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Introduction 

The maintenance of  health requires an enough supply of  pro-
teins, carbohydrates and trace elements. Many trace elements 
present in trace quantities in human blood and play an essential 
role in a number of  biological processes through their action as 
activators or inhibitors of  enzymatic reactions, or through other 
functions. Hence, trace elemental assay in biological fluids can be 
used as diagnostic or prognostic aid in patients (Solomons 1993 
and Sauberlich 1999). Two different subject areas of  biological 
trace element research are nutritional essentiality and toxicity. 
Although copper, zinc and magnesium are essentially elements 
and has traditionally been regarded as relatively non-toxic, recent 
studies show that toxic effect has been observed with excessive 
element intake as a consequence of  the use of  various salts for 
pharmacological purposes.

Magnesium is the eighth most abundant element in the earth’s 
crust. It does not occur as a pure metal in nature, but it is found 
in large deposits as magnesite, dolomite and other minerals. The 
magnesium content of  water is variable. The concentration de-
pends on the region of  its source and its manner of  storage. Hard 
water has a higher concentration of  magnesium salts. Magnesium 
has an important function in many biochemical and physiologi-
cal process, which directly effects human Lung function, asthma 
management, joint pain, smoothening of  muscle function, neu-
romuscular excitability, immune function, inflammation, and 
oxidative stress (Prasad 1991). Research has shown that helps to 
regulate blood sugar levels and blood pressure (Vormann 2003). 
Magnesium is one of  the most neglected mineral in human body 
that is required as a cofactor for many enzyme systems and is 
responsible for the activation of  more than 300 enzymes in the 
body. It assists to maintain muscle and nerve function in human 
body. Magnesium deficiency has been linked to cardiovascular, 
skeletal, gastrointestinal and central nervous system disorders and 
hypocalcaemia is a common obvious of  moderate to severe mag-
nesium deficiency (Ryzen 1989). No adverse effects have been as-
sociated with the ingestion of  magnesium as a naturally occurring 
substance in foods. However, harmful effects have been observed 
with excessive magnesium intake as a consequence of  the use of  
various magnesium salts for medicinal purposes.

Copper is a common substance that occurs naturally in the envi-
ronment and spreads through the environment. It can be released 
into the environment by both natural sources and human activi-
ties. Humans widely use copper in the industries and in agriculture. 
Then, Copper can be found in many kinds of  food and drinking 
water that we absorb it by eating and drinking. The reception of  
copper is necessary, because it is a trace element that is required 
for cellular respiration, peptide amidation, neurotransmitter bio-
synthesis, pigment formation, and connective tissue strength. Al-
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though humans can handle proportionally large concentrations 
of  copper, too much copper can still cause prominent health 
problems. Whether, carcinogenic of  copper has not been deter-
mined yet. Long-term exposure to copper can cause irritation of  
the nose, mouth and eyes and it causes headaches, stomachaches, 
dizziness, vomiting and diarrhea. High uptakes of  copper may 
cause liver and kidney damage and even death (Rinaldi 2000). 
Copper is one of  many metal ions that are required for essential 
body functions but are toxic in excess (Solomons 1993 and Cai et 
al. 2005). Copper is a cofactor for numerous enzymes and plays an 
important role in central nervous system development. The low 
concentrations of  copper may result in incomplete development, 
whereas excess copper may be adverse. 

Zinc is extraordinarily useful in biological systems and plays spe-
cific catalytic, co-catalytic and structural roles in enzyme mol-
ecules, proteins and biomembranes (Hambidge 2003). It is in-
volved in many biochemical processes and required for a kind of  
physiological functions including normal immune, sexual, neuro-
sensory function. Zinc is an essential component of  several pro-
teins and metallo-enzymes including alkaline phosphatase, lactate 
dehyrogenase, carbonic anhydrase, carboxypeptides, and DNA 
and RNA polymerases found in most body tissues (Sullivan et al. 
1979). Zinc is mainly required for DNA synthesis, cell division 
and protein synthesis. It has been hypothesized that Zinc could 
be operating at several different levels and influencing lympho-
cyte monoclonal proliferation (Hambidge et al. 1986). Zinc has 
important roles in thyroid metabolism (Dhawan et al. 2007) and 
a fundamental role in protein synthesis (Freake et al. 2001). Free 
zinc ions may be much more toxic biologically than is generally 
realized. The recent studies show that free zinc ions (Zn2+) is a 
strong killer of  neurons, glia and other cell types (Cai et al. 2005). 

Several biomarkers can be considered to screen the concentration 
of  elements in body. The content of  blood elements is a useful 
biomarker and responds significantly to supplementation. For de-
termination of  elements in blood, usually the content of  elements 
in serum or plasma is investigated (Li et al. 2012). In this study, for 
evaluation of  the levels of  some essential elements in young cou-
ples the concentration of  magnesium, copper and zinc in blood 
serum has been determined by atomic absorption spectrometry.

Material and Methods

All glasswares were previously soaked in 10% nitric acid and rinsed 
thoroughly with deionized water. This procedure was followed in 
order to exclude the possibility of  contamination with trace ele-
ments. All chemicals were analytical grade and used without any 
purification. Stock solutions of  Zn(II), Cu(II) and Mg(II) were 
prepared by dissolving appropriate amounts of  ZnSO4.7H2O, 
CuSO4.5H2O and Mg(NO3)2.6H2O in 100 ml distilled water in 
volumetric flasks. Working solutions for each element were pre-
pared by diluting its stock solution.  

Sixty volunteers comprising 30 males and 30 females (30 couples) 
having ages of  16-34 years from the Yazd city at center of  Iran 
participated in this study. The healthy of  subjects were diagnosed 
depending on the results of  the GHQ28 questioner, only two 
males of  them had score over of  23 and deleted to test. About 
10 ml of  venous blood were drawn from blood taken who were 
referred for check up at the margin laboratory center by utiliz-
ing disposable plastic syringes in the morning. The blood samples 
were left to coagulate spontaneously and centrifuged at 4000 rpm 
for 5 minutes at room temperature. The clean serum was sepa-

rated and stored at -20°C until analysis time. 
One portion of  samples was diluted to 10 (1:10) with 5% 2-bu-
tanol solution. The concentrations of  magnesium, copper and 
zinc in Serum samples were determined by direct measurement 
method using atomic absorption spectrophotometer (AA-20 
Varian) in a suitable calibration curve for each element (Rothery 
1990). Different concentrations (0.5, 1.0, 2.0, 5.0 and 10.0 mg/L) 
stock solutions of  trace elements were used for calibration of  
standard graphs. The source of  energy for atomization was air/
C2H2 flame at a flow rate of  6/1.8 L/min. Absorbances were re-
corded at 422.8 nm, 324.7 nm and 213.9 nm for magnesium, cop-
per and zinc respectively in the atomic absorption spectrometer. 
A software package (SpactrAA software) was used to calculate 
concentrations of  manganese, copper and zinc.

The measurements were replicated 3 times for each sample. The 
results were expressed as mean ± SD by using SPSS (Windows 
Version 16) software. Differences between group means were de-
termined by independent sample t-test. The significance level was 
set at P<0.05.

Results and Discussion

This study was carried out to express the quantities of  serum mi-
cronutrients in rural healthy couples of  Yazd city in Iran. Their 
ages range of  females and males rural couples were between 16-
34 years. In terms of  education, they have 44.6% school educa-
tion, 35.7% middle school and 19.6% lower levels. At first sixty 
volunteers comprising 30 males and 30 females (30 couples) were 
selected for study but as the healthy of  subjects were diagnosed 
depending on the results of  the GHQ28 questioner, and two 
males had score over of  23, therefore deleted from the population 
of  our study. Level of  serum elements was calculated after appli-
cation of  absorbance on suitable calibration curve from standard 
solutions. The results of  the study has been showed in Table (1) 
and indicates that the mean serum levels for magnesium, cop-
per and zinc are respectively 27.30 ± 3.83, 1.61± 0.31 and 7.10± 
0.62 mg/l, and in comparison with normal ranges, magnesium 
and zinc are in normal range but copper is near the normal range. 

After potassium, Magnesium is the second most prevalent in-
tracellular cation, and it has an important role as a cofactor in 
various enzymatic reactions and regulates various processes in the 
membrane. It also has a role in protein and DNA synthesis, and 
the regulation of  mitochondrial function. The blood serum con-
tents of  magnesium are divided into three portions: Mg bound 
to proteins (27%); in particular to albumin and to a lesser extent 
to globulins; ionized Mg (65%); and Mg complexes with anions 
(8%) such as phosphate, bicarbonate, and citrate (Huijgen et al. 
1996). Zinc and copper are micronutrients in human body and 
adjoin to proteins in biological systems and constitute metallo-
proteins. However, excessive quantities of  zinc intake may lead 
to both acute and chronic toxicity. The recommended ranges for 
zinc intake are 5.5-9.5 mg/day for males and 4.0-7.0 mg/day for 
females. Nevertheless, excessive Zinc intake can have drastic ef-
fects and toxicity in humans. The case reports and experimental 
studies have indicated that the pancreas is the major target organ 
of  Zinc toxicity (Madsen and Gitlin 2007). Copper is implicated 
directly or indirectly in the pathogenesis of  numerous neurologi-
cal diseases, including aceruloplasminemia, Alzheimer disease, 
amyotrophic lateral sclerosis, Huntington disease, Menkes disease, 
occipital horn syndrome, Parkinson disease, prion disease, and 
Wilson disease (Brown et al. 1964). Based on the important func-
tions of  these elements in body, the concentration of  Mg, Cu and 
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Zn was investigated in rural young couples in Yazd city in Iran by 
atomic absorption spectrometry.  For overcoming the serum vis-
cosity (matrix viscosity) problems during determination of  these 
elements by flame atomic absorption spectrometry, we used the 
2-butanol-deionized water solution for diluting of  standards and 
samples and to regular viscosity between standards and samples. 
Using the mixture of  water :  2-butanol as solvent, decreases the 
viscosity of  samples and helps the smaller droplet formation in 
nebulizer of  atomic absorption and the efficiency of  atomization 
increases (Meret and Henkin 1971). 

For studying the influence of  2-butanol-water percents on the ef-
ficiency of  atomization by atomic absorption spectroscopy, solu-
tions with different percents (3, 4, 5, 6 and 7 % (v/v)) 2-butanol 
in water were examined on the absorption of  one of  the samples. 
The influence of  different water : 2- butanol percents on absorb-
ance intensities of  one serum sample has been shown in Figure 

(1).
The results showed, the maximum absorbance intensity obtained 
at 5 percent 2-butanol in water as solvent, therefore all the sam-
ples diluted with 5% solution of  2-butanol in water and their ab-
sorbances were measured. This method achieved 30% increase in 
sensitivity as compared with using water only as diluents (Taylor 
and Bryant 1981). The validity of  the accuracy of  measurements 
was achieved by comprising the measurements data with standard 
addition values for zinc. The result of  the comparison of  two 
methods has been summarized in Table (2). As it seen, there are 
no significant differences between results obtained by two meth-
ods.

In our study, magnesium serum of  females was higher than the 
males and zinc serum level of  females are significantly lower than 
the males as shown in Table (1). However, the p-values correla-
tions were 0.92 and 0.68 respectively and there was no significant 

Table (1) Average concentrations of  magnesium, copper and zinc and its standard deviations in blood serum of  rural Yazd 
couples (ppm)

Trace Element no. of
Detection

Range
(ppm)

Average 
(ppm)

Normal range
(ppm)

Ref.

Male

Mg 28 19.80 - 32.20 26.89 ± 3.52 18.0 - 30.0
Cu 28   1.10 - 2.30  1.49± 0.28 0.70 - 1.40
Zn 28   5.30 - 8.20  7.15± 0.63 5.0 - 15.0

                         Female

Mg 30 19.70 - 33.70 26.99± 4.19 18.0 - 30.0
Cu 30   1.20 - 2.70  1.73± 0.29 0.80 - 1.55
Zn 30   6.30 - 8.50  7.21± 0.62 5.0 - 15.0

                      Total

Mg 58 19.70 - 33.70 26.93± 3.83 18.0 - 30.0 Burtis 2011
Cu 58   1.10 - 2.70  1.61± 0.31 0.70 - 1.55 Burtis 2011
Zn 58   5.30 - 8.50  7.18± 0.62 5.0 - 15.0 Hennry 2009

Figure 1. Effect of  2-botanol percent on the absorbance intensity of  serum sample
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Table 2: Comparison the results of  Zn serum concentrations by external standard and standard addition methods

Sample Standard addition External standard differences

no method Method

1 6.82 6.9 0.08

2 6.8 6.78 -0.02

3 7.09 7.12 0.03

4 7.33 7.32 -0.01

5 8.15 8.16 0.01

correlation between magnesium and zinc levels with age. Our re-
sults confirm that the female’s serum copper levels were higher 
than the males. The p-value=0.03 showed that significant differ-
ences between the sexes were observed in the mean values but 
these mean values were in the range of  normality.
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