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ABSTRACT 

The aim of this case-control study was to investigate the relationship between selected trace 

elements and skin diseases, namely eczema. Fifty five patients affected by the most frequent 

eczema types were recruited at the onset of disease at the hospital of Dermatology in Khartoum 

together with thirty healthy controls. Fe, Zn, Cu and Ni were measured in the hair samples 

obtained from both patients and control group using Atomic Absorption Spectrometry 

(AAS).Data analysis was performed using the T-test. Partial correlation was used to study the 

relationship between the elemental concentrations. Certified reference material (IAEA-85 (Hair 

powder)) produced by the International Atomic Energy Agency (IAEA) was used as a quality 

control to check the accuracy and precision of the analytical technique, good agreement was 

achieved for all elements under investigation. Significant variations (p<0.05) in the 

concentrations of Fe, Zn, Cu and Ni in the hair of the patients compared to the control group, and 

this difference was a decrease of iron, zinc and copper, therefore, should be given to the patient 

doses of these elements, while there was an increase in the nickel, so it is not included in the 

treatment. These interesting associations between the levels of trace elements could be used as an 

indication for the disease as well as to monitor the treatment. Comparisons of the results obtained 

in the present study with those conducted for other populations in the literature showed very 

close agreement. The levels of the elements under investigation are comparable with the data 

obtained from the literature for other populations with the exception of Fe which was found to be 

very high in Sudanese population. 
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CHAPTER ONE 

INTRODUCTION 
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1.1 Eczema epidemiology 

Skin diseases have a high prevalence throughout the world: they can be classified into two main 

categories: Infectious diseases such as tuberculosis, leprosy and onchocercias and Inflammatory 

disorder such as eczema and acne. Skin disorders can be inherited. 

Eczema is a general term for many types of skin inflammation, also known as dermatitis (some 

people use these two terms interchangeably). The most common form of eczema is atopic 

dermatitis. However, there are many different forms of eczema. 

The term "eczema" derives from the Greek word for boiling which reflects that the skin can 

become so acutely inflamed that fluid weeps out or vesicles appear. 

Eczema can affect people of any age, although the condition is most common in infants, and 

about 85% of people have an onset prior to 5 years of age. Eczema will permanently resolve by 

age 3 in about half of affected infants. In others, the condition tends to recur throughout life. 

People with eczema often have a family history of the condition or a family history of other 

allergic conditions, such as asthma or hay fever. Up to 20% of children and 1-2% of adults are 

believed to have eczema. Eczema is slightly more common in girls than in boys. It occurs in 

people of all races. 

Eczema is not contagious, but since it is believed to be at least partially inherited, it is not 

uncommon to find members of the same family affected (Clark et til., 2005). 

Some things that may irritate your skin include household cleansers, detergents, aftershave 

lotions, soap, gasoline, turpentine and other solvents (Family doctor, 1996). 

In general , eczema can be classified into two groups:-

* Type 1:- Is endogenous: atopic, discoid hand, seborrhoeic. venous and asteatotic eczema. 
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• Type2:- Is exogenous: contact-irritant, contact -al lergic and photosensitive eczema, 

lichen simplex\nodular prurigo (Clark et al., 2005). 

1.1.1 Eczema risk factors 

There are risk factors that can make someone susceptible to getting eczema. Some people are 

prone to dermatitis, because they have a sensitive immune system. People who have close family 

members with eczema, asthma, or allergies are more likely to have similar problems related to an 

immune system response to allergens. When a person has eczema, asthma, or allergies, their 

immune systems overreact to harmless substances. This sensitivity of the immune system is 

hereditary. 

Atopic dermatitis on hands is commonly caused when a person handles a substance that causes 

inflammation of the skin on the hands. Atopic dermatitis on hands is sometimes called hand 

eczema. People can be susceptible to atopic dermatitis on the hands if they handle chemicals, 

detergents, or other allergens in the workplace, 
i 

Dry skin is not only a symptom of eczema, but skin that has become dehydrated is at greater risk 

of outbreaks of eczema. Consuming water and keeping skin moisturized helps reduce the risk of 

flare-ups. Winter months are harder on the skin. The skin tends to be dry due to a lack of 

humidity in buildings. Dry heating systems can dry out the skin and increase the person 's chance 

of developing an eczema flare-up. Humidifiers may help prevent or alleviate dry skin that is 

prone to eczema. 

Aging causes changes in the skin that can lead to outbreaks of eczema. Some types of eczema 

target seniors. Some people feel that aging skin is less able to hold in moisture and is therefore 

prone to eczema. Asteatotic eczema is one example of a type of eczema that is most common in 

the elderly. 
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Taking hot baths or showers can dry out a person's skin. Therefore, a routine of using hot water 

can make someone more prone to eczema outbreaks. This can be counteracted by applying 

moisturizer after bathing. Some experts believe that eating certain foods can worsen eczema or 

increase a person's risk of a flare-up of dermatitis. The foods that some people claim as agitating 

the condition are dairy product, nuts, seafood, wheat, eggs, and soy. Having an oily scalp is 

thought to be a risk factor for seborrheic dermatitis, also known as scalp eczema. Seborrhheic 

dermatitis can cause patches of pink or red, dandruff, and flaking or peeling skin on the scalp. 

Childhood may be the most influential risk factor for eczema. Infants with eczema typically 

outgrow their skin conditions by the time they are three years old. Some continue to have 

outbreaks of eczema until adulthood. A small percentage of adolescents with eczema continue 

through adulthood with bouts of eczema. As the child ages, the chance of continued problems 

with eczema decreases (living with allergies 26 February2009 ). 

1.1.2 Eczema and psychological status 

Usually worse the psychological status of victims of eczema, as it leads to ugly the landscape 

have raised concerns about the social appearance, and may lead them to reduce eczema from 

appearing in the society and the isolation and loss of self-confidence. Usually the patient feels 

that all people look at the marks left by the eczema on his skin, which has raised more feeling 

itchy, and ashamed of the patient from scratching his skin in front of people, making him feel 

more nervous. Eczema comes and goes in the form of cycles, which means that the patient is in 

good psychological condition and then a bad way periodically. 
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1.1.3 Eczema incidence in Sudan 

In Sudan, eczema is one of five prevalent diseases most hesitation to hospital. 

Depending on the statistical data obtained from the hospital of Khartoum 

Dermatology shown in tables 1.1 and 1.2. eczema has shown highest prevalence 

compared to other dermatological diseases in the past five years. It was also noted that 

the Khartoum state showed the highest prevalence of eczema compared to other states 

of Sudan. 

Table l.lTotal number of eczema cases in Khartoum during 

2005-2009 

Y e a r s 

2005 

2006 

2007 

2008 

2009 

Pat ien ts 

7685 

7306 

7978 

6482 

7818 

F requency of the total disease 

54258 

62220 

71713 

64747 

83147 
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Table 1.2 Percentage of eczema cases in different states of Sudan 

State 2005 2006 2007 2008 2009 

Khartoum 52.03 49.86 57.99 51.22 52.20 

Bahri 18.89 20.12 22.85 23.96 23.46 

Omdurman 9.4 9.18 8.56 9.27 10.64 

AIjazeera 13.4 13.26 10.59 1 1.77 10.40 

White Nile 0.97 1.12 1.40 0.68 0.69 

BlueNi le 0.62 0.76 0.57 0.52 0.52 

River Nile 0.75 0.97 0.33 0.23 0.16 

Kordufan 0.83 0.76 0.81 0.76 0.52 

Darfur 0 1.02 0.15 0.23 0.18 

Northern 0.04 0.75 0.28 0.15 0.1 1 

Eastern 0 0 .91 0.38 0.65 0.23 

Southern 0 0 0.30 0.11 0 

Others 3.04 1.25 2.54 0.45 0.90 

6 



1.2 Validity of bio-indicators 

Improved understanding of the importance of trace elements for human health has resulted from 

advances in technology that have improved the ease of analysis of the elements and facilitated 

experiments in isolated systems and intact organisms (Ebrahim el al., 2007). 

Nail, blood, urine, sweat and hair have all been considered for exposure monitoring. Nail 

clippings have advantages over the other biological materials frequently analyzed for arsenic and 

selenium content. Nail clippings are thought to reflect exposures that have occurred over the past 

6 -12 months and, as opposed to blood and urine, are a marker of longer exposure periods. Urine 

and blood selenium concentrations reflect recent intake, on the order of several days for urine 

and several weeks for blood-based measures. Arsenic is cleared from the blood and excreted in 

the urine in a matter of hours following exposure; therefore, these markers are ideal for 

monitoring acute exposures. Hair and nails retain the highest concentration of arsenic clue to the 

content of keratin, a group of proteins containing disulfide bonds. Elements in hair and nails are 

removed from metabolic processes after formation and thus may be stable markers of past 

exposure compared with blood or urine (Melissa et al.. 2006). 

1.2.1 Hair 

For more than 30 years, the significance of measuring elemental concentration in scalp hair, 

blood and urine as been studied. These biological samples reflected the body's dynamic 

equilibrium. 

Hair acts as a depot and indicates element storage over time. Studies correlate elements in hair 

with exposure to smelters and mines, and with disease and physiologic or pathologic effects of 
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nutritional excesses or deficiencies'. Additionally, geographic variation and historical trends in 

hair element levels have been published, and hair analysis is used in forensic medicine. 

Consequently, hair analysis provides a long-term record that reflects normal and abnormal 

metabolism, assimilation, and exposure. 

Hair perhaps, is the best specimen through which one can evaluate mineral imbalances and 

toxicities. It provides good long-term exposure assessment, is non-invasive is inexpensive, and 

allows for investigation of nutrient/ toxic interactions that are only beginning to be determined 

for the other samples mentioned (Flordeiza et al., 2003). 

Environmental exposure to toxic metals may be infrequent and highly variable, and hair element 

concentrations are most meaningful when cumulative intake and exposure over time is the case. 

Research suggests hair metal content provides a better estimate for long-term accumulation when 

compared to blood metal levels .Hair is an excellent medium because concentrations often are up 

to 300 times higher than those of serum or urine and that's due to the hair stores these elements, 

it is a barometer of early, chronic exposure and often reflects excess before symptoms appear. 

Scalp hair has been used as early as 1929 to assess human systemic levels of elements. Hair is 

widely accepted for assessing toxic element exposures and measured by most clinical 

laboratories capable of making trace element measurements. Using hair to assess essential 

elements is more controversial, yet researchers have found many correlations of essential 

elements to diseases, metabolic disorders, environmental exposures, and nutritional status. 

Compared to other types of clinical specimens, hair has different uses and even advantages over 

blood or urine. While urine and blood tend to show current or recent bod} status, hair represents 

a longer time frame, potentially years. Hair is easier and safer to collect, ship, and store than 

blood or urine and the analysis is less expensive. This makes hair an excellent choice in certain 
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situations and as a screening tool. Other challenges that must be addressed when measuring trace 

elements in hair include external contamination, lack of standardization, and analytical accuracy 

Hair is a site of excretion for essential, nonessential and potentially toxic elements. In general, 

the amount of an element that is irreversibly incorporated into growing hair is proportional to the 

level of the element in other body tissues. Therefore, hair analysis may provide an indirect 

screening test for physiological excess, deficiency or maldistribution of elements in the body. 

Clinical research indicates that hair levels of specific elements, particularly potentially toxic 

elements such as cadmium, mercury, lead and arsenic, are highly correlated with pathological 

disorders. For such elements, levels in hair may be more indicative of body stores than the levels 

in blood and urine. All screening tests have limitations that must be taken into consideration. 

(Bob Smith, 2009) 

To understand how hair retains elements, it is important to know the structure of hair and how air 

protein is synthesized and traps minerals. 

The hair shaft is filament formed from the matrix of cells al the bottom of the hair follicle deep 

in the epidermal epithelium. Each follicle is a miniature organ that contains both muscular and 

glandular components .Human hair is 80% protein, 15% water, and small amounts of lipids and 

inorganic materials. The mineral content of the hair is 0.25% to 95% on a dry ash basis. Seven of 

the approximately 100,000 hairs in the average human scalp. 10% are in the resting phase. 

During the growth phase, the scalp follicles produce hair at a rate of 0.2 to 0.5mm / day - or 

about I cm each month (Flordeiza et al., 2003). 

The growing hair follicle is richly supplied with blood vessels, and the blood that bathes the 

follicle is the transport medium for both essential and potentially toxic elements .As this element 

reach hair follicles, they are then incorporated into the growing hair protein .Unlike other body 
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tissues, hair is a metabolic end product that incorporates elements into its structure while 

growing. As hair approaches the skin surface, it undergoes a hardening process, or 

keratinazation, and the elements accumulated during its formation are sealed into the protein 

structure of the hair. Because of the exposure of hair follicles to the blood supply during growth, 

element concentrations of the hair reflect concentrations in other body tissues (Flordeiza et al., 

2003) 

Trace mineral analysis is a test that measures the mineral content of the hair which reflects the 

mineral status of the body tissues. If a mineral deficiency or excess exists in the hair, it usually 

indicates a mineral deficiency or excess within the body, or biounavailability. 

Trace mineral patterns in hair are proving fruitful data, not only as a diagnostic procedure, but 

also in providing answers pertaining to treatment. It will become increasingly common for 

physicians to use hair analysis in the diagnosis and treatment of chronic degenerative disease 

(Hassan el al., 2006). 

1.2.2 Blood 

Blood transports and distributes chemicals in the body. The majority of systemically acting 

substances and their metabolites are therefore found in blood. Blood, as a biological medium, is 

used for measuring most inorganic chemicals (e.g. elementary mercury, lead) and for measuring 

those organic substances that are poorly biotransformed and have a sufficient hall-life e.g. 

methyl mercury, lindane, DDT). The measurement of unchanged substances in blood has higher 

specificity than the determination of their metabolites in urine. Blood is also a suitable medium 

for the measurement of substances binding to macromolecules (e.g. aniline haemoglobin). 

Depending on the substance measured, the analysis is done on whole blood (mercury, cadmium. 
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lead, and benzene), plasma (mercury, nickel, cadmium), serum (aluminium, cobalt, lindane) 

and/or erythrocytes (mercury, chromium). 

Measurements of concentrations of many volatile solvents (e.g. benzene, toluene, and styrene) in 

blood and in alveolar air often have the same significance. They reflect either the most recent 

exposure when blood samples are obtained during exposure or the exposure during the previous 

day if blood is collected 16 hours after the end of exposure. Blood levels of some cumulative 

organic chemicals (e.g. polychlorinated biphenyl) may reflect their accumulation in the body, as 

the concentration of these substances in blood is related to their concentration in the main storage 

compartment (Alenko 2010). 

1.2.3 Urine 

Urine is easy to collect, even in large quantities, and the procedure is non-invasive. This 

biological medium is suitable for determining water-soluble metabolites of organic chemicals. 

Phenylmercapturic acid in benzene exposure, formic acid in methanol exposure and several 

inorganic chemicals (e.g. metals, such as mercury, lead and cobalt). In individuals exposed to 

chemicals with short biological half times, or with fluctuating concentrations in the air, the level 

of metabolite in urine samples collected at the end of shift. It is commonly a better indicator of 

the average exposure during the shift compared to the level of the substance in exhaled air or 

blood. Determination of urinary 2.5 hexanedione levels in hexane exposure, of urinary 2-

thiothiazolidine-4-carboxylic acid levels in carbon disulphide exposure, and of phenylglyoxilic 

acid levels in individuals exposed to styrene. Concentrations of the chemical in exhaled air or 

blood are more strongly influenced by the recent exposure. 

Determinations done on 24-hour urine specimens are more representatives than those done in 

spot samples, except in the case of exposure to chemicals with long half times. As for rapidly 



excreted substances, such as solvents, measurements at the end of the shift are more appropriate. 

It should be pointed out that urinary concentration of a metabolite largely depends on the rate of 

urine production. Determining it in either over-diluted (large beverage intake) or over-

concentrated (inadequate liquid intake, sweating) urine samples may lead to misinterpretation. 

For some substances, such as mercury and lead, the use of urinary creatinine and specific density 

is recommended to correct chemical concentrations in urine .The renal excretion is regulated by 

three' mechanisms: glomerular filtration, tubular secretion and tubular reabsorption. Changes of 

any of these mechanisms may have a significant influence on the elimination of a chemical. 

(Alenko, 2010) 

1.2.4 Nail 

Nail, hair and tooth used as bio-indicator for toxic and heavy metals pollution. Nails and hair are 

a metabolic end product that incorporates metals into its structure during the growth process. 

Therefore the determination of heavy metals content in nail and hair is understood to play an 

important role for monitoring the impact of environmental pollution on the inhabitant of a 

community (Rashed, 2010). 

1.2.5 Sweat 

The loss of body fluids is essential to our well being, skin has also been called our 'third kidney'. 

Sweat is a particularly healthy activity for lots of reasons - renewal of the immune system, 

discharge of toxins and heat regulation. Today we know that a body, which cannot perspire, 

because the passage-of sweat is impeded one way or another, accumulates poisons and dies 

within a few hours. The determination of the metal ions in biological materials such as blood, 

hair, nail and urine are of increasing interest of many clinical and research laboratories. 



Sweat is an also important biological material for the determination of metal ions and element 

status. Mineral elements, including magnesium, zinc, copper, iron and chromium are required by 

the body in modest amounts for the maintenance of health and for the development of optimal 

physiological function (Saraymen et al., 2004). 

1.3 Biological Role of Trace Elements 

Improved understanding of the importance of trace elements for human health has resulted from 

advances in technology that have improved the ease of analysis of the elements and facilitated 

experiments in isolated systems and intact organisms. These experiments have revealed the 

essentiality of trace elements for many metabolic processes and functions throughout the life 

cycle (Sandstead et al., 1985) 

A trace element is an element, which constitutes less than one percent of the wet weight of 

biological material. 

Trace elements are classified as inessential according to whether an organism can grow and 

complete its life cycle in their absence .Even for essential elements there is always an optimum 

range of concentration in the diet, below which deficiency symptoms such as stunting of growth 

occur, and above which symptoms of toxicity begin (Zaichick et al., 1996). 

The classification of elements essential to mammals is imperfect and somewhat controversial 

which can be shown by the following groups (Bowen, 1988). 

• Essential : Ca, CI. Co, Cu, Fe, I, K, Mg, Mn, Mo. Na. Ni. Se and Zn. N. P 

• P robab ly essential: As, Cr, F, Si, Sn and V. 

• Evidence for essential lacking: B, Ba, Br, Cd. Li, Rb and St 

• Inessential: All other elements 

13 



In recent year, some trace elements have special biomedical importance e.g., Se and Zn. There 

has also been much interest in those inessential elements, which have been increasing as a result 

of man ' s activity. The fashionable elements to study have been Cd, Hg and Pb, but Ag, As 

Cr,Mn ,Sb, Sn and V have also been studied .In very few cases , the function of essential trace 

elements or the manner in which toxic elements cause dysfunction have been known. 

There are three functions for the trace elements, namely inorganic or structural electrochemical, 

catalytic, and other unknown functions and miscellaneous. 

Structural functions include apatite, or calcium phosphate, in vertebrate bone and tooth and silica 

or unknown derivatives which my help to stiffen collagen. 

Electrochemical function are associated with the metal cat ions Ca+2, K+ ,Mg+ 2 ,Na+ , and CI " 

anion .All living cells maintain high concentration of K+ and Mg+ 2 inside their cytoplasm , 

• • + 2 

while excluding Ca and N a in the extra cellular fluids. In this way, they can keep a supply of 

potential energy on tab. Most of the calcium and magnesium inside cells appears to be bound 

rather than as free ions. The free calcium ions have many important messenger functions within 

and between cells (Bowen, 1988). 

The essentiality of trace elements in a number of biological processes, through their action as 

activator or inhibitor of enzymatic reactions, is now is well established. It has been suggested 

that perhaps metals aided by viruses, may penetrate living cells and either enhance or retard the 

kinetics of anabolic or catabolic enzymes (Garg et al., 1990). 

The essential trace elements Ca, CI, Co, Cu, Fe, Mg, Mn, Ni, Se, and Zn from compounds with 

proteins, which have a wide range of catalytic functions Cu, Fe, Mn, and Mo catalyze many 

redox reaction in -vitro but do so far more specifically and efficiently when the metal occupies 

the specific side in an enzyme molecule. 
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Miscellaneous functions include the production of toxic molecules containing halogen or 

fluorine atoms by sponges, algae, and fungi, lichens and a few higher plants. These are believed 

to discourage predators. 

In many animals, excessive or toxic amount of certain metals may be shunted into very large 

proteins such as iron in ferritin, or into granular bodies in the cytoplasm, possibly as a 

mechanism of execration. Examples are the calcium carbonate or calcium phosphate granules in 

many tissues, sulphide-rich granules which may contain Bi, Cd, Cu. Hg. Pb. or Zn found in 

kidney, and mercury -selenium granules found in livers of the whales. Such granules represent a 

form of internal contamination, and make the interpretation of analysis of whole organs such as 

kidneys more difficult (Bowen, 1988). 

1.4 Mineral and Skin Diseases 

Metals and their compounds have been used since ancient times for their therapeutic as well as 

cosmetic effects on the skin. The numerous enzymes activities exhibited by the skin are a 

reflection of the metabolic role of that organ. The unique process of keratinization and melanin 

formation is enzyme- dependent and therefore could be influenced by trace metal deficiencies or 

excesses (Bock el al., 2003). 

Zinc (Zn) is a trace mineral that is used in the treatment of a range of skin diseases including 

acne, boils, eczema, bedsores, general dermatitis, wound healing, herpes simplex, and skin 

ulcers, etc. Zinc is a cofactor for many enzymes required for healing damaged skin. It may 

contribute to maintaining healthy skin cells and be helpful in generating new skin after burns or 

injury. All body tissues contain zinc; in skin, it is five to six times more concentrated in the 

epidermis than the dermis. Topical zinc, in the form of divalent zinc ions, has been reported to 
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provide antioxidant photoprotection for skin. Zinc deficiency is common in patients with Crohn's 

disease (CD), especially in those with skin lesions and growth retardation (Rostan et a!..2002). 

Iron (Fe) deficiency is probably the most frequent nutritional deficiency disorder in the world. A 

recent estimate based on World Health Organization (WHO) criteria indicated that around 600-

700 million people worldwide have a marked iron deficiency anemia . Dermatopathic anemia has 

attracted the attention of clinicians because iron deficiency was found to be a metabolic 

consequence of skin diseases such as erythroderma, exfoliative dermatitis, psoriasis, eczema, and 

many others (Thorn, 1981) . 

Copper (Cu) forms an important constituent of many metalloproteius and metalloenzymes of 

various organs and tissues. Copper is responsible for the metabolism of amino acids, tyrosine and 

for the production of melanin, the pigment of skin freckles (Geier et al.. 1995, Nikanov et al 

,2004., Artiunina et al., 1998 ). 

Allergic dermatitis may be caused by persistent contact with hexavalent chromium (Cr). 

Hexavalent Cr is water soluble and thus can penetrate the skin (Schmidt et al., 2000). Lead (Pb) 

can inhibit Ca, Zn, Mn, Cu, and Fe, causing deficiencies. 

Intolerance to nickel (Ni) salts is considered in these patients the major factor in the 

development of skin disorders (Nikitina et al., 2004). Both black-Ni and cold-sealed aluminum 

were found to be unexpected causes of dermatitis due to Ni release. Sources of occupational Ni 

exposure are often missed by dermatologists, due to lack of knowledge. Occupational Ni 

exposure is, however, important to identify, and the dimethylglyoxime test is a helpful tool An 

excess of cadmium (Cd) accumulation is linked with similar problems to (hose associated with 

high Pb (Barnes et al.,1994., Bradley et al., 1995, Tuormaa 1995 ). 
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With exposure to either a strong (cadmium) or weaker (zinc) inducer of metallothionein, Cu 

accumulation was increased in normal cells, while there was no change from the already elevated 

level of Cu accumulation in blotchy cells (Dickel et al.,2002). 

1.4.1 Eczema and trace elements 

The ingredients of Eczema are: zinc oxide, sodium chloride, magnesium stearate, polyethylene 

glycol, iron oxide, copper oxide, and sulfur (sulfur is used externally only and is not to be 

confused with sulfa which is taken internally only). Eczema does not contain any potentially 

irritating preservatives, such as methylparaben, propylparaben, and Qualernium-15, and contains 

no irritating fragrances. Eczema has a pH of 7.0, which is the perfect pi 1 balance to allow the 

skin to normalize and heal itself (Bass et al., 2007). 

1.4.1.1 Iron 

Iron plays a key role in a wide range of biological functions: making haemoglobin (vital pigment 

of red blood cells which carry oxygen to each cell), myoglobin (muscular protein enabling 

oxygen to be stored) and enzymes involved in respiration and DNA. 70% of the body's iron is in 

heminic form (associated with haemoglobin), and the rest is in non^heminic form (transport and 

reserves). 

While iron deficiency leads, in the very advanced stages, to anemia, the consequences of a 

moderate deficiency on all of these physiological processes are still poorly defined: a reduction 

in physical capacity and intellectual performances, reduced resistance to infections, disturbances 

during gestation and problems in maintaining body temperature are increasingly observed. 

Individual iron status is assessed by measuring the level of body reserves in the bone marrow, 

liver and spleen. Studies are consistent in showing low iron reserves among the French 



population, particularly in women of childbearing age, a situation which is aggravated during 

pregnancy and also in young children. The recommended dietary allowances for iron have been 

set so as to ensure appropriate reserves. Meat products make up our main source of iron, even if 

they only account for 25% of the iron that we consume. Black pudding (boudin), offal, liver and 

kidneys are the richest food sources of iron. But in view of our eating habits, lamb and beef have 

become our main sources of iron. White meat, fish, seafood and eggs also contribute 

considerable quantities of iron. Contrary to popular belief, dried vegetables and spinach, despite 

their average iron content, are secondary sources. 

Indeed, the quality of iron present in foods is more important than its quantity. Iron contained in 

meat products is therefore 2.5 times more assimilable than that found in vegetables and dairy 

products. Consuming meat and green or dried vegetables and fruit rich in vitamin C (citrus fruit, 

kiwi, red fruit, cabbage, etc.) can improve the absorption of iron of plant origin. 

Iron is a trace element, which is needed by the body for the formation of blood. The human 

body normally contains 3-4g of iron, more than half of which is in the form of haemoglobin, the 

red pigment in blood. Haemoglobin transports oxygen f rom the lungs to the tissues. Iron is a 

constituent of a number of enzymes. The muscle protein myoglobin contains iron, as does the 

liver - an important source during the first six months of life. The body's iron balance varies 

mainly according to dietary intake, as losses from the body are generally small - although women 

lose, iron during menstruation (Hassan et al., 2006). 
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1.4.1.2 Zinc 

Zinc is an important trace mineral in the human body and it is hard to believe we have only 

known about this since 1961. It is an invaluable aid to growing fetuses and to the development of 

growing children. It came about when cases of adolescent dwarfism in the Middle East were 

found to be caused by the lack of zinc. 

The function of Zinc in the body is not an isolated one but has cellular activities regulating most 

bodily systems. There are three important overall roles that zinc plays in our daily lives: One is 

as a catalytic agent or as a helpmate in assisting enzymes do their work; Enzyme are produced by 

cells and their particular function is as according to what type of cell, i.e. bone cell, tissue cell, 

blood cell that it interacts with. 

Zinc forms metallo enzymes and has been shown to be important in various components of the 

immune response (Tricia Lye. 2008). 

Skin zinc has anti fungal and anti bacterial properties and would be beneficial if the eczema is 

caused by a zinc deficiency. (June 27th 2007) 

However Skin zinc effectiveness for eczema patients has not been proven and users have report 

little or no benefit to their eczema (Tricia Lye, 2008). 

Zinc is essential for healthy skin. Nutritional supplements containing zinc can help eczema 

patients. A daily dose of less than thirty milligrams should be sufficient for this purpose. Care 

should be taken to avoid consuming an excess of zinc because that might lead to copper 

deficiency (Cure eczema ,2007). 

Zinc has been shown to benefit the skin in general and eczema in particular .Deficiency in zinc 

is characterized by eczema; zinc pyrithione has anti-fungal properties, and was first synthetically 

produced in the 1930s. It is also considered to have anti-bacterial agents, which may fight certain 
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bacteria strains, though the evidence on this is largely anecdotal. As skin zinc, it is used to treat 

skin irritation caused by dermatitis, eczema and psoriasis. It is also promoted as a fungicide for 

treating athlete 's foot or r ingworm . 

Most skin zinc preparations claim efficacy based on early tests that were tainted because the 

formula contained corticosteroids. There is good anecdotal evidence that newly formulated skin 

zinc is effective for the treatment of skin conditions that relate to psoriasis, yet there are no long 

terms, double blind clinical studies. 

Claims of skin zinc effectiveness are less well established when the product is marketed to those 

suffering f rom eczema. Some eczema is caused by zinc deficiency, yet there is little evidence 

that either oral or topical supplementation resolves the condition. Eczema is often the cause of 

prolonged allergies, diet, and stress. Identifying the causes and successfully treating the 

condition are difficult even for dermatologists. Little in the way of positive results may 

disappoint those wishing to try skin zinc preparations (Tricia Lye, 2008). 

Zinc hair levels when low correlate with low tissue levels and possible inadequate zinc function. 

Zinc is an essential element that is required in numerous biochemical processes including 

protein, nucleic acid and energy metabolism. Zinc is an obligatory co-factor for numerous 

enzymes including alcohol dehydrogenase, carbonic anhydrase, and superoxide dismutase. Low 

hair zinc may be the result of poor dietary intake, digestive dysfunction, malabsorption 

syndromes, chronic diarrhea, or excessive tissue levels of copper or iron (Am et al., 1992). 

Many possible dysfunctional conditions may be associated with zinc inadequacy. These include 

impaired taste or smell, poor night vision, fatigue, skin disease (dermatoses), sexual dysfunction, 

growth retardation in children and (partial) alopecia. Conditions which have been associated with 

low hair zinc include maldigestion, celiac disease, chronic hepatitis, sickle cell anemia, kidney 
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dialysis, cancer, anorexia, obesity and Wilson's disease. Low hair zinc has also been noted in 

premature birth babies and their mothers, as well as mothers of infants with spina bifida. Hair 

zinc is commonly low in diabetics, and in association with A D D / A D H D and autism (DDI 

observation). Reported symptoms of zinc deficiency include: fatigue, apathy, hypochlorhydria, 

decreased vision and dysgeusia, anorexia, anemia, dermatitis, weak/brittle nails and hair, white 

spots on nails, alopecia, impaired would healing, sexual dysfunction (males), and hypogonadism. 

See my webpages on zinc and pyroluria for more information. 

Low hair zinc is very likely to be indicative of low zinc in whole blood, red blood cells, and 

other tissues. Hair analysis is a good screen for provided that the hair sample has not been 

chemically treated (permanent solutions, dyes, and bleaches); such hair treatments can 

significantly lower the level of zinc in hair (Am. et al.,1992). 

Zinc competes for absorption with copper and iron. Cadmium, lead and mercury are potent zinc 

antagonists. Zinc deficiency can be caused by malabsorption, chelating agents, poor diet, 

excessive use of alcohol or diuretics, metabolic disorder of metallothionein metabolism, surgery, 

and burns. Hair levels of Zn (copper and selenium) were decreased in human subjects after 

switching f rom a mixed to a lactovegetarian diet (Am. et al., 1992). 

Other laboratory tests to confirm zinc status are whole blood or packed red blood cell elements 

analysis, and urine amino acid analysis (Zn dependent peptidase activity). (Bob Smith ,2009) 
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1.4.1.3 Copper 

Copper is a natural element that is an essential micronutrient to ensure the well being of all 

aerobic life forms. It plays a vital part in the development and performance of the human nervous 

and cardiovascular systems, as well as the skin, bone, immune and reproductive systems, 

including gene transcription. Copper can also inhibit the growth of microbes, thus providing a 

measure of protection against harmful germs and bacteria in many environments. Copper is one 

of a relatively small group of metallic elements which are essential to human health (Copper and 

human health, 2010) 

The amount of copper found in the human body (50 to 120 milligrams) would probably fit on the 

head of a pin, but such a tiny quantity doesn' t prevent this mighty mineral from performing 

impressive feats to promote optimal health. Among copper 's many duties are fueling energy 

production; preventing anemia and bone disease; fending off cell damage; and promoting proper 

foetal development. While copper is found in the far reaches of the body, i t 's concentrated in 

organs with high metabolic activity, including the liver, brain, kidneys, and heart. Copper now 

has an official Recommended Dietary Allowance (RDA) in the United States, underscoring its 

importance as part of a balanced diet (Sara et al., 1990). 

At present, copper is not considered a human carcinogen. While copper is considered an 

essential element for the human body, exposure to large doses of copper fumes and/or dust can 

cause serious health effects. Exposure to large doses of copper and its compounds through 

inhalation, ingestion and dermal contact can cause eczema (Sacramento, 2004). 

Copper and high protein diet or starvation stimulate more toxic liver products f rom the liver. 

Copper has been used in medicine for thousands of years—apparently since before the beginning 

of recorded history. Just as the ancients were able to derive pharmaceutically active compounds 
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from plants, they also relied on compounds of metals such as copper, manganese and zinc for 

their medicines. Throughout the history of man, copper has been found useful for its curative 

powers largely due to its antibacterial and antifungal properties in the treatment of wounds and 

skin diseases (Copper and human health, 2010). 

Hair levels may be indicative of excess copper in the body. Medical conditions that may be 

associated with excess copper include: biliary obstruction (reduced ability to excrete Cu), liver 

disease (hepatitis or cirrhosis), and renal dysfunction. Symptoms associated with excess Cu 

accumulation are muscle and joint pain, depression, irritability, tremor, hemolytic anemia, 

learning disabilities, and behavioral disorders. See my webpage on copper-zinc imbalances. 

However, it is important first to rule out contamination from permanent solutions, dyes, 

bleaches, swimming pool/hot tub water, and washing hair in acidic water carried through copper 

pipes. In the case of contamination f rom hair preparations, other elements (aluminum, silver, 

nickel, titanium) are usually also elevated. 

Sources of excessive copper include contaminated food or drinking water, excessive Cu 

supplementation, and occupational or environmental exposures. Insufficient intake of 

competitively absorbed elements such as zinc or molybdenum can lead to, or worsen Cu excess. 

Confirmatory tests for copper excess are a comparison of copper in pre vs. post provocation (D-

Penicillamine, DMPS) urine elements tests and a whole blood elements analysis. Ceruloplasmin 

can also be useful in copper retention syndromes (Bob Smith, 2009). 

1.4.1.4 Nickel 

Nickel allergy was found in 8.6% and was clinically relevant in 69% of cases. Nickel allergy 

was found most frequently in girls and the association with ear piercing was confirmed. 

Application of dental braces (oral nickel exposure) prior to ear piercing (cutaneous nickel 
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exposure) was associated with a significantly reduced prevalence of nickel allergy. In 

adolescents a significant association was found between hand eczema and nickel allergy (Mortz 

et al .,2002). 

There is a markedly higher prevalence of nickel-induced allergy and hand eczema in women 

compared to men, mainly due to differences in exposure. . (May 2007, Pages 85-95) 

In fact, approximately 16 percent of all individuals who are patch tested for allergies turn out to 

be allergic to nickel. 

With a known hypersensitivity to nickel were purposely exposed to the metal on their upper 

arms. When the nickel was removed f rom the skin after 48 hours, the allergic reaction developed 

over the next 48 hours on the volunteers ' arms before beginning treatment with either 0.1% 

tacrolimus ointment or placebo administered twice a day for two weeks. 

Nickel, which is frequently found to contaminate food, can cause a relapse of contact eczema 

and also widespread chronic allergic skin reactions in sensitized patients (Internet Health Library 

1999-2006). 

Many people have allergic reactions to exposure to the metal nickel. Gold-plated objects are 

often made of nickel, and when the gold plating rubs off, the nickel causes an allergic skin 

reaction known as eczema. Nickel in the diet may also cause skin conditions including eczema. 

Gold is often plated over cheaper nickel metal in costume jewelry. As the gold coating wears off, 

the nickel is exposed and can cause an allergic reaction. This can be particularly severe with 

pierced earrings, rings and necklaces, as the skin in these areas can be particular sensitive. 

Nickel is an environmental contaminant that can be found in some foods. Eczema symptoms are 

made worse by dietary nickel intake in sensitized individuals. Reducing or eliminating nickel in 

your diet can help reduce or eliminate eczema symptoms Diagnosis and Treatment 
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It is estimated that about 15 percent of adults suffer f rom nickel sensitivity and can exhibit signs 

of eczema through contact with nickel or through dietary nickel. A dermatologist can perform a 

simple and painless patch test to see if you are sensitive to nickel. If so, controlling your dietary 

intake of nickel may help your symptoms (Nickel and eczema, 2010). 

Hair levels correlate with chronic exposures and ingestion. Hair is sensitive to external 

contamination with Ni. Some shampoos and many hair perm dye bleach products place Ni into 

the hair. In blood, Ni binds to albumin, globulins and amino acids, and is deposited in 

leukocytes. In cells, it binds to mitochondrial and cytosolic proteins. In so doing, it can displace 

zinc and copper, thereby activating, inhibiting, or dysregulating enzymes. A nickel exposure may 

hypersensitize the immune system, resulting in inflammatory responses to many environmental 

substances to which there was formerly little or no response. Possible symptoms of nickel excess 

include panallergy with rhinitis, sinusitis, conjunctivitis and asthma. Other symptoms may 

include vertigo, weakness and fatigue, nausea and headache. Nickel contact allergy ("nickel 

itch") or contact dermatitis is not necessarily reflected by elevated hair Ni (Bob Smith, 2009). 

1.5Atomic Absorption Spectrophotometry 

Improvements in analyzing techniques when coupled to the growing knowledge of trace element 

biochemistry provide a powerful tool for health challenging issues to study either toxicological 

of trace elements and to examine potential for diagnosing the presence of diseases (Bradley et al 

.,1996) 

Atomic absorption spectrometry (AAS) is an analytical technique that measures the 

concentrations of elements. Atomic absorption is so sensitive that it can measure down to parts 

per billion of a gram (mg dm ) in a sample. The technique makes use of the wavelengths of light 

specifically absorbed by an element. They correspond to the energies needed to promote 
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electrons f rom one energy level to another, higher, energy level. Atomic absorption spectrometry 

has many uses in different areas of chemistry. 

Atomic Absorption Spectroscopy may readily determine metals in solution. The method is 

simple, rapid and applicable to a large number of metals as copper, iron and they can be 

determined by directly aspirating the aqueous solution in the flame. Cadmium and lead can be 

determined by complexing with a chelating compound, extracting the chelate into an organic 

solvent, aspirating the organic phase into the flame (Flordeliza, 2003). 
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1.6 Objectives 

This study was performed to achieve the following objectives:-

1- To establish base-line data on the elemental concentration of some trace and toxic 

elements in hair of eczema and control groups. 

2- To study the influence of Eczema on the alteration of some trace elements contents. 

3- To consider the possibility of using the assay of trace elements in hair as diagnostic and 

prognostic aids in eczema patients. 
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CHAPTER TWO 

MATERIAL AND METHODS 
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2.1 Sample collection 

Around 0.5g of fifty five hair sample were collected from each Sudanese patients with eczema 

disease (contacted Khartoum Teaching Dermatology hospital).All hair samples were collected 

from the back of the head, at the nape of the neck using stainless steel scissors and stored in 

metal free containers . All patients were agreed to participate in this study. .The control hair 

samples were collected from thirty apparently healthy volunteers (in particular did not have 

eczema diseases or any other skin disease) .Their ages were selected to be in the same range of 

the target group. 

2.2 Sample Preparation 

2.2.1 Sample cleaning 

Each collected hair sample was washed four times with diluted triton X-100((t-

octylphenoxypoly-ethoxyethanol) Sigma Ultra). Samples were then rinsed with distilled water 

and then washed with acetone (Lab chemical- - Mumbai- India) and allowed to dry for30 

minutes at room temperature before washing again with deionizer water followed by washing 

with acetone. 

The samples were then dried in an oven at 75 C° for one day. The dried samples were then 

stored in a polyethylene containers prior to analysis. 

2.2.2 Sample digestion 

Each hair samples from each subject (10 mg each) were weighed in Pvrex flasks. The flasks 

were capped and then digested at 60-70 °C for 1-2 h till semidried. The digests were then treated 

with 5 ml more nitric acid (Mw=63.01-D=!.41-1.42g-%=69-72%) and a few drops of H 2 0 2 

(30% w/v AR -Company: sd-f ine- chemical, limited- Mumbai- India) heated on a hot plate at 

approximately 80 °C until the color of the digestion solution became bright yellow, cooled and 
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then diluted to a volume of 25 ml in volumetric flasks with 2M nitric acid. The certified hair 

sample was also digested in the same manner as described above. 

Blanks and the series of standard solutions of Fe, Zn, Cu and Ni were prepared in the similar acid 

matrix. 

2.3 Analytical Technique 

Atomic absorption spectrometer (AAS) is one of the most effective modern methods for 

elemental analysis, for routine purposes. It can determine up to 70 elements, including all those 

of interest for the present study i.e Cu, Zn, Fe and Ni. One of the advantages of the technique is 

the high sensitivity, so contents can be determined at the trace level such as are encountered in 

medical contexts. This beside its high selectivity and good reproducibility (Ermachenko et al., 

1999). 

2.3.1 Principle 

Atoms of different elements absorb characteristic wavelengths of light. Analysing a sample to 

see if it contains a particular element means using light from that element. For example with 

lead, a lamp containing lead emits light from excited lead atoms that produce the right mix of 

wavelengths to be absorbed by any lead atoms from the sample. In AAS. the sample is atomised 

- ie converted into ground state free atoms in the vapour state - and a beam of electromagnetic 

radiation emitted from excited lead atoms is passed through the vaporised sample. Some of the 

radiation is absorbed by the atoms in the sample. The greater the number of atoms there is in the 

vapour, the more radiation is absorbed. The amount of light absorbed is proportional to the 

number of atoms. A calibration curve is constructed by running several samples of known atoms 

cohcentration under the same conditions as the unknown. The amount the standard absorbs is 

compared with the calibration curve and this enables the calculation of the atom curve and this 



concentration in the unknown sample. Consequently an atomic absorption spectrometer needs 

the following three components: a light source; a sample cell to produce gaseous atoms; and a 

means of measuring the specific light absorbed (Flordeliza,2003). 

2.3.2 Components of Atomic Absorption instrument 

Atomic absorption spectrometer is basic of consists of an energy source, an atomizer burner 

system, a monochromatic and a detection system 

2.3.2.IThe light source 

The common source of light is a 'hollow cathode lamp' (Tig. 2.1). This contains a tungsten 

anode and a cylindrical hollow cathode made of the element to be determined. These are sealed 

in a glass tube filled with an inert gasfneon or argon).The ionization of some gas atoms occurs by 

applying a potential difference of about 30 ( M 00 V between the anode and the cathode. These 

gaseous ions bombard the cathode and eject metal atoms from the cathode in a process called 

sputtering. Some sputtered atoms are in excited states and emit radiation characteristic of the 

metal as they fall back to the ground state. 

The shape of the cathode concentrates the radiation into a beam which passes through a quartz 

window, and the shape of the lamp is such that most of the sputtered atoms are redeposited on 

the cathode. 

A typical atomic absorption instrument holds several lamps each for a different element. The 

lamps are housed in a rotating turret so that the correct lamp can be quickly selected 

(Flordeliza,2003) 
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Figure 2.1'hollow cathode lamp' 
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2.3.2.2 The optical system and detector 

A monochromator is used to select the specific wavelength of light - ie spectral line - which is 

absorbed by the sample, and to exclude other wavelengths. The selection of the specific light 

allows the determination of the selected element in the presence of others. The light selected by 

the monochromator is directed onto a detector that is typically a photomultiplier tube. This 

produces an electrical signal proportional to the light intensity (Flordeliza,2003). 

2.3.2.3 Double beam spectrometers 

Modern spectrometers incorporate a beam splitter so that one part of the beam passes through the 

sample cell and the other is the reference (Fig. 2.2). The intensity of the light source may not stay 

constant during an analysis. If only a single beam is used to pass through the atom cell, a blank 

reading containing no analyte (substance to be analysed) would have to be taken first, setting the 

absorbance at zero. If the intensity of the source changes by the time the sample is put in place, 

the measurement will be inaccurate. In the double beam instrument there is a constant 

monitoring between the reference beam and the light source. To ensure that the spectrum does 

not suffer f rom loss of sensitivity, the beam splitter is designed so that as high a proportion as 

possible of the energy of the lamp beam passes through the sample (Flordeliza,2003). 
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Figure 2.2 Light Path for a double beam Spectrophotometer 
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2.3.2.4 Atomisation of the sample 

Two systems are commonly used to produce atoms from the sample. Aspiration involves sucking 

a solution of the sample into a f lame and electrothermal atomisation is where a drop of sample is 

placed into a graphite tube that is then heated electrically. 

Some instruments have both atomisation systems but share one set of lamps. Once the 

appropriate lamp has been selected, it is pointed towards one or other atomisation system. 

2.3.2.5 Flame aspiration 

Figure 2.3 shows a typical burner and spray chamber. Ethyne/air (giving a f lame with a 

temperature o f (2200-2400 °C) or ethyne/dinitrogen oxide (2600-2800 °C) are often used. A 

flexible capillary tube connects the solution to the nebuliser. At the tip of the capillary, the 

solution is 'nebulised ' - ie broken into small drops. The larger drops fall out and drain off while 

smaller ones vaporise in the flame. Only 1% of the sample is nebulised (Flordeliza,2003) 
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Figure2.3flame atomic absorption spectrometer 
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2.3.2.6 Electrothermal atomization 

Figure2. 4 show a hollow graphite tube with a platform. Sample is placed through the sample 

hole and onto the platform from an automated micropipette and sample changer. The tube is 

heated electrically by passing a current through it in a pre-programmed series of steps. The 

details will vary with the sample but typically they might be 3(M4) seconds at 150 °C to 

evaporate the solvent, 30 seconds at 600 °C to drive off any volatile organic material and char the 

sample to ash, and with a very fast heating rate (1500 °C/s) to 2000-2500 °C for 5 - 1 0 seconds to 

vaporise and atomise elements (including the element being analyzed). 

Finally heating the tube to a still higher temperature-2700 °C - cleans it ready for the next 

sample. 

During this heating cycle the graphite tube is flushed with argon gas to prevent the tube burning 

away. In electrothermal atomisation almost 100% of the sample is atomised. This makes the 

technique much more sensitive than flame AAS. (Flordeliza,2003) 

Figure 2.4 hollow graphite tubes with a platform 
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2.4 Experimental setup 

In the present study, measurement of Ni, Fe, Zn and Cu were carried out using the Atomic 

absorption spectrometer (Perkin Elmer corporter model 700). Figure 3.1 shows the schematic 

diagram of the atomic absorption spectrometer used. 

Emission 
(hollow- cathode 
lamp) 

Absorption 
(Flame) 

Monochromator 

j The decrease ofthe peak height is 
proportional to the atom's concentration 
in the flame 

Spectral slit width 

Figure 2.5 The schematic diagram of atomic Absorption Spectrometer 
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2.4.1 Standard preparation 

The standard stock solutions of each element were prepared as follow: 

25 ml was taken from the stock standard solution (lOOOppm) in 250 ml volumetric flask and 

made up to the mark with 0.5 M Nitric acid ,to prepare (lOppm) working solution. 

From the working solution, a series of dilution for each element were prepared according to the 

concentration expected in the sample. Solutions were prepared to be suitable to the 

concentration of element in the sample solution by the following: 

Fe: a series of 1, 2 and 4 ml were taken from the working standard solution (10mg/l), in a 10 

ml volumetric flask with a micro pipette and were made up to the marks with UNO? 0.5 M 

solution to be similar to the solvent of the simple (to avoid the physical interference), The 

resulted iron solutions' ( l ,2and4 ppm) respectively. 

Zn: a series of 400 ,700and 1000 ja.I were taken from the working standard solution (10mg/l), in 

a 10 ml volumetric flask with a micro pipette and were made up to the marks with HNO? 0.5 M 

solution to be similar to the solvent of the sample corresponding to 0.4,0.7 and 1 ppm of zinc 

respectively. 

Cu: a series of 10, 40and 50 (il were taken from the intermediate standard solution (10mg/l), in a 

10ml volumetric flask with a micro pipette and were made up to the marks with H N 0 3 0.5 M 

solution to be similar to the solvent of the sample corresponding to 10.40 and 50 ppb. 

Ni: a series of 4, 10 and 20 (il were taken from the intermediate standard solution (10mg/l). in a 

10ml volumetric flask with a micro pipette and were made up to the marks with HNO3 0.5 M 

solution to be similar to the solvent of the sample corresponding to 4,10and20 ppb. 
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2.4.2 Measurements 

After preparation the samples and standard solution the main power supplier of the AAS was 

turned on the valves of acetylene, and air compressor was operated at 0.09 and 0.35 trip 

respectively. 

The personal computer was open and the method parameters were setup on the control 

program. Hallow cathode lamp of elements under study were set. The operating conditions of the 

lamps used were showed in Table (2.1). 

Table 2.1 Hallow cathode lamps 

Element Lamp current Wavelength(nm) Lamp 

low(mA) mode 

Fe 12 248.3 BGC-D2 

Zn 8 213.9 BGC-D2 

Cu 6 324.8 13GC-D2 

Ni 12 232.0 BGC-D2 
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After line search/beam balance was finished successfully flame was ignited and deionizer water 

was sucked for 5 minutes then auto zero command was executed. 

The electromagnetic radiation from hollow cathode is passed through the flame. The sample 

solution was introduced to the instrument through the sample capillary tube. 

The nebulizer capillary tube was transferred to the standard one solution flask and the reading of 

the absorption was taken, then the tube was returned to the denionized water cup and waited till 

the digital reading reach zero value the continued on the same way for other standard solution. 

When the sample reached the flame it is changed into gaseous state and then brought to its 

atomic state (free atom form) in the flame. Elements found in the ground state were absorbed 

radiation predominantly of wave length corresponds to transitions from ground state to upper 

excited states. Theses free atoms absorb a part of the radiation. By knowing the intensity of 

electromagnetic radiation from the light source and the intensity of the transmitted light, the 

concentration of the element under investigation can be calculated. 

Before the reading of the standard or samples solution, the absorption value of the blank solution 

was taken. The absorbance values were taken for samples solution and abstract the blank value 

from the sample value. 

2.4.3 Calculation 

The calibration curve for each element was made using prepared standard solutions mentioned 

previously and the following graphs were obtained. The concentration of the element was 

calculated using Beer 's law.Abs 
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2.5 Statistical Analysis of the Data 

The results obtained in this study were analyzed using statistical package for social science 

SPSS. Descriptive analysis was used to explain important parameters for measuring central 

tendency and data scattering. A parametric T test was used to examine the data for significant 

differences. 
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CHAPTER THREE 

RESULTS AND DISCUSSION 
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The last decade has seen a growing interest in trace elements in human health and disease. It was 

generally believed until then, by clinician and nutritionist alike, that they are oo widely 

distributed in foodstuffs that deficiency in any element except iodine was unlikely. However, the 

advent of more accurate methods of assay, especially of blood and hair, and the increasing use of 

parental feeding, hitherto unsuspected trace element deficiencies have been brought to light, 

perhaps most dramatically with zinc. Thus, it now appears those trace metals, particularly Zn, Cu 

and Fe, play an important role in protein-calorie malnutrition and may be the key to 

Kwashiorkor. It seems likely too that the earlier age of onset of puberty accompanied by an 

increase in definitive adult stature, which has taken place in the developed countries over the past 

century, is due principally but not entirely to the greater availability of these elements and 

calcium in the diet ( Moynahan and Jackson, 1979). 

It's well known that, the incidence of eczema is higher in females rather than the males (Clark el 

al., 2005).According to the data statically managed by the National Ministry of Health, the 

incidence of the eczema in Sudan follows the same trend. Figure 3.1 shows the percentage of the 

cases under investigation in this study the number of cases of the females represent 65%, while 

those of males represent about (35%) which confirmed the mentioned fact. This could be 

attributed to the misuse of cosmetics by females as they are more obsessed with their skin beauty 

than males. 

46 



Figure 3.1: Percentage of male and female among studied Eczema cases 
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Table (3.1) shows the results obtained in this work for Fe, Zn, Cu and Ni in the Certified 

Reference Material (Hair Powder, IAEA-85) provided by the IAEA, used as a quality control for 

the measurements. Close agreement was found between the certified values and measured values 

for all elements under investigations. This indicates that the atomic absorption spectrometry used 

to carry out the measurement is accurate and precise. 

Table3.1 Comparison of the measured and certified values of Fe, Zn, Cu and 

Ni in the certified reference material (IAEA-85) used as a QC for the AAS. 

Element Measured 

value(ppm) 

Certified Values 

(ppm) 

Range of 

recommended 

values 

Ratio 

Fe 80.8 79.3 71.0-87.8 1.01 

Zn 169 163 165-170 1.03 

Cu 17.9 16.8 15.7-17.8 1.06 

Ni 1.6 ND - -
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Table 3.2Comparison between the concentration of elements (Fe, Zn, Cu and 

Ni) in eczema patients and control group 

Elem Sex Control Patients 
ents Mean Media 

n 
Minimu 
m 

Maxim 
um 

Mean Median Minimu 
m 

Maxim 
um 

Fe M 217.8+ 
_111.1 

201 60.1 420.7 99.1 + 
61.7 

66.2 56.1 289.8 

F 313.6+-
94.9 301.6 

60.3 450.7 89.8+-
33.1 

89.7 40.9 219.6 

Pool 272.1+-
0.01 

290 60.1 450.7 93.0+-
44.7 

86.9 40.9 289.9 

Zn M 200.6 
+_73.2 

169.1 137.3 395.1 106.5+ 
_24.2 

107.5 51.9 141.7 

F 228.6+-
70.6 

202.1 145.2 389.5 114.4+-
19.9 

119.2 60.1 149.6 

Pool 216.5+-
71.9 

199.8 137.3 395.1 109.7+-
21.8 

111.9 51.9 149.6 

Cu M 12.5+-
4.2 

10.9 7.8 20.2 8.5+-
2.8 

8.9 2.5 13.7 

F 11.9+-
4.4 

11.9 2.3 19.9 8.9+-
3.8 

8.6 3.8 20.9 

Pool 12.2+-
4.2 

11.3 2.3 20.2 8.8+-
3.5 

8.7 2.5 20.9 

Ni M 5.9+-
2.2 

6.8 1.6 8.8 7.2+-
1.7 

11.7 1.9 21.9 

F 6.3+ 2. 
0 

6.3 0.9 9.4 4.0+-
0.7 

11.9 2.6 18.6 

Pool 6.1+-
2.1 

6.6 0.9 9.4 11.6+-
5.4 

11.9 1.9 29.6 
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Figure 3.2 Comparison between the concentration of elements (Fe, Zn, Cu and 

Ni) in eczema patient and control group 
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Table (3.2) presents the results of the concentrations of Fe, Zn, Cu and Ni in the scalp hair 

samples of both the patients and the control group, the samples were categorized according to the 

gender. The results were presented in term of mean and range. 

The mean values of Fe were significantly lower in the scalp hair samples of both males and 

females eczema patients compared to the samples obtained from the control. The P value was 

0.00001. The median (86.9).and the range (40.9-289.9) 

Figure 3.3 Concentration of Fe in ppm 

The same conclusion has been strengthened by figure (3.3) which showed that the total mean 

value of iron in the scalp hair samples of male and female eczema patients is lower compared to 

the control group. This could be referred to the fact that skin disease could be a result of iron 

deficiency (Hassan et al., 2006). Previous studies have suggested that iron may be lost in 

accelerated turnover of the keratinocyte from scaling; currently, malabsorption of iron is 

accepted as accounting for dermatopathic anemia (Sato S, 1991). Deficiency in nutritional iron 
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represents a public health problem recognized throughout much of the world. The overall 

prevalence rate of patients with iron deficiency (ID) who need supplementary iron therapy 

ranges markedly from less than 10% to as high as 70% among various ethnic and socioeconomic 

groups. Dermatologically, the iron-deficit state can be a secondary condition or trigger a wide 

range of mucocutaneous alterations. Early appreciation of adverse cutaneous manifestations of 

ID seems to have commensurate significance not only in predicting the presence of undiagnosed 

ID, but also for providing specified avenues for rational therapeutic approaches to patients with 

ID. 

From table (3.2), the mean values of Zn were significantly lower in the scalp hair samples of 

both male and female eczema patients compared to the samples obtained from the control. The P 

value was (0.00001). The median was found to be (111.9) and the range (51.9-149.6) 

Both Females Males 

Figure 3.4 Concentration of Zn in ppm 
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Figure (3.4) shows the same result which observed in the case of zinc .Zinc forms an integral 

part of more than 300 enzymes. It plays an important role in immunity, wound healing, growth, 

reproduction, neurotransmission and metabolism of proteins and carbohydrates. Zinc deficiency 

was shown to predispose to various infections and also cause growth retardation. Based on the 

above, it could be possible to relate the eczema disease to the deficiency of zinc and thus, the 

concentration of zinc can be used as an additional diagnostic tool for eczema disease. Zinc 

deficiencies are quite common in people living in poor countries. People with skin diseases from 

Sudan are mostly belong to those families who do not have a proper diet that provides enough 

nutrients and vitamins for maintaining good health.. Phytate, a substance found in unleavened 

bread (pita, matzos, and some crackers) significantly reduces absorption of zinc, increasing the 

chance of zinc deficiency. Children suffering from the heredity disease acrodermatitis 

enteropathica, caused by an inability to absorb zinc from their food, suffer from hair loss and 

skin problems as well as diarrhea and defective growth and development. These symptoms 

disappear when they are given high doses of zinc supplementation. More commonly, zinc 

supplementation has been found to be helpful for eczema, acne and leg ulcers in the elderly 

(Schauss AG., 1996). Zinc oxide is used typically as a sun block and to treat skin conditions such 

as chafing, diaper rash, and minor skin irritations (Meding B, el.ah,2005) .Zinc may also enter 

the body following the topical application of its oxide salt to damaged skin (Hallmans G. 1977). 

The more damaged the skin, as in severe burn patients, the greater the expected zinc absorption. 

In the case of skin disease patients, vegetarian foods have high phytate, and its intake may result 

in reduced availability of iron and zinc for intestinal absorption (Klevay LM., 1974). 
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The mean concentrations of Cu were significantly lower in the scalp hair samples of both male 

and female eczema patients compared to the samples obtained from the control that 's shown in 

table (4.2). The P value was (0.00001). The median (8.7), and the range (2.5-20.9). 

> t 

>. 
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Y 

Figure 3.5 Concentration of Cu in ppm 

It was observed that the level of copper is low in the scalp hair samples of eczema subjects from 

both age groups in both genders. Signs of a copper deficiency include anemia, a decrease in 

certain white blood cells, skeletal demineralization, loss of hair color, and skin pallor. Children 

with copper deficiencies may experience ruptured blood vessels, central nervous system 

abnormalities, growth retardation and poor temperature regulations (Avnstorp C,2000). .Copper 

deficiency may occur in infants who are fed formula with low copper content, for example cow's 

milk, instead of breastmilk. It is also likely in pre-term babies, especially those with low birth 

weight, since they have not had the full opportunity to develop their stores in the liver (Meding 
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B et al.,1990).The faster growth rate they experience compared to full-term babies means that 

they require more copper but have a lower supply and thus may be deficient(Diepgen T1 et 

al.,1999) . A possible source of copper may be due to insecticidal sprays on soil producing 

tobacco. It was determined in an investigation that beef and other meat contain the highest 

amount of copper and cadmium as compared to vegetarian food. 

Copper deficiency is unusual in people with an adequate dietary supply but low Cu levels in 

serum are known to be associated with Menke's syndrome. It has been reported that certain 

forms of anemia in children seem to be partially linked to poor Cu intake. On the other hand, 

serum Cu levels are increased in Wilson's disease, some hepatic diseases and infections. 

Moreover, high Cu levels have been detected during pregnancy or with the use of oral 

contraceptives and in women with the history of post-partum depression( Chmielnicka Let 

al., 1986). 

The concentrations of Ni in the scalp hair samples of male and female eczema patients were 

found to be high compared to the samples obtained f rom the control that ' s shown in table (3.2). 

The P value was (0.00001). The median (11.9).and the range (1.9-29.6) 
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Figure 3.6 Concentration of Ni in ppm 

In this study, the level of nickel was higher in the eczema subjects of both age groups in both 

genders compared to normal subjects. Moreover, oral doses of nickel sulfate in water, which is 

well absorbed in the absence of food, in amounts as low as 0.6 mg produced positive skin 

reaction in fasting individuals with nickel allergy.( Cronin E.et.al.,1980) 

Exposure of nickel is through non-occupational exposure to costume jewelry, metallic 

accessories worn by patients and other metal objects, e.g. coins and metal tools. Women are 

more prone to nickel allergy than men due to ear piercing and costume jewelry although certain 

European countries have adopted. 

Legislative measures to limit nickel release in nickel containing products, leading to a decreasing 

incidence of sensitization to nickel in their younger population Germany(Schnuch A,.et.al.,2003) 

, Denmark(Veien NK.et.al.,2001), no such measures have yet been undertaken in African and 

Asian countries ( Jensen CS.et.al.,2002). 
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It was observed that the different pattern between females and males probably reflects the 

differences in occupational exposure more than an actual sex difference( Dickel H et al.,2002), It 

is well known that both nickel and chromium allergy are of mainly occupational origin in males, 

while in females, nickel allergy primarily derives f rom contact with nickel-releasing consumer 

items such as earrings (Liden C etal.,2001). 

Nickel allergy f rom work tools and metal working were frequent causes in both sexes. It has been 

shown that nickel in a significant amount may be released f rom tools ( Liden C et al.,1998), and 

metalworkers are known to have an increased risk of nickel allergy (Papa G et al.,2000). 

The mean values for Fe, Cu and Zn concentrations were compared in table( 3.3) with available 

data for populations in India(Barker et a/ . ,1976),USA(Gordon,1985;Creason et al., 1976), 

Thailand (Hambidge et a/., 1974), Kenya(Othman and Spyrou,1980) and Australian country 

controls(Clayton, 1989) (M. Hassan ,1986) 
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Table 3.3 Mean hair levels (ppm) for the elements determined in the hair of 

Sudanese control population as compared to their levels in the hair of other 

populations 

Element Sudanese Indian USA USA Thailand Kenyian Australian 

Fe 2 1 3 + 1 3 29.9 23.6 36.1 19.2 - 65 

Zn 1 6 3 + 8 169 180.1 143.3 175 124 228 

Cu 1 5 . 4 + 0 . 5 12.5 15.2 18.0 12.9 16.5 36 

The concentration of the elements measured in the hair of the Sudanese population are 

comparable with the data f rom the above populations with the exception of Fe which was found 

to be very high in Sudanese population compare to others, this is most probably due to the fact 

that Sudanese people are more exposed to contamination of dust than others, taking into account 

the climate conditions, traffic and the whole infrastructure of the country. 

Looking at the individual data of the elements under investigations obtained in this work, there 

are significant variations among the elemental composition of the hair samples. This conclusion 

was confirmed by M. Hassan (1986) who reported that the elemental concentrations of most of 

the elements in hair are subjected to a wide range of variations among individuals. Therefore, it 

would be more appropriate in such studies to consider significantly large number of samples 

covering a large size of the population and to apply a proper statistical technique for meaningful 

correlation. 
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Table 3.4 Correlation between elements in patients 

Fe Zn Cu Ni 

Fe Person 

correlation 

1 0.004 0.304 -0.096 

Zn Person 

correlation 0.004 

1 -0.168 0.045 

Cu Person 

correlation 

0.304 -0.168 1 -0.104 

Iron 

Group: Patient 

Coppar 

Figure 3.7 Correlation between Fe and Cu in patients 
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Table 3.5 Correlation between elements in control group 

Fe Zn Cu Ni 

Fe Person 

correlation 

-0.107 0.438 0.120 

Zn Person 

correlation -0.107 

-.061 .251 

Cu Person 

correlation 

0.438 -0.061 -0.078 

Iron 

Groiq): Control 

Copper 

Figure 3.8 Correlation between Fe and Cu in control group 
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From tables (3.4) and (3.5) as well as from figures (3.7) and (3.8), it was clear that there is no co 

relation between the trace elements under study except iron and copper where there is a positive 

correlation between them in the control group as well as the target group and these means facts 

of copper deficiency include anemia (Avnstorp C,2000). 
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CHAPTER FOUR 

CONCLUSION AND RECOMMENDATION 
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It's well known that biological samples reflect the body's dynamic equilibrium, among those hair 

was found to be the excellent medium because it can accumulate elemental concentrations up to 

300 times higher than serum or urine. Thus, the present study provides a base-line data of hair 

elemental composition of Cu, Fe, Zn and Mi in selected patients and healthy people to investigate 

eczema disease in Sudan. It could also be as a screening tool for physiological excess, deficiency 

or maldistribution of elements in the body. 

The alterations in the concentrations of Cu, Fe, Ni and Zn in the patients compared to the healthy 

group indicated the possibility of using these elements not only as a diagnostic tool, but also in 

providing answers pertaining to treatment. 

The levels of the elements under investigation are comparable with the data obtained from the 

literature for other populations with the exception of Fe which was found to be very high in 

Sudanese population. 

Since the elemental concentration of hair is subjected to a wide range of variations among 

individuals, it would be more appropriate that future studies to consider significantly large 

number of samples covering a large size of the population and to apply a proper statistical 

techniques for meaningful correlation. 
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