention of cardiovascular diseases and 

highly concentrated n-3 polyunsaturated fatty acids (PUFAs). Herz. 31: (3), 24–30. 

Wester, R.C., Maibach, H.I. and Sedik, L. (1992) In vitro percutaneous absorption of 

cadmium from water and soil into human skin. Fund Appl Toxicol 19: 1-5. 



 151 

WHO (World Health Organization), (1996) Copper. In: Trace elements in human 

nutrition and health. Geneva, World Health Organization, 7: 123-143.  

WHO (World Health Organization) (1992) Cadmium and lead. International programme 

on Chemical Safety (IPCS). Environmental health criteria; 124 and 134: Monograph. 

WHO (World Health Organization) (2003) Elemental mercury and inorganic mercury 

compounds: Human health aspects. Concise International Chemical Assessment 

Document, 50:56-78. 

WHO (World Health Organization) (2006).Manganese- the environmental and Human 

health aspects. Concise International Chemical Assessment Document, 59:19-85. 

WHO (World Health Organization) (2008).Elemental mercury and inorganic mercury 

compounds: Human health aspects. Concise International Chemical Assessment 

Document, 61:12-65.  

WHO (World Health Organization), (1989a) Mercury – Environmental aspects, 

Environmental Health Criteria 86:150.  

Widdowson, E.M. (1969). Trace elements in human development. In: Barltrop & 

Burland, ed.  Mineral metabolism in paediatrics, Oxford, Blackwell, 5: 85-98. 

Williams, F., Robertson, R. and Roworth, M., (1999). Scottish centre for infection and 

environmental health: Detailed profile of 25 major organic and inorganic substances, 

Glasgow: SCEIH, 1 12-22. 



 152 

Woolhouse, H.W. (1983) Toxicity and tolerance in the responses of plants to metals. In: 

Lange, O.C, Nobel, P.S, Osmond, C.B. & Ziegler, H. ed. Encyclopedia of plant 

physiology. New York, Basel, Springer-Verlag, 7: 245-300. 

World Health Organization Working Group, (1973) Technical document on manganese. 

In:  The hazards to health of persistent substances in water. Annexes to the Report of a 

WHO Working Group, Coppenhaguen, WHO Regional Office for Europe, 111-134. 

Yoshuno, Y., Mozai, T. and Nskao, K. (1966) Biochemical changes in the brain poisoned 

with alkyl mercury compound with special reference to the inhibition of protein synthesis 

in the brain cortexslices. J. Neurochem. 13: 1223 – 1230. 

Yuzbasi, N., Sezgin, E., Yildirim, M. and Yildirim, Z. (2003) Survey of lead, cadmium, 

iron, copper and zinc in Kasar cheese. Food Additives and Contaminants, 20: 464–469.  

Zhang, I. and Wong, M.H. (2007) Environmental mercury contamination in China: 

sources and impacts. Environment International, 33, 108-121. 

http://www.foodreference.com 

 http://www.lenntech.com/recommended-daily-intake.com 

http://www.atsdr.cdc.gov/interactionprofiles.com 

http://www.epa.gov/waterscience/fish/Methylmercury.com 

http://www.foodreference.com/
http://www.lenntech.com/recommended-daily-intake.
http://www.atsdr.cdc.gov/interactionprofiles
http://www.epa.gov/waterscience/fish/Methylmercury

