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MAJOR AND TRACE ELEMENTS 
 

Three thousands minerals are listed actually and the most of them are complex salts.  

From these, 103 elements, except some of the gases, occur in one or more of these 

minerals. Living matter is composed mainly of 11 elements (C, H, O, N, P, S, Na, K, Cl, Ca, 

and Mg), most of the other elements are detected in the tissues of plants and animals.  

Another 12 elements (Fe, Zn, Cu, Co, I, F, Cr, Mn, Mo, Se, V) are known to have a 

role in one or more metabolic processes in higher animals, including man.  

They are therefore essential nutrients, but as the daily dietary requirements of man are 

less than 100 mg, they are known as trace elements. 

 

 

CALCIUM 
In a young adult man, the weight of the bones is about 9 kg, or 14 % of body weight. 

The first table presents the chemical composition of the skeleton. 

Most of the protein is collagen, but these is a small of the mineral is hydroxyapatite, 3 

Ca3(PO4)2, Ca(OH)2, and  there are also small amounts of other salts containing magnesium, 

sodium, carbonate and citrate.  

The total amount of calcium in the skeleton of a young adult male is about 1.1 kg.  

The skeleton is not a fixed structure and that means each bone is continuously 

reorganized. 

TABLE I 

Composition of the skeleton of a young adult in life 

 

Content kg 

Protein 1.80 

Water 2.25 

Fat 0.45 

Minerals 4.50 

Total weight 9.00 

 

From the total body calcium, only about 1% is not present in the skeleton.  

Electrostatic forces to proteins inside and outside the cells and to cell membranes 

readily bind calcium ions.  

Proteins, which bind Ca
2+

, include albumin, myosin, troponin C, modulator and 

transport proteins, extracellular hydrolytic enzymes and prothrombin. 

The normal concentration of calcium in the plasma is between 8.5 and 10.5 mg/dl. 

About half of this is present as free ions and half is bound to plasma albumin. Ionic calcium is 

difficult to measure and clinical laboratories normally report only values for total calcium. If 

plasma albumin is low, this value is also low, but there may be no reduction in ionic calcium. 

Plasma calcium may than be adjusted by an addition of 0.02 (40-plasma albumin) mg/dl. 



 

2 

 

The calcium content of cells is not as easily measured as that of blood. The total 

calcium is of about the same order as that in blood, but ionic calcium is very much less and in 

the resting state the concentrations may be as low as 1 M. There are thus very high ionic 

gradients between extra- and intracellular calcium. The modulation of this gradient controls 

many cellular activities. 

 

CALCIUM INTAKE 

Alimentary absorption 
Across the intestinal mucosa, calcium is transported bound to a specific carrier 

protein. The formation of this protein in the epithelial calls is dependent on cholecalciferol 

(vitamin D) and its metabolism. Insufficiency of cholecalciferol leads to a failure of 

absorption and calcium deficiency. 

Calcium has to be present in the soluble ionic form before it can be bound to the 

carrier protein. There are many substances commonly present in the lumen of the gut, which 

are capable of binding or reacting with calcium ions and so rendering them insoluble.  

Calcium absorption it is not fully known, at least in quantitative terms, phytic acid, 

dietary fiber, phosphate, fats, and oxalic acid. 

 

Roles played into the body 

Two - thirds of the weight of bone is due to minerals and the remainder to water and 

collagen. The major forms of mineral bone consist of hydroxyapatite. The remainder is 

amorphous calcium phosphate. 

The driving force for changing net bone mass is intrinsic to the cellular processes that 

govern bone resorption and formation. By contrast, the major mineral ions of bone (calcium, 

phosphorus and magnesium) play a more passive role in any mass changes that occur in bone. 

Dietary minerals contribute to this physiological state by helping to replace minerals 

that have been lost. 

Calcium in organism is 1100-1400 g, 99% in the skeleton. Calcium is responsible for 

structural functions involving the skeleton and soft tissues and regulatory functions such as 

neuromuscular transmission of chemical and electrical stimuli, cellular secretion, and blood 

clotting. More than 99% of body calcium is in the skeleton. 

 

PLASMA CALCIUM 

Regulation 

This is by hormonal mechanisms operating at three sites, the bones, the kidney and the 

gut, and independent of the nervous system. Three hormones are responsible, parathyroid 

hormone, calcitonin and metabolites of vitamin D. 

The parathyroid glands that are in the neck, respond directly to a fall in plasma 

calcium by increased secretion. This immediately reduces renal calcium excretion and 

promotes calcium absorption from the gut. Parathyroid hormone also releases calcium from 

bone, but its action on turnover and remodeling of bone is slower. 

C cells from the thyroid gland secrets calcitonin in response to raised plasma calcium. 

Its main action, which is rapid, is to reduce calcium output from bone and it is probably a fine 

control. Vitamin D metabolites also increase reabsorption of calcium by bones and kidney. 

Plasma ionized calcium is also affected by pH and it is decreased by alkalosis and raised by 

acidosis. 
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Hypocalcaemia 
Hypocalcaemia may occur after operations on the thyroid gland if to much parathyroid 

tissue is removed, causing diminished mobilization of calcium from bone. It is usually due to 

impaired alimentary absorption because of vitamin D deficiency and is a common feature of 

rickets and osteomalacia; it may also occur in patients with the malabsorption syndrome. 

Reduced plasma ionic calcium will make nerves and muscles more readily excitable. 

Hypocalcaemia in infants 
The disease usually starts between the ages of 5 and 8 months. Infants affected suffer 

from loss of appetite, vomiting, wasting, constipation, flabby muscles and a characteristic 

facial appearance. Because of the blood pressure, is raised the calcium concentration into the 

plasma. Calcification may also occur in the heart and kidneys. Mental retardation may be 

marked and the damage to brain and other organs irreparable. The infants not infrequently die. 

The etiology is not always clear. Excessive absorption of calcium results from over dosage 

with cholecalciferol, and many of the infants had received excessive amounts of vitamin D 

preparations. In other, there was no evidence of such over dosage. It is to this latter group of 

cases that the name idiopathic hypocalcaemia should be restricted. Perhaps these infants had 

same idiosyncrasy or hypersensitivity to the vitamin. 

Hypocalcaemia in adults 
Hypocalcaemia occurs in adults because of hyperparathyroidism or excessive doses of 

vitamin D. Hypocalcaemia also been reported in patients with peptic ulcer with impaired renal 

function treated with a milk diet and large doses of alkali - the milk-alkali syndrome. It may 

also occur in patients with cancer of the lung and at other sites due to “inappropriate” 

secretion of a parathyroid hormone-like substance by tumor cells. The treatment with 

calcitonin may reduce hypocalcaemia 

Calcium deficiency results in rickets in children and osteomalacia and osteoporosis in 

adults. 

Hypercalcemia  
Hypercalcemia occurs in children who have received large amounts of vitamin D, it 

manifested by gastrointestinal disorders and increase, marked mental retardation. Adult 

hypercalcemia or hyperparathyroidism occurs as a result of high doses of vitamin D. 

RDI 
The recommended dietary allowance of calcium for an adult male in the first report of 

the US Food and Nutrition Board was 1000 mg. In arriving at the figure, the Board relied on 

balance studies and in 1943, when the report appeared, data from the study of nearly 100 

subjects were available and these confirmed Sherman’s early findings. When in 1962 

FAO/WHO considered calcium requirements, they suggested that an intake between 400 and 

500 mg was a practical allowance. 

Effects of unbalanced intake 

The daily - is different depending on age: 

• 0.8 g/day in adults; 

• 1.2 g/day in children aged 10-12 years; 

• 1.4 g/day in men between 14-18 years; 

• 1.3 g/day in girls between 14-18 years 

Food sources 

Milk and cheese are the main source due to high content of this element and 

conditions for absorption. Lesser amounts of calcium and a utilization coefficient lower than 

in milk are made of vegetables (especially the leaves - cabbage, kale) and fruit. 

 

 

 



 

4 

 

 

MAGNESIUM 
All human tissues contain small amounts of magnesium. The completely adult body 

contains about 25-30 g of metal. The greater part of this amount is present in bones in 

combination with phosphate and bicarbonate. Bone ashes contain rather less than 1 per cent 

magnesium. It seems likely that the bones provide reserve supply of magnesium, as of 

calcium and sodium, which is available when there is shortage elsewhere in the body. 

About one-fifth of the total magnesium in the body is present in the soft tissues, where 

it is apparently mainly bound to protein. The plasma normally contains 1.4 to 2.4 mg/100 ml. 

Next to potassium, magnesium is predominant cation in living cells. The concentration in cell 

water is about 10 mmol/l and so there is a large gradient across the cell membranes. Inside the 

cells, the metal is concentrated within the mitochondria where it is a cofactor for co-

carboxylase and co-enzyme A and concerned with the energy transfer. Most intracellular 

magnesium is associated with organic compounds, particularly with ATP. 

 

Roles played into the human body 

Magnesium is involved in at least 300 enzymatic steps in intermediary metabolism. A 

brief listing of some of the magnesium - dependent metabolic reactions is sufficient to 

demonstrate the essential nature of this ion.  

A major role seems to be as catalyst in the reaction that adds the last phosphate to the 

ads the last phosphate to the high-energy compound ATP. As a required component for ATP 

metabolism-magnesium is essential to the body’s use of glucose, the synthesis of protein, fat 

and nucleic acids, and the cell’s membrane transport systems. 

Together with calcium, magnesium is involved in muscle contraction and blood 

clotting: calcium promotes the processes, whereas magnesium inhibits them. 

Magnesium also helps prevent dental caries by holding calcium in tooth enamel. 

Like many other nutrients, magnesium supports the normal functioning of the immune 

system. 

The magnesium ion appears critical to heart function and seems to protect against 

hypertension and heart diseases. 

The increased information about concentrations of (Mg
2+

) has led to the regulated 

changes in its concentration are compatible with coupling of neurotransmitters and enzymes 

to receptors, with activation of proteins and with modulation of various types of ion channels.
 

The role in the muscular concentration has acid equilibration within the mitochondria where it 

is a co-factor for co-carboxylase and co-enzyme A concerned with energy transfer.
 

Magnesium deficiency 

Excessive losses of magnesium feces or urine occur in many diseases and the resulting 

magnesium deficiency leads to apathy and muscular weakness and sometimes to tetany and 

convulsions. These features are not always characteristic, so the low plasmatic level for 

magnesium sets the diagnosis. 

Magnesium deficiencies also impair central nervous system activity and cause the 

hallucinations.  

Magnesium salts given by mouth are poorly absorbed and tend to cause diarrhea. For 

patients with diarrhea receiving intravenous fluids a daily addition of 20-30 mmol of Mg to 

the infusion prevents deficiency. The dose for children is 10 mmol/kg body weight. Larger 

doses of magnesium are necessary to replace an established depletion, but plasma Mg should 

be repeatedly checked to avoid hypermagnesaemia.  

Magnesium deficiency develops in alcohol abuse, protein malnutrition renal or 

endocrine disorders or diseases that cause prolonged vomiting or diarrhea. 
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Diarrhea even for few days in young children may cause magnesium deficiency. 

Children admitted in hospitals with protein-energy malnutrition are frequently experiencing 

magnesium deficiency. In adults, it may arise in patients with prolonged diarrhea from any 

cause, with intestinal fistulae or with malabsorption syndrome. 

Increased urinary losses occur in various renal disorders in diabetic ketoacidosis, 

where it follows osmotic diuresis and muscle wasting, in hyperparathyroidism and sometimes 

hyperthyroidism and in hyperaldosteronism. Many alcoholics have a low plasma Mg. 

Magnesium deficiency may occur after an inadequate intake, after vomiting, diarrhea, 

alcoholism, and protein-calorie malnutrition. 

Clinical signs of magnesium deficiency occurring are: weakness, confusion, extreme 

cases convulsions, bizarre muscle movements, hallucinations, difficulty in swallowing. 

Retardation occurs in stature-weight children. 

Excess magnesium generates thirst, heat, anorexia, weight loss, and decreased muscle 

tone and nerve excitability, depression. 

RDI 

350 mg daily needs for men, 300 mg for women and in pregnancy and lactation 

increases the 450 mg. In children daily needs varies from 40 to 70 mg up to a year, for a 

preschooler 150 mg and 250 mg at scholars. 

Food sources 

Magnesium is a constituent of chlorophyll is present in large amounts in green 

vegetables, lettuce, spinach, nettles, green onions, parsley, and dill. 

Except fat and sugar, all foods containing magnesium, so deficiency phenomena occur 

only in certain pathological conditions: chronic alcoholism, diarrhea, liver cirrhosis, protein 

calorie malnutrition. It is unlikely therefore, that magnesium deficiency world arises in man 

from simple lack of foods containing it. 

 

 

SODIUM 
Sodium is a positive ion entering the sodium chloride structure. The human body 

contains about 100 g sodium, focusing mainly in the extracellular fluid. 

Roles in the body 

• sodium contact with blood pressure is well known. 

• when blood sodium concentration increases thirst will lead to increased water intake 

until sodium ratio - water is constant. 

• when blood sodium concentration drops, water and sodium must be completed to 

avoid their disequilibrium. 

Effects of unbalanced intake 

Sodium deficiency appears to people who sweat a lot and drop effects are strong thirst, 

dehydration of the skin and mucous membranes, haemoconcentration, fatigue, muscle cramps, 

headache and signs of vascular collapse. 

Excess sodium consumption leads to water retention in the body, which has negative 

effects on the cardiovascular system. 

RDI 

An estimated average requirement of sodium is 2.0 g/day, but there is a limit to 

maintain balanced of 0.5 g/day. 

Food sources 

Normal sodium diet get enough, even if it consists of products has not been 

incorporated salt. Risk of deficient intake only occurs when prolonged administration of a diet 

based on low-sodium products (rice, boiled meat, cereal derivatives associated with sites fry 

vegetables). 
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POTASSIUM 
Found in the body in an average of 250 g, the main intracellular positive ion. 

 

Roles in the body 

• Potassium is found in the intracellular fluid in amounts 30 times higher than in 

plasma. He participates in maintaining osmotic pressure to maintain fluid balance between the 

intra-and extracellular and acid-base balance. 

• While sodium is hidropigen, potassium promotes renal excretion of sodium and 

stimulates diuresis. 

• fluids in small amounts of potassium are required for transmission of excitation from 

nerve endings; 

• the heart muscle has antagonistic action against the calcium, potassium accelerates 

heart rate while it lowers calcium frequency 

• part of potassium is related to cellular proteins and promotes their synthesis. 

• Potassium is necessary for activation of enzymes, including those that contribute to 

the synthesis of glycogen from glucose. 

Effects of unbalanced intake 

Potassium depletion can occur under repeated vomiting or diarrhea in patients using 

diuretics in patients receiving repeated infusions of glucose. Potassium insufficiency is 

characterized by fatigue, nausea, vomiting, muscle weakness, mental confusion, paralysis of 

the intestinal muscles, cardiac arrhythmia, changes in ECG. 

There are no reported examples of excess dietary potassium. Excess potassium can 

only be the result of a kidney, adrenal insufficiency, parenteral administration of large 

amounts of potassium. Hyperkalemia is manifested by numbness, changes in respiratory rate 

and heart 

RDI 

The exact potassium requirement is estimate to be close to that of sodium (2-3 g/ day). 

Food sources 

Normally provide adequate amounts of potassium foods. Fresh fruits and vegetables 

are an important source of meat, fish, bread black / intermediaries are also rich sources of 

potassium. White flour products, sugar, sugar products and alcoholic beverages are poor or 

lacking potassium. 

 

 

SULFUR 
In an adult of 70 kg body is 170 to 180 g of sulfur, which is 0.25% of body weight. 

This element is found in all cells, half of the sulfur is present in muscle and the rest focuses on 

bones, skin, appendages, glands (particularly the adrenal glands). 

Roles in the body 

• sulfur is found in two amino acids, one of which is essential (methionine) and other 

nonessential (cysteine). Two other sulfur compounds derived from cysteine: cystine formed 

by disulfide bonding type (-S-S-) of two molecules of cysteine, glutathione molecules 

resulting from a combination of cysteine glutamic acid and glycine. 

• these sulfur compounds are important in oxidation-reducing properties. Very active-

SH group of cysteine, which oxidizes and goes as disulfur, which is an essential element in 

the tertiary structure of proteins. 

• as mucopolysaccharides (condroitinsulfat / mucoitinsulfat) take part in the formation 

of cartilage, bones, tendons, skin. 
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• are rich in sulfur keratin (hair, nails, skin), lipds with sulfur, white matter of the 

nervous system, insulin, heparin, coenzyme A. 

• the catabolism of organic sulfur compounds resulting sulfuric acid is neutralized and 

excreted in the urine. The sulfuric acid formed body is able to combine several metabolites 

(potentially toxic chemicals) that will turn into less toxic compounds. 

RDI 

Sulfur deficiencies are unknown because the protein occurs first. 

In case the ration provides sufficient protein is covered and sulfur requirements. 

Food sources 

The most important sources are meat, offal, eggs, milk and cheese. Large amounts of 

sulfur (but less equivalent) are found in dried legumes, grains and vegetables rich in 

thiocyanates (cabbage, cauliflower, kale). 

 

PHOSPHORUS 
Primary dietary deficiency of phosphorus is not a common fact known in man’s health 

status. People who are taking large quantities of antacids containing aluminum hydroxide may 

develop dietary phosphate depletion. These persons are experiencing muscle weakness and 

bone pains. Plasma non-organic phosphate is very low and urinary phosphorus only about 15 

mg/day. 

Most of the phosphate in the body is present in bones, which contain from 600 to 900 

grams. Renal excretion controls plasma concentration of phosphate, which falls in the fasting 

state within the range 2.5 to 4.5 mg /100 ml.  

Phosphate metabolism may be disturbed in many types of disease, notably those 

affecting the kidneys and bone. 

Roles played into the organism 

A major element in hydroxyapatite, phosphorus is a key inorganic constituent of bone. 

In cells, it is an important part of many life-sustaining compounds such as phospholipids, 

phosphoproteins, and nucleic acids; the hormonal second messengers cyclic adenosine 

monophosphate, cyclic guanine monophosphate, and inositol polyphosphates and 2,3-di-

phosphoglycerate, which is the regulator of oxygen release by haemoglobin.  

Phosphorus is also the repository of metabolic energy in the form of the high-energy 

phosphate bond (ATP, ADP), an allosteric regulator of many enzymes, and an active 

participant in many physiological buffer systems. Serum concentrations of phosphate serve as 

one of the regulators of the rate of renal production of calcitriol. 

Phosphate is in all body cells as part of a major buffer system (phosphoric acid and its 

salts). Phosphorus is also part of DNA and RNA, the genetic code material present in every 

cell and therefore is necessary for all growth. 

Phosphorus assists in energy transfer during cellular metabolism. A phosphate group 

attached to specific enzymes and the B vitamins make them active. 

Some proteins, such as the casein in milk, contain phosphorus as part of their 

structures.  

Inorganic phosphates participating in buffer a system, which ensures the maintenance 

of a constant pH. 

It thus appears that changes in phosphorus intake by normal adult humans have 

important effects on calcium metabolism (decreased intestinal calcium absorption or 

decreased renal excretion of calcium) but there effects probably cancel one another so that 

calcium balance is not affected. 

Studies developed worldwide describe the mechanism by which increased dietary 

phosphorus might decrease the intestinal absorption of calcium. 
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TABLE II 

Phosphorus – A Summary 
 

Adult RDA Chief functions in the body 
Deficiency 

Symptoms 

Toxicity 

Symptoms 

Significant 

Sources 

200 mg/day 

(19-24 yrs.) 

800 mg/day 

(25 yrs. and 

older) 

A principal mineral of bones 

and teeth; part of every cell; 

important in genetic material, 

part of phospholipids, used in 

energy transfer and in buffer 

systems that maintain  

acid-base balance. 

Weakness, 

bone pain 

Low blood 

calcium 

levels 

All animals’ 

tissues (meat, 

fish, poultry, 

eggs, milk). 

 

Portale et al. showed that increasing dietary phosphorus from a low intake of less 500 

mg/day to 3000 mg/day decreases the production rate of calcitriol. This observation suggests 

that the ability of the kidney to respond by increasing or respectively decreasing its 

production of calcitriol. 

 

Plasma Phosphate 

In contrast to plasma calcium, only 15 % of plasma phosphate is bound to proteins.  

The rest is ultrafiltrable and consists mainly of: 

 Free HPO4
2- 

and NaHPO4
1-

 (85%) 

 Free H2PO4
1-

 making up the remainder (15%) 

Compared with calcium, serum phosphate concentration has a wider range of normal 

values (2.5 to 4.5 mg/100 ml). 

Severe hypophosphatemia (less than 5 mmol/l) can cause both skeletal myopathy and 

cardiomyopathy. These conditions may lead to rabdomyolysis.  

The levels of 2,3-diphosphoglyceric acid and adenosine triphosphate (ATP) in 

erythrocytes may also decrease; the decrease in 2,3-diphosphoglyceric acid in turn may 

decrease oxygen delivery to tissues, and the decrease in ATP may cause haemolytic anaemia. 

Chronic moderate hypophosphatemia frequently results in osteomalacia or rickets. 

Acute, severe hyperphosphatemia such as might be induced intravenous phosphate 

infusion can cause hypocalcaemia severe enough to cause tetany and even death. The less 

severe hyperphosphatemia induced by phosphate ingestion rarely causes symptoms. 

RDI 

Dietitians recommend foods rich in calcium and proteins, which are generally rich in 

phosphorus: milk and products; yolk of egg; fish; meat; cereals. 

Recommended intakes of phosphorus are the same as those of calcium, except during 

infancy. Diets that provide adequate energy and protein also supply adequate phosphorus. 

Experts recommend a calcium / phosphorus ratio higher than for one preschool child 

(800/500 mg/day), 1,250 mg/day in adolescents, 700-800 mg/day in adults. 

Food sources 

The main dietary sources are milk and milk products, egg yolks, fish, meat, whole 

grains. Seeds of cereals, dried legumes and cereal preparations of flour derivatives black / all 

are rich in phosphorus, but it is especially in the form of phytic acid and phytates. 

Phytic acid forms poorly soluble salts with calcium, magnesium, zinc and iron. 
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CHLORINE 
This halogen is found in the body in amounts averaging 100 g. 

Most is in the form of ions, is the main anion of extracellular fluid. 

Roles in the body 

• with sodium, potassium and other electrolytes chlorine comes in maintaining osmotic 

pressure, acid-base balance, fluid balance, tissue and humoral compartments. 

• chlorine exchanges that take place between erythrocytes and plasma promotes 

attachment and failure by hemoglobin oxygen and carbon dioxide, which reduces pH changes. 

• chlorine participates in the formation of hydrochloric acid in gastric juice. 

RDI 

It is considered that 4-5 g chlorine / day are sufficient for the needs of adults, with a 

limit to maintain balanced of 0.8 g/day. 

Food sources 

Chlorine is widely used in food, so there is no question deficiency. 

 

 

IRON 
Iron is an essential nutrient that is vital to the processes by which cells generate 

energy. The principle that too little or too much of a nutrient is harmful seems particularly 

apropos for iron. 

Adult body contains about 3.5 to 4.0 g 2-3 g iron man and women. 

Absorption 

The amount of iron, which is absorbed from food, depends on the form of iron and 

other constituents of the diet. In animal foods nearly all, the iron is present as hem iron and so 

is present in the Fe
2

 form.  

Hem iron is absorbed very much better than in organic iron from vegetables foods and 

is little affected by other constituents in the diet. Hem absorption increase in iron deficiency 

and is reduced when the body is overloaded with iron. The iron in vegetables foods is present 

as non-hem complexes in which Fe
3

 is bound in an insoluble form to proteins, phytates, 

oxalates, phosphates and carbonates. 

 The use of animal foods also improves the absorption of inorganic iron by forming 

soluble complexes of amino acids and iron in the intestine and thus facilitating its absorption. 

Other food substances, e.g. sugars, citric acid and amines, also increase inorganic iron uptake, 

the most important dietary promoter of iron absorption being ascorbic acid.  

The amount of iron absorbed depends to the ascorbic acid content of an artificial diet, 

and this is in part due to the reducing action of ascorbic acid, which favors the conversion of 

Fe
3

 to Fe
2

. 

Whole cereals are rich in iron, but it is poorly absorbed perhaps because of the 

phytates present. 

Common beverages consumption may affect iron absorption: it is decreased by tea 

(due to binding of iron by tannin) and by alcohol (which may promote absorption). 

Gastric HCl facilitates absorption of non-hem iron by converting ferric to ferrous iron. 

Even so, aclorhydria reduces absorption of ferric iron administered with food by about 50%. 

On the other hand prolonged iron deficiency may lead to gastric atrophy, which is sometimes 

reversible with iron therapy. 

Porphyrins with their hem iron cross the brush border of epithelial cells in the small 

intestine unchanged. Enzymes release iron in the cells. Non-hem iron is taken-up from the gut 

lumen, by border membranes at specific receptor sites, which are probably glycoprotein. 
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Transport 

Iron is absorbed into the blood stream and carried in the plasma bound to transferrin, a 

globulin (molecular weight about 88,000 Daltons), synthesized mainly in the liver. 

Turnover 

As the life of red blood cells is about 120 days, 1/120 of body hemoglobin is broken 

down and resynthesized daily. Iron (about 20 mg) is carried from the spleen, liver and other 

lymph reticular tissue (where the old red cells are broken down) to the bone marrow (where 

the new red cells are formed). 

Stores 

Iron is stored in the cells as ferritin and as haemosiderin, insoluble complexes, 

probably formed from ferritin. 

Iron has two major roles in human physiology. First the four iron atoms in the 

hemoglobin molecule combine loosely with O2 in amounts varying with the partial  pressure 

of the gas  and in this way act as the carrier of O2 from the atmosphere to the tissues; O2 is 

similarly attached to the iron atoms in myoglobin  and this provides a small store of O in 

muscles.  

Secondly ferrous and ferric iron present in cytochromes and in many proteins in all 

cells interchanges with gain or loss of an electron.    

Because it can exist in different ionic states, iron can serve as a cofactor the enzymes 

involved in oxidation - reduction reactions. In every cell, iron works with several of the 

electron - transport - chain proteins that perform the final steps of the energy - yielding 

metabolic pathways. These proteins transfer hydrogen’s and electrons from energy-yielding 

nutrients to oxygen forming water and in the process make ATP for the cell’s use. 

Enzymes involved in the making of amino acids, hormones and neurotransmitters 

require iron. 

Roles played into the body 

An adult male contains about 4 g of iron in his body and a female a little less. Iron is 

also lost whenever there is bleeding and in women menstrual loss is approximately the same 

as the loss in desquamation. During pregnancy, fetus and placenta need iron and there is 

inevitably some loss of blood in labor.  

The four iron atoms in hemoglobin molecule combines with oxygen in varying 

amounts by gas pressure, so it is a carrier of iron in the atmosphere to tissues 

Second ferric and ferrous iron in cytochromes exchanged electron, which is essential 

for redox processes in intermediary metabolism. 

Iron body saves, losing small amounts of urine, feces, skin and appendages. Daily for 

hemoglobin synthesis, using about 20 mg of iron, while iron lost from the body is about 1 mg. 

Output 

The loss of iron in the urine is less than 100 g daily. Some of this is present in 

erythrocytes in epithelial cells in the sediment and the remainder probably comes from these 

cells after disintegration. The loss of iron in sweat may generate anemia at the tropics. 

RDI 

The diet of most people provides from 10 to 14 mg of iron daily. Meat, meat products, 

cereals, vegetables and fruits all contain iron but amounts vary greatly in different samples, 

partly due to the iron content of soils. Lower intakes only occur with diets composed mainly 

of refined cereals, sugars and fats. Milk is a poor source and in the first few months of life, 

infants rely on stores of iron laid down in the liver before birth.  

Infants who does not benefit of mixed feeding at the age of 6 months, inevitably 

become iron-deficient, as did patients kept for long periods on a milk diet for peptic ulcers.  



 

11 

 

Using iron recipients for cooking or during processing of foods, will increase the 

amount of iron in the food product may be increased greatly and so lead to iron overload. 

As less than 10% of dietary iron has to be absorbed to balance daily losses (up to 20% 

in menstruating and pregnant women), the factors determining absorption are more important 

than the total intake of iron. 

Most national committees have recommended 10 mg/day from man and 

postmenopausal women. This is based on a need for 0.5 to 1.0 mg to replace tissue losses and 

absorption up to 10 % of intake.  

During their reproductive life, women need more iron but usually in their bodies iron 

is absorbed more efficiently. Family diets do not normally provide this amount and the 

recommendation could only by implemented by policy of fortifying foods with iron. 

The British recommendation for menstruating women is 12 mg/day sufficient to meet 

the iron needs of 90% of them. 

Iron deficiency 

Bleeding from any site incurs iron losses. The rapid growth of adolescence, especially 

for males and the menstrual losses of female also demand extra iron. Iron deficiency and 

anaemia are not the same: people may be iron deficient without being anaemic. 

The term anemia refers to the sever depletion of iron stores that result in a low 

hemoglobin concentration.  

Iron toxicity  

Iron overload or hemochromatosis and is usually caused by a gene that enhances iron 

absorption. Other causes for iron overload are blood transfusions, massive doses of dietary 

iron and rare metabolic disorders. Recent research has found that the risk of heart disease is 

higher for the small proportion of people who have both high blood iron and high LDL 

cholesterol. There also appears to be a positive association between iron and cancer.  

RDI 

Since it absorbs on average only 10% of existing iron in food, daily rations is to be 10 

times higher than needs. Menstruation causes iron loss monthly, so that the iron needs of 

women are almost twice those of men. 

Recommendations are: 

• 7 to 12 mg for children; 

• 13 to 18 mg for adolescents; 

• 10 to 15 mg for men; 

• 15 to 25 mg for women; 

• 20 to 40 mg for women in the last months of pregnancy 

Food sources 

Diet of most people provides 10 to 14 mg iron / day.  

Meat, meat products, cereals, vegetables and fruits contain iron, but their amount 

varies widely depending on the iron content of the soil.  

Contribution falls under the use of diets composed of refined grains, sugar and fat.  

Milk is a poor source of iron. 
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IODINE 
The adult body contains 20 to 50 mg of iodine; about 8 mg of this is concentrated in 

the thyroid gland. Since the thyroid normally weighs only 0.05% of the whole body it is 

evident that this concentration is intense. Iodine is contained in the hormones stored and 

secreted by the gland.  

 

Physiology 

Iodine is unique among the mineral elements in that it is an essential component of 

specific hormones. 

All vertebrate animals require iodine and they all possess thyroid tissue in some parts 

of the body. This tissue has the specific property taking up iodine, storing it and subsequently 

releasing it in controlled amounts in the form of thyroid hormones.  

The iodine in food and water is quickly absorbed from the alimentary tract, mostly as 

inorganic iodide. 

Thyroid gland takes a proportion of this iodine and the amount depends on the activity 

of the gland. Iodide results from iodine in the thyroid gland, and is immediately bound to 

tyrosine with the formation of mono- and diiodotyrosines.  

The synthesis of triiodothyronine (T3) and thyroxin (T4) from MIT and DIT take place 

in the epithelial cells of the gland. Thyroxin is then bound to a globulin to form thyroglobulin 

in which form it is stored in the vesicles of the gland. Thyroxin is released from the gland, as 

required, into the blood stream loosely bound to an -globulin. With a normally active gland 

plasma concentrations of T4 range from 75-150 mmol/l and of T3 from 1,1-2,2 mmol/l.  

Pituitary gland controls the output of thyroid hormones by thyrotrophic hormone. 

The thyroid secretion determines the level of metabolism in many cells. A deficient 

secretion will influence negative the basal metabolism, the circulation and the whole rhythm 

of the patient’s life. 

The secretions also control in some way the state of the connective tissues. A lack of 

the hormone causes accumulation of mucinous material under the skin and in other organs. 

This coarsens the features and gives the patient suffering from thyroid deficiency 

characteristic appearance (myxoedema). 

Iodine deficiency 

With iodine deficiency, thyroid hormone declines, and the body responds by secreting 

more TSH. If a deficiency persists, the cells of the thyroid gland enlarge, to trap as much 

iodide as possible. 

Effects of unbalanced intake 

The amount of iodine in the diet is variable and reflects the iodine content of the soil. 

Deficiency of iodine in the thyroid gland increases its activity for the shortfall 

(amplification is achieved by the action of pituitary). Gland work load so that follicles 

undergoes hypertrophy and crop appears. Children, adolescents, pregnant women and those 

heavy physical work are more sensitive to insufficient intake of iodine. The disease occurs in 

people who consume foods low in iodine and water (primary deficiency). 

Secondary deficiency of iodine is determined by a number of substances, components 

of plant foods that can disrupt the metabolism of the trace: 

• cabbage, cauliflower, kale, turnips contain thiocyanates and isothiocyanates that can 

replace iodine in its combinations; 

• in cabbage, cauliflower, kale, turnips was revealed progoitrina which, driven by a 

tioglucozidaze becomes active (goitrină) which interferes by thyroid hormone synthesis; 
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• Dry legumes (beans, soybeans, peas) exercise guşogene effects through jam-

agluteninele they contain, they interfere reabsorption of thyroid hormone released by the ball, 

leading to impoverishment body iodine; 

• other competitive items are iodine and calcium fluoride. 

RDI 

The iodine requirement for an adult varies from 50 to 300 g/day (average 150g/day) 

based on scant evidence. Moreover, they may be unrealistic, since the physiological need for 

iodine influenced by many dietary and environmental factors such as an amount of cabbage 

and other brassicaceae eaten, the hardness of the drinking water, the climate, the age and sex 

of the people and their exposure to infections or other stress. 

In order to prevent endemic dystrophy tireopate iodine, the following dosages:  

 60-70 mg for adults (the optimal ratio of 100-200 mg/day),  

 40-50 mg/day in the first year of life;  

 70-90 mg/day in preschoolers,  

 120-150 mg/day in schoolar 

Food sources 

It is estimated that 80-90% of iodine body needs comes from food. 

Richest food sources of iodine are fish, oysters, shrimp, seaweed. Vegetables grown in 

iodine-rich soil is sufficiently charged with this trace. Milk, meat, eggs are an important 

source of iodine, when animals receive proper nutrition 
Fruits, vegetables, cereals, meat and meat products may contain up to 100 g/kg, but 

the amount varies greatly in different samples and is usually between 20 and 50 g/kg. The 

only rich source of iodide is seafood. 

In the last years were analyzed drinking waters from the areas where goiter occurs by 

comparison with the waters in goiter-free districts by the perspective of iodide concentration. 

As a result, there has been a tendency to regard drinking water as an important source of 

iodide. However, fresh water usually contains only small amounts of iodide, e.g. 1 to 50 g/l 

in Britain, so that it contributes little to the needs of the body. The iodide content of the water 

in a locality is more important as an index of the amount of iodide that it could be provided by 

the cereals and vegetables that grow in that soil, which the water irrigates.  

 

 

FLUORIDE 
Traces of this element are regularly present in human tissues, notably in the bones, 

teeth, thyroid gland and skin. There is now no doubt, that traces of fluorine in the teeth help to 

protect them against decay, and a normal growth in rats need traces of fluorine. 

Role played into the body 

When bones and teeth become mineralized a crystal called hydroxyapatite forms from 

calcium and phosphorus. The fluoride replaces the hydroxyl portions of the hydroxyapatite 

crystal, forming fluorapatite, which makes the bones stronger and the teeth more resistant to 

decay. It proved the role of fluoride in preventing tooth decay. 

Metabolism 

Ingested fluorides are completely ionized and rapidly absorbed and distributed 

throughout the extracellular fluid, in a manner similar to chloride. Levels in the blood and 

tissues are so low that it has been difficult to make reliable analyses.  

The urine rapidly does the excretion of fluoride, and this happens even at the persons 

with severe kidney disease. The relation of urinary output to the total intake is complicated 

and related to the state of the bones. Fluorine is real a bone seeker. 
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Fluorosis in man 

In many parts of the world where the fluoride content of the water is high (over 3 to 5 

parts per million) mottling of the teeth is common. The enamel loses its luster and becomes 

rough. Bands of brown pigmentation separate patches as white as chalk. Small pits may be 

present on the surface. All the teeth may be affected, but mottling in usually best seen on the 

incisors of the upper jaw. Dental fluorosis is not usually associated with any evidence of 

skeleton fluorosis or indeed with any impairment of health. 

In several localities from India, China, Argentina and the Transvaal, where the water 

supply contains over 10-ppm fluoride, have been reported severe fluoride poisonings.  

Fluoride poisoning has also occurred as an industrial hazard among workers handling 

fluoride-containing minerals such as cryolite, used in smelting aluminum. The effects are 

much the same as in animals; very is a loss of appetite and an increased density (sclerosis) of 

the bones of the spine, pelvis and limbs.  

By calcification, the ligaments of the spine produce “poker back”. There may also be 

ossification of the tendinous insertions of muscles, producing characteristic “rose-thorn” 

shadows in the radiograph. Neurological disturbances secondary to the changes in the 

vertebral column can occur. Jolly at al give a full account of the clinical features of fluorosis 

in North India where, in localized areas, the water may contain 14 ppm of fluoride. 

Fluoride and osteoporosis 

If osteosclerosis is a consequence of excess fluoride, it is reasonable to speculate that a 

deficiency of fluoride may promote osteoporosis. Lacks of knowledge of the factors that 

determine the progress of the osteoporosis, which occurs in all of us at middle age, and the 

uncertainties of measuring its rate of progress, attempt to verify this hypothesis extremely 

difficult. 

RDI 

The fluoride requirement for an adult is 3.5 mg/day. 

Food sources 

The chief source is usually drinking water, which, if it contains one part per million 

(ppm) of fluoride, supplies 1 to 2 mg/day. Soft waters may contain no fluorine, while very 

hard waters may contain over 10 ppm.  

Foods generally contain small amounts of fluorine (0.02 to 0.07 mg / kg). 

Very few foods contain more than 1.0 ppm. The exception is sea-fish, which may 

contain relatively large amounts of the order of 5 to 10 ppm.  

Another significant source is tea, particularly China tea, which in the dry state may 

contain as much as 100 ppm. In Britain and Australia, where people are addicted to tea, the 

adult intake from this source may be as much as one mg daily. 

 

 

 


