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Abstract  
In recent years elemental analysis of human biological samples has become more advanced 

in terms of human health. This study has investigated the chemical analysis of Iraqi human hair 

samples in relation to differing forms of smoking (active and non-smokers) collected from 

Karbala, Iraq. Hair samples were obtained from 236 individuals (32 females, 204 males) aged 

between 3 to 70 years. Methods were developed and validated for the analysis of minor elements 

(namely Na, Ca, Mg and Fe) in human scalp hair samples. Different washing procedures and 

digestion methods were studied. The effect of gender and smoking habit on elemental levels was 

examined and the results compared with published values in the literature. Significant 

correlations were found between the gender and the levels of these elements in scalp hair 

samples at a probability level P of 0.05. In addition, significant differences were found between 

the Ca levels in smokers and non smokers at P of 0.05. 
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 الخلاصة:
أٌ ححهُم انعُبصش ببنًُبرج انبُهىخُت اصبح يخمذيب خذا يٍ َبحُت صحت الأَغبٌ. فٍ هزِ انذساعت حى ححهُم ًَبرج نشعش 

                   َغبء و 16) 614فشوة انشأط نعُُبث يٍ انًذخٍُُ وغُش انًذخٍُُ حى خًعهب يٍ يذَُت كشبلاء. أٌ عذد انعُُبث هى 

 ,Na, Caعُت. حى اعخخذاو وحثبُج عذد يٍ انطشق انلاصيت نخحهُم عُبصش  50انً  1سخبل( وبفئبث عًشَت حشاوحج بٍُ  602

Mg, Fe  ٍُفٍ عُُبث شعش فشوة انشأط. حُث حًج دساعت طشائك غغم وهضى يخخهفت نهزا انغشض. حًج دساعت حبثُش انخذخ

يع انُخبئح انًُشىسة فٍ ادبُبث انكًُُبء. نمذ وخذ اٌ هُبن علالت يهًت بٍُ واندُظ عهً حشاكُض انعُبصش ثى لىسَج انُخبئح 

. يٍ خهت اخشي فبٌ الأخخلاف انًهى بٍُ  0.03خُظ انفشد وحشاكُض هزِ انعُبصش فٍ ًَبرج انشعش عُذ لًُت احخًبنُت حغبوٌ 

 يٍ الأحخًبنُت. الأفشاد انًذخٍُُ وغُش انًذخٍُُ وخذ فٍ حشاكُض عُصش انكبنغُىو عُذ َفظ انمًُت
 

1. Introduction  
The connection between inorganic elements and human health has long been recognized, 

particularly when in the 17
th

 century it was discovered that iron (Fe) was essential for normal 

human health [1]. Human and other living organisms are exposed to essential, non-essential and 

toxic elements that are introduced into the environment from natural sources as well as a result of 

anthropogenic (or man-made) activities. Therefore, the levels of these elements in environmental 

samples (soil, sediment, water, etc) may be a potential risk factor in assessing the quality of human 

health. Eventually, these elements are transported from aquatic media, air, foods etc. to the human 

body and can then be stored in different tissues and fluids [2], as shown in Figure 1. 

In the last century, human scalp hair has been used an alternative biological material for blood 

and urine as a biomarker in the assessment of exposure to various pollutants in an occupational 

and/or environmental setting [4,5]. This is due to that a blood test provides different results from a 

hair analysis as the former only reflects the composition at the time of sampling, there are 

difficulties in blood collection and the stress factor for the patient associated with taking the sample 

[6-8]. In addition, human scalp hair is a long-term growth material which may provide useful data 
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in determining health status of an individual for long periods and several trace elements being 

accumulated in hair as well [6,8].  

 

 

 

 

 

 

 

 

 

 

Figure: 1- Exposure and metabolic pathway for elements [3]. 

 

The role of minor elements in the human body is not yet fully understood. Previous study has 

reported that the minor elements maintain electrolyte balance processes [9,10]. Metallic and trace 

element analysis of biological samples has improved especially over the last forty-seven years 

providing more scientific evidence of the important role of these elements in the human body 

[11,12]. Therefore, any excess or deficiency of essential elements (Na, Mg, Ca and Fe) can relate to 

possible serious problems in terms of the physiology of the body [13]. On the other hand, the 

concentration of these elements can be used to investigate dietary exposure to chemical 

contaminants, especially toxic metals, including the effects of smoking and drug usage of an 

individual or populations [14]. Previous studies have reported that human scalp hair samples can be 

used to evaluate the effect of age, sex and healthy on element levels inside human body [15]. 

Furthermore, hair analysis may evidence of raised chemical levels in domestic and occupational 

exposure cases [4,16].  

In Iraq, only blood, saliva and urine analysis are used to determine human minor element 

levels. However, no study has been published on the use of human hair material in Karbala, Iraq 

and therefore, this study will be valuable in establishing a database of 'control' levels for 

comparison with other body tissues and for comparative analysis for future environmental pollution 

or health disorders and disease studies. The aims of this study are: to determine the levels of Na, 

Mg, Ca and Fe in the human scalp hair for individuals living in Karbala, Iraq and to investigate the 

levels of these elements in relation to smoking activity (non and active), and gender of an individual 

under investigation.  
 

2. Methods and Materials  
2.1 Subjects and Methods: 

Karbala is a city in Iraq located about 60 miles south west of Baghdad with approximately 

one million inhabitants. This town was subjected to military weapons during the two wars in 1991 

and 2003[17]. Therefore, air, soil and water have been used to report levels of chemical 

contamination, especially trace and minor elements. In recent years, many individuals in Karbala 

have suffered from different health disorders such as cancer, sclerosis, diabetes, asthma, heart 

diseases, leukemia and various unknown diseases [18]. As part of this study, males (204) and 

females (32) were studied. The study population consisted of active (100), passive (32) and non-

smokers (104), varying in age from three to seventy years. The subjects completed a brief 
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questionnaire to provide information about their age, body mass, health state, profession, diet 

program, life-style, smoking activity, drinking water and alcohol consumption. 
 

2.2 Sample Collection and Treatment: 
Human scalp hair samples were collected from the same region of the scalp for each 

individual, namely, from the back of head, less than 1 cm from the scalp. At least 0.5 g of scalp hair 

were collected and cut into pieces of about 1 cm in length using special scissors and plastic 

tweezers. The samples were then stored in polyethylene bags in a dry place at room temperature 

[19, 8, 20]. Previous studies have reported that an ideal washing procedure should remove only 

external contaminants and leave the endogenous elements in the sample for analysis [21, 3]. 

Therefore, the sequential washing procedure (method A: acetone-water-water-water-acetone) was 

adopted in this study [20,5, 22]. A wet digestion method using nitric acid in a Kjeldhal
™

 tube was 

used to digest the hair sample. In this method, concentrated nitric acid (1 ml) was added to the hair 

sample, heated at 160º C ± 10º C in an electric digestor within fume until the solution became clear 

(about 30 min). Samples were then dissolved with deionised water in polypropylene volumetric 

flasks using constant dilution factor method [23,24].  
 

2.3 Instrumentation 
The concentrations of Na, Mg, Ca and Fe were determined by flame atomic absorption 

spectrometry (FAAS) Perkin Elmer model 400.  
 

3. Results and Discussion  
3.1 Elemental levels of human scalp hair  

The results were reported as mean, standard deviation (SD), and of Na, Mg, Ca and Fe in 

human scalp hair. Sodium, Mg, Ca levels were found to be 41 ± 42, 69 ± 84, 929 ± 563 mg/kg dry 

wt, respectively, as shown in Table 1. Similar results have been reported by other researches for 

hair samples [26,27,28,19,29]. In some cases, the value of Fe is higher than literature value [15,10]. 

  
Table 1: Elemental levels in human washed scalp hair from Karbala, Iraq (n = 236) mg/kg dry wt . 

Variables 
Elemental concentrations (mg/kg) 

Na Mg Ca Fe 

Mean 41 69 929 79 

SD 42 84 563 104 

Range 1 - 323 8 - 874 113 - 2849 26 - 414 

: n is the number of samples 
 

The confidence limits (95 %) of the mean value are given by the following formula:  

95% confidence limits = x ± zs / √n       

Where: x is mean value, z is the degree of confidence required, s is standard deviation and n is the 

number of samples. The value of 95% confidence limits of sodium are (35.6 to 46.5 mg/kg), 

including the mean value of Na (41 mg/kg). This result has confirmed that there is not any 

systematic error in this analysis [30]. Similar results were also reported for Ca, Mg and Fe, as 

shown in Table 2. The Grubb's outlier test was used in order to check any normally distribution data 

for outliers. It was found that the lowest value of sodium (1 mg/kg Na) was not an outlier, but the 

highest value (323 mg/kg Na) was an outlier (low Gcalc 0.95; high Gcalc 6.7). The critical value (Gcrit) 

(P = 0.05) is 3.62, therefore, the maximum measurement is rejected at the 5% significance level. 

The Grubb's results for Na, Mg, Ca and Fe are shown in Table 2. 
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Table 2: Grubb's test and 95% confidence limit for Na, Mg, Ca and Fe in washed scalp hair samples 

from Karbala, Iraq. 

Test result Grubb’s test 95% confident limit 

(mg/kg) 

Element 

Gcrit Gcalc (max) Gcalc (min) 

Maximum value is rejected 3.45 6.7 0.95 36  to 47 Na 

Maximum value is rejected 3.5 9.58 0.73 58 to 80 Mg 

Significant result 3.5 3.4 1.44 855 to 999 Ca 

Significant result 3.4 3.2 0.73 66 to 92 Fe 

Gcalc= Grubb's calculate, Gcrit=Grubb's critical. 

 

3.2 Influence of Gender 
The effect of gender on the concentration of Na, Mg, Ca and Fe was investigated in this study. 

In fact, approximately, 14 % of the hair samples were taken from females and 86% from males. 

Table 3 reports the elemental levels as a function of gender. In female’s hair, the levels of                      

Na (146 ± 150 mg/kg), Mg (157 ± 89 mg/kg) and Ca (1708 ± 606 mg/kg) were higher when 

comparing with males hair.In contrast,male’s hair samples have higher levels of Fe(44 ± 44 mg/kg). 

Surprisingly, the content of the majority of elements in hair of females was higher than in the hair 

of males from Karbala, Iraq. A possible explanation is that the majority of women living in the 

study area have long term exposure to exogenous contamination; namely permanent solutions, dyes 

and bleaches [15]. Similar findings have been previously reported for Na, Ca, Mg and Fe [24,28]. 

Previous study has found that the compositions of human scalp hair are varied in individual having 

a natural color hair comparison with those that were artificially colored. This study was found that 

colored hair contained more Ca (270%), Mg (260%), than naturally colored hair [15]. In the case of 

Fe, mean values were lower in females than in males. This is happening may be due to the 

menstruation which is a woman’s monthly bleeding [31]. In order to assess whether the effect of 

age makes any significant contribution on the elemental levels of hair samples, the results were 

examined by an F-test and a two tailed t-test, as shown in Table 3. The findings show that there is a 

significant effect of gender on the levels of Na (t(234) = 3.87, tcrit = 1.97, P < 0.05), Mg (t(234) = 7.09, 

tcrit = 1.97, P < 0.05), Ca (t(234) = 10.08, tcrit = 1.97, P < 0.05), and Fe (t(234) = 3.29, tcrit = 1.97, P < 

0.05), (where the number in brackets is the number of degrees of freedom and the critical value 

(tcrit) is determined at the probability level of P = 0.05), as shown in Table 3. As a result, on the 

basis of our results, female hair is not an appropriate biomarker for most elements such as those 

evaluated in the present study. In that case, human toe nails could be considered as a useful material 

for this purpose since most women usually cover their feet when they leave the home.  
 

Table 3: Elemental levels in washed human scalp hair for males and females. 
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3.3 Influence of Smoking 
The determination of the elemental levels in biological and environmental samples is very 

important due to they play an important role in physiological processes of human and other living 

organisms [32]. However, hair analysis recently becomes a powerful diagnostic tool to monitor the 

environmental exposure, human health and nutrition studies of individuals. Therefore, it is 

necessary to establish standard ranges of hair composition for variable groups of population with 

respect of age, gender and smoking habits. In general tobacco leaves have widely been used to 

manufacture smoking. Typically, tobacco plants are absorb many of an essential, non-essential and 

toxic elements from the soils, fertilizers, pesticide treatments, storage, processing, packing and 

other processes [32]. Previous study has been identified the concentrations of 21 elements in 16 

cigarette brands that commonly used in Karbala, Iraq [33]. The obtained results were namely: 84 – 

383 mk/kg Na dry wt, 7852 – 8768 mg/kg Mg dry wt, 12392 – 19600 mg/kg Ca dry wt, 143 – 301 

mg/kg Fe dry wt, In this study the effect of smoking habits on the elemental composition of hair 

was investigated by using two subject groups, smokers and non-smokers. Therefore, 50 % of 

samples were taken from male smokers and 50 % from male non-smokers who were of the same 

age range. The findings in Table 4 show that a highly significant difference was found for calcium 

between smokers (981±488 mg/kg) and non-smokers (769±375).  In the case of Mg, mean values 

were slightly higher in smokers than non-smokers, although the difference was not significant (at P 

= 0.05). Conversely, there are no significant differences for the other elements between smoker and 

non-smoker groups. A higher level of Ca and Mg and lower levels of Na and Fe in smokers was 

also found in other study [15,24]. One study has reported that the levels of Ca (16000 – 27800 

mg/kg dry weight) and Mg (8950 – 16750 mg/kg dry weight) in commercial cigarette tobacco are 

higher than other elements [10]. The results were evaluated by using F-test and two tailed t-test, as 

shown in Table 4.  
 

 
 

4. Conclusions 
The optimum washing procedure was carried out by using acetone-water-water-water-acetone 

which produced the highest level of element removal. Wet digestion using Kjeldhal
™

 tubes was 

found to be the preferred digestion method for most elements under investigation resulting in 

acceptable percentage recoveries.  

The highest mean values in the two gender groups are found for Ca followed by Mg, Na and 

iron for females,. The order of increasing trace element levels in the tear drops for females is: Fe < 

Na < Mg < Ca, whilst for males is Fe < Mg < Na < Ca. The findings show that there is a significant 

effect of gender on the levels of Ca, Mg, Na and Fe. In the case of smoking activity effect, no 

significant effect (P = 0.05) was found for Mg, Na and Fe. In contrast, there is a significant effect 

for Ca at P = 0.05.  
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