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ABSTRACT 
 

Cancer incidence and mortality rates have been increasing rapidly worldwide. A 
growing body of evidence revealed that exposure to trace metals is the most important 
aetiology for the development of cancer. Therefore, present study was designed to 
evaluate selected essential, trace and toxic metals (Ca, Mg, Na, K, Fe, Zn, Cu, Sr, Li, Co, 
Mn, Ni, Cr, Cd and Pb) in the scalp hair, nails and blood of newly diagnosed cancer 
patients suffering from lung cancer, lymphoma, oral cancer, ovarian cancer and prostate 
cancer in comparison with their counterpart healthy subjects/controls. The samples were 
collected from the hospitals located in Islamabad, Pakistan. Concentration of the metals in 
each matrix was quantified by flame atomic absorption spectrometry by employing nitric 
acid/perchloric acid based wet digestion method. Among the metals, Ca (1,880 µg/g), Na 
(392.5 µg/g), Zn (222.4 µg/g), Mg (201.9 µg/g), K (47.09 µg/g) and Fe (40.52 µg/g) were 
the major contributors in the scalp hair of lung cancer patients, while in the case of 
controls Ca (2,634 µg/g), Mg (293.9 µg/g), Na (293.9 µg/g), Zn (236.9 µg/g), Fe (39.00 
µg/g) and Sr (34.26 µg/g) exhibited relatively higher concentrations in their scalp hair. 
Similarly in the scalp hair of lymphoma patients, comparatively higher levels were noted 
for Ca (1,050 µg/g), Na (243.2 µg/g), Zn, (205.6 µg/g), Mg (191.2 µg/g), Sr (88.45 µg/g) 
and Fe (15.05 µg/g, whereas for oral cancer patients, elevated mean levels were found for 
Ca (1,177 µg/g), Na (289.6 µg/g), Mg (209.9 µg/g),  Zn (141.2 µg/g), Ni (16.98 µg/g) and 
K (14.66 µg/g). Likewise, in the scalp hair of ovarian cancer patients, average 
concentrations of Ca (881.9 µg/g), Na (252.3 µg/g), Mg (210.2 µg/g), Zn (205.9 µg/g), Sr 
(96.45 µg/g) and Pb (23.56 µg/g) were comparatively higher while in the case of prostate 
cancer patients, major contributions were found for Ca (890.6 µg/g), Mg (201.5 µg/g), Zn 
(160.7 µg/g), Na (154.4 µg/g), Fe (76.85 µg/g) and Sr (75.04 µg/g). On the average basis, 
measured levels of Cd, Co, Cu, Mn and Pb were significantly (p < 0.05) higher in the scalp 
hair of lung cancer patients, whereas mean contents of Cd, Co, Cr, Ni and Sr were 
significantly elevated in the scalp hair of lymphoma patients compared with the controls. 
Moreover, average concentrations of Cd, Cr, Mn, Ni and Pb were significantly higher for 
oral cancer, ovarian cancer and prostate cancer patients in comparison with controls. 
Correlation study showed strong relationships (r > 0.500) between Mg-Ca, Sr-Mg, K-Na, 
Cr-Li, Sr-Ca, Na-Mg, K-Mg, Na-Ca, Cd-Cr, Li-Fe, Pb-Li, K-Ca, Cr-Fe and Pb-Ni in the 
scalp hair of lung cancer patients, whereas significantly strong correlations were found for 
Sr-Ca and Ni-Co in the scalp hair of lymphoma patients. Similarly, the correlation study 
revealed significantly diverse mutual associations among the metals in the scalp hair of the 
patients and controls. Principal component analysis (PCA) and cluster analysis (CA) of the 
metal data manifested significantly divergent apportionment of the metals in the scalp hair 
of different types of cancer patients compared with the controls. 

In the case of nails, lung cancer patients showed higher concentrations for Ca 
(409.4 µg/g), Fe (186.5 µg/g), Na (158.2 µg/g), Zn (150.3 µg/g), Mg (131.0 µg/g) and K 
(96.39 µg/g), while for healthy donors, average level in the nails was highest for Ca (407.2 
µg/g), followed by Mg (151.3 µg/g), Fe (142.1 µg/g), Zn (140.3 µg/g), Na (73.19 µg/g) 
and K (60.51 µg/g). Likewise, dominant mean levels were found for Ca (1,137 µg/g), Fe 
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(184.6 µg/g), Mg (147.9 µg/g), Na (106 µg/g), Zn (91.09 µg/g) and K (44.37 µg/g)  in the 
nails of lymphoma patients, whereas oral cancer patients showed elevated concentrations 
for Ca (1,064 µg/g), Na (246.8 µg/g), Mg (186.6 µg/g), Fe (169.8 µg/g), Zn (106.3 µg/g)  
and K (53.50 µg/g). Major contributions in the nails of ovarian cancer patients were 
observed for Ca (1,264 µg/g), Mg (120.8 µg/g), Fe (92.94 µg/g), Zn (85.86 µg/g), Na 
(66.74 µg/g) and Sr (22.33 µg/g), while in the case of prostate cancer patients, higher 
mean contents in the nails were noted for Ca (915.2 µg/g), Mg (239.4 µg/g), Fe (226.2 
µg/g), Zn (114.2 µg/g), Ni (101.1 µg/g) and K (56.38 µg/g). On the average basis, mean 
levels of Cd, Li, Mn, Na, Ni, Pb and Sr were significantly higher in the nails of lung 
cancer and oral cancer patients in comparison with controls, whereas average 
concentrations of Cr, Li, Mn, Ni, and Pb were significantly elevated in the nails of ovarian 
cancer patients than matching healthy donors. Similarly, average levels of Cr, Cd and Sr 
were significantly higher for lymphoma and prostate cancer patients compared with the 
normal subjects. Very strong correlations (r > 0.700) were found between Cr-Sr, Co-Cu, 
Mn-Fe, Cu-Na, Cu-Cr and Cr-Co in the nails of lung cancer patients. Similarly, strong 
positive correlations (r > 0.500) were noted between K-Mg, Na-Ca, Cd-Sr, Mg-Ca and 
Cd-Mg in the nails of lymphoma patients, whereas strong relationships were noted for Li-
Sr, Li-Cu, Mn-Co, Cd-Li, Zn-Na and K-Mg in nails of oral cancer patients. In addition, Li-
Mn and Mn-Cd indicated significantly strong correlations in the nails of ovarian cancer 
patients, while noticeable associations were noted between Fe-Mg, Na-Ca, Mn-Li and Sr-
Na in the nails of prostate cancer patients. PCA of the metal data in the nails manifested 
four significant PCs for lung cancer patients, five PCs for oral and ovarian cancer patients, 
six PCs for prostate cancer patients and seven PCs for lymphoma patients, but with 
significantly different loadings compared with the controls.  

In the case of blood samples, lung cancer patients showed higher contributions for 
Na (1,662 µg/g), K (708.7 µg/g), Fe (353.9 µg/g), Ca (49.83 µg/g), Mg (29.18 µg/g) and 
Zn (6.518 µg/g), while higher average levels in the blood of healthy donors were observed 
for Na (961.5 µg/g), Fe (408.9 µg/g), K (276.2 µg/g), Ca (51.90 µg/g), Mg (32.16 µg/g) 
and Zn (7.713 µg/g). Likewise, mean levels of Na (1,145 µg/g), Fe (454.6 µg/g), K (260.2 
µg/g), Ca (49.83 µg/g), Mg (29.18 µg/g) and Zn (6.518 µg/g) were predominantly higher 
in the blood of lymphoma patients. In the case of oral cancer patients and ovarian cancer 
patients, average concentrations of Na (1,684 µg/g, 1,822 µg/g), K (490.1 µg/g, 277.5 
µg/g), Fe (299.7 µg/g, 184.6 µg/g), Ca (37.57 µg/g, 35.63 µg/g), Mg (30.80 µg/g, 33.46 
µg/g) and Zn (7.020 µg/g, 6.318 µg/g) were considerably higher, whereas elevated mean 
levels of Na (1,529 µg/g), Fe (850.8 µg/g), K (165.2 µg/g), Ca (54.33 µg/g),  Mg (29.43 
µg/g) and Co (5.475 µg/g) were found in the blood of prostate cancer patients. On the 
mean scale, measured concentrations of Cd, Fe, Li, Ni and Pb were significantly higher in 
the blood of lung cancer patients and prostate cancer patients compared with the healthy 
subjects. In addition, average concentrations of Cd, Cr, Na, Ni and Sr were significantly 
higher in the blood of lymphoma patients and ovarian cancer patients, whereas mean 
contents of Cd, Cu, Mg, Mn, Ni, Pb and Sr were significantly elevated in the blood of oral 
cancer patients compared with the matching controls. The correlation study revealed 
strong correlations (r > 0.500) between Pb-Cr, Fe-K, Cr-Li, Pb-Co, Cr-K, Cd-Cr, Cr-Mg, 
Li-Fe and Fe-Mg in the blood of lung cancer patients, while strong relationships were 
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noted among K-Mg, Na-Ca, Cd-Sr, Mg-Ca and Cd-Mg in the blood of lymphoma patients. 
In the case of oral cancer patients, the correlation data showed strong associations between 
Cd-Sr, Pb-Cd, Pb-Sr and Cr-Mn, whereas strong correlations were found for Fe-K, Fe-Mg 
and K-Mg in the blood of ovarian cancer patients. Furthermore, Pb-Li, Li-Mg, Cd-Mn, Cr-
Li and Cd-Cr exhibited strong associations in the blood of prostate cancer patients. 
Multivariate methods including PCA and CA manifested significantly divergent 
apportionment and multiple associations among the metals in the blood of different types 
of cancer patients in comparison with counterpart healthy subjects. 

Average metal levels in each matrix of the patients and controls were also 
compared based on gender, habitat, dietary habits and smoking habits of the donors; some 
noticeable differences were observed in all categories. Disparities in the metal levels were 
also noted for various stages and different types of lung cancer (non-small cell and small-
cell), lymphoma (non-Hodgkin and Hodgkin), oral cancer (adinocarcinoma and squamous 
cell carcinoma), ovarian cancer (epithelial cancer, stromal/germ cell tumour) and prostate 
cancer (adinocarcinoma, squamous cell/transitional cell/small cell carcinoma) patients. 
Comparative evaluation of the metal levels exhibited significantly divergent variations 
among the patients and controls. Present metal levels in the scalp hair, nails and blood of 
different donor groups were also compared with the counterpart data reported from other 
regions. Current mean contents of Co, Li, Mg, Mn, Na & Sr exhibited elevated levels in 
the scalp hair while mean levels of Cr, Mg, Na & Pb revealed higher contributions in the 
blood of different classes of cancerous patients compared with other reported studies. 
Overall, the study indicated significantly diverse pattern of relative distribution, mutual 
relationships and multivariate apportionment of selected metals in the scalp hair, nails and 
blood samples of cancerous patients compared with the healthy subjects. 
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Chapter 1 

INTRODUCTION 
 

1.1  Cancer 
Cancer is a group of diseases involving several internal and/or external causative 

agents and various mechanisms. It is a complicated, multifaceted and multimechanistic 

disease and is the leading cause of death in economically developed countries and the 

second leading cause of death in developing countries (Mulware, 2013; American Cancer 

Society, 2013). Some cancers remain in the body for years without showing any 

symptoms; others can grow, invade and spread rapidly, and are fatal in a short period of 

time (Siegel et al., 2012). There are two basic types of neoplasm; termed as benign and 

malignant. Benign tumours are non-cancerous and generally have a slower growth rate. 

Such tumours can cause problems as they can grow very large and press on healthy organs 

and tissues. However, they cannot invade other tissues and cannot spread to other parts of 

the body. Malignant tumours or cancerous cells are slow- to rapid-growing, divide 

independently of the needs and limitations of the body, lack differentiation and lack parent 

tissue architecture (Sedelnikova et al., 2010). The World Health Organization (WHO) 

reported that cancer accounted for 7.6 million deaths in the year 2008. Based on the 

current projections, the number of worldwide cancer deaths is expected to increase to 22 

million per annum by 2030 (Siegel et al., 2012). Cancer may occur in almost every organ 

and tissue (Lu et al., 2005). 

Cancer can also be considered with regard to a step-wise development which 

involves different stages including initiation, promotion, progression and metastasis 

(Mulware, 2013). Initiation is characterized by genomic changes within the cancer cell, 

such as point mutations, gene deletion/amplification, and chromosomal rearrangements 

leading to irreversible cellular changes. Tumour development is promoted by the survival 

and clonal expansion of these initiated cells. Progression encompasses a substantial 

growth in tumour size and either growth-related or mutually exclusive metastasis (Rakoff-

Nahoum, 2006). The final phase of malignant tumorigenesis involves the migration of 

cancerous cells to other regions of the body (Gaetke and Chow, 2003; Roman et al., 2007). 

Worldwide, several studies have focused on the relationship between toxic/trace metals 

and cancer in humans (Tan and Chen, 2011; Cihan and Yildirim, 2011; Cavdar et al., 

2009; Kaiafa et al., 2012; Yuan et al., 2011). 
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1.2  Selected Types of Cancers 
Cancer is classified by the part of the body in which it originates, by its appearance 

under the microscope, and by the results of laboratory tests. Some cancers, such as 

leukaemia, rarely form tumours. Instead, these cancer cells involve the blood and blood- 

forming organs and circulate through other tissues where they grow. Mostly, cancer occurs 

in solid tumours, which originally appear in various tissues in different parts of the body. 

By their original locations they are classified into various types of cancers, such as lung, 

colon, lymphoma, breast, oral, stomach, ovarian, renal, prostate, etc. Different types of 

cancer can behave very differently: they grow at different rates and possess different 

patterns of spread and respond to different treatments (Bower et al., 2005). Apart from the 

cancer’s natural behaviour, its effects can also depend on how much it damages nearby 

structures, and whether it starts in or near a vital organ (Siegel et al., 2012). The details of 

some selected types of cancers are discussed in the forthcoming sections. 

 

1.2.1  Lung Cancer 

Lung cancer refers to the uncontrolled growth of abnormal cells in one or both of 

the lungs and it is responsible for the majority of cancer-related deaths worldwide (Guha 

et al., 2010). About three million new cases a year are estimated to arise globally and over 

one million people die each year (Jemal et al., 2005; Walser et al., 2008). It is a highly 

fatal disease with dismal prognosis. There are no recommended screening tests for lung 

and bronchus cancer for asymptomatic people (Ries et al., 2008). Lung cancer 

abnormalities may result in activation of oncogenes, such as RAS, and inactivation of 

tumour-suppressor genes, such as p53 (Pfeifer et al., 2002). There is considerable 

evidence that changes in RAS and p53 result directly from reaction of these genes with 

metabolically activated carcinogens (Hecht, 2002). Other genetic and non-genetic 

abnormalities occur during the lung-cancer induction process, including microsatellite 

instability, tumour-suppressor genes, DNA repair genes, expression of telomerase activity, 

delayed neutrophil clearance, increase in ROS and loss of heterozygosity (Walser et al., 

2008; Wise et al., 2006). Therefore, the pulmonary environment presents a unique milieu 

in which lung carcinogenesis proceeds in complicity with the host cellular network 

(Holmes et al., 2006).  

Lung cancer occurs in multiple histologic types as classified by conventional light 

microscopy (Alberg et al., 2003; Shigematsu et al., 2005). Two major types of lung 



Introduction 

3 

cancers are ‘small cell lung cancer (SCLC)’ and ‘non-small cell lung cancer (NSCLC)’. 

The latter comprises about 85% to 90% of lung cancers and is further classified into three 

histologic forms: adenocarcinoma, squamous cell carcinoma and large cell carcinoma 

(Travis et al., 2000; Celikoglu et al., 2008). The cells in these subtypes differ in size, 

shape and chemical make-up. Squamous cell carcinoma comprises about 25% to 30% of 

all lung cancers and starts in early versions of squamous cells, which are flat cells that line 

the inside of the airways in the lungs (Irigaray et al., 2007; Neuberger et al., 2006). 

Adenocarcinoma is observed in almost 40% of lung cancers and initiates in early versions 

of the cells that would normally secrete substances such as mucus (Haldorsen et al., 2004). 

Large cell carcinoma accounts for nearly 10% to 15% of lung cancers, but it tends to grow 

and spread quickly, which can make it harder to treat (Alberg et al., 2003). Small cell lung 

cancer consists of 10% to 15% of all lung cancers (Jackman and Johnson, 2005). Lung 

cancer staging is defined by the clinical outcomes and, at present, is based solely on 

anatomic factors, size of the tumour and its position. The stages of lung cancer are 

indicated using roman numerals from I to IV, with I being the lowest and IV the highest or 

most advanced (Goldstraw et al., 2007). 

Lung cancer is more often associated to carcinogenic exposures at the work place 

(Haldorsen et al., 2004). Tobacco smoking either active or passive is clearly the 

predominant cause of lung cancer in both men and women (Walser et al., 2008). It is 

estimated that cigarette smoking is responsible for almost 90% of lung cancers in men and 

70% to 80% in women (Irigaray et al., 2007; Freedman et al., 2008). Other major factors 

for lung cancer include exposure to trace metals, asbestos, crystalline silica, environmental 

tobacco smoke, radon progeny, radiation, genetic and non-genetic factors. A diet low in 

fruits/vegetables and lower educational levels are also contributing factors to lung cancer 

(Clapp et al., 2008; Neuberger et al., 2006).  

 

1.2.2  Lymphoma 

Lymphoma is a heterogeneous group of malignancies arising from lymphocytes 

(white blood cells); the malignant lymphoid cells usually accumulate in lymph nodes 

resulting in lymphadenopathy (Boffetta, 2011). Sometimes, these cells may spread into the 

blood or intrude to organs outside the lymphoid tissue. Generally, lymphocytes arise from 

hematopoietic stem cells and undergo differentiation to a specific phenotype expressing 

unique cell surface receptors and having a distinct morphology. Lymphocytes are part of 

the body’s immune system and lymphoma may originate from a single abnormal 
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lymphocyte (Boccolinia et al., 2013). Lymphoma is traditionally classified into two broad 

categories: Hodgkin lymphoma (HL) and non-Hodgkin lymphoma (NHL); these are 

further subdivided into distinct entities based on characteristics, morphology, cytogenetic 

and molecular abnormalities (Mani and Jaffe, 2009; Hatton et al., 2008).  

Hodgkin lymphoma is believed to arise from B-lymphocytes (B cells) and is 

characterized by the presence of characteristic “Reed-Sternberg cells” along with variable 

reactive infiltrate (Cossman et al., 1999; Biasoli et al., 2010). The updated WHO 

classification currently recognizes two histological types of HL (WHO, 2008): nodular 

lymphocyte predominant HL and classic HL; the latter is further classified as mixed 

cellularity HL, nodular sclerosis HL, lymphocyte-depleted HL and lymphocyte-rich HL 

(Mani and Jaffe, 2009; Gobbi et al., 2013). All types of HL are malignant and there is no 

benign form of Hodgkin disease (Fisher and Fisher, 2004). It is frequently related to 

childhood social environment, Epstein-Barr virus, HIV infection, genetic factors and 

chemical/environmental factors, such as exposure to toxic metals, smoking, alcohol, etc. 

(Thomas et al., 2002; Briggs et al., 2002). 

Non-Hodgkin lymphoma is the 8th most commonly diagnosed cancer in men and 

the 11th in women (Parodi et al., 2014). Based on histologic characteristics, it is divided 

into B-cell and T-cell lymphomas (Muller et al., 2005). Generally, NHL comprises a wide 

variety of disease subtypes, namely, follicular lymphoma, mantle cell lymphoma, marginal 

zone lymphoma, burkitt lymphoma, lymphoplasmacytoid lymphoma, small lymphocytic 

lymphoma, peripheral T cell lymphoma, hairy cell leukaemia, diffuse large B cell 

lymphoma, etc. (Grossbard, 2002; Hatton et al., 2008). It is commonly associated with 

age, gender, race, ultraviolet radiations, chronic antigenic stimulation or immune-

suppression, hereditary factors, HIV infection, Epstein-Barr virus, hepatitis-C virus, 

helicobacter pylori, hair dyes, alcohol, tobacco, occupational and environmental exposure 

to metals (Ramis et al., 2012; Bassig et al., 2012).  

The term “stage” refers to the extent to which the cancer has spread in local and/or 

other tissues. Generally, it is reported as a grade between I (slow growing) and IV (highly 

aggressive). Therefore, staging is mandatory in the management and to determine the site 

and extent of lymphoma (Hatton et al., 2008). Stage-I involves a single group of lymph 

nodes; stage-II involves two or more groups of lymph nodes but on the same side of the 

diaphragm; stage-III refers to the lymph nodes groups on both sides of the diaphragm; and 

stage-IV denotes widespread disease (Mani and Jaffe, 2009; Diehl et al., 2004). 

 



Introduction 

5 

1.2.3  Oral Cancer 

Oral cancer refers to a group of malignancies including cancer of the lip, tongue, 

mouth, oropharynx, piriform sinus, hypopharynx and other ill-defined sites of the oral 

cavity (Khanna et al., 2013; Warnakulasuriya, 2009). It may arise as a primary lesion 

originating in any of the oral tissues, by metastasis from a distant site of origin, or by 

extension from a neighbouring anatomic structure, such as the nasal cavity. In most cases, 

oral cancer begins in the tongue and in the floor of the mouth. It is the sixth leading cause 

of cancer-related morbidity and mortality on global scale (da Silva et al., 2011; Aiken, 

2013). The main histological types of oral cancer are: squamous cell carcinoma, malignant 

melanoma, acinar cell carcinoma and adenocarcinoma (Zini et al., 2010). Squamous cell 

carcinoma is very aggressive; the disease frequently migrates and invades distant organs 

(Yedida et al., 2013). Squamous cell carcinoma originating in the mucosal linings 

comprises more than 90% of oral cancers and highest incidence rates were found in India, 

Brazil, France and Pakistan (da Silva et al., 2011; Warnakulasuriya, 2009).  

The risk factors for oral cancer are well documented (Boyle et al., 1993). 

Consumption of tobacco is the single greatest risk factor due to higher concentrations of 

carcinogenic exposure and failure to clean the carcinogens from mucosal surface (Khlifi 

and Hamza-Chaffai, 2010). Alcohol, betel quid chewing, viruses, genetic mechanisms, 

candida, chronic irritation, exposure to metals and diets low in vegetables/fruits are also 

implicated in the etiology of oral cancer (Khlifi et al., 2013a; Polanska et al., 2014; Reidy 

et al., 2011). Staging of oral cancer is used to develop a treatment plan and to define the 

patient's prognosis. The accuracy of the staging may determine whether or not a patient 

will be cured (Aiken, 2013). Commonly, it is classified into the four stages (American 

Joint Committee on Cancer, 1997).  

 

1.2.4  Ovarian Cancer 

Ovarian cancer is the 5th most common type of cancer in women and the leading 

cause of death among gynaecologic malignancies worldwide (George et al., 2013). It has a 

long asymptomatic course and usually presents at an advanced stage at the time of 

diagnosis (Schwartz and Skinner, 2013). For the same reason, ovarian cancer has the 

highest fatality-to-case ratio of all gynaecologic malignancies (Samardzija et al., 2012; 

Gao et al., 2012). Ovarian cancer is generally a monoclonal disease that originates in the 

ovarian and it usually occurs in post-menopausal women but it can also affect young 

women (Thun et al., 2011; Cannistra et al., 2011). It includes a broad range of ovarian 
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neoplasm but there are three main histological types, namely, germ cell tumour, sex cord-

stromal tumours and epithelial tumours (Brookfield et al., 2009). The types of cancer 

which develop from the germ cells of the ovarian are known as germ cell tumour; those 

derived from specialized granulosa, theca and hilus cells are known as sex cord-stromal 

tumour (Stiller, 2007). Sex cord-stromal tumour increases in incidence with increasing age 

(Cannistra et al., 2011). Epithelial tumour starts on the outer surface layer of the ovarian 

and it is associated with the highest mortality rate of all gynaecologic malignancies (Chen 

et al., 2003; Silverberg et al., 1990).  

Staging of ovarian cancer is very important because it has different prognoses at 

each stage which is treated differently. The International Federation of Gynaecology and 

Obstetrics classified ovarian cancer into four stages from stage-I (the least advanced stage) 

to stage-IV (the most advanced stage). In stage I, the cancer is confined within the ovarian 

and not spread outside, while in stage-II, the cancer has spread to other organs within the 

pelvis. In stage-III, the cancer originating from ovaries has spread beyond the pelvis to the 

lining of the abdomen and/or spread to lymph nodes. Stage-IV is the most advanced stage 

of ovarian cancer in which the cancer has spread to the inside of the lungs, the liver, and/or 

other organs (Prat, 2014; Odicino et al., 2008). Researchers around the world have 

reported several risk factors for ovarian cancer, such as race, age, diet, obesity, smoking, 

reproductive history, birth control, gynaecological surgery, increased levels of androgens, 

hormone therapy, exposure to metals, use of fertility drugs, talcum powder and personal 

history of other cancers (Thun et al., 2011; Milne et al., 2011).  

 

1.2.5  Prostate Cancer 

Prostate cancer develops in the prostate which is a gland in the male reproductive 

system, the size of a walnut located beneath the bladder, in front of the rectum and 

surrounding the urethra. The nodular tumour mass invades the surrounding tissues and 

eventually spreads to the lymph nodes, skeletal bones and other regions of the body. The 

prostate gland is a key part of the male reproductive system and is divided into three 

distinct morphological regions which contain the peripheral, central and transition zones 

(McNeal, 1981). The peripheral zone includes mostly the glandular tissues present in the 

normal prostate and accounts for 70% of the volume. The central zone is composed of 

larger acini and has a more complex ductal branching while the transition zone comprises 

of glands lobules with shorter ducts. The central and transition zones represent 25% and 

5% of the prostate volume, respectively (Zaichick and Zaichick, 2013).  
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Globally, prostate cancer is the sixth most common type of cancer (Zaichick et al., 

2012a; Schroder et al., 2012). It increases faster with age than any other malignancy, 

hence it is commonly prevalent in the elderly male population; therefore, it is often 

described as the disease of old age in men (Nelson et al., 2008). The main histological 

types of prostate cancer are adenocarcinoma, squamous cell carcinoma, signet-ring 

carcinoma, transitional cell carcinoma, and small cell carcinoma (Bracarda et al., 2005). 

Adenocarcinoma accounts for about 95% and squamous cell carcinomas comprises of 

about 0.5–1.0% of the cases of prostate cancer (Mostofi et al., 1992). 

The stage of a cancer is one of the most important factors in choosing treatment 

options. The stage is based on the prostate biopsy results, the prostate specific antigen 

level, and any other exams or tests that show how far the cancer has spread (American 

Joint Committee on Cancer, 1997). Stage-I of the cancer is still within the prostate. Stage-

II has not spread to nearby lymph nodes or elsewhere in the body. Stage-III of the cancer 

has begun to spread outside the prostate and may have spread to the seminal vesicles. 

Stage-IV has spread to tissues next to the prostate, the urethral sphincter, rectum, bladder, 

and the wall of the pelvis (Epstein, 2010). Both genetic and environmental risk factors, 

including diet (fats, vegetables, fruits, dairy products, certain micronutrients and vitamins 

intake), obesity, imbalance of metals, alcohol consumption, sexual and physical activity, 

hormones and body size are associated with increased risk of prostate cancer (Guo et al., 

2007; Hickey et al., 2001).  

 

1.3  Biological Significance of Metals  

Metals play important roles in variety of biological processes in living systems 

(Apostoli, 2002). The term ‘trace metal’ refers to the chemical element present or required 

in minute quantity; it is required in amounts smaller than 0.01% (by mass) of the organism 

(Stephanie et al., 2007; Rao, 2005). Trace metals are vital in the chemistry of life and take 

part in the synthesis and structural stabilization of both proteins and nucleic acids. They 

not only provide the building blocks of life but are also necessary in the production of 

hormones and enzyme activities (Rucker et al., 2010). In enzymes, the metals participate 

in catalytic processes as constituents of enzyme active sites, stabilizers of enzyme 

tertiary/quaternary structure, or associates in forming weak bonding complexes with the 

substrate that can contribute to orienting the substrate for reactions or stabilizing charged 

transition states (Fraga, 2005). Trace metals are also involved in many physiological 
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functions including oxygen transport, nerve conduction, growth stimulation, maintenance, 

repair of tissues and bones, in muscle contraction, body fluid electrolytes and sub-cellular 

systems (Mazurek et al., 2011). Some of the metals also act as antioxidants (Rukgauer et 

al., 2001). Essential metals are directly or indirectly involved in protection against 

deleterious effects of reactive oxygen species (ROS) on cell components and in the 

development of inflammatory responses and stress reaction (Mazurek et al., 2011). Metal 

poisoning as a health issue has been described as a ‘silent epidemic’. Lack of essential 

metals alters function of structure through the lack of stabilization and change of charge 

properties. It is expected that deficiency of essential metals, as cofactors of enzymes, 

could impair the host's resistance against carcinogenic stress (Yaman et al., 2007). Metals 

have long been known to evoke changes in the immune response. These changes are 

dependent both on the specific metal and its state. Accordingly, severity of the toxicity 

varies with the particular metal involved and depends on its concentration, duration and 

extent of exposure as well as chemical form. Hence, metals act as spark plugs in the 

chemistry of life (Galanis et al., 2009). 

Metals differ from other toxic substances in that they are neither created nor 

destroyed by humans. They have been used by humans for thousands of years; this use 

influences their potential for health effects in two ways: first, by environmental transport 

as anthropogenic contributions to air, water, soil and food, and second by altering the 

speciation or biochemical form of the element. The trace metals are typically persistent 

within the natural and manmade environment with growing concentration in the biosphere 

(Bernhard et al., 2005). Human contact with these metals is inevitable, with exposure 

occurring from both occupational and environmental sources. Other factors, such as diet, 

absorption capability, toxicities and drug-nutrient interactions also play a critical role in 

maintaining the balance of trace metals in the body. Many metabolic disorders in humans 

are accompanied by alterations in the concentrations of one or more trace metals (Schell et 

al., 2006). The relationship of trace metals to human health evidenced a delicate balance 

among the metals in every organ, tissue and cell in order to maintain a healthy existence. 

Bioaccumulation of toxic elements or depletion of essential elements may result in various 

physiological disorders, including emotional instability, memory loss, nervous disorders, 

kidney failure, lungs damage, learning incapability and behavioural changes in addition to 

detrimental health effects, such as cancer, which is a serious public health concern all 

around the world (Clapp et al., 2008). 
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1.4  Physiological Role of Selected Metals in Human Health 
An element is considered essential to an organism when its concentration below a 

certain limit would result in the reduction of physiologically important functions (Ebrahim 

et al., 2011). The concentrations of trace metals in the biological fluids vary among the 

general population; hence it is important to know the elemental contents of a particular 

population in order to find out possible nutritional deficiencies or enrichment and 

environmental exposure that might otherwise go unnoticed (Farzin et al., 2009). Currently, 

many investigations are being carried out to explore the associations between elemental 

levels and various disorders. The presence of metals bound to lipids, nucleic acids and 

carbohydrates is well documented, but their biochemical functions in these molecules is 

unclear, beyond their deleterious actions through oxidation (Fraga, 2005). Additionally, 

the toxicity can be extended to non-essential metals possessing similar characteristics that 

can imitate the reactivity of essential metals. To deal with this essentiality/toxicity duality, 

biological systems have developed the ability to recognize a metal and deliver it to the 

target without allowing the metal to participate in toxic reactions (Luk et al., 2003). There 

are several factors that can define the requirement of trace metals in human body. These 

factors include, interaction among nutrients, presence of certain chemicals that can impair 

metal absorption, genetic defects and drug-nutrient interactions (Aschner and Aschner, 

2005; Lestienne et al., 2005; Wang et al., 2004). In addition, absorption of trace metals in 

the gastrointestinal tract depends on the species, dose, frequency, age and nutritional status 

(Mandal et al., 2003). The physiological role of some of selected essential/toxic metals in 

relation to human health is expounded in the following sections.  

 

1.4.1  Calcium 

Calcium (Ca) is the most abundant essential metal in human body (Heaney et al., 

2001). It is involved in regulating numerous cellular processes and physiological events, 

including embryonic development, cell relaxation, cell wall permeability, apoptosis, 

cardiac contractility, enzyme activation, hormone activation, activity of prothrombin for 

blood clotting, learning and memory (Cashman, 2002). It is essential for such processes as 

structural support, cell adhesiveness, mitosis, muscle contraction and glandular secretion 

(Weaver et al., 2008). More than 99% of Ca in the human body is found in the skeleton 

and only 1% in blood and soft tissue (Berdanier et al., 2002). It helps the body to break 

down fats, burn carbohydrates and to keep the skin healthy (Zemel et al., 2004). In 
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addition, it also stops Pb from being absorbed into the bones (Miller et al., 2001). Some 

studies revealed that unabsorbed Ca in the lumen of colon can prevent the adverse effects 

of bile acids and free fatty acids on the epithelial cells (Lappe et al., 2007). It has been 

reported that children and adults consuming a lower Ca diet tend to gain more weight than 

those with greater dietary or supplemental Ca intake (Yanovski et al., 2009). 

Calcium deficiency is more common than its excess; deficiency is generally found 

in people with malabsorption problems, such as crohn’s disease, celiac disease and 

surgical intestinal resection (Wu et al., 2009). Moreover, its deficiency is associated with 

arm and leg muscle spasms, softening of bones, back and leg cramps, brittle bones, rickets, 

poor growth, hair loss, tooth decay, dry skin, dry nails, hypo-parathyroidism, stroke, 

obesity, insomnia, depression and elevated blood cholesterol (Weaver et al., 2008). High 

Ca intake for brief periods does not cause any problem, as excess is usually eliminated 

through urine and intestine. High amounts of Ca can lead to abnormal calcification of the 

lungs in children and soft tissues calcification in adults (Holick and Chen, 2008). 

Prolonged intake of high dosages has been associated with some mineral imbalances, such 

as that of Zn; when combined with Mg deficiency, it may cause deposits, which could 

cause kidney stones. Very high levels of Ca in blood can cause heart or lung failure 

(Greger, 1999).  

Calcium is shown to have a positive effect against cancer through its regulation of 

cell division, proliferation and differentiation (Kampman et al., 2000; Chan et al., 2001). 

Foods high in Ca help to reduce risk of colorectal cancer (Holick, 2006; Bonjour et al., 

2007). Some studies have evaluated the effects of dietary Ca on incidence of breast cancer 

and found a significantly reduced risk associated with higher dietary intake of Ca (Lappe 

and Faan, 2010; Colditz et al., 2002). Low Ca intake has been implicated as a determinant 

of colon cancer (Holt et al., 2001; Fishbein, 2004). However, another study indicated that 

Ca intake increases the risk of prostate cancer (Baron et al., 2005; Butler et al., 2010).  

 

1.4.2  Cadmium 

Cadmium (Cd) is one of the toxic metals as it has no known essential/beneficial 

function in humans and may produce harmful effects even at very low concentration 

(Whittaker et al., 2011; Waalkes et al., 2003). It has a long biological half-life, considered 

to be somewhere between 20 and 35 years (Jin et al., 1998). Thus, it can accumulate to 

levels many times greater than the exposure levels (Satarug et al., 2003). It is mostly 

bound to metallothioneins in the body and this is believed to be critical for preventing Cd 
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toxicity. The Cd-metallothionein complex is distributed to various tissues/organs and 

ultimately reabsorbed in the kidney and liver (Klaassen et al., 2009). About one third of 

the absorbed Cd is stored in the kidney which is the target organ. When excessive amounts 

of Cd are ingested, it replaces Zn at key enzyme sites and induces metabolic disorders 

(Bernhoft, 2013). Its toxicity may result in osteoporosis, anemia, eosinophilia, 

emphysema, renal tubular damage, anosmia, cardiac failure, cancers, cerebrovascular 

infarction, proteinuria, blood pressure, hypertension and cataract formation in the eyes 

(Xie and Shaikh, 2006). Long term Cd toxicity can produce itai-itai disease, in which 

individuals suffer from bone fractures, severe pain and severe osteomalacia (Lenntech, 

2015). It can also inhibit gluconeogenesis and oxidative phosphorylation and exerts toxic 

effects on mineral density and immune system (Rana, 2008; Alfven et al., 2002).  

Human Cd exposure may arise from ambient air, drinking water and occupational 

environment (Satarug and Moore, 2004). Other major sources of Cd exposure are cigarette 

smoke, Cd-related industries and disposal of waste containing Cd (Cuypers et al., 2010). 

Diet is the main source of Cd exposure for the general population, contributing more than 

88% of the uptake (Jarup et al., 1998). The International Agency for Research on Cancer 

(IARC) classified Cd as a human carcinogen (group-1), while the European Commission 

has classified some Cd compounds as possibly carcinogenic (Sorahan and Esmen, 2004; 

Jones et al., 2007). The main mechanisms of Cd carcinogenesis include inhibition of DNA 

methylation, activation of cellular signals, aberrant gene expression, disruption of 

differentiation and induction of oxidative stress (Misra et al., 2003). It affects genome 

stability by inducing ROS in cells and by depleting the activity of cellular antioxidants 

(Thevenod and Chakraborty, 2010). The disruption of cell–cell adhesion induced by Cd 

could play an important role in tumour induction and promotion (Wang et al., 2012). 

Several studies suggested links between Cd exposure and human cancers of the bladder, 

lung, breast, kidney, ovarian and prostate (Siemiatycki et al., 1994; Sorahan et al., 1995; 

Johnson et al., 2003; Ilyasova and Schwartz, 2005; Nawrot et al., 2006; Lalor, 2008). 

Another study indicated an association between non-Hodgkin lymphoma and Cd exposure 

(Kelly et al., 2013). The development of lung cancer has also been shown to follow 

inhalation of Cd in experimental animals (Huff et al., 2007). 

 

1.4.3  Chromium 

Chromium (Cr) is an essential trace metal which has a beneficial role in the 

metabolic syndrome and cardiovascular disease. It works with insulin in the metabolism of 
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sugar, stabilizes blood sugar levels, cleans the arteries by reducing cholesterol and 

triglyceride levels, helps the transport of amino acids and controls the appetite. It enhances 

the action of insulin by improving tyrosine kinase activity on the insulin receptor 

(Hummel et al., 2007). It also helps in weight-loss by stimulating enzymes that metabolize 

glucose for energy (Yugang et al., 2006). Deficiency of Cr may result in similar clinical 

manifestations to those observed in insulin resistance and diabetes (Hua et al., 2012). 

Excessive Cr can influence human redox and hydrolysis reactions, can lead to denaturation 

of proteins, precipitation of nucleic acids and can interfere with normal enzymatic 

activities. It can cross the placenta, and may lead to excessive Cr exposure and influence 

the development of the foetus (Zhou et al., 2009).  

The health effects and toxicity of Cr are primarily related to the oxidation state of 

the metal at the time of exposure. Trivalent and hexavalent compounds are thought to be 

the most biologically significant (Kotas and Stasicka, 2000). Chromium (III) is necessary 

for the human body, but its excessive intake may causes health damage (Eisenberg et al., 

1998). Chromium (VI) is generally considered 1000 times more toxic than trivalent form 

(Zhang and Jin, 2006). The acidity of the stomach promotes reduction of hexavalent Cr to 

the trivalent Cr; however, most of the Cr absorbed from the gastrointestinal tract is 

trivalent (Simic and Budic, 2003). Chronic exposure to Cr (VI) may cause gastrointestinal 

and blood disturbance, damage to liver and kidney, decreased fertility, allergies and 

respiration difficulties (Khlifi and Hamza-Chaffai, 2010).  

Chromium is a well-known genotoxin and its various forms can generate ROS and 

causes cross-linking between DNA strands or between DNA and protein, cytotoxicity, 

oxidative nucleotide changes, chromosomal aberrations, sister chromatid exchanges and 

stable Cr-DNA adducts (Salnikow and Zhitkovich, 2008; Rudolf and Cervinka, 2009). 

Hexavalent Cr has been classified as carcinogenic to humans (Group-1) by IARC but 

epidemiological studies revealed that its carcinogenicity is strictly site specific (Holmes et 

al., 2008; Yao et al., 2008). Accordingly, carcinogenicity of Cr (VI) compounds in the 

lung, nasal cavity and emphysema has been confirmed (Kim et al., 2004). Higher contents 

of Cr are also linked to Hodgkin lymphoma, prostate cancer and oral cancer (Khan et al., 

2012; Guntupalli et al., 2007; Chiang et al., 2011).  

 

1.4.4  Cobalt 

Cobalt (Co) is an essential trace metal well known as a constituent of vitamin B12, 

a vitamin required for producing red blood cells and maintaining the nervous system 
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(Galanis et al., 2009). It is mostly stored in the red blood cells, plasma, as well as in the 

liver, kidney, spleen and pancreas. It acts as a cofactor in enzyme-catalysed reactions 

which are involved in the production of erythropoietin, a hormone that stimulates the 

formation of erythrocytes. It also supports the metabolism of fats and carbohydrates, 

synthesis of proteins, production of DNA and RNA, and the conversion of folate to its 

active form. It is also used by athletes to increase the oxygen-carrying ability of the blood 

(De Boeck et al., 2003; Coen et al., 2001). Its deficiency causes anaemia and it is used to 

treat anaemia in pregnant women, because it stimulates the production of red blood cells 

(Coen et al., 2001). An excessive intake of Co may damage the heart muscles and may 

cause over-production of red blood cells or damage to the thyroid gland, in addition to 

vomiting, nausea, vision problems and increased activity in the bone marrow (Gal et al., 

2008). Soluble Co may block inorganic Ca channels, which may impede the 

neuromuscular transmissions (Lang et al., 2009).  

The IARC (1991) classified Co as ‘possibly carcinogenic to humans’ (Group-2B). 

The carcinogenic effects of Co are based on its ability to inhibit DNA repair mechanisms 

and induce DNA damage, exchange of DNA between sister-chromatids and aneuploidy 

(Jomova and Valko, 2011). It also causes DNA strand breaks by its capacity to produce 

ROS which are highly reactive against DNA and other biomolecules (Gault et al., 2010; 

Fenoglio et al., 2008). Hard metal lung disease is associated with inhalation of its metallic 

dusts (Lang et al., 2009). The hard metal mixture tungsten carbide-cobalt, the occupational 

exposure of which was linked to an increased lung cancer risk, was proven to be genotoxic 

both in-vitro and in-vivo in lung cells (Gal et al., 2008). Several studies provided clear 

evidence for the carcinogenic effects of Co in animal models (De Boeck et al., 2003). 

 

1.4.5  Copper 

Copper (Cu) is an essential trace metal with the highest concentrations in liver 

(Linder, 2012). It serves as a cofactor in redox reactions of enzymes that carry out 

fundamental biological functions required for normal growth and development,  

cytochrome c oxidase involved in the mitochondrial electron transport chain, lysyl oxidase 

involved in the cross-linking of elastin, collagen and superoxide dismutase involved in the 

detoxification of ROS (Valko et al., 2005). It is utilized by many enzymes, probably more 

than 300 in humans, involved in oxidative reactions (Crisponi et al., 2010). It is necessary 

for the development of connective tissue, nerve coverings and bone (Madsen and Gitlin, 

2007). It is also essential for haemoglobin synthesis, reproduction, regulation of gene 
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expression (Crichton, 2008). Ceruloplasmin belongs to the multi-copper oxidase family of 

enzymes an elevated level of which is an independent risk factor for cardiovascular 

disease (Kang, 2011). Copper is also linked with Alzheimer’s disease, Parkinson’s disease, 

and other neurodegenerative diseases (Jomova et al., 2010). 

Copper deficiency in humans is rare, but it may leads to normocytic, hypochromic 

anaemia, leukopenia, neuropenia and inclusive osteoporosis in children (Gaetke and 

Chow, 2003). Symptoms associated with excess of Cu accumulation/toxicity are muscle 

and joint pain, depression, irritability, hypertension, haemolytic anaemia, learning 

disabilities and behavioural disorders, in addition to acne, allergies, alopecia, insomnia, 

nausea, tooth decay, strokes, kidney disorders, cystic fibrosis, anorexia, inflammation, 

pancreatic dysfunction, vitamin deficiencies, paranoia, migraines, senility, stuttering, 

diabetes and autism (Jomova and Valko, 2011; Knobeloch et al., 1998). Copper is also 

capable of causing DNA strand breaks and oxidation of bases via ROS (Moriwaki et al., 

2008). In liver cells, acute exposure may result in ROS formation via Fenton reaction and 

this is considered as the crucial event leading to cell death (Speisky et al., 2009).  

The breakdown in cell junctions leading to cancer metastasis seems to involve 

some Cu-dependent factors. The role of Cu in the initiating process of malignancy is 

caused by superoxide radicals or other reducing agents, such as ascorbate, which reduce 

the Cu-ascorbate complex (Wu et al., 2004). In addition, Cu is also important for the 

process of angiogenesis (Barbusinski, 2009). Ceruloplasmin levels have also been shown 

to be elevated in various forms of cancers. The most elevated levels of Cu have been 

documented in cancer patients suffering from breast, cervical, ovarian, lung, prostate, 

reticulo-endothelial system, stomach, oral, leukaemia and lymphoma (Tisato et al., 2010; 

Jomova and Valko, 2011). It has been suggested that Cu concentration in the organism can 

be used as an index for assessing the extent of malignant lymphoma and might be a 

predictor for chemotherapy response (Demir et al., 2011; Roberts et al., 2010).  

 

1.4.6  Iron 

Iron (Fe) is essential for life; it is a necessary component of various enzymes and it 

can affect glucose metabolism and insulin sensitivity. It is an important cofactor required 

for a number of essential cell functions, such as oxygen sensing, respiration, transport, the 

tricarboxylic acid cycle, lipid metabolism, gene regulation, DNA synthesis, RNA 

synthesis and catalysis (Cairo et al., 2006). In order to execute such multiple tasks, Fe is 

incorporated in the heme group of haemoglobin, myoglobin and cytochromes or is 



Introduction 

15 

associated to nonheme moieties or Fe-S moieties (Sangani and Ghio, 2013). It also 

prevents fatigue and promotes good skin tone. In the brain, its critical role in 

neurotransmitter synthesis, myelin synthesis and other crucial processes make Fe essential 

for normal development and functioning (Anil et al., 2011). 

Iron deficiency is associated with lower cognitive test scores in infants, impaired 

scholastic, reduced muscle function and reduced physical activity (Cairo and Recalcati, 

2006). Its deficiency also impairs thyroid hormone synthesis by reducing activity of heme-

dependent thyroid peroxidise (Tosco et al., 2005). Hemochromatosis, an inherited 

disorder, results in disproportionate absorption of Fe resulting in organ damage (Zhang 

and Enns, 2009). It typically damages cells in the heart and liver, which can cause 

significant adverse effects, including coma, metabolic acidosis, shock, coagulopathy, adult 

respiratory distress syndrome, hypertension, rheumatoid arthritis, diabetes mellitus, 

hormonal abnormalities and dysfunctional immune system (Powell et al., 2006). Brain Fe 

abnormalities have been observed in neurodegenerative diseases, including Alzheimer’s 

disease, Parkinson’s disease and Huntington’s disease (Johnstone and Milward, 2010). 

Oxidative-damage induced changes in genetic material are the initial step involved 

in Fe-induced mutagenesis and carcinogenesis (Durackova, 2010). Overload of Fe can 

induce free radicals that cause DNA double strand breaks and oncogene activation 

(Whysner and Wang, 2001). In addition, Fe can also accelerate the growth of malignant 

cells, which demonstrate its effects on rapid cell division and in turn altered its 

homeostasis in cancer cells (Van Asperen, 1995; Coiffier, 2000). On the other hand, due to 

the enhanced dependence on Fe metabolism in cancer cells, Fe depletion might have an 

anti-proliferative effect on tumour cells (Heath et al., 2013). It has been reported that Fe 

overload is a risk factor for liver and stomach cancers (Kowdley, 2004). An elevated 

intake of Fe enhances the incidence of mammary cancer in rats and estrogen-induced 

kidney tumours in Syrian hamsters (Fleming and Ponka, 2012). Excessive inhalation of Fe 

increases the risk of developing cancers of the larynx, bronchi, lungs, breast and 

mediastinum (Shander et al., 2009). Moreover, high levels of oxidative stress have been 

associated with Fe-deficiency anaemia and linked to the development of oral cancer 

(Richie et al., 2008).  

 

1.4.7  Potassium  

Potassium (K) is an essential element which is involved in many cellular functions 

in the body. It is never found free in nature and is classified as an electrolyte in the body. It 
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is primarily involved in a large number of body processes, such as fluid balance, protein 

synthesis, nerve conduction, energy production, muscle contraction, synthesis of nucleic 

acids and control of heartbeat. It works with Na to regulate the body's waste balance, aids 

in clear thinking by sending oxygen to the brain, preserves proper alkalinity of body 

fluids, stimulates the kidneys to eliminate poisonous body wastes, assists in reducing high 

blood pressure and promotes healthy skin (Morris, 2013). It also functions in carbohydrate 

metabolism: it is active in the metabolism of glucose to glycogen which can be stored in 

the liver for energy (He and MacGregor, 2008). 

Symptoms of K deficiency include abnormally dry skin, acne, chills, cognitive 

impairment, constipation, depression, diarrhoea, diminished reflexes, edema, nervousness, 

glucose intolerance, growth impairment, hypoglycaemia, insomnia, high cholesterol 

levels, headaches and respiratory distress (Haas, 2010). At higher doses, muscle weakness 

and slow/abnormal heart rhythm may occur (Mamur et al., 2010). Nevertheless, high K 

intake may have beneficial effects including reducing the risk of stroke, preventing the 

development of renal vascular, glomerular and tubular damage, reducing formation of 

kidney stones and reducing demineralisation of bone or osteoporosis (He and MacGregor, 

2008; Larsson et al., 2011). Its increased intake has been found to decrease urinary Ca 

excretion, a component in the development of kidney stones (Debska et al., 2001; 

Macdonald, 2007). Patients with hyperkaliaemic diseases have reduced cancer rates 

whereas patients with hypokalaemic disease have increased cancer rates (Jensen, 1996). 

 

1.4.8  Lithium 

Lithium (Li) has been recognized as one of the significant trace metals, although it 

has not been certified an essential metal for humans (Lenntech, 2007). It appears to play 

an important role during the early foetal development as evidenced by the high Li contents 

of the embryo during the early gestational period. The biochemical mechanisms of action 

of Li appear to be multifactorial and are interrelated with the functions of several enzymes, 

hormones and vitamins, as well as with growth and transforming factors. In much higher 

concentrations, Li is effective as a medication for mania and mood swings including 

manic depressive disorders (Terao et al., 2009). The primary target organ for Li toxicity is 

the central nervous system (Young, 2011; Schrauzer and Shrestha, 2010). Some studies 

showed that deficiency in endogenous Li can lead to grave psychopathological problems 

in humans. It is therefore, conceivable that Li has an essential function in the physiological 

regulation of mood (de Roos et al., 2001). Low Li intakes were associated with increased 



Introduction 

17 

rates of suicides and homicides (Desai and Chaturvedi, 2009). Subjects at risk of 

developing Li deficiency were patients with kidney diseases and dialysis patients 

(Chmielnicka and Nasiadek, 2003). Exposure to Li also affects thyroid functions (Broberg 

et al., 2011). It competes with Mg and may impair DNA synthesis and DNA repair 

(Cervantes et al., 1999). It is well recognized that Li may induce various 

electrocardiographic changes including nonspecific T-wave flattening and dysfunction of 

sinus node (Zarse et al., 2011; Kabacs et al., 2011). So far no carcinogenic effects of Li 

compounds have been reported (Aral and Vecchio-Sadus, 2008). 

 

1.4.9  Magnesium 

Magnesium (Mg) is the fourth most abundant cation in the human body, with 60% 

in the bones and 40% distributed equally between muscles and non-muscular soft tissues 

(Arnaud, 2008; James, 2010). It is involved in the metabolism of carbohydrates and amino 

acids, plays an important role in neuromuscular contractions and helps to regulate the 

acid-alkaline balance in the body (Chubanov et al., 2005). It is essential for controlling 

insulin levels and also maintains normal heart rhythm, necessary for proper Ca and 

vitamin-C metabolism and converts blood sugar into energy (Barbagallo et al., 2007). It 

also helps asthmatics by relaxing the muscles along the airway to the lungs, making 

breathing easier (Resnick et al., 2004). It participates in more than 300 enzyme-driven 

reactions, including those involved in DNA and protein synthesis, blood clotting and 

muscle contraction (Schweigel and Martens, 2000). Magnesium plays a key role in 

neurotransmission, immune function, creation of new cells and use for the management of 

premature labour. At the subcellular level, it regulates contractile proteins, modulates 

transmembrane processes, controls metabolic regulation of energy-dependent cytoplasmic 

and mitochondrial pathways, regulates oxidative-phosphorylation processes and influences 

DNA and protein synthesis (Maguire and Cowan, 2002). 

Magnesium deficiency has been associated with hypertension, cardiac arrhythmias, 

neuromuscular manifestations, anorexia, nausea, vomiting, lethargy, hypokalaemia and 

hypocalcaemia (Rude and Gruber, 2004). In cases of severe deficiency, osteoporosis, 

electrolyte disturbances and muscular cramps often occur (Shi et al., 2008). Signs of 

excess Mg can be similar to its deficiency and include changes in mental status, nausea, 

diarrhoea, appetite loss, muscle weakness, difficulty in breathing, extremely low blood 

pressure and irregular heart beat (Jaing et al., 2002). Relationships between Mg and cancer 

are complex, both Mg load and Mg deficit may produce either carcinogenic or anti-
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carcinogenic effects (Seeling, 1979). It has been proposed that Mg deficiency is an 

important condition in precancerous cell transformation, which can paradoxically increase 

the risk of oncogenesis (Simsek et al., 2005). It has been reported that Mg is associated 

with a protective effects against gastric and prostate cancer (Yang et al., 2000). 

 

1.4.10  Manganese 

Manganese (Mn) is an essential metal that is involved in physiological processes, 

such as the regulation of reproduction, formation of connective tissues and bone marrow, 

metabolism of lipid, carbohydrate, protein and energy (Pittman, 2005; Rashed, 2011). It is 

a co-factor for enzymes involved in the biosynthesis of DNA, neurotransmitters and in 

transduction of signals (Roth and Garrick, 2003). It contributes to maintain sex hormone 

production, immune system and helps in blood sugar regulation (Erikson et al., 2005). It is 

required for the metabolism of vitamin B1, C and E. It can replace Mg in certain enzymes 

and can interfere with the metabolism of Ca (Michalke et al., 2004). It is vital for normal 

development and function across the life span of all mammals; some 20 functions in 

enzymes/proteins are known for arginase, which is responsible for urea production, for 

superoxide dismutase, as well as for pyruvate carboxylase (Crossgrove and Zheng, 2004).  

Manganese is stored primarily in skeletal bones and tissue rich in mitochondria 

(Aschner and Aschner, 2005). Its deficiency has been related with skeletal abnormalities, 

alterations of reproductive function, lipid and carbohydrate metabolism, epilepsy, skin 

abnormalities, difficulties in wound healing and impaired glucose tolerance (Keen, 2000). 

Excess of Mn interferes with the absorption of dietary Fe. Long-term exposure may result 

in Fe-deficiency anaemia and impairs the activity of Cu metallo-enzymes (Goldhaber, 

2003). At high levels of exposure, it can produce a neurologic psychiatric disorder which 

can be progressive even after the cessation of exposure (Winder et al., 2010). Mine 

workers exposed to high levels of airborne Mn suffered from anxiety, nervousness, 

irritability, aggression, violent behaviour, fatigue and sleep disturbances (Lima et al., 

2008). It also affects thyroid hormone homeostasis (Soldin and Aschner, 2007). Relatively 

high doses of Mn affect DNA replication, chromosome aberrations, causing mutations in 

microorganism and mammalian cells (Gerber et al., 2002). However, it is not considered 

carcinogenic to humans and no report exists where cancer could be attributed to Mn in 

animals (Ayodele and Bayero, 2010). However, Prasad et al., (2010) reported that Mn 

toxicity damages the brain and may have caused prostate cancer, while Kwiatek et al., 

(2005) examined an increase of Mn level in prostate cancer patients. 
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1.4.11  Sodium 

Sodium (Na) is an essential nutrient, the cation mainly responsible for regulating 

extracellular fluid volume and plasma volume and its concentration is under tight 

homeostatic control. It aids in preventing heat prostration or sunstroke (Healthwise, 2010). 

It is important in maintaining the proper acid-base balance and in the transmission of 

nerve impulses. It also helps to keep Ca and other minerals soluble in the blood, as well as 

stimulating the adrenal glands (Obikoya, 2014). In the healthy adult, urinary Na excretion 

roughly equals intake. There is also variable loss through sweat (Ducailar et al., 2002). As 

the efficiency of excretion of excess Na diminishes, plasma volume may increase and 

stress the cardiovascular system by inducing hypertension (Doyle and Glass, 2010).  

Eating too much Na over a long period of time can contribute to dehydration, 

convulsion, high blood pressure, muscle paralysis, decreased growth and general 

numbness (Boero et al., 2000; Appel et al., 2001). Higher Na intake is correlated with 

greater urinary losses of Ca (Lin et al., 2003). A high salt intake increases the mass of the 

left ventricle, thickens and narrows resistance arteries, including the coronary and renal 

arteries. It also increases the number of strokes, the severity of cardiac failure and the 

tendency for platelets to aggregate. In renal disease, a high salt intake accelerates the rate 

of renal function deterioration. There is some evidence which suggested that salt is 

associated with the severity of asthma (Adrogue and Madias, 2008). Acute toxicity results 

in edema which can cause death in an infant because of limited excretory ability of the 

immature kidney (He and MacGregor, 2008). A significant positive association was 

observed between Na or salt intake and incidence of gastric cancer in most but not at all of 

these studies (Palli et al., 2001; Tsugane et al., 2004). 

 

1.4.12  Nickel 

Nickel (Ni) is not required for normal cellular functions in humans but it is 

essential for the intestinal microflora (Hausinger, 1993). It affects Fe metabolism and 

associated signalling pathways (Salnikow et al., 2002). It can trigger oxidative burst in 

human neutrophils (Freitas et al., 2010). Occupational exposure to Ni occurs 

predominantly from mining, refining, alloy production, electroplating and welding. 

Particulate Ni is most harmful to humans, especially in the lung where crystalline Ni 

becomes lodged in the mucous prior to being phagocytized by both epithelial cells and 

macrophages. Once inside the cells, Ni compounds are gradually broken down releasing 

reactive Ni ions (Goldhaber, 2003). Prolonged inhalation of Ni fumes may result in 



Introduction 

20 

stomach aches, bronchitis, chronic lung infections, cardiovascular and kidney diseases 

(Picarelli et al., 2010).  

Nickel is a powerful mutagen and has been reported to induce sister chromatid 

exchanges, epigenetic alterations, disruption of cellular iron homeostasis, generation of 

ROS and activation of the hypoxia signalling pathway (Ramis et al., 2012; Mulware, 

2013). The epigenetic changes associated with Ni exposure involve hypermethylation of 

DNA, increased heterochromatin condensation, alterations of histone modifications 

including loss of acetylation of all four core histones (Koedrith and Seo, 2011). The 

exposure to high doses of Ni disturbs established cellular homeostasis via changes of 

intracellular Ca levels and also produces oxidative stress. The appearance of Ni-bound 

abnormal proteins or poisoning of an oxygen sensor is another important aspect of Ni 

toxicity (Arita and Costa, 2009).  

Nickel is among the most important human allergens and is also classified as 

carcinogenic to humans (Group-1) (IARC, 1990; Kasprzak et al., 2003). Several 

epidemiological studies demonstrated strong correlations between Ni exposure and risk of 

lung, prostate and nasal cancers (Silvera and Rohan, 2007). Its toxicity is also associated 

with increased risk of respiratory and gastrointestinal cancers (Guan et al., 2007; Leonard 

et al., 2004). Similarly, other studies revealed significant associations between Ni 

concentration and oral cancer (Tisch et al., 1996; Yuan et al., 2011). Khlifi et al., (2013a) 

reported that head and neck cancer patients showed significantly higher levels of Ni. 

Another study indicated statistically significant increased risk of prostate cancer mortality 

with higher occupational Ni exposure (Sorahan and Watherhouse, 1983). Its level in non-

Hodgkin lymphoma patients was higher than the control group (Schmitt et al., 1993).  

 

1.4.13   Strontium  

Strontium (Sr) is not classified as essential for the humans but it may exert several 

effects on bone cells (Peterson et al., 2007). It can promote strong, osteoporosis-resistant 

bones and reduce the pain of bone lesions especially in children (Reginster, 2002; Meunier 

et al., 2004). Accordingly, Sr has been thought to have potential in the treatment of 

osteoporosis (Cohen-Solal, 2002). The harmful effects of radioactive Sr are caused by the 

high energy of the radiations: radioactive Sr can be taken up into bones and the soft tissues 

nearby may be damaged by radiation released over time; particularly bone marrow is 

affected thereby resulting in reduction of the blood cells counts. High levels of Sr in the 

diet have been associated with phosphorus deficiency due to the formation of insoluble Sr 
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phosphate salts (Nielsen, 2004). When Sr uptake is very high, people may experience 

oxygen shortages and anaemia. When exposure is extremely high, cancer can occur due to 

genetic materials in the cells being damaged (Cohen-Solal, 2002). The International 

Agency for Research on Cancer and the Environmental Protection Agency declared that 

radioactive Sr is a human carcinogen because it is deposited inside the body and emits beta 

radiation (ATSDR, 2004). Cancers of the bone, nose, lung and blood (leukaemia) have 

been reported in animals due to high dose of Sr (Gould et al., 2000). 

 

1.4.14  Lead 

Lead (Pb) is a toxic metal with no apparent beneficial biological function and it 

can disturb cellular and molecular processes in the body (Satcher, 2000). The pathogenic 

effects of Pb are multifactorial since it can directly interrupt the activity of enzymes, 

competitively inhibit absorption of important trace minerals and deactivate the antioxidant 

sulfhydryl pools (Patrick, 2006). Two specific enzymes, glutathione reductase and delta-

aminolevulinic acid dehydrogenase, are inhibited by Pb (Martinez-Haro et al., 2011). It 

can depress the function of the adrenal and thyroid glands and also interferes with heme 

biosynthesis (Kumar and Clark, 2009). Cells absorb Pb through the same channels they 

absorb Ca and high levels of Pb decrease transport of Ca and vice versa; therefore, these 

two metals are competitive inhibitors (Navas-Acien et al., 2004). In addition, Pb can 

substitute the Zn in several proteins that function as transcriptional regulators including 

protamines (Whittaker et al., 2011).  

Lead toxicity may show nonspecific symptoms including colicky abdominal pain, 

nausea, kidney damage, neurological effects, constipation, arthralgia, myalgia, headaches, 

reduced sperm count and peripheral neuropathy, especially affecting the wrist and finger 

extensors (Patel, 2013; Thomson and Parry, 2006). Similarly, Pb toxicity is also associated 

with impaired cognitive function in the form of IQ changes and impaired haemoglobin 

synthesis (Al-Saleh et al., 2008). The IARC has classified Pb and Pb compounds as 

possibly carcinogenic to humans, citing inadequate evidence for carcinogenicity in 

humans but sufficient evidence for carcinogenicity in experimental animals (ATSDR, 

2007). Reactive nitrogen species (RNS) and ROS have also been shown to play a 

significant role in the incidence of cancer the following Pb exposure in humans (Koedrith 

and Seo, 2011). At a cellular and molecular level, Pb may permit or enhance carcinogenic 

events involved in DNA damage, DNA repair and regulation of tumour suppressor and 

promoter genes (Wang and Jia, 2009). Similarly, Pb may damage cellular components by 
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inducing oxidative stress (Whittaker et al., 2011; Silbergeld et al., 2000). Epidemiologic 

studies have illustrated a possible, but inconsistent, association between occupational 

exposure to Pb and lung cancer (Englyst et al., 2001). In animal studies, the length and 

severity of Pb exposure may be the crucial factor for the development of renal 

adenocarcinoma in rats (Goyer, 1993; Gerhardsson et al., 1992).  

 

1.4.15  Zinc 

Zinc (Zn) is essential for life and it is involved in the control of gene transcription, 

differentiation, development and growth (Taylor, 2008). Its functions are distributed into 

three categories: catalytic, structural and regulatory (Salgueiro et al., 2002). It is a 

constituent of over 300 enzymes, and plays an important role in nucleic acid metabolism, 

cell replication, tissue repair and growth (Jeejeebhoy, 2009). It is required for DNA 

synthesis, RNA transcription, cell division and cell activation (Barceloux, 1999). It is vital 

for the free-radical quenching activity of superoxide dismutase and is also required for the 

proper function of T-lymphocytes. It acts as an antioxidant and helps to stabilize the cell 

membranes (Maret and Sandstead, 2006). It not only enhances the action of insulin and 

manages blood glucose concentration, but also plays an essential role in the development 

and maintenance of the immune system. Liver functions such as urea formation require the 

presence of Zn and it is also necessary for neurogenesis, synaptogenesis, neuronal growth 

and neurotransmission (Chien et al., 2006).  

Zinc deficiency is associated with growth retardation, immune dysfunctions, 

cognitive impairment, hair loss, diarrhoea, delayed sexual maturation, eye and skin 

lesions, loss of appetite, dermatitis, reduce taste acuity, delayed wound healing and poor 

immune function (Dvornik et al., 2006). Excess of Zn is toxic and it can interfere with the 

metabolism of other minerals (in particular, Fe and Cu) in the body (Maret and Sandstead, 

2006). Elevated exposure during embryogenesis can be teratogenic or lethal (Chasapis et 

al., 2012). Its excessive exposure is often implicated in detrimental effects including 

oxidative damage to biomolecules, such as lipids, proteins and DNA (Khanna et al., 2013; 

Chasapis et al., 2012). Moreover, Zn deficiency is associated with increased tumour size 

and overall stage of the cancer. Many studies have shown that Zn inhibits the development 

of cancer and low levels of Zn are associated with several forms of cancers, such as breast, 

oesophagus, lung, stomach, prostate and head/neck cancers (Christian et al., 2005; Epstein 

et al., 2011). Mean contents of Zn were found to be significantly lower in oral cancer and 

lymphoma patients (Khanna et al., 2013; Hosthor et al., 2014; Gupta et al., 1994).  
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1.5  Metals, Oxidative Stress and Cancer 
In biological systems, metals are mostly bound to proteins, or to smaller molecules, 

such as phosphates, polyphenols and other chelating compounds. As constituents of active 

sites, metal cations with unpaired electrons mediate redox processes by reversible changes 

in their oxidation states, transferring or receiving electrons to or from the substrate and co-

factor (Celik et al., 2002; Rahman, 2007). Moreover, redox active metals (such as Cr, Ni, 

Pb, Co, Fe, etc.) undergo cycling reactions, act as catalysts in the oxidative damage of 

biological systems and therefore, possess the ability to produce reactive free radicals 

(Jomova and Valko, 2011). Metals can produce the radicals based on oxygen species or 

nitrogen species; however, the formation of reactive oxygen species (ROS) appears to 

predominate and generally, up to 1–3% of the pulmonary intake of oxygen by humans is 

converted into ROS (Cadet et al., 2010). Reactive oxygen species are derived from 

endogenous sources (mitochondria, metabolic process, inflammation, etc.) as well as 

exogenous sources, such as radiations, α-particles from radon decay, redox cycling 

components and metals (Kryston et al., 2011; Freitas et al., 2012).  

Oxidative stress is defined as the interruption of balance between oxidants and 

reductants within the body due to the excess production of peroxides and free radicals. 

This imbalance will cause damage/mutation to cellular components and tissues in the body 

leading to oxidative stress (Liu et al., 2009; Shazia et al., 2012). Disruption of metal-ion 

homeostasis may result in oxidative stress, a state where increased formation of ROS 

overwhelms the antioxidant protection (Waalkes, 2003). In other words, oxidative stress is 

an imbalance between ROS production and antioxidant defences (Theophanides and 

Anastassopoulou, 2002). Oxidative stress damages the bio-macromolecules, such as DNA, 

proteins, lipids and eventually induces a variety of chronic and degenerative diseases 

including cancers (Peroja et al., 2012). Cancers are usually controlled by a complex 

interplay of genes and their protein products but, because of damage, the genetic structures 

are fundamentally disturbed in a cancerous cell (Siegel et al., 2012). Besides, oxidative 

damage of DNA is thought to play a critical role in all stages of carcinogenesis (Freitas et 

al., 2012). However, the effects of oxidative stress may depend on the cellular genetic 

background, the types of ROS involved, and extent and time of interference of the ROS 

(Mantovani et al., 2008). Prolonged and persistent oxidative stress causes changes in 

cellular redox homeostasis, resulting in uncontrolled cell growth and abnormal activation 

of redox-sensitive signalling molecules, all of which are primary mechanisms involved in 
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metal-mediated carcinogenesis (Rana, 2008; Gupte and Mumper, 2009). The relationships 

between oxidative stress and cancers have been the subject of intense debate; mainly due 

to the well-documented fact that the cancer cells are under high levels of oxidative stress 

compared to the normal cells (Pervaiz and Clement, 2004; Kinnula and Crapo, 2004). 

However, some recent prospective studies strengthened the evidence for a causal 

relationship between oxidative stress and cancerous disease (Jarup and Akesson, 2009; 

Nawrot et al., 2008). 

Some of the metals, including Cd, Ni, Pb and Cr, have been recognized as human 

or animal carcinogens (Durham and Snow, 2006). Other metals can also influence the cell 

control by altering gene regulation. In terms of direct damage to DNA, most of the metals 

are only weakly mutagenic; however, many are strong co-carcinogens, promoting a 

synergistic effect in the presence of other cancer causing agents (Alatise and Schrauzer, 

2010). The carcinogenic potentials of these metals depend largely on factors such as 

oxidation states and chemical structures (Salnikow and Zhitkovich, 2008). In short, metals 

can affect multiple aspects of cellular functions, including proliferation, apoptosis, 

differentiation, as well as cell transformation (Maurici et al., 2005).  

 

 

1.6  Biological Samples Used for Metal Analyses 

Human biomonitoring of trace metals in various body fluids and tissues has 

become an important tool for occupational and environmental health (Marchiset-Ferlay et 

al., 2012). It involves the assessment of exposure to contaminants by measuring the 

substances or their metabolites in blood, hair, nails, urine, or other specimens and is 

employed for various purposes: inter alia, to identify the possible exposure sources, to 

observe the temporal variations of metals, to assess the nutrients deficiency and clinical 

problems, to find out the association between metals exposure and diseases, to map the 

geographical distribution of contaminated regions, and to relate the metal body burden and 

nutritional habits or workplace exposure (Duty et al., 2005; Wilhelm et al., 2007; Jensen 

et al., 2005; Naranmandura et al., 2010; Campbell et al., 2003; Schinas et al., 2000). In the 

forthcoming sections the significance of some biological matrices (scalp hair, nails and 

blood) for the biomonitoring of toxic and essential metals and their role in the diagnosis 

and development of the ailments are briefly discussed. 
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1.6.1  Scalp Hair  

Hair is mainly composed of strong structural protein called keratin. Each strand of 

hair consists of three layers: an innermost layer or medulla, which is only present in large 

thick hair, the middle layer known as the cortex that provides strength and colours/texture 

of hair, and the outermost layer known as the cuticle which is thin and colourless and 

serves to protect the cortex (Bass et al., 2001). The bundles of fibres found in the cortex 

are made from molecules of amino acids (Ostrea et al., 2007). Human hair is 80% protein, 

15% water and small amounts of lipids and inorganic materials. The mineral contents of 

the hair are about 0.25% to 0.95%, on a dry ash basis (Katz and Chatt, 1988).  

Hair is the metabolically active tissue that can be utilized for investigating the 

exposure of individuals or populations to toxins and pollutants, metals (Dongarra et al., 

2012). It represents what is occurring inside the cells because hair accumulates the metals 

into its structure during the growth processes (Forte et al., 2005; Khalique et al., 2006). As 

these metals reach hair follicles, they are incorporated into its protein matrix. When hair 

approaches the skin surface, it undergoes a hardening process or keratinization and the 

metals accumulated during its formation are sealed into the protein structure of the hair, 

which is able to bind cations by ionic interactions. Once a trace metal is incorporated into 

the hair matrix, it is affixed permanently and becomes difficult to remove through normal 

washing (Angerer et al., 2007; Zhang et al., 2007). Since hair follicles are in contact with 

the blood supply during growth, metal contents of the hair reflect concentrations in the 

body over this time (Wolowiec et al., 2013). 

Human hair has many advantages over other biological samples; it accumulates all 

the important trace metals, it is a stable matrix, its collection is simple and painless, its 

transportation is easy and low-cost, it is less hazardous to handle and does not show 

storage changes for the period between sampling and analyses (Carneiro et al., 2011). In 

addition, specimens can easily be resampled. Hair has the ability to screen a large number 

of toxic and biologically essential metals (Klevay et al., 2004). The levels of substances 

measured in hair may be anything up to 10-fold higher than levels found in blood or urine. 

This makes relative measurements much more accurate and minor variations less 

significant statistically. Contrary to other tissues, hair is formed relatively fast; moreover, 

it grows outside the skin, which excludes it from metabolic processes (Unkiewicz-

Winiarczyk et al., 2009). 

Difficulties with the proper interpretation of results of hair analyses are due to the 

absence of well-defined reference concentration ranges, problems associated with 
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differentiating between endogenous and exogenous deposition, and the inconsistency of 

hair concentration anomalies with nutritional status and clinical symptoms. Furthermore, 

the kinetics of the biochemical mechanism which incorporates trace elements into hair is 

not well-known (Barbieri et al., 2011). Hair growth is rather slow (about 1 cm/month), so 

even hair closest to the scalp is several weeks old and thus may not reflect current body 

conditions for the purpose of heath diagnosis. In general, food and 

environmental/occupational exposures are considered to influence the trace metal levels in 

the hair apart from genetics, age, sex, hygiene, blood, enzymes, hormones, metabolism, 

hair colour, rate of growth, geographical location of individuals and life style, etc. (Amaral 

et al., 2008; Chojnacka et al., 2010). 

Exogenous contamination of hair is a very critical factor; it is not very porous 

(porosity is about 10% in men and 15% in women), so externally applied metals are not 

easily introduced into the hair follicle itself (Wang et al., 2009). However, because the 

hair shafts contain rifts and fissures, contaminants may become affixed to the follicle from 

external exposure. Perm, dye and bleach treatments may raise the metal levels. Although 

their effects are usually subtle, some shampoos may influence the element levels in hair 

(Yasuda et al., 2009). The reliability of using hair as metal analyses specimen has been 

borne out by a plethora of studies conducted by independent agencies over the years 

(Souad et al., 2006; Schramm, 2008). 

 

1.6.2. Nails  

The human nail is a modified type of epidermis that consists of compact layers of 

dead cells of epithelium. The main constituent of the nail is the organic matrix which is 

formed by keratin (Katsikini et al., 2010). The sulphur in cysteine molecules in adjacent 

keratin proteins links together in disulphide chemical bonds, which are very strong and 

very difficult to break apart (Karagas et al., 2000; Rajpathak et al., 2004). Both fingernails 

and toenails can be employed to analyse the metals, although some researchers consider 

that toenails are better than fingernails because they are less exposed to external 

contamination (Barbosa et al., 2005). Nail grows in two different directions, length and 

thickness (Bjorkman et al., 2007). The thickening rate is constant and slow, with a mean 

value of 0.027 mm/mm length (Goulle et al., 2009). Therefore, the hardened nail plate 

clipped for exposure analysis is removed from the metabolic process upon formation and 

throughout growth (Hopps, 1977; Ohno et al., 2007). The relationships between the 

appearance of nails and health conditions have been reported by the American Academy 
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of Dermatology. For instance, white nails may be evidence of liver disease, while half 

pink and half white nails could be signs of kidney diseases and a red nail bed could be an 

indicator of heart conditions (Olabanji et al., 2005). These observations suggested that 

investigation of, and possible adjustment for, age, gender, and other individual 

characteristics is of importance in monitoring exposure using nails. In addition, differential 

nail growth emphasizes the need for uniformity in sampling protocol (Karita et al., 2001; 

Esteban and Castano, 2009). 

In comparison to blood samples, there are many advantages in utilizing nails as a 

biomarker of metal exposure and nutritional mineral status (Daniel et al., 2004). Its 

collection is non-invasive and simple and does not requiring special storage conditions; 

standardized methods are available for collection, washing, preparation and instrumental 

analysis; trace metals in nails reflect long-term exposure; once elements are incorporated 

into keratin of nails, the levels remain isolated from other metabolic activities in the body 

with no fluctuation in element levels due to changing body metabolic activities; nails 

conserve the pattern of trace element composition beyond the life span of the cells and 

because of their resistance to decay, are exceptionally well suited for long-distance 

transport; large number of specimens can be procured and stored and trace metals are 

considerably more concentrated in nails than in urine or blood (Zeegers et al., 2002; 

Rayman et al., 2003; Maruvada and Srivastava, 2004; Wilhelm et al., 2005; Karpas et al., 

2005; Ilhan et al., 2004). Conversely, nails analyses have several limitations: the response 

of the nail as biomarker is not well characterized for some metals; nails are generally 

sheltered and frequently washed as a result of the prevalent hygiene practices; the 

specimens collected may include small nail mass; nails can be contaminated through the 

use of some medications and nail polishes; metal contamination can also be imparted to 

nail samples by the cutters used to produce the clippings and exogenous material adhering 

to nail samples may influence the metal levels (He, 2011; Slotnick and Nriagu, 2006).  

 

1.6.3  Blood  

Blood is composed of straw-coloured liquid called plasma, in addition to different 

specialized cells, including red blood cells, white blood cells and platelets. Approximately 

90% of plasma is composed of water while the rest of the constituents include dissolved 

substances, primarily proteins. Plasma typically accounts for 55% by volume of blood and 

of the remaining 45%, the major contribution is from the red blood cells or erythrocytes 

which are discoid-shaped cells and make up 99% of the cells in the blood (Prange et al., 
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1989). They are the principal carriers of the red coloured haemoglobin, which is an iron- 

containing protein and binds about 97% of all oxygen in the body (Slejkovec et al., 2008). 

The white blood cells or leukocytes are a vital source of defence against external 

organisms and also serve as ‘sanitary engineers’ cleaning up dead cells and tissue debris 

that would otherwise accumulate (Grover et al., 2011). Three types of blood specimens, 

namely whole blood, serum and plasma are commonly used in clinical studies (Krachler et 

al., 1997). Whole blood includes both the cellular elements and the plasma. Serum is the 

supernatant fluid when coagulated blood is centrifuged. Plasma is the supernatant fluid 

when anti-coagulated blood has been centrifuged. Serum is clearer than plasma because it 

contains fewer proteins (Fairweather-Tait et al., 2010).  

Metals in blood are generally bound to red cells or to plasma proteins and represent 

the fraction available for transport into and out of the tissues. For some metals, binding 

occurs with proteins which have a specific transport function, such as transferrin, 

ceruloplasmin and metallothionein. These are not only involved in the transport of 

essential metals, such as Fe, Cu and Zn, but also in those of toxicological interest, such as 

Cd, Cr and Co. The binding at tissue level, which can be specific for a single metal, 

determines an increase of the concentration of the metal at the site of the toxic action or in 

organs and in soft tissues. These particular binding sites are important since they can 

neutralize the toxicity of the metal (Esteban and Castano, 2009). 

In human biomonitoring, blood is an ideal matrix for trace metal research because 

of its natural significance and ease of sampling (Ilyas and Shah, 2015). Blood is one of the 

widely used specimens, for the reason that the blood plasma is in contact with all tissues 

and is in equilibrium with the organs and tissues where chemicals/metals are deposited. 

Nonetheless, blood metal levels are largely independent of the tissue deposition. Blood 

provides information about what the body has recently absorbed. It is the transport 

medium for the nutrients and toxic metals to and from the tissues and therefore, provides 

rapid and reliable information about the metabolism in the human body (Pasha et al, 

2010b; Frisk et al., 2007). Additionally, blood specimen does not need any washing step 

prior to analysis unlike nails and scalp hair. However, it has some disadvantages: the 

sampling process is invasive and this can have discouraging/unpleasant effect on the 

participant response in volunteer epidemiological studies (Rockett et al., 2004). Moreover, 

it must be stored below freezing point before metal analyses, and all fresh and frozen 

blood specimens must be considered potentially hazardous/infectious (Cocciardi, 2012). 
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1.7  Objectives of the Present Study  
The present study is primarily focused on finding the role of selected essential and 

toxic metals in human carcinogenesis. The study is designed with the objectives to obtain 

baseline data for selected metal concentrations in the scalp hair, nails and blood of patients 

suffering from lung cancer, lymphoma, oral cancer, ovarian cancer, and prostate cancer 

and counterpart healthy subjects of similar habitat, age, gender, socioeconomic status and 

food habits. In the light of the above description, the present study is aimed at 

accomplishing the following broad objectives: 

 To evaluate the distribution of selected essential and toxic trace metals in scalp 

hair, nails and blood samples of cancer patients in comparison with matching 

healthy subjects. 

 To investigate the mutual relationships among the metals in terms of correlation 

coefficients in scalp hair, nails and blood of both donor groups. 

 To assess the comparative apportionment of essential and toxic metals by 

multivariate statistical methods in each matrix. 

 To study the relative variations in the metal levels with gender, habitat, food and 

smoking habits of cancer patients and healthy subjects. 

 To find out the significant differences in concentrations of the metals in various 

types and stages of cancer patients. 

 To explore the role of selected metals towards a particular type of cancer. 

 To compare the measured metal contents in scalp hair, nails and blood samples of 

different donor groups in relation to prevailing international scenario in other parts 

of the world.  

 To consider the use of scalp hair, nails and blood metal analyses as a diagnostic 

and/or prognostic tool. 
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Chapter 2 

EXPERIMENTAL METHODOLOGY 
 

2.1  General Aspects  
Extensive efforts have been made to establish the guidelines related to bio-

analytical practices; there are still concerns among the researchers dealing with biological 

systems regarding the analytical data obtained for chemical constituents, especially for 

those at very low concentrations. Major efforts are therefore necessary to generate 

reproducible and reliable results, in order to build-up the reference data-base for human 

tissues and body fluids. Unless this is achieved, factual variations in trace component 

concentrations arising from physiological changes, pathological influences, occupational 

and environmental exposure remain submerged in the wide ranges associated with 

reported analytical data. Thus, viable improvements have been introduced in the working 

procedures related to the practical problems in human health (Parodi et al., 2014). 

Generally, metals are found in trace amounts in the scalp hair, nails and blood of 

humans; therefore, very accurate procedures are required for the preparation and analysis 

of samples to avoid any contamination/misinterpretation (Dor et al., 1999). Accordingly, 

standard protocols for the analyses of scalp hair, nails and blood are imperative to ensure 

the reliable and reproducible results to warrant meaningful interpretation in line with the 

proposed goals of the study. The experimental methods implemented to carry out this 

study in terms of subject’s description/ethics, sample collection, preservation, processing, 

digestion and instrumental analyses of selected metals, along with the operating principles 

and statistical computation of the data are described in this chapter. The details of these 

experimental procedures are discussed in the forthcoming sections. 

 

2.2  Study Population 
The subjects included in the present study were different cancer patients and 

counterpart healthy donors/controls. All the subjects were initially briefed about the aims 

and objectives of the study and then a written/signed consent was obtained prior to the 

sample collection. The participants were included on a volunteer basis and clearly 

informed that they were free to participate or withdraw from the study at any stage. In 

addition, the subjects were assured that any information obtained from them will remain 
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confidential. A structured questionnaire was filled-in to record the information, such as 

age, gender, residence, food habits, smoking habits, education, socioeconomic status, type 

of ailment, ailment duration, stage, medication, occupation, and use of hair/nail cosmetics, 

etc., from each subject at the time of sample collection. A sample of such 

questionnaire/proforma is given as Annexure-Ι. Detailed clinical and physical examination 

was performed for each subject. 

 

2.2.1  Cancer Patients  

The scalp hair, nails and blood samples were collected from five different types of 

cancer patients: lung cancer, lymphoma, oral cancer, ovarian cancer and prostate cancer 

patients. The samples were collected from the patients admitted in Nuclear Medicine 

Oncology and Radiotherapy Institute (NORI), Islamabad and Pakistan Institute of Medical 

Sciences (PIMS), Islamabad, Pakistan, on a volunteer basis. Prior to sample collection, the 

protocol of present study was approved by the ethical review committee of each institute. 

The samples of various cancer patients were collected prior to any treatment (i.e. surgery, 

chemotherapy or radiotherapy) and they had not been taking any mineral supplements for 

the previous three months. The symptoms and signs of the cancer patients were carefully 

evaluated. Clinical diagnosis was confirmed by histopathological and radiological 

examinations of all the patients (Zaichick and Zaichick, 2013). Physical examinations 

were performed to measure each participant’s weight, height, blood pressure and 

biochemical data. Moreover, all cases of the cancer patients were newly diagnosed and 

previously untreated. 

 

2.2.2  Healthy Subjects  

In the present study, scalp hair, nails and blood samples were also collected from 

the healthy subjects/controls who were randomly selected but matched with the patients 

for age, gender, residence, food habits, environmental exposure and socioeconomic status. 

The healthy subjects were not suffering from any cancerous lesions and they were not 

taking any mineral supplement on a regular basis. In most of the cases, the healthy 

subjects were the family members or closely related persons to the patients; hence, the 

patients and controls had almost similar environmental exposure, food habits and 

socioeconomic status. Physical examinations were performed and the demographic 

characteristics were recorded for each subject.  
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2.3  Sample Collection and Preservation 
2.3.1  Collection and Storage of Scalp Hair Samples 

Scalp hair sampling procedures can affect the hair metal contents. For instance, the 

cutting devices may add certain metals to hair samples; scissors made of mild steel may 

contribute Fe, while stainless steel scissors may add Cr in the hair samples (Rodrigues et 

al., 2008). Moreover, concentrations of trace metals may be different in hair collected 

from different anatomical locations and may vary along the length of the hair (Trunova et 

al., 2003). To minimize the risk of external contamination, hair samples should be 

collected from the nape area close to the scalp and should not have been dyed, permed, 

bleached, or straightened for three months. The procedure should be designed to prevent 

major sources of exogenous contamination, which include the environmental factors and 

hair treatments (Harkins and Susten, 2003). However, these protocols were not always 

adhered to or contamination may occur in spite of these protocols (Steindel and Howanitz, 

2001). Different methods have been reported in recent literature for the collection and 

storage of scalp hair samples as described below. 

 The hair samples were collected from five different parts of the scalp (frontal, 

cranial, occipital, right, and left lateral). These samples were placed in sealed and coded 

plastic bags. The first 5 cm of hair sample from the root was used for the analysis (Kazi et 

al., 2008c). 

 Scalp hair samples were collected using stainless steel scissors during their hair cut 

sessions in barber shops. As most of the participants had short to medium hair length, their 

hair was collected from all around the scalp, whereas only the proximal part to the scalp 

was collected for those few with long hair. Each sample was stored in a plastic bag and 

shipped to laboratory for analysis (Thanh et al., 2009). 

 Hair samples from the participants were collected on three occasions in one year to 

evaluate any variation in the concentrations of trace metals. The samples were cut from the 

nape of the neck using stainless steel scissors. Each hair sample was put into the separate 

plastic polyethylene envelope and sealed (Shah et al., 2011). 

 Scalp hair samples weighing approximately 1 g were collected from the occipital 

region of the head in order to reduce the influence of exogenous contamination, using 

stainless steel scissors. Samples were stored in plastic bags (Pena-Fernandez et al., 2014). 

 About 3 g of hair samples were cut from the nape of the neck close to the scalp, as 

strands 3−5 cm long, with a pair of plastic scissors. The samples were directly stored in 
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zip-mouthed polyethylene bags, duly labelled with relevant codes (Ilyas et al., 2015a). 

It is clear from the above deliberations that there is no universal/standard method 

for the collection and storage of scalp hair samples. The method employed for the 

collection of scalp hair samples during the present study is outlined below: 

Approximately 1 g of scalp hair samples was cut from the sub-occipital zone of the 

head at 1 cm from the scalp as 3−4 cm long strands with the help of a pair of plastic 

scissors (SL0504A, China). Polyethylene gloves were used during the sample collection as 

a precautionary measure to avoid any contamination. Afterward, the scalp hair samples 

were transferred into pre-cleaned zip-mouthed polythene bags duly labelled with the 

identification codes along with attached questionnaire. The samples were safely stored in 

desiccators at room temperature before further processing. This method was selected for 

the collection of scalp hair samples in the present study because it minimizes the risk of 

external contamination (Qayyum and Shah, 2014a). 

 

2.3.2  Collection and Storage of Nails Samples 

Differential nail growth for different fingers, hands and fingernails versus toenails 

emphasizes the need for uniformity in sampling protocol, not only for the collection of 

multiple samples within a study, but also for inter-investigation comparisons. Accordingly, 

it has been reported that nail clippings collected from all 10 fingers or toes are likely to 

represent exposure status occurring over a 2 to 12 months period and minimize the impact 

of nail growth variations as well as ensure the collection of maximum possible sample 

weight (Yoshizawa et al., 2002). In the majority of cases, nail sampling was carried out 

using stainless steel nail clippers, although ceramic blade cutters have also been employed 

to collect the nails in order to avoid the external contamination (Chandrasekhar et al., 

2003). Some of the most commonly used methods for the collection and storage of the nail 

samples are mentioned below. 

 All the fingernails of the subjects were cleaned by trained personnel using surgical 

spirit followed by non-ionic detergent. The nails were cleaned using metal-free cotton 

wool “wetted” with acetone, then they were rinsed and dried with a clean towel. All the 

fingernails were clipped from the same subject every two weeks and a satisfactory amount 

was obtained after a period of seven months. They were kept in labelled plastic containers 

(Batista et al., 2008; Faridah et al., 2008). 

 Before the sample collection, the hands of the subjects were washed with distilled 

water and metal-free medicated soap followed by drying with sterile clean tissue paper to 
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remove any external contamination. Using sterile stainless steel scissors, fingernails were 

sampled from subjects. Nails collected from each person were sealed in sterile plastic 

covers (Moses and Prabakaran, 2011). 

 Nail samples of fingers and toes (about 5 g) were collected with the help of 

ceramic clippers from the subjects. The samples were stored in plastic vials at room 

temperature (Przybylowicz et al., 2012). 

 For fingernail collection, participants were asked to wash their hands with the 

provided liquid soap and rinse them thoroughly with tap water. After drying, all 

fingernails of both hands were clipped directly into sampling bags. Before washing their 

hands, women who had painted nails had the enamel removed with acetone-based solution 

(Viana et al., 2014). 

 The original toenail samples were split into approximately 5 mm long clippings 

using a pair of titan tweezers. Toenails samples were stored in special non-reactive plastic 

envelopes at room temperature (Vinceti et al., 2014). 

In the present study, the following method was adopted for the collection and 

storage of nails samples from the patients and healthy subjects: 

Before the collection of nails samples, the subjects were asked to wash their hands 

and feet thoroughly with double-distilled water and medicated soap devoid of metal 

contamination, followed by drying with a clean towel or tissue paper to remove external 

contamination, if any. All the finger and toe nails of the subject were clipped with the help 

of stainless steel clippers in order to obtain the measurable quantity. The samples were 

stored individually in sealed labelled plastic bags at room temperature before further 

processing (Qayyum and Shah, 2014b). 

 

2.3.3  Collection and Storage of Blood Samples 

Biological fluids are exceptionally susceptible to external contaminations unless 

special precautions are followed during collection, storage, and analysis. Trace metals are 

present in the materials used to manufacture rubber stoppers and blood collection tubes. 

Therefore, specially prepared evacuated tubes are useful in large scale clinical screening 

studies. Prior to the sample collection, cleaning of skin is necessary. Contamination may 

originate from the skin or from hands of person collecting the samples (Frances, 2000). 

Some of the methods which are reported in recent literature for the collection and storage 

of human blood samples are presented below. 

 Venous blood samples (3–4 mL) were collected using metal-free vacutainer tubes 



Experimental Methodology 

 35

containing >1.5 mg K2EDTA. The collection tubes were shaken and stored at −4°C till 

further treatment (Kazi et al., 2008a; Tounsi et al., 2013). 

 The blood sample was collected from an antecubital vein by using appropriate 

precautions to prevent exogenous contamination. Venous blood sample was obtained in 

heparinized evacuated tube. Each sample was gently shaken by hand and centrifuged at 

2000 revolutions per minute for 15 minutes. The plasma was separated carefully by using 

Finn pipette into another clean polyethylene tube and then stored at –70°C until further 

analysis (Pasha et al., 2010b; Vardavas et al., 2011). 

 The participants were asked to fast overnight before blood sampling. About 20 mL 

of venous blood sample was drawn into chemically clean tubes containing anticoagulants, 

and part of the serum sample was obtained after the blood had been centrifuged for 

analysis. Blood samples were stored at −20°C until analysis (Lee et al., 2012). 

 About 5 mL sample of venous blood was collected with help of a Teflon catheter 

directly into the clean test tubes. The blood collected was allowed to clot for 30 minutes at 

room temperature and then centrifuged at 3000 revolutions per minute for 10 minutes and 

stored in glass tubes. The samples were further stored at −20°C until estimation (Khanna 

et al., 2013). 

 Venous blood (10 mL) was collected from each subject through antecubital 

venepuncture and discharged slowly into two separate 5 mL heparinized bottles. Blood 

collected in the first bottle was used for the determination of various biochemical 

parameters, while the blood in the other bottle was frozen at −20°C for trace metal 

analysis (Ojo et al., 2014). 

In the present study, blood samples were collected from the patients and matching 

healthy subjects by the following method:  

The blood samples were collected by using appropriate precautions to prevent the 

contamination. Prior to collection of the blood sample, the skin of each donor was 

thoroughly cleaned with 70% isopropyl alcohol. The blood samples (about 3 mL) were 

collected from the forearm antecubital vein with the help of a pre-cleansed syringe (5 mL, 

BD Ref. 305719) by venepuncture method. The samples were immediately transferred to 

the evacuated polyethylene blood-collection tubes (BD vacutainer Ref. 366430). The 

evacuated tubes were free of any chemical contamination; therefore this method was most 

appropriate for trace metals analyses. The samples were kept frozen at –15°C until further 

analyses (Qayyum and Shah, 2014b, 2015).  
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2.4  Sample Treatment and Processing 
2.4.1  Washing of Scalp Hair Samples 

Sample preparation carries a risk of sample contamination/loss at each step; special 

measures are needed to preclude this. The washing of hair samples is important for the 

removal of external contamination and to provide an accurate valuation of the endogenous 

metals contents (Pereira et al., 2004; Morton et al., 2002). There are many methods 

reported for the removal of exogenous impurities from hair but still no standard method 

can be prescribed. The ultimate goal of all such physical and chemical methods should be 

removal of the exogenous materials loosely adhering with fats, sweat and dirt without 

changing the endogenous contents of the samples. Many procedures for washing of hair 

samples have been reported but the differences in the capability of various washing 

materials are highly variable (Kosanovic and Jokanovic, 2011). A variety of 

cleaning/washing agents have been used and their efficacy may vary based on the nature 

of the contaminants. Some of the recently reported washing procedures for scalp hair are 

described below. 

 Each scalp hair was cut into approximately 0.5 cm pieces and mixed to make a 

representative sample, which was washed with dilute Triton X-100 and then rinsed with 

distilled water, deionized water and acetone. The samples were dried in an oven at 80°C. 

The dried hair samples were kept in pre-cleaned polyethylene vials (Afridi et al., 2006). 

 Approximately 250 mg of hair samples were placed in 9 mL polypropylene tubes, 

to which 5 mL of aqueous solution of sodium dodecyl sulphate was added. The samples 

were gently mixed on a rotator at room temperature for 3 minutes. This relatively short 

wash time was chosen to minimize the risk of leaching of materials from the interior of the 

hair shaft to solvent. The hair were then allowed to dry for about 5 days in a clean 

protected hood (Davenport et al., 2006). 

 Hair sample was washed with shampoo, rinsed thoroughly with water and dried. It 

was followed by washing with dichloromethane (5 mL), isopropanol (5 mL) and dried 

with acetone (2 mL). After washing, these samples were kept to dry and then cut to 

approximately 1 mm clippings using scissors (Cordero and Peterson, 2007). 

 The hair samples were cut into smaller pieces with a sterile surgical scalpel. The 

washing procedure was carried out in the following sequence: acetone-water-water-water-

acetone. More specifically, hair samples were immersed in 20 mL of acetone or water and 

stirred, each time in an ultrasonic bath for 15 minutes. The washed samples were 
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individually placed in glass beakers and dried for 24 hours at a low temperature (40°C) in 

a drying oven (Sela et al., 2007; Fernandes et al., 2007). 

 Each hair sample was washed with a solution of 1% of Triton X-100 in ultrapure 

water for 5 minutes in an ultrasonic bath. This was repeated with a second wash with 

ultrapure water without detergent. Once washed, each hair sample was rinsed with 

ultrapure water and dried at 50°C to a constant weight (Pena-Fernandez et al., 2014). 

In the present study, hair samples of the patients and controls were washed by the 

the following method in order to provide an accurate assessment of endogenous metal 

content. 

The scalp hair were initially cut into small pieces of 2-3 cm in length and mixed to 

make a representative hair sample. The samples were placed in the conical flasks (250 

mL) to which 50 mL of 5% (w/v) detergent solution was added. These samples were 

shaken on an auto-shaker for 30 minutes at 320 vibrations per minute. After this step, the 

samples were left undisturbed for 2 h and then washed with distilled water until all the 

detergent was leached out. This step was followed by the addition of 30 mL of Triton X-

100 (0.5% v/v) solution and the samples were again shaken on an auto-shaker for 20 

minutes. Afterward, the samples were washed with excess of doubly distilled water in 

order to remove the non-ionic detergent. Finally, the samples were dried in an electric 

oven overnight at 70°C and cooled to room temperature in desiccators containing silica gel 

as the desiccant (Qayyum and Shah, 2014a). This method was the best choice for washing 

of hair samples because it can remove almost all contaminations due to the use of ionic 

and non-ionic detergents. 

 

2.4.2  Washing of Nails Samples  

The degree to which exogenous materials influence the metal concentrations in 

human nails depends on the washing procedure employed, how ubiquitous the metal of 

interest is in the environment, and the study subjects. Nail clippings are subjected to 

various washing procedures for the removal of any exogenous impurity, such as dirt or 

lotion that may influence both intra- and inter- individual variability in metal contents 

(Aguiar and Saiki, 2001). Many procedures for washing of finger and toenail clippings 

have been employed but prior to any procedure, nails are often manually scraped to 

remove visible external contaminations (Wilhelm et al., 2005). Some recently reported 

methods for the washing of nails samples are described below. 

 The nails samples were soaked in non-ionic liquid soap for 2 hours in a labelled 
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glass beaker and washed free from metallic debris. They were subsequently soaked in 

acetone for 1 hour before rinsing them five times with distilled water. The samples were 

kept in labelled vials, oven dried at 60°C to a constant weight. Polished nails were first 

washed in 4-methyl pentan-2-one and then oven dried. The samples were weighed in 

triplicates and kept in the desiccator (Were et al., 2008). 

 The nails samples were washed with 2 mL of solvent with the use of a vortex 

mixer. The procedure was as follows: water (twice), Triton X-100 (once), water (several 

times until bubbles disappeared), methanol (once) and finally methanol in an ultrasonic 

bath for 15 minutes. After the washing process, the samples were dried at 80°C overnight 

and then stored in desiccators (Przybylowicz et al., 2012). 

 The nails samples were washed with 25 mL of acetone and sonicated for 10 

minutes, then washed three times with 25 mL of deionized water and sonicated for 10 

minutes each time and finally washed with 25 mL of acetone and sonicated for 10 

minutes, discarding the wash solution between each step. After washing, the samples were 

dried overnight at 60°C on a hot block (Dummer et al., 2014). 

 Ultra-sonication of nails in Milli-Q water was done for 30 minutes. Milli-Q water 

was replaced with acetone and samples were ultra-sonicated for further 30 minutes to 

remove inorganic contaminants on the nail surface. Thereafter, the nails were rinsed 5-

times with Milli-Q water and oven dried at 60°C to constant weight (Slotnick et al., 2007; 

Ndilila et al., 2014). 

 Nails samples were immersed in 1% Triton X-100, sonicated for 20 minutes, then 

washed 5-times with water and allowed to dry at 60°C overnight (Rahman et al., 2015). 

In the present study, the following method was employed for washing of the nails 

samples of the patients and controls. 

The nails samples were placed in labelled conical flasks and soaked in 5% (w/v) 

detergent solution overnight to weaken the bound dirt. Afterward, the flask contents were 

shaken on an auto-shaker for 20 minutes at 320 vibrations per minute followed by washing 

with plenty of water. Any loosely bound impurity was removed manually at this stage. 

Acetone (50 mL) was then added in the conical flasks containing the nail samples and the 

flasks were again shaken on an auto-shaker for 20 minutes. This helped to remove nail 

polish, lotion or other such materials. The samples were then washed with distilled water. 

This was followed by the addition of 30 mL Triton X-100 (0.5% v/v) solution and further 

shaking on an auto-shaker for 20 minutes. After that, samples were washed with excess of 

doubly distilled water in order to remove the detergent. Finally, the samples were dried in 
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an electric oven overnight at 70°C (Qayyum and Shah, 2014b). This method involved least 

chances of contamination, environmental friendly and most accurate for trace metals 

analyses (Pasha et al., 2008b). 

 

2.5  Sample Digestion Methodologies 
2.5.1  Digestion of Scalp Hair Samples 

The washed and dried scalp hair samples are generally digested prior to analyses. 

Digestion schemes are normally executed in order to prepare a clear and homogenous 

liquid medium (Aydin, 2008). Inappropriate methods can contaminate the hair samples 

and/or may result in loss of endogenous contents of the hair matrix. Sometimes acid 

mixtures commonly used for this purpose may interfere with the metals in the subsequent 

analyses. Digestion method used depends upon the type of material, instrument for 

analysis, accuracy and availability. There are a number of procedures reported for the 

digestion of scalp hair samples. Some of the recently reported methods are described 

below: 

 The washed and dried hair was cut into approximately 1 mm pieces and digested 

by addition of 2 mL methanol as an extracting solvent to 50 mg of the hair, in a 10 mL 

screw-cap tube. The pH was adjusted to 7.4 by phosphate buffer solution. The samples 

were incubated at 50°C for 5 hours. In the case of a remaining solid matrix, extracts were 

filtered, the remainder was rinsed with 0.5 mL ethanol and both fractions were evaporated 

to dryness at 40°C under a steam of nitrogen (Yazdi and Eshaghi, 2005). 

 Hair samples were mineralized by placing 0.35 g of the sample directly into each 

microwave vessel to which 6 mL of deionized water, 2 mL of H2O2 (>30%) and 2 mL of 

HNO3 were added in sequence. The vessels were then sealed and heated to 200°C for 15 

minutes and cooled. Finally, the samples were transferred to 25 mL storage vials (Hawkins 

and Dottir, 2009). 

 About 100 mg of hair sample was weighed directly into a clean polypropylene tube 

followed by the addition of 1 mL of concentrated HNO3 and 0.1 mL of H2O2. The tube 

was allowed to stand for 15 minutes at room temperature. It was then immersed into an 

ultrasonic water bath (preheated at 75°C) and left for 60 minutes, followed by cooling to 

room temperature. Approximately 1 g of stock solution (10 ng/L) was used as internal 

standard. The final volume of 10 mL was made up with deionized water (Barbieri et al., 

2011).  
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 Approximately 20 mg of hair sample (1 cm) was weighed into polypropylene tube 

(15 mL) to which 1 mL of 25% tetramethylammonium hydroxide solution was added and 

the mixture incubated at room temperature overnight. This was followed by adjusting the 

final volume up to 10 mL with a solution containing 1% HNO3. Afterward, the samples 

were directly analysed (Carneiro et al., 2011). 

In the present study, the following method was implemented for the digestion of 

scalp hair samples of the patients and controls. 

An accurately weighed quantity of dried hair sample (~ 1.000 g) was placed in a 

250 mL conical flask. The sample was treated with 10 mL of concentrated (65%) HNO3 

and heated at 80°C for about one hour. The sample was then cooled to room temperature 

and this was followed by the addition of 5 mL of concentrated (70%) HCLO4 with 

subsequent heating to a soft boil until dense white fumes evolved, marking the completion 

of the digestion process. The sample was again cooled to room temperature. The digested 

sample was transferred to a volumetric flask and the final volume (50 mL) was made up 

with 0.1 N HNO3. A blank was also prepared in the same way along with each batch 

(containing 10 samples) but without the hair sample. After dilution, the samples were 

coded and stored in plastic bottles (Qayyum and Shah, 2014a). The choice of acids in this 

digestion method was unique; HNO3 starts oxidation of organic matter and it converts 

trace metals into their nitrates which are water soluble. Nitric acid was employed along 

with other mineral acids; HCLO4 was the best choice as it makes a very good mixture with 

HNO3 for complete mineralization of the hair samples and 2:1 ratio was the best 

proportion of this acid mixture.  

 

2.5.2  Digestion of Nails Samples 

Diverse methodologies have been reported for the digestion of nails samples. Some 

of the recently reported digestion procedures for nails samples are described below. 

 Nails samples were digested in acid-washed Teflon beakers with 1 mL HNO3 for 5 

minutes before transferring to a digital heating block. Samples were gradually heated to 

100°C and the temperature was maintained for about 30 minutes. When samples turned 

from brown to a light yellow, 1 mL H2O2 was added and the temperature was maintained 

at 115°C until the volume was reduced by half. The final volume was diluted to 3 mL 

using Milli-Q water (Slotnick et al., 2007). 

 Cleaned nail clippings (10−20 mg) were accurately weighed into the conical tubes. 

Then 1 mL of 25% tetramethylammonium hydroxide solution was added to the samples 
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which were incubated at room temperature overnight, vortexed for 5 minutes and then the 

final volume was adjusted up to 10 mL with 1% HNO3 (Batista et al., 2008). 

 Nitric acid (1 mL) was added to the samples and heated at 100°C for 40 minutes on 

a hot block. After cooling, 1 mL of ultrapure H2O2 was added to the samples which were 

then heated again to 100°C for 40 minutes. After cooling, the samples were diluted to 15 

mL with deionized water (Dummer et al., 2014). 

 Each nail sample was weighed into a digestion vessel with 3.1 mL of HNO3 and 1 

mL of 30% H2O2. The vessels were heated to140°C at 400 W for 10 minutes, and then 

ramped to 190°C at 600 W for 25 minutes using a microwave digestion system. After 

removing the vessels from the microwave, samples were cooled and transferred to 50 mL 

polypropylene vials and diluted to 8 mL with high purity water (Brown et al., 2014). 

 About 5–20 mg of nail sample was pre-digested in 1 mL HNO3 for 5 minutes at 

room temperature and then gradually heated to 90°C for 30 minutes. The solution was 

cooled to room temperature and 1 mL H2O2 was added. The solution was then further 

heated at 90°C until the sample was completely digested. The final solution was diluted to 

4 mL with Millipore water (Kuiper et al., 2014; Ndilila et al., 2014). 

Several other methods have been reported for the digestion of nails samples. The 

method selected for the digestion of nails samples in the present study is described below. 

An accurately weighed quantity of dried nails sample (≥ 0.100 g) was placed in a 

conical flask. Then 10 mL mixture of concentrated HNO3 and HCLO4 (5:1, v/v) was 

added to the flasks containing nails sample. The sample was left undisturbed for 30 

minutes at room temperature. After predigesting at room temperature, the sample was 

heated for 1 hour at 80°C on a hot-plate until dense white fumes evolved. At this time it 

was observed that the sample was completely digested. The sample was again cooled to 

room temperature. The digested sample was transferred to a volumetric flask and the final 

volume (25 mL) was adjusted with 0.1 N of HNO3. A blank was also prepared in the same 

way without the nail sample along with each batch (Qayyum and Shah, 2014b). After 

dilution the samples were coded and stored in screw tight plastic bottles.  

 

2.5.3  Digestion of Blood Samples 

A high amount of organic contents present in the blood may cause problems during 

analyses; hence it is necessary to partially or totally remove them from the sample. Sample 

contamination and losses should be avoided during sample preparation (Dombovari and 

Papp, 1998). Numerous procedures for the digestion of blood samples have been reported 
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but there is no uniform procedure adopted worldwide. Some of the recently reported 

methods for the digestion of blood samples are discussed below. 

 The blood sample (1 mL) was mineralized with 5 mL of concentrated HNO3 and 1 

mL of 30% H2O2 in a microwave oven. After mineralization, the solution was evaporated 

to a volume of approximately 0.1 mL and diluted with deionized water to a final volume 

of 5 mL (Batariova et al., 2006; Memon et al., 2007). 

 The blood samples (0.5 mL) were directly placed into Teflon flasks to which 2 mL 

of freshly prepared mixture of HNO3-H2O2 (2:1, v/v) was added and the samples kept for 

10 minutes at room temperature. The flasks were then placed in a PTFE container and 

heated at 80% of total power (900 W). Complete digestion of the samples required 2−4 

minutes. The flasks were left to cool and the resulting solution was evaporated to a semi-

dried mass to remove excess acid. About 5 mL of 0.1 M HNO3 was added to the residue 

which was then filtered through a Whatman no. 42 filter paper and the filtrate diluted with 

deionized water (Kazi et al., 2008a). 

 The blood sample (1 mL) was treated with H2SO4 and HNO3 and then heated 

nearly to dryness. The residue obtained was diluted in an appropriate amount of distilled 

water and then filtered with Whatman filter paper (Shrivas and Patel, 2009). 

 Whole blood (1 mL) was digested with 5 mL, 3 mL and 2 mL mixtures of HNO3 

and HClO4 (5:1), respectively on a hot-plate. The sample was dissolved in 5 mL of 

distilled water and filtered with Whatman paper to obtain clear solution (Khan et al., 

2012). 

 The blood samples were first digested with 66% HNO3 at 80°C with subsequent 

heating to a soft boil for 8 hours. After mineralization, the solution was diluted with 

doubly distilled water to a final volume of 5 mL (Khlifi et al., 2014). 

In the present study, the following method was implemented for the digestion of 

blood samples of the patients and controls. 

The blood sample was transferred from the collection tube to the conical flask and 

accurately weighed. Concentrated (65%) HNO3 (10 mL) was added into the conical flask 

and left for 5 minutes, followed by the addition of concentrated (70%) HClO4 (10 mL). 

The conical flasks were covered with watch glasses in order to avoid any kind of 

contamination. The flasks were then placed on a hot-plate and subsequently heated to a 

soft boil until dense white fumes evolved. At this point it was observed that the samples 

were completely digested. The samples were then cooled to room temperature and 

transferred to volumetric flasks and diluted up to the mark (50 mL) with 0.1 N HNO3. A 
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blank containing all the reagents, except the sample, added in the same sequence was also 

processed along with each batch. The digested samples were coded and stored in plastic 

bottles (Qayyum and Shah, 2014b, 2015). Before the sample digestion, this method was 

optimized by using different proportions of HNO3−HClO4 and HNO3−H2O2; however, 

HNO3 and HClO4 (1:1, v/v) was found to be the most suitable mixture and proportion. 

This method was selected in the present study because it was less time consuming, 

efficient in digesting the blood samples, minimized the chance of contamination and gave 

accurate results.  

 

2.6  Quantification of Metals by Atomic Absorption Spectrometry 
Analyses of biological samples are always challenging as the concentrations of 

most of the metals are usually low, hence sensitive and reliable methods are required for 

quantitative measurements. Atomic absorption spectrometry (AAS) is a widely accepted 

technique capable of determining trace and ultra-trace levels of the metals in a variety of 

samples, including biological, clinical, environmental, food and geological samples, with 

good accuracy and acceptable precision (Yaman, 2006; Apostoli, 2002). The reason for 

the enduring popularity of AAS is primarily that the instrument is relatively inexpensive 

and it can be used to determine more than sixty elements over a wide range of 

concentrations in different matrices (Reilly, 2002). Due to its high specificity/selectivity, 

as well as the fact that the operating procedure is relatively simple, AAS has gained its 

place alongside inductively coupled plasma emission spectrometry and inductively 

coupled plasma mass spectrometry and is used to perform numerous routine tasks in the 

laboratory ranging from the determination of trace contents to major constituents.  

Atomic absorption spectrometry is an analytical technique for the determination of 

metals based upon the absorption of radiation by free atoms. Light of a specific 

wavelength is made to impinge on previously generated ground state atoms, which absorb 

this light and undergo transition to a higher energy level. The intensity of this transition is 

proportional to the concentration of the atoms. Thus, by measuring the amount of light 

absorbed, quantity of the analyte can be determined. Use of special light sources along 

with careful selection of wavelength allows specific determination of individual metals in 

the sample (Beck and Sneddon, 2000; Fifield and Kealey, 2013).  

In the present study, quantitative analyses of scalp hair, nails and blood samples 

were performed for selected essential and toxic trace metals (Ca, Cd, Co, Cr, Cu, Fe, K, 
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Li, Mg, Mn, Na, Ni, Pb, Sr, and Zn) on Flame Atomic Absorption Spectrophotometer 

(Shimadzu AA-670, Japan) under optimum analytical conditions. The instrument has the 

capability to operate automatically in background compensation mode thus correcting all 

fluctuations in the observed signal arising from sources other than the sample. The 

optimum analytical conditions for the measurement of selected metals on the instrument 

are given in Table 1.  

 

Table 1. Optimum analytical conditions maintained on the instrument (Shimadzu AA-

670, Japan) for the analysis of selected metals using air-acetylene flame 

Metal 
Wavelength 

(nm) 

HCL current 

(mA) 

Slit width 

(nm) 

Fuel flow rate 

(L/minute) 

1% Absorption 

concentration (ppm)

Ca 422.7 6.0 0.5 2.0 0.08 

Cd 228.8 4.0 0.3 1.8 0.02 

Co 240.7 6.0 0.2 2.2 0.20 

Cr 357.9 5.0 0.5 2.6 0.09 

Cu 324.8 3.0 0.5 1.8 0.09 

Fe 248.3 8.0 0.2 2.0 0.10 

K 766.5 5.0 0.5 1.9 4.00 

Li 670.7 4.0 0.5 1.6 0.05 

Mg 285.2 4.0 0.5 1.6 0.007 

Mn 279.5 5.0 0.4 1.9 0.05 

Na 589.0 6.0 0.5 1.6 2.00 

Ni 232.0 4.0 0.15 1.7 0.10 

Pb 217.0 7.0 0.3 1.8 0.20 

Sr 460.7 4.0 0.5 1.6 2.00 

Zn 213.9 4.0 0.5 2.0 0.02 

 

Standard stock solution (1000 mg/L) of each metal was used to prepare the fresh 

working standards just before the analysis. Standard solutions were prepared in 

appropriate ranges and their absorptions were recorded. Doubly distilled water was used 

throughout the study for the preparation of the samples and standards. At least five 

standards were prepared and run covering the absorption range of the samples and to 

construct a linear calibration curve of absorbance versus concentration. A new calibration 
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line was drawn every time before running the samples on AAS system. The working graph 

was checked occasionally by making measurements with the standard solutions. The 

blanks were routinely used to estimate the metal levels in the reagents. Three sub-samples 

of each sample were treated and run separately onto the spectrophotometer to pool the 

mean concentrations. If the signal from the sample falls outside the range of standards, 

dilution or preconcentration is recommended. Linear extrapolation of calibration curve is 

not recommended due to the lack of linearity, typically 2 to 3 orders of magnitude above 

the detection limit. Above this level the calibration curve generally exhibits significant 

deviations from linearity.  

 

 

2.7  Quality Control and Quality Assurance  
Quality assurance (QA), quality control (QC) and associated good laboratory 

practices are essential components of all activities involved in trace analyses. The 

reliability of the metal analyses conducted through appropriate instruments can only be 

validly determined by evaluating assay performance against defined and accepted 

standards and by comparison of metal data at independent laboratories. Quality control 

comprises those steps and actions that monitor and measure the effectiveness of quality 

assurance procedures with respect to defined objectives. This includes checking of 

equipment’s cleanliness, optimization and maintenance, duplicate sampling, measurement 

of field and laboratory blanks and the analysis of replicate and standards reference 

materials (SRMs). Losses during the digestion procedure were checked by calculating the 

recoveries. It is through these principles that the accuracy of the analytical results can be 

stated with a high level of confidence. These operating principles were considered as 

imperatives in the present work. Quality control analysis was performed by measuring a 

set of test samples against the certified standards. A set consisted of samples, blanks, SRM 

and one pooled control sample. Only if the QC components met these established 

standards then the sample analysis ‘run’ was deemed acceptable (Scholdberg et al., 2009). 

The standard reference materials were prepared and analysed in the same manner as 

samples and the reported levels were carefully compared with the certified values. The 

following QA principles and parameters were exercised during the entire course of the 

present research as recommended in literature (Armbruster and Pry, 2008). 

 



Experimental Methodology 

 46

Table 2. Limit of detection and limit of quantification of the metals  

Metal Limit of Detection (mg/L) Limit of Quantification (mg/L) 

Ca 0.004 0.013 

Mg 0.001 0.004 

Na 0.002 0.007 

K 0.003 0.009 

Fe 0.006 0.018 

Zn 0.002 0.006 

Cu 0.004 0.013 

Sr 0.005 0.016 

Li 0.003 0.009 

Co 0.005 0.016 

Mn 0.003 0.01 

Ni 0.006 0.019 

Cr 0.006 0.018 

Cd 0.004 0.013 

Pb 0.01 0.029 

 

2.7.1  Limits of Detection and Limits of Quantification 

The validation of analytical procedures developed for the determination of trace 

metals in scalp hair, nails and blood samples has been reported elsewhere (Tounsi et al., 

2013; Olmedo et al., 2010). The validation protocol involves determination of the limits of 

detection (LOD) and limits of quantification (LOQ): the most important values that 

researchers look for when considering analytical procedure validity (IUPAC, 1997). 

Problems with the detection and quantification of an analyte can result from matrix 

effects, sample concentration or other conditions, such as instrument sensitivity and 

reagent purity (Saadati et al., 2013). LOD and LOQ are terms used to describe the smallest 

concentration that can be reliably measured by an analytical procedure. The LOD is the 

lowest content that can be measured with reasonable statistical certainty. In other words, 

lowest concentration of analyte in a sample that can be detected, but not necessarily 

quantified under the stated conditions. It was measured from the mean of the blanks, the 

standard deviation of the blanks and some confidence factors. Generally, LOD is referred 

as three times the standard deviation of the blanks (Armbruster and Pry, 2008).  
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Table 3. Certified versus measured concentrations (µg/g, ±SD)* of the metals in standard reference materials 

Human Hair, GBW 07601 Animal Serum, NIST SRM 1598a Bovine Muscle Powder, NIST-SRM 8414 
Metal 

Certified Level Measured Level Recovery (%) Certified Level Measured Level Recovery (%) Certified Level Measured Level Recovery (%) 

Ca 2900 2869 ± 41.31 98.9 96000 94200 ± 4800 98.1 145 143.8 ± 3.014 99.2 

Mg 360 357.1 ± 4.610 99.2 - - - 960 955.2 ± 10.42 99.5 

Na 152 154.8 ± 7.226 101.8 - - - 2100 2085 ± 21.61 99.3 

K 20 20.47 ± 1.204 102.4 - - - 15170 15210 ± 33.75 100.3 

Fe 54 53.76 ± 1.152 99.6 1680 1651 ± 62 98.3 71.2 71.60 ± 1.719 100.6 

Zn 190 187.6 ± 3.704 98.7 880 892 ± 23 101.4 142 143.5 ± 3.081 101.1 

Cu 10.6 10.79 ± 0.226 101.8 1580 1560 ± 75 98.7 2.4 2.387 ± 0.051 99.5 

Sr 24 23.51 ± 1.533 98.0 - - - 0.052 0.051 ± 0.002 98.1 

Li 2 1.966 ± 0.175 98.3 - - - - - - 

Co 0.071 0.072 ± 0.002 101.4 1.24 1.22 ± 0.08 - 0.007 0.007 ± 0.001 99.2 

Mn 6.3 6.194 ± 0.238 98.3 1.78 1.73 ± 0.27 97.2 0.37 0.361 ± 0.023 97.6 

Ni 0.83 0.847 ± 0.051 102.0 0.94 0.95 ± 0.13 101.1 0.05 0.051 ± 0.004 102.0 

Cr 0.37 0.362 ± 0.005 97.8 0.33 0.32 ± 0.06 97.0 0.071 0.070 ± 0.003 98.6 

Cd 0.11 0.108 ± 0.013 98.2 0.048 0.047 ± 0.004 97.9 0.013 0.013 ± 0.002 100.6 

Pb 8.8 8.597 ± 0.271 97.7 - - - 0.38 0.372 ± 0.019 97.9 

*Triplicate sub-samples 
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The LOQ is the limit at which we can reasonably tell the difference between two 

different values. It is the content equal to or greater than the lowest concentration point on 

the calibration curve. In other words, LOQ means the lowest concentration of analyte in a 

sample that can be determined with acceptable repeatability and accuracy. Generally, it is 

defined as ten times the standard deviation of the blanks. The LOQ may be equivalent to 

the LOD or it could be at a much higher concentration and it cannot be lower than the 

LOD (Mortada et al., 2002; Saadati et al., 2013). The LOD and LOQ of the selected 

metals were carefully evaluated in the present study as shown in Table 2.  

 

2.7.2  Analysis of Standard Reference Materials 

The traceability of an analytical method is controlled by analysing external 

standard reference materials (SRMs). These are consistently used to check the accuracy of 

the results and the precision of the instrument. In the present study, parallel routine check 

on the accuracy of quantified results is ensured through the use of three SRMs: Human 

Hair (GBW 07601), Bovine Muscle Powder (NIST-SRM 8414) and Animal Serum 

(NIST-SRM 1598a). Most of the metals exhibited very good recoveries (ranging from 97-

103%) and a maximum of ±3% difference was observed between the certified and 

measured levels. Standard reference material for nails was not available; however, due to 

similarity of the components, the quality control of nails sample was checked against 

hair/muscle standards (Samanta et al., 2004). In addition, the samples were also analysed 

at an independent laboratory for the comparison of the results and a maximum of ±2.5% 

difference was observed in the results of the two laboratories. Thus, QA/QC parameters 

revealed good agreement between the results with high level of confidence.  

 

2.8  Glassware and Chemical Reagents 
In the present study, all chemical reagents were of high purity (certified >99.9%) 

procured from E-Merck, Darmstadt, Germany or BDH, Poole, UK. Nitric acid (65%), 

perchloric acid (70%), Triton X-100 (98%) and acetone were analytical grade reagents. 

The stock solution of each metal (1000 mg/L) was used to prepare the working standard 

by series dilution. The working standard solutions were prepared afresh each time, on the 

day of the experiment; however, with every batch of samples, the blank was also prepared 

the following the same procedure as that of the sample. The glassware involved in sample 

processing and preparation of standard reference materials was thoroughly washed in 
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accordance with the following procedure: all laboratory glassware, plastic bottles, 

digestion vessels and covers were first washed with tap water, then dipped in 5% (w/v) 

detergent solution for 24 hours, followed by washing with plentiful tap water and finally 

with distilled water until all the detergent was leached out. This step was followed by the 

soaking of all the glassware in 5% nitric acid solution for 48 hours. Finally, it was rinsed 

with doubly distilled water and acetone, respectively. Acetone was used to remove any 

organic impurities. The glassware was then dried in an electric oven at 70°C for about six 

hours prior to use (Olmedo et al., 2010).  

 

2.9  Statistical Analyses of Data  
The quantitative data for selected metals were subjected to the descriptive analyses 

and the Student’s t-test was used to evaluate the significance of the differences between 

the variables investigated in the cancer patients and healthy donors (p < 0.05). Correlation 

analysis was carried out among the pairs of variables in order to identify the metals with 

mutual origin. The correlations were assessed by Spearman correlation coefficient (r) and 

the probability (p) value less than 0.05 was considered to be significant (Gong et al., 

2010). The data distribution and recognition tools used in this work involved pre-treatment 

of the data in order to have normalization by discarding the outliers. The basic statistical 

parameters included minimum, maximum, mean, median, standard deviation (SD), 

standard error (SE), skewness, kurtosis and correlation coefficients, which showed the 

distribution pattern and mutual relationships among the metal levels, respectively 

(Dragovic and Mihailovi, 2009). Multivariate statistical methods were used for classifying 

the relationships among metal levels measured in the scalp hair, nails and blood samples 

of each donor group. The two most commonly employed multivariate methods are 

principal component analysis (PCA) and cluster analysis (CA), which have been 

successfully applied to investigate the trace elements in human scalp hair, nails and blood 

to distinguish between healthy subjects and diseased persons (Shah et al., 2006; Pasha et 

al., 2008b; Lloyd et al., 2009). Statistical analyses of the metal data were carried out using 

MS Excel and STATISTICA software (StatSoft, 1999).  

 

2.9.1  Principal Component Analysis 

Principal component analysis (PCA) is a multivariate procedure which rotates the 

data-set such that maximum variables are projected onto the axes. The PCA is a powerful 
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tool for better elucidating mutual relationships among the existing variables in a given 

system and for revealing the groups within the data that have common origin. It reduces 

dimensionality of the linearly correlated dataset by using a smaller number of linearly 

independent, but new, variables called principles components (PCs), each of which is a 

linear combination of the originally correlated variables. Essentially, a set of correlated 

variables is transformed into a set of uncorrelated variables which are ordered by reducing 

variability. The uncorrelated variables are linear combinations of the original variables, 

and the last of these variables can be removed with minimum loss of real data. The main 

use of PCA is to reduce the dimensionality of a data-set while retaining as much 

information as possible. It computes a compact and optimal description of the data-set 

(Yongming et al., 2006). The first PC is the combination of variables that explains the 

greatest amount of variance. The second PC defines the next largest amount of variation 

and is independent to the first PC. It can be viewed as a rotation of the existing axes to 

new positions in the space defined by the original variables. In this new rotation, there will 

be no correlation between the new variables defined by the rotation (Toffery, 2011). There 

are several algorithms for calculating the PCs. Given the same starting data they produce 

the same results with one exception; if at some point, there are two or more possible 

rotations that contain the same ‘maximum’ variations, and then which one is used is 

indeterminate. In two dimensions, the data cloud would look like a circle, instead of an 

ellipse (Mukhopadhyay, 2009). 

 

2.9.2  Cluster Analysis  

Cluster analysis (CA) classifies a set of observations into groups based upon 

combinations of internal variables. It is employed in order to understand the complex 

nature of the relationships among the metals and provides interesting information on metal 

sources and pathways (Pasha et al., 2008b). This technique is a classification procedure 

that involves a measurement of the similarity between variables. The purpose of CA is to 

discover a system of organizing observation where members of groups/variables share 

properties in common (Ren et al., 1997; Jobson, 1991). The variables are grouped in the 

cluster in terms of their nearness or similarity, the measurement of which is based on 

Pearson’s r distance (Meloun et al., 1992). The clustering method used in present study 

was Ward’s method, which considers the heterogeneity or deviance of every possible 

cluster that can be created by linking two existing clusters. Therefore, it is cognitively 

easier to predict mutual properties based on overall group membership (Chwiej, 2010). 
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Chapter 3 

RESULTS AND DISCUSSION 
 

3.1 Layout of Data 
The data relating to essential and toxic metal levels (Ca, Mg, Na, K, Fe, Zn, Cu, Sr, 

Li, Co, Mn, Ni, Cr, Cd and Pb) in the scalp hair, nails and blood samples of different 

cancer patients and matching healthy subjects are interrogated for their distribution, 

mutual correlation, multivariate apportionment and comparative evaluation. In addition to 

the basic statistical distribution, Spearman correlation and principal component/cluster 

analyses of selected metals, they were also evaluated for variations based on gender, 

habitat, food habits, smoking habits and types/sub-types as well as stages of cancers. The 

entire data set covering the above mentioned aspects is classified into seven sections. 

Section-I covers the distribution, correlation, multivariate analyses and demographic-based 

assessments of selected metals in the scalp hair, nails and blood of lung cancer patients in 

comparison with counterpart healthy subjects. Similarly, Section-II relates to the 

evaluation of selected metals in the scalp hair, nails and blood of lymphoma patients and 

corresponding controls. Section-III demonstrates the comparative study of selected metal 

levels in the scalp hair, nails and blood samples of oral cancer patients and counterpart 

controls. Likewise, Section-IV shows the distribution, mutual correlations and multivariate 

analyses of selected metals in the ovarian cancer patients and healthy subjects along with 

the demographic comparisons. Comparative evaluations of selected metals in the scalp 

hair, nails and blood samples of prostate cancer patients and controls along with the 

correlations and multivariate analyses are discussed in Section-V. Section-VI summarizes 

the variations in average metal levels in the scalp hair, nails and blood samples of different 

types of cancer patients to provide comparative assessment. Similarly, Section-VII reveals 

the international comparison of selected metal levels in the scalp hair, nails and blood 

samples of the subjects with the reported levels worldwide. Salient findings of the present 

study are reported at the end. The entire data covering the above mentioned aspects 

comprised of 104 Tables and 173 Figures. The data related to the metal distribution and 

co-variations in each patient and healthy donor group are evaluated for the comparative 

assessment. The above delineated layout of the data forms the basis of an orderly sequence 

of discussion which now follows. 
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SECTION  I 
 

3.2 Lung Cancer 
3.2.1 Demographic Characteristics of the Subjects 

The demographic data for lung cancer patients and healthy donors are presented in 

Table 4. In the case of the scalp hair samples, subjects in the two groups were closely 

matched for age and a majority of them (78% patients and 73% healthy subjects) were 

vegetarians in their food habits. The disease was more common in male (78%) than in 

female (22%) donors. Fifty percent (50%) of the cases in the patient group and 60% in the 

control group were drawn from rural areas. About two-thirds of the lung cancer patients 

(64%) used tobacco on a continuous basis in their everyday life, while a majority of the 

controls (73%) were not addicted to tobacco. The patients included in the present study 

were mostly suffering from adenocarcinoma (45%), followed by squamous cell carcinoma 

(33%), small cell lung cancer (14%) and large cell carcinoma (08%). Thirty-six percent 

(36%) of the patients were diagnosed at stage-I, 45% at stage-II and 19% at stage-III.  

In the case of the nail samples, both lung cancer patient and control groups 

exhibited almost comparable average age and a majority of them (78% patients and 80% 

healthy donors) were vegetarians in their food habits. Fifty-seven percent (57%) of the 

patients among the patients and 56% of the controls were drawn from rural areas. Most of 

the lung cancer patients (61%) used tobacco on a continuous basis. The patients were 

mostly suffering from adenocarcinoma (35%), followed by squamous cell carcinoma 

(30%), small cell lung cancer (22%) and large cell carcinoma (13%). Thirty-nine percent 

(39%) of the patients were diagnosed at stage-I, 44% at stage-II and 17% at stage-III 

(Table 4). 

In the case of the blood samples, subjects in the two groups showed almost 

comparable age variations and most of them (80% patients and 76% controls) were 

vegetarians in their food consumption. The disease was more common in male donors 

(78%) than females (22%). Fifty-seven percent (57%) of the patients and 51% of the 

controls were drawn from rural areas. About two-thirds of the patients (67%) used tobacco 

on a continuous basis. Lung cancer patients included in the present study were most 

commonly suffering from adenocarcinoma (46%), followed by squamous cell carcinoma 

(30%), small-cell lung cancer (17%) and large cell carcinoma (07%). Thirty percent (30%) 

patients were diagnosed at stage-I, 44% at stage-II and 26% at stage-III (Table 4). 
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Table 4.  Characteristics of the lung cancer patients and healthy subjects 

Scalp Hair Nails Blood 

Characteristics Lung cancer 

patients 

Healthy 

subjects 

Lung cancer 

patients 

Healthy 

subjects 

Lung cancer 

patients 

Healthy 

subjects 

n 56 54 43 45 76 74 

Age (years)       

     Range 37–74 36–71 38–72 36–69 37–75 35–72 

     Mean 57.3 54.9 57.1 57.7 58.1 55.9 

Gender       

     Female 12 (22%) 18 (33%) 11 (26%) 16 (36 %) 17 (22%) 20 (27%) 

     Male 44 (78%) 36 (67%) 32 (74%) 29 (64 %) 59 (78%) 54 (73%) 

Diet       

     Vegetarian 44 (78%) 39 (73%) 34 (78%) 36 (80 %) 61 (80%) 56 (76%) 

     Non-vegetarian 12 (22%) 15 (27%) 09 (22%) 09 (20 %) 15 (20%) 18 (24%) 

Habitat       

     Urban 28 (50%) 22 (40%) 18 (43%) 20 (44%) 33 (43%) 36 (49%) 

     Rural 28 (50%) 32 (60%) 25 (57%) 25 (56%) 43 (57%) 38 (51%) 

Tobacco Use (Smoking)      

     No use 20 (36%) 39 (73%) 17 (39%) 32 (72 %) 25 (33%) 54 (73%) 

     Use 36 (64%) 15 (27%) 26 (61%) 13 (28 %) 51 (67%) 20 (27%) 

Types of Lung Cancer       

Non-small cell lung cancer      

     Adenocarcinoma 25 (45%) – 15 (35%) – 35 (46%) – 

     Squamous cell 

     carcinoma 
18 (33%) – 13 (30%) – 23 (30%) – 

     Large cell  

     carcinoma 
05 (08%) – 06 (13%) – 05 (07%) – 

Small-cell lung cancer 08 (14%) – 09 (22%) – 13 (17%) – 

Stages of Lung Cancer      

     Stage-I 20 (36%) – 17 (39%) – 23 (30%) – 

     Stage-II 25 (45%) – 19 (44%) – 33 (44%) – 

     Stage-III 11 (19%) – 07 (17%) – 20 (26%) – 
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3.2.2 Distribution of Selected Metals in Scalp Hair of Lung Cancer 

Patients  
Basic statistical parameters pertaining to the distribution of selected metal levels 

(µg/g, dry weight) in the scalp hair of lung cancer patients (n = 56) are shown in Table 5. 

Most of the selected metals exhibited large variations in their magnitude as shown by the 

minimum and maximum levels. Among the selected metals in scalp hair of the patients, 

Ca revealed highest mean level (1,880 µg/g), followed by Na (392.5 µg/g), Zn (222.4 

µg/g) and Mg (201.9 µg/g). However, relatively lower average levels were observed for K 

(47.09 µg/g), Fe (40.52 µg/g), Sr (28.19 µg/g), Pb (27.98 µg/g), Co (10.77 µg/g), Cu 

(10.11 µg/g), Ni (8.550 µg/g), Mn (4.447 µg/g), Li (3.265 µg/g) and Cr (3.213 µg/g) while 

lowest average concentration was shown by Cd (1.534 µg/g). Overall, the metal levels in 

the scalp hair of lung cancer patients revealed the following decreasing order in their mean 

concentrations: Ca > Na > Zn > Mg > K > Fe > Sr > Pb > Co > Cu > Ni > Mn > Li > Cr > 

Cd. Most of the metals revealed random distribution pattern as manifested by large SD and 

SE values as well as markedly dissimilar mean and median levels. Mean contents of Na, 

Ca, Mg and Zn exhibited highest dispersion as shown by large SD and SE values thus 

indicating predominantly non-Gaussian distribution. Some of the metals (Cd, Cu, Li and 

Mn) exhibited relatively normal distribution pattern, evidenced by comparatively lower 

SD and SE values. Somewhat lower skewness values were noted in favour of K, Cu and 

Pb, thus manifesting relatively symmetrical distribution pattern whereas large skewness 

and kurtosis values for Cd, Mn, Zn, Sr, Mg and Fe supported random and asymmetrical 

distribution of these metals in scalp hair of lung cancer patients. A more or less similar 

trend in metal levels was reported by Cihan and Yildirim (2011) in the scalp hair of lung 

cancer patients. Among all the major constituents of hair, Ca and Mg imbalance was found 

to be associated with different types of cancers including lung cancer (Takata et al., 2013; 

Zhou et al., 2005). 

The quartile distribution of selected metals in the scalp hair of lung cancer patients 

is shown as box–whisker plots in Figure 1. Among the selected metals, Cu and Zn 

exhibited narrow distribution; however, the remaining metals exhibited significant 

disparity in quartile distributions in the scalp hair of patients. Maximum spread was 

observed for Na, Cr, Ni, Co and K followed by Pb and Li indicating greater fluctuation 

and higher dispersion of these metals in the scalp hair of lung cancer patients. 

 



Results and Discussion 

 55

Table 5. Statistical distribution parameters for concentrations (µg/g, dry weight) of 

selected metals in the scalp hair of lung cancer patients (n = 56) 
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Figure 1. Quartile distribution for selected metal concentrations (µg/g) in the scalp hair 

of lung cancer patients  

 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 603.9 5035 1880 1567 1042 173.6 1.564 2.330 

Mg 33.70 832.4 201.9 161.0 170.4 28.40 2.031 4.777 

Na 29.30 1278 392.5 318.9 328.2 54.70 0.887 0.019 

K 7.101 130.2 47.09 45.17 32.01 5.335 0.794 0.126 

Fe 9.783 111.0 40.52 37.55 19.25 3.208 1.660 4.258 

Zn 70.00 477.7 222.4 224.6 63.59 10.60 1.357 7.337 

Cu 5.667 17.65 10.11 9.391 2.477 0.413 0.878 1.197 

Sr 5.000 133.8 28.19 18.13 28.77 4.796 2.505 6.212 

Li 0.100 11.72 3.265 2.425 2.592 0.432 1.598 2.808 

Co 0.510 43.21 10.77 8.522 9.048 1.599 1.562 3.912 

Mn 1.026 16.45 4.447 3.711 2.717 0.453 2.665 10.21 

Ni 0.250 28.97 8.550 6.268 6.550 1.140 1.164 1.330 

Cr 0.100 14.65 3.213 2.500 3.089 0.574 1.927 5.610 

Cd 0.345 5.859 1.534 1.377 0.976 0.165 2.571 10.73 

Pb 0.500 79.10 27.98 27.60 17.42 3.080 0.800 1.166 
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3.2.3 Distribution of Selected Metals in Scalp Hair of Healthy Subjects 
Distribution of selected metal levels (µg/g, dry weight) in the scalp hair of healthy 

subjects (n = 54) are shown in Table 6, in terms of basic statistical parameters. Most of the 

metals revealed large spread in their minimum and maximum concentrations. In the scalp 

hair of healthy donors, Ca (2,634 µg/g) emerged as the major contributor on the average, 

followed by Mg (293.9 µg/g), Na (293.8 µg/g) and Zn (236.9 µg/g), while Fe, Sr, K and 

Pb showed relatively lower mean levels at 39.00, 34.26, 26.23 and 15.03 µg/g, 

respectively. Nevertheless, significantly lower mean levels were noted for Cr (4.719 µg/g), 

Mn (2.716 µg/g), Cd (0.957 µg/g) and Li (0.664 µg/g). Overall, the decreasing trend in 

average metal levels in the scalp hair of healthy donors revealed following sequence: Ca > 

Mg > Na > Zn > Fe > Sr > K > Pb > Ni > Cu > Co > Cr > Mn > Cd > Li. The decreasing 

trend for the controls was considerably diverse from that for the lung cancer patients.    

Among the selected metals, Cd and Zn exhibited almost similar mean and median 

levels, associated with lowest skewness values showing more or less symmetric 

distribution of these metals. However, the measured concentrations of Ca, Na, Mg, K, Fe 

and Sr exhibited large dispersion as shown by noticeably higher SD and SE values, thus 

manifesting their non-Gaussian distribution pattern. Some of the metals (Li, Mn and Cr) 

exhibited moderately normal distribution, as indicated by small SD and SE values. Lower 

values of skewness in favour of Cu, Co and Zn manifested nearly symmetrical distribution 

of these metals, while relatively large asymmetry in the distributions of Mn, Li, Cr, Mg, Sr 

and Pb was evidenced by higher skewness/kurtosis values of these metals in the scalp hair 

of controls. An almost similar trend was reported by Cihan and Yildirim, (2011) in the 

scalp hair of healthy subjects. Some of the principal constituents of scalp hair (Ca, Mg and 

Zn) play fundamental metabolic roles in the body of healthy subjects (Pasha et al., 2008a). 

Czerny et al., (2014) reported that mean levels of essential and toxic metals in the scalp 

hair samples of lung cancer patients and controls were significantly divergent. 

Quartile distribution of selected metals in the scalp hair of healthy donors is shown 

in Figure 2. Large spread in the metal levels was found for Mn, Sr, K, Na and Fe, followed 

by, Co, Cr, Pb and Ni which manifested inconsistent and varying levels of these metals in 

the scalp hair of healthy subjects. However, relatively narrow distribution was observed 

for Zn. In addition, the quartile distribution of selected metals in the scalp hair of the 

patients and controls was relatively dissimilar as reported by many studies (Cihan and 

Yildirim, 2011; Piccinini et al., 1996). 
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Table 6. Statistical distribution parameters for concentrations (µg/g, dry weight) of 

selected metals in the scalp hair of healthy subjects (n = 54) 

 Min Max Mean Median SD SE Skew Kurtosis 

Ca 872.8 6700 2634 2373 1433 261.6 1.202 1.418 

Mg 39.80 690.7 293.9 273.3 130.3 23.79 1.083 3.301 

Na 9.350 873.5 293.8 252.2 253.3 46.25 0.959 -0.029 

K 0.800 78.06 26.23 25.68 18.05 3.295 0.667 0.622 

Fe 1.300 89.85 39.00 34.15 22.20 4.123 0.709 0.017 

Zn 62.85 361.4 236.9 236.9 75.83 13.84 -0.294 -0.209 

Cu 0.900 13.70 7.627 8.650 3.918 0.715 -0.408 -0.928 

Sr 2.050 126.2 34.26 29.28 26.14 4.773 2.141 5.469 

Li 0.100 2.414 0.664 0.500 0.496 0.099 1.996 5.496 

Co 0.221 16.20 6.787 5.789 4.534 0.873 0.469 -0.570 

Mn 0.050 14.74 2.716 2.230 2.922 0.533 2.959 10.25 

Ni 1.024 23.12 8.181 6.961 6.514 1.389 0.703 -0.469 

Cr 0.560 15.36 4.719 4.625 3.128 0.591 1.421 3.711 

Cd 0.127 2.000 0.957 0.951 0.476 0.093 0.039 -0.408 

Pb 2.800 46.18 15.03 13.83 8.909 1.715 1.621 4.611 
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Figure 2.  Quartile distribution for selected metal concentrations (µg/g) in the scalp hair 

of healthy subjects 

 



Results and Discussion 

 58

3.2.4 Comparison of Selected Metal Levels in Scalp Hair of Lung 

Cancer Patients and Healthy Subjects 
Average metal levels (±SE) in the scalp hair of lung cancer patients and healthy 

donors are shown as bar graphs in Figure 3, for comparative evaluation. Two-tailed 

Student’s t-test (p < 0.05) of the data revealed that there were insignificant differences for 

Ni and Fe in the scalp hair of lung cancer patients and healthy donors; however, the rest of 

the metals showed significant differences in their concentrations. Mean concentrations of 

Ca, Mg, Sr, Zn and Cr in the scalp hair of healthy donors were significantly higher than 

those found in the patients; nonetheless, average levels of Pb, Cd, Mn, Co and Cu were 

noted to be significantly higher in the scalp hair of lung cancer patients compared with the 

healthy donors.  
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Figure 3. Comparative average concentrations (µg/g ± SE) of selected metals in the scalp 

hair of lung cancer patients and healthy subjects 

 

These findings were in good agreement with other reported studies on similar 

subjects (Cihan and Yildirim, 2011; Czerny et al., 2014; Kazi et al., 2008c). Piccinini et 

al., (1996) reported that subjects who developed lung cancer were significantly lower in 

hair Zn and Cu levels than controls. In addition, Zn deficiency was associated with an 
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increase in Cd, as a result of the antagonistic relationships between these metals (Memon 

et al., 2007; Afridi et al., 2011). Another study related to the hair levels of Ca, Mg, Fe, Zn, 

Cu, Sr, Co, Mn, Ni, Cd and Pb manifested significant differences among the metal levels 

in lung cancer patients and normal subjects (Ren et al., 1997). 

 

 

3.2.5 Correlation Study of Selected Metals in Scalp Hair of Lung Cancer 

Patients 
Spearman correlation coefficients (r) between the metals in scalp hair of lung 

cancer patients are given in Table 7, wherein significant r-values are shown in bold at p < 

0.05. In scalp hair of the patients, strong positive correlations were observed between Mg-

Ca (r = 0.892), Sr-Mg (r = 0.840), K-Na (r = 0.780), Cr-Li (r = 0.757), Sr-Ca (r = 0.742), 

Na-Mg (r = 0.632), K-Mg (r = 0.590), Na-Ca (r = 0.572), Cd-Cr (r = 0.564), Li-Fe (r = 

0.562), Pb-Li (r = 0.554), K-Ca (r = 0.544), Cr-Fe (r = 0.526) and Pb-Ni (r = 0.501). In 

addition, some significant relationships were also found between Pb-Cd (r = 0.472), Pb-Cr 

(r = 0.471), Sr-Zn (r = 0.457), Mn-Mg (r = 0.454), Zn-Mg (r = 0.437), Cu-K (r = 0.433), 

Mn-Ca (r = 0.424), Fe-K (r = 0.410), and Ni-Fe (r = 0.396). These mutual correlations 

among the metals indicated their probable communal variations/sources in the scalp hair 

of lung cancer patients. A similar trend of metal-to-metal correlations in the scalp hair of 

lung cancer patients was reported by Cihan and Yildirim, (2011). Additionally, age of the 

patients showed significant inverse correlations with Mg (r = –0.403) and K (r = –0.454) 

contents in the scalp hair. Among the metals, Co exhibited insignificant positive/negative 

relationships with other metals, which showed its independent variations in scalp hair of 

the patients. Overall, based on the correlation study, Ca-Mg-Sr-Na-Cu-K and Cd-Cr-Li-

Pb-Ni-Fe emerged as dominant groups of the metals manifesting their mutual variations in 

the scalp hair of lung cancer patients. Strong correlations were also found between Mg-Ca, 

Sr-Mg and Sr-Ca thus showing communal associations of these metals in hair, probably 

due to similar chemical nature.  
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Table 7. Correlation coefficient matrix of selected metals in the scalp hair of lung cancer patients  

Bold r-values are significant at p < 0.05 

 

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca -0.368 1.000               

Mg -0.403 0.892 1.000              

Na -0.251 0.572 0.632 1.000             

K -0.454 0.544 0.590 0.780 1.000            

Fe 0.012 0.132 0.120 0.280 0.410 1.000           

Zn -0.140 0.389 0.437 0.071 0.040 -0.387 1.000          

Cu -0.090 0.359 0.344 0.295 0.433 0.264 0.111 1.000         

Sr -0.238 0.742 0.840 0.403 0.364 -0.030 0.457 0.470 1.000        

Li 0.030 -0.050 -0.034 -0.159 0.100 0.562 -0.020 0.333 -0.009 1.000       

Co 0.200 0.180 0.059 -0.107 0.080 -0.032 0.306 0.374 -0.026 0.284 1.000      

Mn -0.229 0.424 0.454 0.269 0.346 0.385 -0.176 0.297 0.276 0.320 0.298 1.000     

Ni 0.168 -0.138 -0.068 -0.131 -0.040 0.396 0.033 0.135 0.093 0.355 0.016 -0.209 1.000    

Cr 0.255 -0.228 -0.182 -0.193 -0.001 0.526 -0.143 0.319 -0.041 0.757 0.189 0.119 0.375 1.000   

Cd 0.145 -0.291 -0.158 -0.196 -0.179 0.051 0.050 -0.069 -0.092 0.383 0.043 0.050 0.251 0.564 1.000  

Pb -0.001 0.196 0.228 0.006 0.215 0.319 0.225 0.259 0.347 0.554 0.112 0.063 0.501 0.471 0.472 1.000 
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Table 8. Correlation coefficient matrix of selected metals in the scalp hair of healthy subjects 

 

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca -0.052 1.000               

Mg -0.205 0.465 1.000              

Na 0.177 0.085 0.441 1.000             

K 0.017 -0.069 0.572 0.830 1.000            

Fe -0.103 -0.091 0.006 -0.060 0.128 1.000           

Zn 0.341 0.361 0.347 0.293 0.194 -0.117 1.000          

Cu 0.023 0.003 0.562 0.441 0.676 0.113 0.446 1.000         

Sr 0.040 0.730 0.675 0.489 0.324 -0.220 0.300 0.142 1.000        

Li -0.240 -0.003 0.714 0.315 0.534 0.104 0.131 0.352 0.410 1.000       

Co -0.191 0.270 0.255 -0.121 -0.160 -0.142 -0.088 -0.436 0.301 0.279 1.000      

Mn -0.085 0.375 0.713 0.160 0.394 -0.097 0.061 0.321 0.549 0.613 0.331 1.000     

Ni -0.117 0.271 0.230 -0.283 -0.129 -0.239 0.016 0.113 0.257 0.064 0.044 0.367 1.000    

Cr 0.086 0.275 0.562 0.345 0.421 -0.033 -0.007 0.149 0.497 0.562 0.226 0.596 0.037 1.000   

Cd -0.264 0.266 0.487 -0.017 0.143 -0.066 0.477 0.271 0.212 0.420 0.199 0.308 0.056 0.143 1.000  

Pb 0.391 -0.077 0.049 0.155 0.225 -0.119 0.151 0.150 0.153 0.066 -0.228 -0.009 -0.085 0.010 -0.142 1.000 

Bold r-values are significant at p < 0.05 
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3.2.6 Correlation Study of Selected Metals in Scalp Hair of Healthy 

Subjects 
Spearman correlation coefficients (r) between the metals in scalp hair of healthy 

donors are shown in Table 8, wherein significant r-values are shown in bold at p < 0.05. 

Healthy subjects showed strong correlation coefficients between K-Na (r = 0.830), Sr-Ca 

(r = 0.730), Li-Mg (r = 0.714), Mn-Mg (r = 0.713), Cu-K (r = 0.676), Sr-Mg (r = 0.675), 

Mn-Li (r = 0.613), Cr-Mn (r = 0.596), K-Mg (r = 0.572), Cu-Mg (r = 0.562), Cr-Mg (r = 

0.562), Cr-Li (r = 0.562), Mn-Sr (r = 0.549) and Li-K (r = 0.534), thus manifesting mutual 

variations of these metals in the scalp hair. In addition, some significant correlations were 

noted between Cr-Sr (r = 0.497), Sr-Na (r = 0.489), Cd-Mg (r = 0.487), Cd-Zn (r = 0.477), 

Mg-Ca (r = 0.465), Cu-Zn (r = 0.446), Cu-Na (r = 0.441), Na-Mg (r = 0.441), Cr-K (r = 

0.421), Cd-Li (r = 0.420), Li-Sr (r = 0.410) and Mn-K (r = 0.394). One metal pair (Co-Cu) 

revealed an inverse relationship as shown by significantly negative correlation (r = –

0.436). Age of the healthy donors exhibited significant positive correlations with Pb in the 

scalp hair. Overall, the correlation study showed strong associations of Mg with Li, Mn, 

Sr, & K; Mn with Li & Cr; K with Na &Cu and Sr with Ca in the scalp hair of healthy 

donors; thus these metals might share a common origin. Some of the correlations found in 

scalp hair in the present study strongly corroborated the results from reported studies 

(Cihan and Yildirim, 2011; Carneiro et al., 2011). The correlation study revealed several 

dissimilar and diverse relationships of the metals in the scalp hair of the patients and 

healthy subjects, except for a few metals which showed almost similar behaviour for the 

two groups. 

 

3.2.7 Multivariate Analysis of Selected Metals in Scalp Hair of Lung 

Cancer Patients 
Another important aspect of the present study was the multivariate apportionment 

of selected metals using principal component analysis (PCA) and cluster analysis (CA) 

(Hopke, 1992; Jobson, 1991). The PC loadings, extracted using varimax-normalized 

rotation on the scalp hair metals data for the patients, are shown in Table 9. Four PCs with 

eigen values >1 were revealed, commutatively explaining approximately 80% of the total 

variance of data. The corresponding CA based on Ward's method for scalp hair of the 

patients is shown in the form of a dendrogram in Figure 4. PC 1 showed higher loadings 

for Ca, Mg, Zn, Sr and Co with a similar cluster of these metals in the CA. These metals 
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were mostly derived from dietary sources. PC 2 showed maximum loadings for Li, Cr, Cd 

and Pb. This PC comprising of mostly the carcinogenic metals showed the contribution 

from environmental pollutants particularly, fuel combustions and automobile emissions 

were associated with this cluster (Shah et al., 2006). CA revealed a common cluster of Na, 

K and Fe which showed elevated loadings in PC 3. These metals were mainly regulated by 

internal body metabolism and linked with nutritional sources. The last PC showed higher 

loadings for Mn and Ni in the scalp hair of the patients and these metals were mostly 

related to occupational exposure.  

 

Table 9.  Principal component analysis of selected metals in the scalp hair of lung cancer 

patients 

 PC 1 PC 2 PC 3 PC 4 

Eigen value 4.876 3.801 2.035 1.364 

Total Variance (%) 32.51 25.34 13.56 9.095 

Cumulative Eigen value 4.876 8.677 10.71 12.08 

Cumulative Variance (%) 32.51 57.84 71.41 80.50 

Ca 0.795 -0.236 0.477 0.064 

Mg 0.835 -0.120 0.471 0.077 

Na 0.141 -0.251 0.880 0.133 

K 0.253 -0.069 0.907 0.058 

Fe -0.185 0.422 0.723 -0.239 

Zn 0.878 0.019 -0.155 0.026 

Cu 0.450 0.275 0.410 0.191 

Sr 0.863 0.047 0.283 0.035 

Li 0.152 0.898 -0.085 -0.043 

Co 0.605 0.206 -0.200 -0.269 

Mn 0.382 0.422 0.208 0.665 

Ni -0.112 -0.307 -0.019 0.821 

Cr -0.055 0.945 0.070 0.075 

Cd -0.185 0.887 -0.178 -0.150 

Pb 0.372 0.682 0.145 -0.441 
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Almost similar clusters were reported by Cihan and Yildirim, (2011) in the scalp 

hair of lung cancer patients. For lung cancer patients, Cu did not show higher loadings 

with any other metal; it was believed that the metal originates from some independent 

sources. Principal component analysis and cluster analysis of the data evidenced food and 

industrial/automobile emissions as possible sources of metal contamination in the scalp 

hair of lung cancer patients. 
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Figure 4.  Cluster analysis of selected metals in the scalp hair of lung cancer patients 

 

 

3.2.8 Multivariate Analysis of Selected Metals in Scalp Hair of Healthy 

Subjects 
Multivariate apportionment of the metals in the scalp hair of controls was also 

conducted using the PCA and CA. The PC loadings, extracted using varimax-normalized 

rotation on the data set for the healthy subjects are shown in Table 10. In the case of the 

healthy donors, PCA of the metal data yielded five PCs with eigen values greater than 1, 

commutatively explaining more than 86% of the total variance of data. The corresponding 

CA based on Ward's method is shown in the form of dendrogram in Figure 5. PC 1 

showed highest loadings for Ca, Mg, Sr and Mn and these metals exhibited strong clusters 

in CA. These metals were mostly contributed by nutritional sources. Likewise, Na, K, Zn, 

Cu and Co constituted PC 2, duly supported by CA. These metals were believed to be 

controlled by internal body metabolism. Similarly, PC 3 revealed higher loadings of Cd 

and Pb which were attributed to contaminated fumes, inhalation of air polluted by industry 
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and traffic emissions. The fourth PC showed elevated loadings for Fe, Li and Cr. Similarly 

PC 5 exhibited significantly higher loadings of Mn and Ni. These metals were mostly 

contributed by the environmental/occupational exposures and lithogenic contributions. 

Overall, the CA was in good agreement with the PCA results. This multivariate study of 

selected metals in the scalp hair of healthy donors was in good agreement with the other 

studies reported earlier (Khalique et al., 2006; Cihan and Yildirim, 2011). The 

multivariate methods of PCA and CA thus evidenced significant disparities in the 

apportionment of metals in the scalp hair of lung cancer patients compared with the 

healthy subjects. 

 

Table 10.  Principal component analysis of selected metals in the scalp hair of healthy 

subjects 

 PC 1 PC 2 PC 3 PC 4 PC 5 

Eigen value 4.152 3.455 2.064 1.945 1.426 

Total Variance (%) 27.68 23.04 13.76 12.97 9.509 

Cumulative Eigen value 4.152 7.607 9.671 11.62 13.04 

Cumulative Variance (%) 27.68 50.72 64.48 77.45 86.95 

Ca 0.856 -0.283 -0.318 -0.173 0.096 

Mg 0.906 0.242 -0.092 -0.173 0.153 

Na 0.120 0.744 0.236 0.288 -0.466 

K 0.027 0.925 0.177 0.050 -0.169 

Fe 0.062 0.012 0.296 0.883 0.134 

Zn 0.066 0.596 -0.577 0.091 0.252 

Cu 0.169 0.856 -0.193 -0.168 0.249 

Sr 0.968 0.039 0.097 -0.074 -0.036 

Li -0.252 0.030 -0.017 0.813 -0.136 

Co -0.423 0.806 0.100 -0.226 0.244 

Mn 0.733 0.003 -0.196 0.032 0.571 

Ni 0.192 0.063 0.067 0.068 0.882 

Cr -0.283 -0.286 -0.504 0.636 0.229 

Cd -0.207 -0.034 0.848 0.210 -0.168 

Pb -0.080 0.166 0.738 0.007 0.309 
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Figure 5.  Cluster analysis of selected metals in the scalp hair of healthy subjects 

 

3.2.9 Comparison of Metal Levels in Scalp Hair Based on Demographic 

Characteristics of the Subjects 

3.2.9.1 Gender-Based Comparison of Metal Levels in the Scalp Hair of Lung Cancer 

Patients and Healthy Subjects 

Average metal concentrations (±SE) in the scalp hair of male and female donors 

among the lung cancer patients and healthy subjects are displayed in Figure 6, for 

comparative evaluation. Mean levels of Cd, Mn, Co and Li were noticeably higher in the 

scalp hair of male patients compared to female patients, while mean concentrations of Pb, 

Ni, Sr, Cu, Zn, Fe, K, Mg and Ca were considerably higher in the scalp hair of female 

patients. Nonetheless, average levels of Cr were almost equivalent in the scalp hair of 

male and female patients. The male patients exhibited highest levels for Cd and Co as 

apart from differences in individual metabolisms they were more vulnerable to the 

occupational/environmental exposure compared to the female patients who were mostly 

house wives and thus less exposed to the occupational hazards. Similar findings were 

reported by other workers around the globe (Nowak, 1998; Sukumar, 2002). In the case of 

healthy donors, mean contents of Cd and Fe were appreciably higher in scalp hair of male 

donors than female subjects, whereas remaining metals revealed moderately elevated 

levels in the scalp hair of female healthy donors. Interestingly, Fe contents were found to 

be relatively higher in the hair of female patients compared to their male counterparts, 

although (as stated above), among the healthy donors, Fe levels were higher in the hair of 

the male subjects than in the hair of their female counterparts. Overall, the average levels 
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of Li, Co, Na, K, Cu, Cd and Pb were markedly higher while only Cr was considerably 

lower in the scalp hair of male/female patients compared to male/female healthy donors. 

Numerous earlier studies reported that the contributions of trace metals in scalp hair may 

alter with gender (Perrone et al., 1994; Nowak, 1998; Barbosa et al., 2001). Czerny et al., 

(2014) reported elevated levels of Na, K, Ni and Pb in female lung cancer patients 

compared to the female controls.  
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Figure 6. Gender-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the scalp hair of lung cancer patients and healthy subjects 

 

3.2.9.2 Habitat-Based Comparison of Metal Levels in the Scalp Hair of Lung Cancer 

Patients and Healthy Subjects 

Average metal levels (±SE) in the scalp hair of lung cancer patients and healthy 

subjects inhabiting urban and rural localities are shown in Figure 7. Mean levels of Pb, Sr, 

Zn, Ca and Mg were significantly higher in the scalp hair of urban subjects compared with 

the rural subjects, while Cd, Ni, Li and Mn were higher in the hair of rural subjects 

compared to urban subjects. More or less comparable levels were found for Cu, Fe, Ni and 

Mg in the scalp hair of urban and rural patients. Nonetheless, average concentrations of 

Ca, Zn, Sr, Co, Cr and Pb were found to be higher whereas mean concentrations of Na, K, 
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Li, Mn and Cd were lower in the scalp hair of urban patients compared to the rural 

patients. For the most part, the toxic metals exhibited appreciable accumulation in the 

scalp hair of urban and rural patients which may be associated with their adverse role in 

the onset of disease (Kazi et al., 2008c). Relatively higher levels of Na, K and Fe were 

noted in the scalp hair of rural patients and urban healthy donors compared to their 

respective counterparts while the inverse was the case for Co and Cr in the scalp hair of 

both groups. Patients living in rural premises revealed elevated average levels of Na, K, 

Fe, Li, Mn and Cd while mean contents of Ca, Zn, Sr, Co, Cr, and Pb were lower in their 

scalp hair than in that of patients living in urban localities. In the case of the rural healthy 

donors, significantly elevated levels were observed for Li, Co, Mn, Ni and Cd compared to 

urban healthy donors, while Ca, Mg, Na, K, Fe, Cu, Sr and Pb contents were considerably 

higher in the scalp hair of urban healthy donors compared to rural healthy donors. 

However, mean levels of Cr and Zn revealed comparable contributions in the scalp hair of 

patients irrespective of habitat. Overall, noticeable variations in the metal levels of the two 

groups from urban and rural locations evidenced the imbalances of these metals in the 

scalp hair of lung cancer patients. 
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Figure 7. Habitat-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the scalp hair of lung cancer patients and healthy subjects 
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3.2.9.3 Dietary-Based Comparison of Metal Levels in the Scalp Hair of Lung Cancer 

Patients and Healthy Subjects 

Comparative average concentrations (±SE) of the metals in scalp hair of lung 

cancer patients and healthy subjects with vegetarian and non-vegetarian food habits are 

shown in Figure 8. Generally, most of the metals exhibited divergent behaviour in scalp 

hair of the patients and controls. Appreciably higher levels of Pb, Mn, Sr, Mg, Ca and Li 

were noted in the scalp hair of vegetarian patients than non-vegetarian patients, while 

mean concentrations of Cd, Cr, Ni, Co, Fe, K and Na were somewhat higher in the scalp 

hair of non-vegetarian patients. Almost comparable levels were observed for Zn and Cu in 

vegetarian and non-vegetarian patients. Nonetheless, mean concentrations of Na, K, Fe, 

Co, Ni and Cd were relatively higher in the scalp hair of non-vegetarian patients than 

counterpart healthy donors. In this dietary-based comparison, it was noted that K, Fe, Cu, 

Mn and Ni were considerably higher in the vegetarian healthy donors compared to the 

non-vegetarian healthy donors, whereas Ca, Mg, Na, Zn, Sr, Li, Co, Cr and Pb were found 

to be relatively higher in the scalp hair of healthy donors with non-vegetarian food habits. 
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Figure 8. Dietary-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the scalp hair of lung cancer patients and healthy subjects 
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3.2.9.4 Smoking-Based Comparison of Metal Levels in the Scalp Hair of Lung 

Cancer Patients and Healthy Subjects 

Mean concentrations (±SE) of selected metals in the scalp hair of lung cancer 

patients and healthy subjects with smoking and non-smoking habits are shown in Figure 9, 

for comparative assessment. Average levels of Cd, Co and Li were found to be 

significantly higher in the scalp hair of patients with smoking habit compared to their non-

smoking counterparts, whereas average levels of all the other metals, except Zn, were 

appreciably higher in the scalp hair of patients with non-smoking habit. The mean level of 

Zn revealed comparable contribution in the scalp hair of patients irrespective of a smoking 

or non-smoking habits. In the scalp hair of healthy donors with non-smoking habit, mean 

concentrations of Ca, Mg, Na, Sr, Li, Mn and Pb were found to be in excess compared to 

controls with smoking habit, whereas average levels of Fe and Cd were considerably 

higher in controls with smoking habit. Nonetheless, average contents of K, Zn, Cu, Co and 

Ni showed insignificant variations in the scalp hair of both healthy subjects.  
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Figure 9. Smoking-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the scalp hair of lung cancer patients and healthy subjects 
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The comparative proportions of selected metals in the scalp hair of lung cancer 

patients and healthy donors with smoking and non-smoking habits were significantly 

varied which suggested that metals contents were affected by smoking habits (Czerny et 

al., 2014). Kazi et al., (2008c) reported that Cd concentration was higher in the scalp hair 

of lung cancer patients who were habitual smokers compared to that of the reference. 

Accordingly, toxic trace metals in the scalp hair reflected higher exposure and 

accumulation in the subjects addicted to smoking.  

 

3.2.10   Comparison of Metal Levels in the Scalp Hair Based on Types 

and Stages of Lung Cancer Patients 
3.2.10.1 Comparison of Metal Levels in the Scalp Hair Based on Types of Lung 

Cancer Patients 

Comparative evaluation of mean metal levels (±SE) in the scalp hair of various 

types of lung cancer patients (i.e., adenocarcinoma, squamous cell carcinoma, large cell 

carcinoma and small cell lung cancer) are displayed in Figure 10. In the scalp hair of all 

types of lung cancer patients, average concentrations of Cu, Zn, Fe, Mn and Li showed 

statistically insignificant variations. Highest average levels of Cr and Na were found in the 

hair of adenocarcinoma patients, while mean levels of Ca and Mg were markedly higher in 

the scalp hair of squamous cell carcinoma patients. In addition, mean levels of Pb, Ni, Co 

and Sr were found to be relatively higher in the scalp hair of small cell lung cancer 

patients. In the scalp hair of large cell carcinoma patients, comparatively lower metal 

levels for Pb, Mn, Co, Sr, Mg and Ca were found than for the other types of lung cancer.  

 

3.2.10.2 Comparison of Metal Levels in the Scalp Hair Based on Stages of Lung 

Cancer Patients 

Comparative average metal levels (±SE) in the scalp hair of lung cancer patients at 

different stages are shown in Figure 11. Highest concentrations of Cd, Mn and Co were 

observed in the scalp hair of the patients at stage-I, while elevated levels of Cr and Fe 

were found in the hair samples of the patients at stage-II of lung cancer. It was observed 

that Cd concentration was different at different stages of lung cancer patients (Kazi et al., 

2008c). Average levels of Ca, Mg, Na, K, Sr and Cu were found to be higher in the scalp 

hair of the patients at stage-III. Among the metals, Pb, Zn and Ni revealed comparable 

levels in the scalp hair of lung cancer patients at stage-I and stage-III.  
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Figure 10. Comparative average concentrations (µg/g ± SE) of selected metals in the scalp 

hair of different types of lung cancer patients 
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Figure 11.  Comparative average concentrations (µg/g ± SE) of selected metals in the scalp 

hair of lung cancer patients at different stages 
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3.2.11 Distribution of Selected Metals in Nails of Lung Cancer Patients 
Basic statistical parameters related to the distribution of selected metal levels 

(µg/g, dry weight) in the nails of lung cancer patients (n = 43) are shown in Table 11. 

Large variations were observed for minimum and maximum levels of the metals in the 

nails of lung cancer patients. The data pertaining to the patients manifested that Ca (409.4 

µg/g), Fe (186.5 µg/g), Na (158.2 µg/g), Zn (150.3 µg/g) and Mg (131.0 µg/g) were the 

dominant metals in the nails, followed by K (96.39 µg/g), Ni (85.28 µg/g), Pb (68.36 

µg/g), Co (51.36 µg/g), Sr (32.93 µg/g) and Cr (20.62 µg/g). The nails of lung cancer 

patients showed relatively lower mean levels of Cu (9.259 µg/g), Mn (7.630 µg/g), Cd 

(5.251 µg/g) and Li (4.272 µg/g). Average metals contents in the nails of lung cancer 

patients revealed following decreasing order: Ca > Fe > Na > Zn > Mg > K > Ni > Pb > 

Co > Sr > Cr > Cu > Mn > Cd > Li. Most of the metals exhibited random distribution with 

fairly higher SD and SE values on one hand and dissimilar mean and median levels on the 

other hand. Highest dispersion in terms of SD and SE was shown by Ca, Fe, Na, Zn, Mg 

and K indicating predominantly random distribution pattern. Some of the metals (Cu, Li, 

Mn and Cu) indicated moderately normal distribution patterns as also evidenced by rather 

lower SD and SE values. Among the selected metals, Zn, Cu, Mn, Ni, Cr, and Cd were 

found to be associated with large skewness and kurtosis values, indicating mostly 

asymmetrical distribution in the nails, while the rest of the metals exhibited relatively 

symmetrical distribution as manifested by their fairly lower skewness and kurtosis values. 
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Figure 12.  Quartile distribution for selected metal concentrations (µg/g) in the nails of 

lung cancer patients 



Results and Discussion 

 74

Quartile distribution of selected metals in the nails of lung cancer patients is shown 

in Figure 12 as box–whisker plot. Most of the metals exhibited significant disparity and 

large spread in their quartile distribution. Highest spread/dispersion were observed for Zn, 

Pb, Cr, Ni and Sr, followed by, Co, Mn, Cu, Na and Ca which manifested significant 

variations in their concentrations in the nails of lung cancer patients. However, relatively 

narrow distribution was noted for Mg and Cd in the nails of lung cancer patients.  

 

Table 11. Statistical distribution parameters for concentrations (µg/g, dry weight) of 

selected metals in the nails of lung cancer patients (n = 43) 

 

 

3.2.12 Distribution of Selected Metals in Nails of Healthy Subjects 
Basic statistical parameters related to the distribution of selected metal levels 

(µg/g, dry weight) in the nails of healthy subjects (n = 45) are also shown in Table 12. The 

statistical data for healthy donors showed dominant contributions of Ca (407.2 µg/g), Mg 

(151.3 µg/g), Fe (142.1 µg/g), Zn (140.3 µg/g), Na (73.19 µg/g) and K (60.51 µg/g), 

followed by, Ni (50.89 µg/g), Pb (48.46 µg/g), Co (45.38 µg/g), Sr (16.90 µg/g) and Cr 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 32.09 1450 409.4 214.7 395.7 82.51 1.034 0.401 

Mg 45.78 424.5 131.0 108.2 89.07 18.99 1.940 4.755 

Na 11.27 710.5 158.2 80.76 176.4 36.78 1.773 3.149 

K 16.39 317.8 96.39 73.06 77.68 16.20 1.826 3.222 

Fe 16.28 660.1 186.5 126.6 170.7 37.24 1.528 1.916 

Zn 3.947 518.0 150.3 101.2 133.4 30.60 1.953 3.562 

Cu 0.741 37.50 9.259 5.948 9.737 2.177 1.771 2.815 

Sr 1.596 128.2 32.93 23.84 31.49 6.872 1.895 3.483 

Li 0.658 14.70 4.272 3.691 3.498 0.802 1.862 3.942 

Co 6.034 235.3 51.36 38.15 49.11 10.47 2.740 9.337 

Mn 0.839 30.58 7.630 4.375 8.530 1.861 2.098 3.635 

Ni 3.128 217.5 85.28 71.13 54.35 11.33 0.634 0.028 

Cr 1.296 85.65 20.62 13.59 21.34 4.449 1.741 2.973 

Cd 0.781 14.81 5.251 4.883 3.112 0.663 1.383 3.121 

Pb 2.055 224.5 68.36 52.86 53.88 12.36 1.631 3.231 
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(12.28 µg/g) on the average basis. Relatively lower average levels were noted for Mn 

(5.676 µg/g), Cu (5.520 µg/g), Cd (3.300 µg/g) and Li (2.344 µg/g) in the nails of 

controls. On the whole, the decreasing trend of the metal levels in nails of healthy donors 

revealed following order: Ca > Mg > Fe > Zn > Na > K > Ni > Pb > Co > Sr > Cr > Mn > 

Cu > Cd > Li. This decreasing trend is slightly different from the trend observed in the 

nails of lung cancer patients. However, almost similar trend in metal levels was reported 

by Ilyas et al., (2015b) for healthy donors. Most of the metals exhibited large dispersion 

and asymmetry in their distribution as shown by SD, SE, skewness and kurtosis values. 

Predominantly highest dispersion and random distribution was noted for Ca, Fe, K, Zn, 

Mg, Ni, Co, Na and Pb. Among the selected metals Pb, Li, K, Ca and Sr were associated 

with lowest skewness and kurtosis values, displaying moderately symmetrical distribution, 

while the rest of the metals reflected asymmetrical distribution in the nails of healthy 

donors.  

 

Table 12. Statistical distribution parameters for concentrations (µg/g, dry weight) of 

selected metals in the nails of healthy subjects (n = 45) 

 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 126.6 983.5 407.2 287.2 277.6 56.66 0.965 -0.435 

Mg 45.94 397.2 151.3 145.6 74.22 14.84 1.834 4.693 

Na 7.647 282.3 73.19 53.32 59.12 11.82 1.920 5.467 

K 0.938 137.5 60.51 42.31 44.89 8.978 0.701 -0.854 

Fe 7.622 441.8 142.1 146.3 95.34 19.07 1.173 2.834 

Zn 34.43 543.9 140.3 123.7 88.90 17.78 4.127 19.45 

Cu 0.531 16.53 5.520 3.661 4.387 1.097 1.544 2.007 

Sr 1.525 50.67 16.90 12.74 13.86 3.025 0.981 0.203 

Li 0.111 5.526 2.344 2.134 1.585 0.364 0.533 -0.687 

Co 4.218 144.6 45.38 39.47 35.92 7.491 1.301 1.619 

Mn 1.316 25.94 5.676 4.098 5.614 1.255 2.774 9.037 

Ni 2.376 189.6 50.89 46.91 39.10 8.533 2.228 7.632 

Cr 2.169 50.91 12.28 6.150 14.02 2.923 1.980 3.153 

Cd 0.510 8.421 3.300 2.986 2.211 0.471 0.829 0.175 

Pb 13.45 94.00 48.46 50.24 27.65 6.343 0.104 -1.424 
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The quartile distribution of selected metals in the nails of healthy donors is shown 

as box–whisker plot in Figure 13. Most of the metals revealed broad and asymmetric 

distribution patterns in the nails of healthy donors. However, maximum spread was noted 

for K, Na, Co, Ni and Fe, followed by, Cu, Li, Cr and Mn, which revealed significant 

variations in the nails of healthy donors. Relatively narrow distribution was shown by Ca 

and Mg in the nails of controls. Almost similar findings were reported in another study 

(Ilyas et al., 2015b). 
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Figure 13.  Quartile distribution for selected metal concentrations (µg/g) in the nails of 

healthy subjects 

 

3.2.13 Comparison of Selected Metal Levels in Nails of Lung Cancer 

Patients and Healthy Subjects  
Comparison of average metal levels (±SE) in the nails of lung cancer patients and 

healthy donors is shown graphically in Figure 14. Average concentrations of most of the 

metals (Na, K, Fe, Cu, Sr, Li, Mn, Ni, Cr, Cd and Pb) were found to be significantly 

higher (p < 0.05) in the nails of lung cancer patients. However, mean concentration of Mg 

was significantly lower in the nails of the patients compared with the healthy donors. 

Among the selected metals, average contents of Ca and Zn were more or less comparable 

in the nails of both donors groups. It may be concluded that some significant differences 

between cancerous and non-cancerous donors were observed for most of the metals. As 

essential metals, Mg and Ca play multiple dynamic roles in pulmonary structure and 

function; in the case of Mg deficiency the action of Ca is enhanced while an excess of Mg 
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blocks Ca. These interactions are important for the patients with respiratory tract diseases 

because the intracellular influx of Ca causes bronchial smooth-muscle contraction. In this 

way, Mg deficiency might be associated with increased contractility of smooth muscle 

cells (Vural et al., 2000). Some reports have linked occupational exposure to Cd with lung 

cancer in humans (Waakes, 2003; Durham and Snow, 2006). Many epidemiological 

observations suggested that mortality from lung cancer was increased in Cd workers 

(Paschal et al., 2000; Sorahan and Esmen, 2004; Huff et al., 2007; Verougstraete et al., 

2003). It has been suggested that insoluble Cr deposited on the epithelial surface of the 

lung accumulated to levels high enough to cause lung cancer (Arita and Costa, 2009; Gibb 

et al., 2000; Proctor et al., 2002; Luo et al., 2011; Field and Withers, 2012). 

Epidemiological studies have also demonstrated a correlation between the incidences of 

lung cancer and exposure to Ni (Patel et al., 2012; Beyersmann and Hartwig, 2008). 

Among the participants in the present study, the proportional variations of the metals in 

the nails of lung cancer patients indicated their imbalance compared with the healthy 

subjects.  
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Figure 14.  Comparative average concentrations of selected metals (µg/g ± SE) in the nails 

of lung cancer patients and healthy subjects 
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3.2.14 Correlation Study of Selected Metals in Nails of Lung Cancer 

Patients 
Spearman correlation coefficients between the metals in the nails of lung cancer 

patients are shown in Table 13, wherein the significant r-values are shown in bold at p < 

0.05. Strong positive correlations were found between Cr-Sr (r = 0.876), Co-Cu (r = 

0.824), Mn-Fe (r = 0.756), Cu-Na (r = 0.747), Cu-Cr (r = 0.741), Cr-Co (r = 0.713), Cd-

Cr (r = 0.696), Cd-Sr (r = 0.690), Mn-Zn (r = 0.669), Co-Mn (r = 0.667), Co-Na (r = 

0.663), Sr-Na (r = 0.645), Na-Mg (r = 0.640), Pb-Zn (r = 0.636), Cu-Mg (r = 0.635), Cr-

Mn (r = 0.607), Cd-Pb (r = 0.583), Cr-Zn (r = 0.575), Cr-Pb (r = 0.572), Pb-Mn (r = 

0.544) and Cd-Co (r = 0.523). In addition, some significant correlations were also noted 

between Cu-Zn (r = 0.487), Co-Li (r = 0.471), Li-Fe (r = 0.471) and Cd-Ni (r = 0.464). 

Moreover, the correlation study showed significant negative relationship for age of the 

patients and Cu level as manifested by r-value (–0.468). Some of the metals, such as Ca 

and K, exhibited insignificant correlations with other metals; this revealed their 

independent variations in the patients. Strong correlations for most of the metals 

manifested close associations of these metals which might share common sources. 

Cobanoglu et al., (2010) reported that there was a positive correlation between Cd & Pb 

and between Mn & Fe in lung cancer patients. The correlation study indicated some 

mutual relationships among the essential and toxic elements, which requires further 

investigation by multivariate statistics to explore the multiple relationships among these 

metals. Apparently positive correlations of trace metals with macronutrients evidenced a 

build-up of these metals in the nails of the patients. A few inverse relationships were also 

examined but they were not significant. The correlation study indicated covariations 

among the essential and toxic metals in the nails of lung cancer patients. 

 

3.2.15 Correlation Study of Selected Metals in Nails of Healthy Subjects 
The correlation coefficient matrix of selected metals in healthy donors is shown in 

Table 14, wherein the significant r-values are shown in bold at p < 0.05. In this correlation 

study, it was observed that most of the metals in the nails of healthy donors revealed an 

independent pattern as only few metal pairs revealed significantly strong correlation: Mg-

Mn (r = 0.660), Li-Sr (r = 0.592), Pb-Mg (r = 0.588), and Na-K (r = 0.555), indicating 

their probable mutual variations in the nails of the controls.  
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Table 13. Correlation coefficient matrix of selected metals in the nails of lung cancer patients 

Bold r-values are significant at p < 0.05 

 

 

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca -0.341 1.000               

Mg -0.023 0.185 1.000              

Na -0.378 0.067 0.640 1.000             

K -0.188 -0.176 -0.048 0.228 1.000            

Fe 0.316 0.161 0.425 -0.127 -0.030 1.000           

Zn 0.026 -0.075 0.236 0.104 -0.034 -0.119 1.000          

Cu -0.468 0.201 0.635 0.747 -0.021 0.183 0.487 1.000         

Sr -0.098 -0.165 0.168 0.645 0.286 -0.162 0.403 0.729 1.000        

Li -0.129 0.087 0.050 -0.189 0.188 0.471 -0.051 0.332 0.080 1.000       

Co -0.315 0.149 0.447 0.663 0.234 0.298 0.316 0.824 0.694 0.471 1.000      

Mn -0.108 0.320 0.517 0.316 0.024 0.756 0.669 0.694 0.344 0.521 0.667 1.000     

Ni 0.150 -0.209 -0.047 0.379 0.214 -0.133 0.374 0.501 0.569 0.083 0.267 0.198 1.000    

Cr -0.012 -0.196 0.331 0.449 0.156 0.138 0.575 0.741 0.876 0.359 0.713 0.607 0.438 1.000   

Cd 0.045 0.077 0.275 0.297 0.126 0.096 0.510 0.371 0.690 -0.009 0.523 0.372 0.464 0.696 1.000  

Pb 0.205 -0.062 0.189 0.217 0.078 0.166 0.636 0.133 0.430 -0.292 0.374 0.544 0.432 0.572 0.583 1.000 
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Table 14. Correlation coefficient matrix of selected metals in the nails of healthy subjects 

Bold r-values are significant at p < 0.05 

 

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca 0.072 1.000               

Mg -0.191 -0.135 1.000              

Na -0.224 -0.164 0.190 1.000             

K -0.034 -0.076 0.199 0.555 1.000            

Fe -0.340 0.041 0.462 0.056 0.446 1.000           

Zn 0.066 -0.136 -0.107 -0.238 -0.179 -0.174 1.000          

Cu -0.196 -0.252 -0.061 0.268 -0.079 -0.050 -0.124 1.000         

Sr -0.271 -0.038 -0.041 0.104 0.124 0.294 0.089 -0.077 1.000        

Li -0.155 -0.238 -0.098 -0.172 -0.194 0.099 0.095 0.275 0.592 1.000       

Co 0.080 0.155 -0.272 0.111 -0.091 -0.350 0.399 -0.266 -0.072 -0.292 1.000      

Mn 0.282 -0.199 0.660 0.329 0.160 0.198 -0.298 -0.148 0.008 -0.166 -0.204 1.000     

Ni -0.085 -0.096 0.007 0.327 0.399 0.251 0.121 -0.289 0.429 0.084 0.183 0.450 1.000    

Cr 0.177 0.106 0.438 -0.048 -0.298 -0.308 0.462 -0.233 0.121 0.114 0.336 0.384 0.179 1.000   

Cd -0.120 -0.067 -0.384 -0.085 -0.287 -0.174 0.055 -0.193 0.399 0.284 0.287 0.100 0.284 0.264 1.000  

Pb -0.475 0.095 0.588 -0.199 0.009 0.399 0.332 -0.332 0.147 -0.088 0.149 -0.136 -0.051 0.314 -0.064 1.000 
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Age of the healthy donors showed an inverse relationship with Pb as manifested by 

its r-value (–0.475). In addition, few negative correlations were also observed, but they 

were insignificant, thus manifesting their almost independent variations in the healthy 

subjects. Consequently, the correlation study revealed a significantly dissimilar pattern of 

mutual dependence of the metals in the lung cancer patients and healthy donors. This 

might be associated with uncontrolled growth of cells in the patients, which accumulated 

higher minerals/metals to cope with the requirement of excessively dividing cells.  

 

3.2.16 Multivariate Analysis of Selected Metals in Nails of Lung Cancer 

Patients 
The PCA of metal data in the nails of lung cancer patients, extracted by using 

varimax normalized rotation on the data-set is also shown in Table 15. The PCA yielded 

four PCs with eigen values >1, commutatively explaining more than 98% of the total 

variance of data. The corresponding CA based on Ward's method is shown in the form of 

dendrogram in Figure 15. PC 1 showed higher loadings for Ca, Na, Cu, Zn, Mg and Cr 

supported by the strong clusters of these metals in CA. These metals were believed to be 

contributed by internal body metabolism as well as dietary sources. One important aspect 

of such a grouping is that trace metals namely Cr and Cu, were found grouped with main 

electrolytes/essential metals; this may lead to malfunctioning in the normal metabolic 

processes, as reported in earlier studies (Bencko et al., 1995).  
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Figure 15. Cluster analysis of selected metals in the nails of lung cancer patients 
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PC 2 showed higher loadings for Ni, Pb, Fe, Mn and Co duly supported by the CA. 

These metals were mainly contributed by the transportation activities particularly the 

automobile emissions as well as occupational exposures. PC 3 for the nails of patients 

showed elevated loadings of Li and Cd, while PC 4 exhibited higher loadings for K and 

Sr. These two PCs were presumed to be contributed by the anthropogenic sources and also 

regulated by internal body metabolism. Overall, the PCA and CA were in good agreement 

with the correlation study described above and quite helpful in identifying the multiple 

associations of these metals in lung cancer patients. 

 

Table 15. Principal component analysis of selected metals in the nails of lung cancer 

patients 

 PC 1 PC 2 PC 3 PC 4 

Eigen value 8.356 3.031 1.862 1.467 

Total Variance (%) 55.71 20.21 12.41 9.783 

Cumulative Eigen value 8.356 11.39 13.25 14.72 

Cumulative Variance (%) 55.71 75.91 88.33 98.11 

Ca 0.990 -0.128 0.013 -0.019 

Mg 0.922 0.253 0.284 -0.073 

Na 0.982 -0.004 0.179 0.002 

K -0.205 -0.087 -0.391 0.873 

Fe -0.186 0.937 0.284 -0.055 

Zn 0.940 0.085 0.189 0.260 

Cu 0.951 -0.023 0.086 -0.089 

Sr 0.589 0.208 0.475 0.593 

Li 0.084 0.275 0.943 -0.148 

Co 0.676 0.520 0.502 0.119 

Mn 0.595 0.675 0.360 0.221 

Ni 0.065 0.932 -0.231 -0.252 

Cr 0.798 0.410 0.237 -0.305 

Cd 0.358 -0.066 0.926 -0.086 

Pb 0.211 0.813 0.202 0.470 
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3.2.17 Multivariate Analysis of Selected Metals in Nails of Healthy 

Subjects 
The principal component loadings, extracted by varimax-normalized rotation on 

the data-set for healthy subjects are shown in Table 16. In the case of healthy donors, PCA 

of the metals data in the nails yielded four PCs with eigen values greater than 1, 

commutatively explaining more than 96% of the total variance of data (Table 16). The 

corresponding CA applied to the nails metal data of healthy donors is displayed in the 

form of dendrogram in Figure 16. PC 1 showed elevated loadings for Ni, Na, K, Mn, and 

Fe supported by the strong clusters of these metals in CA. These metals were mostly 

regulated by internal body metabolism, food habits and occupational sources. PC 2 

showed higher loadings for Ca, Mg and Cd while PC 3 manifested elevated loadings of 

Zn, Cr and Co duly supported by the CA. These metals were believed to be contributed by 

the anthropogenic activities. Similarly, PC 4 exhibited elevated loadings for Li and Sr and 

one of the clusters was also composed of Li and Sr. These metals were presumed to be 

contributed by dietary sources. The multivariate methods, therefore, revealed that the 

apportionment of metals in the nails of the patients was appreciably dissimilar to that of 

the healthy donors, which manifested an imbalance of the metals in the patients. 

Consequently, the multivariate methods may be used as diagnostic tools in the clinical 

studies, and may provide alternative techniques for the identification as well as onset and 

progression of the disease.  
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Figure 16. Cluster analysis of selected metals in the nails of healthy subjects 
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Table 16.  Principal component analysis of selected metals in the nails of healthy subjects 

 PC 1 PC 2 PC 3 PC 4 

Eigen value 5.676 4.054 3.628 1.054 

Total Variance (%) 37.84 27.03 24.18 7.025 

Cumulative Eigen value 5.676 9.730 13.36 14.41 

Cumulative Variance (%) 37.84 64.87 89.05 96.07 

Ca 0.264 0.937 0.022 0.095 

Mg 0.132 0.870 -0.214 0.272 

Na 0.903 -0.232 0.148 -0.227 

K 0.961 0.176 0.192 -0.001 

Fe 0.750 -0.111 0.616 0.139 

Zn 0.153 -0.080 0.957 0.035 

Cu -0.647 -0.169 0.697 -0.255 

Sr -0.322 0.202 0.091 0.920 

Li 0.077 0.472 -0.001 0.878 

Co 0.094 0.073 0.967 0.222 

Mn 0.950 0.084 0.290 -0.006 

Ni 0.954 0.044 -0.177 -0.226 

Cr 0.133 0.045 0.979 -0.048 

Cd -0.290 0.869 0.125 0.243 

Pb 0.275 -0.559 0.640 -0.171 

 

 

3.2.18 Comparison of Metal Levels in Nails Based on Demographic 

Characteristics of the Subjects 
3.2.18.1 Gender-Based Comparison of Metal Levels in the Nails of Lung Cancer 

Patients and Healthy Subjects 

Average metal levels (±SE) in the nails of male and female donors of both groups 

are shown in Figure 17, for comparative evaluation. Overall, mean concentrations of Ca, 

Mg, Zn, and Cd were considerably higher in the nails of male subjects compared to their 

respective female counterparts, while measured levels of Na, K and Co were found to be 

higher in the nails of female subjects of both groups. Average levels of Cd, Zn, Mg and Ca 

were somewhat higher in the nails of male patients compared with the female patients, 
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while mean concentrations of Mn, Cr, Co, Li, Sr, Cu, Fe, K and Na were noticeably higher 

in the nails of female patients than the male patients. Among the healthy subjects, average 

concentrations of Pb, Co, K and Na were appreciably higher in the nails of female healthy 

donors, whereas mean levels of Cd, Cr, Ni, Li, Sr, Fe, Mg and Zn were noticeably higher 

in the nails of male healthy donors. Insignificant differences were observed in the average 

concentrations of Pb and Ni in the nails of female and male patients and Cu & Mn in the 

nails of female and male healthy donors. Among the selected metals, Fe, Sr, Li and Cr 

exhibited a similar trend: the metal levels were found to be relatively higher in the nails of 

female patients and male healthy donors compared to their respective counterparts; thus 

these metals showed imbalances in the patients.  
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Figure 17.  Gender-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the nails of lung cancer patients and healthy subjects 

 

3.2.18.2 Habitat-Based Comparison of Metal Levels in the Nails of Lung Cancer 

Patients and Healthy Subjects 

Comparison of average metal levels (±SE) in the nails of lung cancer patients and 

healthy donors based on their residence is depicted in Figure 18. Most of the metals 

exhibited significantly higher levels in the nails of rural patients compared with those 
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residing in urban areas, except K. Average concentrations of Ca, Mg, Na, K, Fe, Zn, Cu, 

Sr, Mn, Ni and Cr were found to be higher while mean contents of Li, Co, Cd and Pb were 

relatively lower in the nails of rural healthy donors compared with the urban healthy 

donors. Average levels of Cu were almost equivalent in the nails of healthy urban and 

rural subjects. In addition, mean levels of Li, Co, Cd and Pb exhibited significant 

accumulation in the nails of rural patients and urban healthy donors than in their respective 

counterparts. Thus, some noticeable variations in the metal levels were observed in the 

nails of the two groups from urban and rural locations, hence evidencing imbalances of the 

metals in the nails of lung cancer patients. 
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Figure 18.  Habitat-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the nails of lung cancer patients and healthy subjects 

 

3.2.18.3 Dietary-Based Comparison of Metal Levels in the Nails of Lung Cancer 

Patients and Healthy Subjects 

Comparative average concentrations (±SE) of the metals in nails of lung cancer 

patients and healthy donors with vegetarian and non-vegetarian food habits are displayed 

in Figure 19. Average concentrations of Na, K, Zn, Sr, Co, Ni, Cr, Cd and Pb were noted 

to be comparatively higher in the nails of non-vegetarian patients than vegetarian patients, 
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while appreciably higher levels of Ca, Mg, Fe, Cu, Li and Mn were noted in the nails of 

vegetarian patients. In the case of healthy donors, average concentrations of Pb, Co, Sr, 

Fe, K and Mg were considerably higher in the nails of vegetarian donors, while mean level 

of Cd, Ni, Cu and Na were observed to be higher in the nails of non vegetarian donors. 

The rest of the metals exhibited insignificant differences in the nails of vegetarian/non-

vegetarian healthy donors. Mean concentrations of Na, K, Zn, Cu, Sr, Mn, Ni, Cr and Cd 

were appreciably higher while those of Ca, Mg, Fe and Co were noticeably lower in the 

patients with non-vegetarian food habits than counterpart healthy donors. Moreover, Na, 

Ni and Cd revealed a similar trend in their distribution: noticeably higher mean levels in 

the nails of non-vegetarian patients and vegetarian healthy donors compared to vegetarian 

patients and non-vegetarian healthy donors, respectively. However, comparatively higher 

levels were found for Fe and Mg in the nails of vegetarian patients and non-vegetarian 

healthy donors than in their respective counterparts. More or less comparable levels were 

found for Li and Pb in the nails of lung cancer patients and healthy donors with non-

vegetarian food habits.  
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Figure 19.  Dietary-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the nails of lung cancer patients and healthy subjects 
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3.2.18.4 Smoking-Based Comparison of Metal Levels in the Nails of Lung Cancer 

Patients and Healthy Subjects  

Comparative evaluation of mean metal levels (±SE) in the nails of lung cancer 

patients and healthy subjects with smoking and non-smoking habits are shown in Figure 

20. Relatively higher average levels of Pb, Cd, Cr, Ni, Mn, Li, Zn, Fe, Mg and Ca were 

noted in the nails of patients with a smoking habit, while mean levels of Co, Sr, Cu and Na 

revealed higher contributions in the nails of non-smoking patients. In smoking healthy 

donors, mean contents of Ca, Mg, Fe, Sr, Li and Ni were appreciably higher, whereas 

average concentrations of Na, Zn, Cu, Co, Cr, Cd and Pb were somewhat higher in non-

smoking healthy donors. Only K showed comparable concentrations in healthy donors 

with smoking and non-smoking habits. Nevertheless, average concentrations of Pb, Cd, 

Cr, Co, Cu, Zn and Na in the nails of non-smoking healthy donors were relatively higher 

than healthy donors with smoking habit. Interestingly, relatively higher concentrations of 

Cr, Cd and Pb were observed in the nails of smoking patients and non-smoking healthy 

donors than in their respective counterparts. 

 

0.1

1

10

100

1000

10000

Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb

M
et

al
 L

ev
el

 (µ
g/

g)
 in

 N
ai

ls

Patients Smoking Patients Non Smoking

Healthy Donors Smoking Healthy Donors Non Smoking

 
Figure 20.  Smoking-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the nails of lung cancer patients and healthy subjects 
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3.2.19 Comparison of Metal Levels in the Nails Based on Types and 

Stages of Lung Cancer Patients 
3.2.19.1 Comparison of Metal Levels in the Nails Based on Types of Lung Cancer 

Patients 

Comparison of mean metal levels (±SE) in the nails of various types (i.e., 

adenocarcinoma, squamous cell carcinoma, large cell carcinoma and small cell lung 

cancer) of lung cancer patients are shown in Figure 21. Average levels of Pb, Cd, Cr, Co, 

Sr and Na were found to be considerably higher in the nails of adenocarcinoma patients. 

Likewise, mean concentrations of Mn, Li, Zn, Fe and Mg were relatively higher in the 

nails of squamous cell carcinoma patients, whereas highest levels of Ni and Ca were found 

in the nails of small cell lung cancer patients. In the case of large cell carcinoma patients, 

none of the metals exhibited highest levels in comparison with other types of lung cancer. 

A small majority of the metals (Cd, Cr, Ni, Li, Sr, Cu, Zn and Ca) exhibited lowest 

concentrations in the nails of large cell carcinoma patients of lung cancer. 
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Figure 21.  Comparative average concentrations (µg/g ± SE) of selected metals in the nails 

of different types of lung cancer patients 
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3.2.19.2 Comparison of Metal Levels in the Nails Based on Stages of Lung Cancer 

Patients  

Comparison of average metal levels (±SE) in the nails of lung cancer patients at 

different stages is depicted in Figure 22. Elevated levels of Pb, Ni, Cd, Cr, Co, Sr, Zn and 

K were noted in the nails of the patients at stage-I while relatively higher levels of Ca, Mg, 

Fe, Li and Mn were observed in the nails of lung cancer patients at stage-II. However, 

mean levels of Cu and Na were considerably higher at stage-III in the nails of lung cancer 

patients. Among the metals, Cd and Co exhibited gradual decrease of concentrations in the 

nails of lung cancer patients from stage-I to stage-III. 
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Figure 22.  Comparative average concentrations (µg/g ± SE) of selected metals in the nails 

of lung cancer patients at different stages 

 

3.2.20  Distribution of Selected Metals in Blood of Lung Cancer Patients  
Basic statistical parameters pertaining to the distribution of selected metals (µg/g, 

wet weight) in the blood of lung cancer patients (n = 76) are summarized in Table 17. 

Most of the metals exhibited large range in their concentrations as manifested by the 

minimum and maximum levels. Sodium revealed highest mean level at 1,662 µg/g, 

followed by, K (708.7 µg/g), Fe (353.9 µg/g), Ca (54.31 µg/g) and Mg (36.59 µg/g). 
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However, relatively lower mean levels were noted for Ni (8.967 µg/g), Zn (6.501 µg/g), 

Pb (5.275 µg/g), Co (2.737 µg/g) and Cu (1.647 µg/g). Minimum levels were encountered 

for Sr at 1.267 µg/g, Cr at 1.080 µg/g, Li at 0.604 µg/g, Cd at 0.425 µg/g and Mn at 0.278 

µg/g. Overall, the metal contents in blood of the patients revealed following order in their 

average concentrations: Na > K > Fe > Ca > Mg > Ni > Zn > Pb > Co > Cu > Sr > Cr > Li 

> Cd > Mn. Some of the metals (Na, K, Fe, Ca, Mg, Pb and Ni) exhibited random 

distribution pattern as shown by elevated SD and SE values on one hand and appreciably 

divergent mean and median values on the other hand. Some of the metals (Mn, Cd and Li) 

exhibited relatively normal distribution pattern, evidenced by comparatively lower SD and 

SE values. Somewhat lower values of skewness and kurtosis were noted for Cd, K, Ca, Li, 

Mg and Mn thus manifesting relatively symmetrical distribution pattern in the blood of 

lung cancer patients. Nevertheless, the rest of the metals exhibited asymmetric distribution 

pattern supported by large skewness and kurtosis values.  

 

Table 17.  Statistical distribution parameters for concentrations (µg/g, wet weight) of 

selected metals in the blood of lung cancer patients (n = 76) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 41.03 68.40 54.31 53.63 6.580 0.970 0.274 -0.491 

Mg 25.74 50.13 36.59 35.91 5.057 0.746 0.415 0.265 

Na 1267 2283 1662 1620 214.6 31.65 0.789 0.425 

K 515.5 967.0 708.7 696.9 111.7 16.47 0.168 -0.685 

Fe 229.6 456.5 353.9 360.8 51.28 7.561 -0.666 0.387 

Zn 3.048 11.62 6.501 6.354 1.549 0.228 0.669 1.727 

Cu 0.413 3.769 1.647 1.479 0.753 0.111 0.923 0.556 

Sr 0.046 3.604 1.267 1.132 0.842 0.151 1.053 1.056 

Li 0.016 1.325 0.604 0.546 0.384 0.067 0.365 -0.884 

Co 0.020 15.04 2.737 2.389 2.805 0.449 2.934 10.62 

Mn 0.009 0.711 0.278 0.249 0.195 0.031 0.432 -0.693 

Ni 0.023 24.45 8.967 8.493 4.892 0.729 0.772 0.961 

Cr 0.150 3.890 1.080 0.765 0.859 0.143 1.877 3.558 

Cd 0.037 0.933 0.425 0.445 0.237 0.036 0.148 -0.701 

Pb 0.174 19.95 5.275 3.625 5.015 0.765 1.402 1.463 
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The quartile distribution of selected metals in the blood of lung cancer patients is 

shown as box–whisker plots in Figure 23. As shown in the figure, very narrow distribution 

was observed for essential metals (Ca, Mg, Zn, Na, K and Fe) with overlapping of lower 

and upper quartiles with the median values. Conversely, Ni, Co, Li, Sr, Pb, and Cd 

revealed maximum spread (broad distribution) which indicated inconsistent and varying 

levels of these metals in the blood of lung cancer patients. 
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Figure 23. Quartile distribution for selected metal concentrations (µg/g) in the blood of 

lung cancer patients 

 

 

3.2.21  Distribution of Selected Metals in Blood of Healthy Subjects  
Basic statistical parameters pertaining to the distribution of selected metals (µg/g, 

wet weight) in the blood of healthy donors (n = 74) are shown in Table 18. Mostly large 

variations were observed among minimum and maximum concentrations of the selected 

metals. In the blood, Na (1,888 µg/g), K (385.4 µg/g) and Fe (279.8 µg/g) emerged as 

major contributors, followed by Ca, Mg and Zn at 37.10, 32.77 and 7.018 µg/g, 

respectively. Relatively lower concentrations of Pb (4.631 µg/g), Co (4.307 µg/g), Cr 

(2.591 µg/g), Ni (2.541 µg/g) and Sr (2.341 µg/g) were noted. Lowest average 

concentrations were recorded for Cu (1.296 µg/g), Mn (1.005 µg/g), Li (0.309 µg/g) and 

Cd (0.289 µg/g). On the whole, the decreasing trend of metal levels in the blood of 

controls revealed following pattern: Na > K > Fe > Ca > Mg > Zn > Pb > Co > Cr > Ni > 

Sr > Cu > Mn >Li > Cd. This decreasing trend of metals was slightly different from the 
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trend in the patient category but an almost similar trend of metal concentrations was 

reported by Ilyas and Shah, (2015) in the blood of healthy donors. Median levels of the 

metals also followed the same sequence. Ca manifested almost comparable mean and 

median concentrations, associated with lower asymmetry indicating more or less normal 

distribution pattern. Among the selected metals, Na, K and Fe revealed more dispersion 

compared with other metals, as manifested by higher SD and SE values. However, the rest 

of the metals exhibited somewhat Gaussian distribution pattern as evidenced by their 

lower SD and SE values. Large skewness and kurtosis values for Li, Cr, Ni, Zn, Na and Ca 

supported asymmetrical distribution of these metals in the blood of healthy donors. 

Overall, the distribution of selected metals in the blood of healthy subjects remained 

noticeably diverse compared with lung cancer patients, which may be attributed to the 

disproportions of the nutrients and trace metals in the cancer patients, which was in good 

agreement with several earlier studies (Kazi et al., 2008c; Cobanoglu et al., 2010). 

 

Table 18.  Statistical distribution parameters for concentrations (µg/g, wet weight) of 

selected metals in the blood of healthy subjects (n = 74) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 14.17 55.43 37.10 37.08 6.974 1.040 -0.346 2.149 

Mg 24.60 41.59 32.77 32.09 3.942 0.588 0.420 -0.076 

Na 1243 2697 1888 1854 225.9 33.67 0.664 3.832 

K 285.6 574.1 385.4 350.3 73.42 10.94 0.657 -0.574 

Fe 225.1 356.2 279.8 280.8 28.50 4.248 0.311 0.105 

Zn 2.247 14.53 7.018 6.838 1.984 0.296 0.727 4.295 

Cu 0.017 2.845 1.296 1.397 0.599 0.089 0.235 -0.173 

Sr 0.024 5.620 2.341 2.399 1.571 0.252 0.196 -0.930 

Li 0.019 1.073 0.309 0.229 0.288 0.050 1.449 1.300 

Co 0.011 14.03 4.307 4.193 3.294 0.508 0.905 0.754 

Mn 0.138 2.535 1.005 0.965 0.509 0.076 0.569 0.560 

Ni 0.489 7.571 2.541 2.237 1.642 0.266 1.202 1.429 

Cr 0.067 9.497 2.591 1.162 2.782 0.446 1.239 0.468 

Cd 0.012 0.694 0.289 0.250 0.179 0.028 0.510 -0.581 

Pb 0.398 12.45 4.631 4.383 3.136 0.563 0.694 -0.118 
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The quartile distribution of selected metals in the blood of healthy subjects is 

shown as Box–Whisker plots in Figure 24, wherein essential metals Fe, K, Mg and Na 

exhibited very narrow distribution, with overlapping lower and upper quartiles. Highest 

spread was shown by Co, Sr, Cu, Cr and Cd, which manifested broad and almost 

symmetrical distribution in the blood of healthy subjects. The quartile distribution results 

were in good agreement with earlier reported results (Saghir et al., 2011). The quartile 

distribution of metals for healthy subjects revealed significant disparities compared with 

the distribution of metals in the case of lung cancer patients.  
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Figure 24.  Quartile distribution for selected metal concentrations (µg/g) in the blood of 

healthy subjects 

 

3.2.22  Comparison of Selected Metal Levels in Blood of Lung Cancer 

Patients and Healthy Subjects 
Comparison of average metal levels (±SE) in the blood of lung cancer patients and 

healthy subjects is shown graphically in Figure 25. Student’s t-test (p < 0.05) of the data 

showed that there was no significant difference between the concentrations of Zn in the 

blood of lung cancer patients and healthy donors; however, there were significant 

differences in the concentrations of the rest of the metals. Mean concentrations of Cr, Mn, 

Co, Sr and Na in the blood of healthy subjects were significantly higher than those 

observed in the blood of lung cancer patients; on the other hand, average concentrations of 

Pb, Cd, Ni, Li, Cu, Fe, K, Mg and Ca were found to be significantly higher in the blood of 

lung cancer patients compared with the healthy donors (p < 0.05). These results were in 
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good agreement with other investigations reported in the literature (Kazi et al., 2008c; 

Oyama et al., 2003; Lamm et al., 1992; Andersen et al., 1996; Ren et al., 1997). 
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Figure 25.  Comparative average concentrations of selected metals (µg/g ± SE) in the 

blood of lung cancer patients and healthy subjects 

 

Many studies reported in the literature found statistically significant risks of lung 

cancer associated with higher Cd exposure (Sorahan and Lancashire, 1997; Stayner et al., 

1992). Another study showed that Cd in blood was significantly higher in lung cancer 

patients compared with matching healthy donors (Kazi et al., 2008c). Similarly, 

epidemiological studies from Italy (Cocco et al., 1997), Finland (Anttila et al., 1995) and 

Sweden (Englyst et al., 2001; Gerhardsson et al., 1995) reported possible carcinogenicity 

of Pb to lungs (Lundstrom et al., 1997). Some studies reported that patients suffering from 

lung cancer exhibited relatively high blood serum Cu levels (Yenugadhati et al., 2009; 

Gupte and Mumper, 2009; Mahabir et al., 2006; Majumder et al., 2009). Some researchers 

reported increased risk of lung cancer with increasing Fe and Ca uptake (Kaplan, 2002). 

Mean concentration of Fe in the blood serum of lung cancer patients was higher than the 

controls (Cobanoglu et al., 2010). Higher level of Co was found in the blood serum of 

lung cancer patients (Tuchsen et al., 1996; Masiak and Herzyk, 1984). Excessive 
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incidence of lung cancer was reported followed by elevated blood serum Cr level in the 

tanning industry workers (Khan et al., 2012). In the present investigation, it was noted that 

mean levels of Ca and Mg were higher in lung cancer patients than healthy donors, most 

likely because of some metabolic process whereby these metals were bio-accumulated in 

cancer patients compared with the healthy donors (Zhou et al., 2005). Overall, the present 

study revealed that there were imbalances of metals burden in the blood of lung cancer 

patients versus healthy subjects. 

 

3.2.23  Correlation Study of Selected Metals in Blood of Lung Cancer 

Patients 
Spearman correlation coefficient matrix for selected metals in the blood of lung 

cancer patients is shown in Table 19, wherein significant r-values are shown in bold at p < 

0.05. Strong positive correlations were observed between Pb-Cr (r = 0.714), Fe-K (r = 

0.617), Cr-Li (r = 0.608), Pb-Co (r = 0.581), Cr-K (r = 0.557), Cd-Cr (r = 0.543), Cr-Mg 

(r = 0.523), Li-Fe (r = 0.523) and Fe-Mg (r = 0.513). Some significant correlations were 

also found between Pb-Ca (r = 0.484), Pb-K (r = 0.476), Co-Ca (r = 0.467), Li-K (r = 

0.460), Cd-Li (r = 0.419), K-Ca (r = 0.408), Cr-Fe (r = 0.404), Cd-Mn (r = 0.398), Cd-K 

(r = 0.393), Co-K (r = 0.374) and Pb-Cd (r = 0.381) indicating their probable communal 

variations in the blood of patients. In addition, some metal pairs revealed inverse 

relationships as manifested by significantly negative correlations; Li-Na (r = –0.511) and 

Fe-Na (r = –0.480). Among the selected metals Zn, Cu, Sr and Ni were not significantly 

correlated with any other metal, thus exhibiting their independent variations in the blood 

of patients. The metal data for the blood of lung cancer patients exhibited strong 

correlations for Cr with Pb, Li, K, Cd & Mg; Fe with K & Li; Pb with Ca & K and Co 

with Ca & K signifying mutual origin of these metals. Apparently, positive correlations of 

toxic trace metals (Pb, Cd, Cr & Li) with essential metals (Ca, Fe, K & Mg) evidenced a 

build up of the toxic metals in blood of the cancer patients. Some earlier studies (Kazi et 

al., 2008c; Kuo et al., 2006; Englyst et al., 2001) elaborated the role of Pb, Cd and Cr in 

the development of lung cancer. Age of the patients was not significantly correlated with 

any of the metals. The correlation study revealed that toxic metals showed strong 

relationships with essential metals thereby manifesting interferences in the essential 

nutrients and accelerating the carcinogenic processes.  
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Table 19. Correlation coefficient matrix of selected metals in the blood of lung cancer patients  

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca 0.110 1.000               

Mg -0.047 -0.106 1.000              

Na 0.058 -0.093 -0.291 1.000             

K 0.201 0.408 0.263 -0.259 1.000            

Fe 0.047 0.090 0.513 -0.480 0.617 1.000           

Zn 0.280 -0.075 0.076 -0.266 0.237 0.221 1.000          

Cu -0.057 -0.117 0.007 -0.126 0.088 -0.236 0.093 1.000         

Sr -0.156 0.044 -0.297 0.136 0.234 -0.014 -0.199 0.224 1.000        

Li -0.076 -0.049 0.187 -0.511 0.460 0.523 0.136 0.039 0.294 1.000       

Co 0.236 0.467 -0.019 -0.285 0.374 -0.114 0.100 0.257 -0.091 -0.038 1.000      

Mn 0.267 0.111 -0.182 -0.026 0.260 0.138 0.143 -0.081 0.197 0.127 -0.078 1.000     

Ni 0.066 0.235 -0.054 0.062 0.338 0.307 -0.361 -0.183 0.292 0.262 0.070 0.283 1.000    

Cr 0.169 0.067 0.523 -0.158 0.557 0.404 0.076 0.044 -0.104 0.608 0.254 0.205 0.138 1.000   

Cd 0.017 0.210 0.076 0.025 0.393 0.134 0.025 0.023 0.267 0.419 -0.023 0.398 0.088 0.543 1.000  

Pb 0.239 0.484 0.098 -0.263 0.476 0.164 0.160 -0.002 -0.227 0.293 0.581 0.241 0.079 0.714 0.381 1.000 

Bold r-values are significant at p < 0.05 
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Table 20. Correlation coefficient matrix of selected metals in the blood of healthy subjects 

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca -0.047 1.000               

Mg -0.088 0.153 1.000              

Na -0.160 0.242 0.091 1.000             

K 0.226 0.241 0.154 -0.096 1.000            

Fe -0.032 0.210 0.482 -0.215 0.600 1.000           

Zn -0.095 -0.134 0.277 0.042 0.006 0.159 1.000          

Cu 0.089 -0.144 -0.073 0.102 0.079 0.091 0.258 1.000         

Sr 0.369 0.126 -0.101 0.066 0.221 0.011 -0.289 0.018 1.000        

Li 0.284 -0.089 0.137 -0.115 0.736 0.289 0.035 0.123 0.210 1.000       

Co 0.050 -0.042 0.183 0.043 0.070 0.047 -0.228 0.013 0.194 0.106 1.000      

Mn 0.276 0.212 0.048 0.238 0.321 0.071 -0.123 0.032 0.295 0.604 0.224 1.000     

Ni 0.057 0.018 0.353 0.075 0.236 0.267 0.222 0.173 0.040 0.355 0.131 0.522 1.000    

Cr 0.334 0.234 -0.015 -0.104 0.722 0.313 -0.214 0.069 0.336 0.751 0.518 0.511 0.143 1.000   

Cd 0.487 0.094 -0.128 -0.113 0.511 0.229 -0.032 0.125 0.254 0.489 0.080 0.469 0.301 0.621 1.000  

Pb 0.235 0.199 0.208 -0.207 0.161 0.078 0.066 -0.061 -0.096 0.468 -0.121 0.041 0.116 0.237 0.233 1.000 

Bold r-values are significant at p < 0.05 
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3.2.24 Correlation Study of Selected Metals in Blood of Healthy Subjects 
Spearman correlation coefficients between selected metals in the blood of healthy 

donors are shown in Table 20, wherein the significant r-values are shown in bold (p < 

0.05). Healthy donors showed strong correlation coefficients between Cr-Li (r = 0.751), 

Li-K (r = 0.736), Cr-K (r = 0.722), Cd-Cr (r = 0.621), Mn-Li (r = 0.604), Fe-K (r = 

0.600), Ni-Mn (r = 0.522), Cr-Co (r = 0.518), Cd-K (r = 0.511) and Cr-Mn (r = 0.511) 

thus manifesting mutual variations of these metals. In addition, significant correlations in 

the blood of healthy donors were observed between Cd-Li (r = 0.489), Fe-Mg (r = 0.482), 

Cd-Mn (r = 0.469), Pb-Li (r = 0.468) Ni-Li (r = 0.355) and Ni-Mg (r = 0.353). Significant 

positive correlations were observed between age of healthy subjects & Cd (r = 0.487) and 

Sr (r = 0.369). The correlation study revealed strong relationships among Cr, Cd, Mn, Co, 

Li, Fe, K and Ni thus indicating their mutual variations in the blood of healthy subjects. 

About half of the metals did not indicate any viable correlation with any other metal and 

therefore revealed an independent variation in their concentrations. Overall, the correlation 

study of selected metals in the blood of healthy subjects was noticeably diverse compared 

with that of the patient group, which may be attributed to the disproportions of the 

nutrients and trace metals in the patients. 

 

3.2.25 Multivariate Analysis of Selected Metals in Blood of Lung 

Cancer Patients 
The principal component loadings of selected metals in the blood of lung cancer 

patients, extracted by varimax-normalized rotation on the data-set are presented in Table 

21. Overall, five PCs with eigen values >1 were extracted, commutatively explaining 

about 89% of total variance of the data. The corresponding CA of the metal data 

pertaining to the blood of the patients based on Ward's method is shown in Figure 26. The 

CA of the metal data revealed strong clusters of Li-Cu, Co-Zn, Pb-Cd-Cr-K, Fe-Mg, Mn-

Sr and Ca-Ni-Na. The quantitative information regarding multiple relationships of these 

metals was assessed by PCA in which PC 1 with highest variance of the data showed 

dominant loadings for Mg, K, Fe, Li, Cr, Cd and Pb, supported by a similar cluster of 

these metals in CA. These metals were mostly associated with anthropogenic sources 

(automobile emissions, fuel combustions, mining & metal processing operations) and also 

regulated by internal body metabolism of the subjects. One important aspect of such 

grouping is that toxic metals (Cr, Cd and Pb) were grouped together with a main 
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electrolyte (K) of the body. This may lead to malfunctioning in the normal metabolic 

processes (Pasha et al., 2008a). Additionally, these metals might contribute towards the 

carcinogenesis. PC 2 showed higher loadings for Cu and Ni while PC 3 showed elevated 

loadings of Ca, Na and Cd, which may be attributed to anthropogenic pollution and the 

nutritional habits of the donors. Similarly, maximum loadings of Zn and Co were shown 

by PC 4 with a strong cluster of Zn-Co in CA. Higher PC loading for Sr and Mn were 

observed in PC 5, which was in very good agreement with the CA. These metals were 

mostly contributed by the natural sources. Overall, PCA results were in good agreement 

with the CA findings. 

 

Table 21.  Principal component analysis of selected metals in the blood of lung cancer 

patients 

 PC 1 PC 2 PC 3 PC 4 PC 5 

Eigen value 5.382 3.460 2.299 1.205 1.018 

Total Variance (%) 35.88 23.07 15.32 8.036 6.785 

Cumulative Eigen value 5.382 8.842 11.14 12.35 13.36 

Cumulative Variance (%) 35.88 58.95 74.27 82.31 89.09 

Ca -0.002 0.391 0.779 -0.232 0.205 

Mg 0.894 0.191 -0.072 0.152 -0.307 

Na 0.364 -0.281 -0.276 0.740 -0.049 

K 0.732 0.365 0.434 0.022 0.195 

Fe 0.813 0.471 -0.235 0.071 -0.038 

Zn 0.024 -0.022 0.250 0.866 0.000 

Cu 0.097 0.932 0.070 -0.034 -0.138 

Sr -0.255 0.034 0.169 0.089 0.913 

Li 0.601 -0.481 -0.065 0.426 -0.070 

Co 0.062 -0.131 0.890 0.318 0.115 

Mn 0.464 0.141 0.166 -0.375 0.611 

Ni 0.098 0.873 0.070 -0.213 0.307 

Cr 0.952 -0.146 0.132 0.051 -0.037 

Cd 0.644 0.068 0.726 -0.099 0.058 

Pb 0.819 -0.078 0.446 0.145 0.096 
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Figure 26.  Cluster analysis of selected metals in the blood of lung cancer patients 

 

 

3.2.26 Multivariate Analysis of Selected Metals in Blood of Healthy 

Subjects 
The PCA of selected metals in the blood, extracted by varimax-normalized rotation 

on the data-set for healthy donors is presented in Table 22, which yielded five PCs with 

eigen values greater than 1, commutatively explaining more than 84% of the total variance 

of data. The CA of metal data pertaining to the healthy donors based on Ward's method is 

shown in Figure 27, which exhibited very strong clusters of Ca-Pb, Li-Cr-K-Cd-Mn, Sr-

Co, Mg-Na, Fe-Zn and Cu-Ni. In the case of healthy donors, PC 1 showed elevated 

loadings for Na, K, Li, Cr, Cd and Pb duly supported by strong cluster (excepting Mn) in 

the CA. These metals were mostly contributed by anthropogenic sources, such as traffic 

emissions, and food habits that regulated by internal body metabolism (Ilyas and Shah, 

2015). Higher loadings for Fe, Zn and Sr were observed in PC 2 which may be associated 

with dietary intake. Similarly PC 4 showed elevated loadings for Mg, Co & Mn, whereas 

PC 5 exhibited significantly higher loadings for Cu & Ni, which also shared a common 

cluster in CA. These two PCs were mainly believed to be contributed by environmental 

pollution coupled with nutritional sources. Only Ca revealed the maximum loading in PC 

3, which indicated its independent variations. Several studies have reported that the major 

route of Ca intake in humans is linked with the diet (Skulan et al., 2007). The multivariate 

methods, therefore, revealed that apportionment of the metals in blood of the patients was 
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appreciably different compared with the healthy donors, which manifested an imbalance 

of the metals in the patients. Consequently, the multivariate methods may provide 

alternative technique for the identification, onset as well as prognosis of the cancer.  

 

 

Table 22.  Principal component analysis of selected metals in the blood of healthy subjects 

 PC 1 PC 2 PC 3 PC 4 PC 5 

Eigen value 4.136 3.276 2.050 1.888 1.396 

Total Variance (%) 27.57 21.84 13.66 12.58 9.310 

Cumulative Eigen value 4.136 7.412 9.462 11.35 12.75 

Cumulative Variance (%) 27.57 49.41 63.08 75.66 84.97 

Ca 0.033 -0.011 0.969 -0.050 0.006 

Mg -0.132 -0.623 -0.024 0.660 0.159 

Na 0.696 0.169 0.361 -0.412 -0.013 

K 0.778 -0.282 -0.090 0.144 0.251 

Fe -0.021 0.610 -0.114 -0.014 -0.609 

Zn 0.059 0.875 -0.186 0.201 -0.218 

Cu -0.091 0.047 0.154 -0.016 0.948 

Sr 0.071 0.785 0.354 0.010 0.132 

Li 0.791 -0.016 0.024 0.566 0.074 

Co 0.041 0.143 0.482 0.683 -0.070 

Mn 0.290 0.169 -0.234 0.827 0.215 

Ni 0.178 -0.187 -0.202 0.228 0.878 

Cr 0.896 0.105 0.029 0.397 -0.099 

Cd 0.796 0.326 0.039 -0.052 0.037 

Pb 0.666 -0.042 -0.494 -0.178 -0.213 
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Figure 27.  Cluster analysis of selected metals in the blood of healthy subjects 

 

3.2.27 Comparison of Metal Levels in Blood Based on Demographic 

Characteristics of the Subjects 
3.2.27.1 Gender-Based Comparison of Metal Levels in the Blood of Lung Cancer 

Patients and Healthy Subjects  

The gender-based disparities in average metal concentrations (±SE) in the blood of 

lung cancer patients and healthy subjects are displayed in Figure 28. Average 

concentrations of Pb, Cd, Cr, Mn and Li were significantly higher in the blood of female 

patients compared with male patients, while mean levels of Ni, Co, Sr and Cu revealed 

relatively elevated concentrations in the blood of male patients. Similarly, average levels 

of Cd, Cr, Ni, Mn, Co, Li, Cu and Fe were considerably higher in the blood of male 

healthy donors than female healthy donors, who exhibited higher concentrations of Zn and 

Sr in their blood while the measured level of Pb was found to be highest in the blood of 

female patients. Among the metals, Li, Mn, Cr and Cd exhibited similar trends: the metal 

levels were found to be relatively higher in the blood of female patients and male healthy 

donors compared to their respective counterparts. Similarly, mean contents of Cu, Co and 

Ni were found to be markedly higher in male subjects than female subjects; thus these 

metals might be associated with vital clinical significance related to the disease. 

Nonetheless, insignificant gender-based differences were observed for Ca, Mg & K and 

Pb, Na, K and Mg in the patients and controls, respectively.  
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Figure 28.  Gender-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the blood of lung cancer patients and healthy subjects 

 

3.2.27.2 Habitat-Based Comparison of Metal Levels in the Blood of Lung Cancer 

Patients and Healthy Subjects 

Average blood metal levels (±SE) for lung cancer patients and healthy donors 

inhabiting in urban and rural localities are shown in Figure 29, for comparative evaluation. 

Average concentrations of Li, Cr, Cd and Pb were found to be marginally higher in the 

blood of patients from urban habitat compared with the rural patients, while mean levels of 

Cu, Sr and Ni were considerably higher in the blood of rural patients. Nevertheless, 

average levels of Ca, Mg, Na, K, Fe and Ni were measured at almost equivalent levels in 

the blood of both patient groups. Similarly, average levels of Li, Cr, Cd and Pb were 

relatively higher in the blood of urban subjects compared with rural subjects within each 

donor category; only mean Cu levels were significantly higher in the blood of rural donors 

within each category. Mean blood levels of Cu, Sr and Ni were noted to be higher while 

mean concentrations of Pb, Cd, Cr and Li were lower for rural patients than urban lung 

cancer patients. For both categories of donors (ill and healthy), insignificant differences 

were observed in the mean concentrations of Ca, Mg, Na, K, Fe and Zn in the blood of 

rural and urban dwellers. Consequently, noticeable variations in the metal levels were 
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observed in the blood of the two donor groups which indicated imbalances of the metal 

levels in blood of lung cancer patients. 
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Figure 29.  Habitat-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the blood of lung cancer patients and healthy subjects 

 

3.2.27.3 Dietary-Based Comparison of Metal Levels in the Blood of Lung Cancer 

Patients and Healthy Subjects 

Comparative average concentration of selected metals (±SE) in the blood of lung 

cancer patients and healthy donors with vegetarian and non-vegetarian food habits are 

shown in Figure 30. Relatively higher concentrations of Li, Cr, Cd and Pb were found in 

the blood of vegetarian patients compared with non-vegetarian patients, whereas mean 

levels of Zn and Mn were determined at markedly higher levels in the blood of non-

vegetarian patients. Average concentrations of Ca, Mg, K, Fe and Ni in the blood of 

vegetarian and non-vegetarian subjects of both donor groups were not significantly 

different. Within each donor category (ill and healthy), the blood of the non-vegetarian 

subjects exhibited comparatively higher levels of Sr and Mn, and comparatively lower 

levels of Cu, Co and Cr, compared to their vegetarian counterparts. Some metals revealed 

distinctive behaviour in their trends; mean levels of Na and Zn were found to be higher in 
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the blood of non-vegetarian patients and vegetarian healthy donors while average 

concentrations of Li, Pb and Cd were highest in the blood of vegetarian lung cancer 

patients. Thus nutritional habits of the donors may play their part in the prevention or 

progression of the disease. 
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Figure 30.  Dietary-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the blood of lung cancer patients and healthy subjects 

 

3.2.27.4 Smoking-Based Comparison of Metal Levels in the Blood of Lung Cancer 

Patients and Healthy Subjects  

Mean concentrations of selected metals (±SE) in the blood of lung cancer patients 

and healthy subjects with smoking and non-smoking habits are shown in Figure 31, for 

comparative evaluation. Relatively higher average levels of Ca, Sr, Co, Mn, Ni, Cr and Pb 

were noted in the blood of non-smoking healthy donors compared with smoking healthy 

donors, whereas mean concentration of Cd was evidently elevated in the blood of smoking 

healthy donors. Nevertheless, average concentrations of Mg and Ca in the blood of 

smoking and non-smoking healthy donors were more or less comparable. Similarly, mean 

levels of Ca, Mg, Na, K, Fe, Zn, Li and Pb in the blood of smoking and non-smoking 

patients were almost comparable. Mean contents of Mn and Cr were observed to be 
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considerably higher in the blood of non-smoking donors compared to smoking donors 

within each donor group, while Cd level was higher in the smoking donors of both groups. 

Average concentrations of Co and Sr were notably higher in the blood of smoking patients 

and non-smoking controls compared to their respective counterpart donors. Likewise, 

mean contents of Pb, Cd, Ni, Li, Cu, Fe, K and Ca were relatively higher in smoking 

patients than counterpart controls. Certain metals, such as Cd and Ni, are inhaled during 

smoking which may cause serious ailments including lung cancer. Almost similar findings 

were previously reported (Magos, 1991; Shen et al., 1994; Stavrides, 2006). 
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Figure 31.  Smoking-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the blood of lung cancer patients and healthy subjects 

 

3.2.28 Comparison of Metal Levels in the Blood Based on Types and 

Stages of Lung Cancer Patients 
3.2.28.1 Comparison of Metal Levels in the Blood Based on Types of Lung Cancer 

Patients 

Comparative evaluation of mean metal levels (±SE) in the blood of various types 

of lung cancer patients (i.e., adenocarcinoma, squamous cell carcinoma, large cell 

carcinoma and small cell lung cancer) is shown in Figure 32. Across the different types of 

lung cancer patients, the blood of adenocarcinoma patients exhibited the highest average 
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concentrations of Pb and Mn, while mean levels of Fe, Sr, Li and Cr were appreciably 

higher in the blood of squamous cell carcinoma patients. However, Cd and Na showed 

highest concentration in the blood of large cell carcinoma patients, while Ni, Co and Cu 

levels were relatively higher in small cell lung cancer patients. In addition, most of the 

trace metals (Pb, Mn, Sr, Li, Cr, Cd, Ni & Co) along with redox active metals (Fe & Cu) 

exhibited significant accumulation in the blood which revealed adverse effect of these 

metals on the emergence and development of lung cancer (Kazi et al., 2008c). On the 

other hand, most of the metals (Fe, Zn, K, Sr, Li, Co, Mn, Ni, Cr and Pb) exhibited lowest 

concentrations in the blood of large cell carcinoma patients. Average levels of Ca and Mg 

were almost comparable in the blood of all the four types of lung cancer patients.  
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Figure 32.  Comparative average concentrations (µg/g ± SE) of selected metals in the 

blood of different types of lung cancer patients 
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3.2.28.2 Comparison of Metal Levels in the Blood Based on Stages of Lung Cancer 

Patients 

Mean metal levels (±SE) in the blood of lung cancer patients at different stages are 

shown in Figure 33, for comparative evaluation. Some of the metals (Ca, Mg, Na K, Fe, 

Zn and Cu) exhibited approximately comparable levels at all three stages of lung cancer in 

the patients. However, mean levels of Pb, Cd, Cr, Ni and Li were considerably higher at 

stage-III, while average concentration of Co and Mn were relatively higher at stage-II in 

the blood of cancer patients. Kuo et al., (2006) also reported higher levels of Cd and Co at 

stage-II and stage-III in lung cancer tissues. However, mean concentration of Sr was found 

to be relatively higher at stage-I in the blood of lung cancer patients. Likewise, most of the 

toxic/trace metals (Pb, Cd, Cr, Ni, Li, Co, Mn and Sr) revealed noticeably higher levels at 

different stages in the blood of lung cancer patients. Similar result for Cd was reported in 

another study (Kazi et al., 2008c). Among the metals, Pb and Cr exhibited gradual build-

up in the blood levels from stage-I to stage-III of lung cancer patients.  

 

0.01

0.1

1

10

100

1000

10000

Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb

M
et

al
 L

ev
el

 (µ
g/

g)
 in

 B
lo

od

Stage I Stage II Stage III

 
Figure 33.  Comparative average concentrations (µg/g ± SE) of selected metals in the 

blood of lung cancer patients at different stages 
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3.2.29 Comparison of Metal Levels in Scalp Hair, Nails and Blood of 

Lung Cancer Patients  
Comparative evaluation of mean metal levels (±SE) in the scalp hair, nails and 

blood of lung cancer patients is displayed in Figure 34. Average concentrations of Ca, Mg, 

Zn and Cu were observed to be relatively higher in the scalp hair of lung cancer patients 

while elevated levels of Sr, Li, Co, Mn, Ni, Cr, Cd and Pb were found in the nails of lung 

cancer patients. Nonetheless, average concentrations of Na, K and Fe were noted to be 

highest in the blood of lung cancer patients. 
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Figure 34. Comparative average concentrations (µg/g ± SE) of selected metals in the scalp 

hair, nails and blood of lung cancer patients  
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SECTION  II 
 

3.3 Lymphoma 
3.3.1 Demographic Characteristics of the Subjects 

The demographic characteristics related to the lymphoma patients and counterpart 

healthy persons are shown in Table 23. In the case of the scalp hair, the patients and 

controls were in the range of 25–70 years of age while their average age was 

approximately 43 years and 37 years, respectively. Relatively higher numbers of males 

(62%) were suffering from lymphoma than females (38%). The majority of donors in both 

groups were vegetarians in their food habits. More than half of the patients (54%) were 

drawn from rural areas and a majority of them (61%) were not using tobacco on a 

continuous basis; these data were more or less the same for the healthy subjects (Table 

23). Almost half of the patients (52%) included in the present study were commonly 

suffering from non-Hodgkin lymphoma (NHL) and 48% from Hodgkin lymphoma (HL) 

of lymphoma. The NHL patients were further divided into histological subtypes: diffuse 

large B-cell lymphoma (41%), follicular lymphoma (28%) and peripheral T-cell 

lymphoma (31%). Likewise, HL patients were further grouped into nodular lymphocyte 

predominant HL (28%), nodular sclerosing HL (34%) and mixed cellularity HL (38%). 

Regarding the histopathological grading, the highest number of cases (29%) were found at 

stage-I followed by 26% at stage-II, 25% at stage-IV and 20% at stage-III, respectively. 

In the case of the nails samples of lymphoma patients and healthy subjects, the 

number of male donors (66% patients and 70% healthy subjects) exceeds the number of 

female donors (34% patients and 30% healthy subjects). A majority of the donors (59% 

patients & 65% controls) were vegetarians in their nutritional practices. Fifty seven 

percent (57%) cases in the patient group and 58% in the control group were drawn from 

rural areas. More than half of the patients (57%) and healthy donors (61%) were not 

addicted to tobacco. Patients included in the present study were commonly suffering from 

NHL (54%), which was further categorized into histological subtypes: diffuse large B-cell 

lymphoma (37%), follicular lymphoma (30%) and peripheral T-cell lymphoma (33%). 

Likewise, HL patients (46%) were further grouped into nodular lymphocyte predominant 

HL (27%), mixed cellularity HL (35%) and nodular sclerosing HL (38%). Regarding the 

histopathological staging, highest numbers of cases (28%) were found at stage-I followed 

by 27% at stage-II, 27% at stage-IV and 18% at stage-III, respectively (Table 23). 
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Table 23. Characteristics of the lymphoma patients and healthy subjects 

Scalp Hair Nails Blood 
Characteristics 

Lymphoma 
patients 

Healthy 
subjects 

Lymphoma 
patients 

Healthy 
subjects 

Lymphoma 
patients 

Healthy 
subjects 

n 61 60 56 57 59 58 

Age (years)       
     Range 25–70 24–61 24–86 25–60 24–86 25–65 

     Mean 43.4 37.0 57.7 43.9 57.2 43.9 

Gender       
     Female 23 (38%) 19 (32%) 19 (34%) 17 (30%) 22 (37%) 18 (31%) 

     Male 38 (62%) 41 (68%) 37 (66%) 40 (70%) 37 (63%) 40 (69%) 

Diet       

     Vegetarian 34 (56%) 39 (65%) 33 (59%) 37 (65%) 33 (56%) 37 (64%) 

     Non-vegetarian 27 (44%) 21 (35%) 23 (41%) 20 (35%) 26 (44%) 21 (36%) 

Habitat       
     Urban 28 (46%) 25 (42%) 24 (43%) 24 (42%) 27 (46%) 25 (43%) 

     Rural 33 (54%) 35 (58%) 32 (57%) 33 (58%) 32 (54%) 33 (57%) 

Tobacco Use (Smoking)        
     No use 37 (61%) 38 (63%) 32 (57%) 35 (61%) 35 (59%) 36 (62%) 

     Use 24 (39%) 22 (37%) 24 (43%) 22 (39%) 24 (41%) 22 (38%) 

Types (histology) of Lymphoma      

Non-Hodgkin lymphoma 32 (52%)  30 (54%)  31 (53%)  

Hodgkin lymphoma 29 (48%)  26 (46%)  28 (47%)  

Types of non-Hodgkin Lymphoma      

Diffuse large B-cell 

lymphoma 
13 (41%) – 11 (37%) – 12 (39%) – 

Follicular lymphoma 09 (28%) – 09 (30%) – 09 (29%) – 

Peripheral T-cell lymphoma 10 (31%) – 10 (33%) – 10 (32%) – 

Types of Hodgkin Lymphoma      

Nodular lymphocyte 

predominant HL 
08 (28%) – 07 (27%) – 08 (29%) – 

Mixed cellularity HL 11 (38%) – 09 (35%) – 11 (39%) – 

Nodular sclerosing HL 10 (34%) – 10 (38%) – 09 (32%) – 

Stages of Lymphoma       
     Stage-I 18 (29%) – 16 (28%) – 17 (29%) – 

     Stage-II 16 (26%) – 15 (27%) – 16 (27%) – 

     Stage-III 12 (20%) – 10 (18%) – 11 (19%) – 

     Stage-IV 15 (25%) – 15 (27%) – 15 (25%) – 
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In the case of the blood samples, a majority of the patients (56%) and healthy 

subjects (64%) were vegetarians. Among the patients, 63% were male donors while 37% 

were female donors. Fifty-four percent (54%) cases in the patient group and 57% in the 

control group were drawn from rural area. More than half of the patients (59%) and 

healthy subjects (62%) were not using tobacco on a continuous basis. Patients included in 

the present study were more commonly suffering from NHL (53%) than from HL (47%). 

The NH lymphomas were categorized into the following subtypes: diffuse large B-cell 

lymphoma (39%), follicular lymphoma (29%) and peripheral T-cell lymphoma (32%). 

Likewise, HL patients were further divided into nodular lymphocyte predominant HL 

(29%), mixed cellularity HL (39%) and nodular sclerosing HL (32%). Regarding the 

histopathological staging, the highest numbers of cases (29%) were found at stage-I, 

followed by 27% at stage-II, 25% at stage-IV and 19% at stage-III, respectively (Table 

23). 

 

3.3.2 Distribution of Selected Metals in Scalp Hair of Lymphoma 

Patients 
Basic statistical parameters pertaining to the distribution of selected metals (µg/g, 

dry weight) in the scalp hair of lymphoma patients (n = 61) are given in Table 24. Most of 

the metals revealed large variations in their magnitude as shown by the minimum and 

maximum levels. It was noted that Ca (1,050 µg/g) was the most dominant metal in the 

scalp hair of lymphoma patients while noteworthy concentrations were observed for Na 

(243.2 µg/g), Zn (205.6 µg/g), Mg (191.2 µg/g) and Sr (88.45 µg/g), followed by, Fe, Cu, 

Ni, Co and Pb with mean levels of 15.05 µg/g, 10.99 µg/g, 9.314 µg/g, 8.532 µg/g and 

5.160 µg/g, respectively. The rest of the metals including K (3.236 µg/g), Cr (3.013 µg/g), 

Mn (2.038 µg/g), Cd (0.615 µg/g) and Cr (0.356 µg/g) were found at relatively lower 

levels. On the arithmetic mean basis, the metals followed the decreasing concentration 

order: Ca > Na > Zn > Mg > Sr > Fe > Cu > Ni > Co > Pb > K > Cr > Mn > Cd > Li. 

More or less similar trend was reported by Ahmad et al., (2011) in the scalp hair of 

lymphoma patients. In terms of large SD and SE values, maximum dispersion was 

revealed by Ca, Sr, Zn, Mg and Na; therefore, these metals were randomly distributed in 

the scalp hair of lymphoma patients. Some of the metals (Cd, Li, Cr and Mn) depicted 

somewhat normal distribution pattern as evidenced by lower SD and SE values. Six metals 

(Mn, Sr, Na, Li, Pb and Cd) exhibited asymmetrical distribution as shown by kurtosis and 
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skewness values, while the rest of the metals showed relatively symmetrical distribution.  

 

Table 24. Statistical distribution parameters for concentrations (µg/g, dry weight) of 

selected metals in the scalp hair of lymphoma patients (n = 61) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 473.1 1770 1050 969.6 357.1 45.72 0.512 -0.700 

Mg 124.1 245.8 191.2 194.2 28.11 3.599 -0.476 -0.388 

Na 22.00 976.5 243.2 180.5 211.5 27.08 1.712 3.264 

K 0.450 7.700 3.236 2.850 1.776 0.227 0.966 0.529 

Fe 3.750 28.60 15.05 13.85 5.891 0.754 0.535 -0.269 

Zn 91.15 369.1 205.6 204.4 50.23 6.431 0.364 2.255 

Cu 6.500 18.25 10.99 10.10 2.484 0.318 0.922 0.504 

Sr 14.30 328.1 88.45 75.05 59.04 7.560 2.325 6.424 

Li 0.005 1.500 0.356 0.300 0.297 0.039 1.973 4.759 

Co 0.400 20.15 8.532 8.500 4.877 0.624 0.373 -0.422 

Mn 0.150 10.73 2.038 1.625 1.678 0.220 3.030 12.656 

Ni 0.300 20.35 9.314 8.300 5.256 0.684 0.348 -0.692 

Cr 0.300 5.750 3.013 3.150 1.255 0.163 -0.380 -0.444 

Cd 0.200 1.80 0.615 0.550 0.350 0.045 1.068 1.203 

Pb 1.100 13.60 5.160 3.850 3.427 0.458 1.216 0.628 

 

Lymphoma Patients (Scalp Hair)

M
et

al
 L

ev
el

 (µ
g/

g)

0.01

0.10

1.00

10.00

100.00

1000.00

Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb

Max
Min
75th %
25th %
Median

 
Figure 35.  Quartile distribution for selected metal concentrations (µg/g) in the scalp hair 

of lymphoma patients  
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The quartile distribution of selected metals in the scalp hair of lymphoma patients 

is shown as box–whisker plots in Figure 35. Some of the metals (Mg, Cu, Ca and Zn) 

manifested narrow distribution in scalp hair of the patients, however, inconsistent and 

fluctuating variations were noted for Li, Mn, Ni, Na and Co, followed by, Sr, Pb and Cr 

which revealed highest spread in the scalp hair of lymphoma patients. 

 

3.3.3 Distribution of Selected Metals in Scalp Hair of Healthy Subjects  
Average metal concentrations (µg/g, dry weight) in the scalp hair of healthy donors 

(n = 60) along with the relevant statistical distribution parameters are shown in Table 25. 

Most of the metals exhibited variations by several orders of magnitude in their minimum 

and maximum concentrations. Highest mean concentration in the scalp hair of healthy 

donors was shown by Ca at 1,055 µg/g. However, relatively higher levels were noted for 

Zn (247.3 µg/g), Mg (223.9 µg/g), Na (222.9 µg/g), Sr (67.11 µg/g), Fe (19.13 µg/g), Cu 

(9.962 µg/g), Pb (7.077 µg/g), Ni (5.836 µg/g), K (5.015 µg/g), Co (3.885 µg/g) and Mn 

(3.262 µg/g), while comparatively lower levels were observed for Cr (1.732 µg/g), Li 

(0.476 µg/g) and Cd (0.305 µg/g) in the scalp hair of healthy donors. The metal levels in 

the scalp hair of controls followed the decreasing concentration order: Ca > Zn > Mg > Na 

> Sr > Fe > Cu > Pb > Ni > K > Co > Mn > Cr > Li > Cd. The decreasing trend is slightly 

different from the trend found in lymphoma patients but more or less similar trend in metal 

levels was reported in other studies (Ilyas et al., 2015a; Hashmi and Shah, 2011). A small 

majority of the metals (Ca, Na, Sr, Zn, Mg, Fe, Ni and Pb) illustrated non-Gaussian 

distribution as evidenced by large SD and SE values. However, relatively lower skewness 

and kurtosis values indicated moderately symmetrical distribution for Ca, Mg, K, Fe, Cu, 

Ni and Cr whereas predominantly asymmetrical distribution was observed for Mn, Sr, Na, 

Li and Cd in the scalp hair of healthy subjects. 

The quartile distribution of selected metals levels in the scalp hair of controls is 

shown in Figure 36. Some of the metals (Mg, Cu, Ca and Zn) manifested narrow 

distribution in the scalp hair of healthy subjects. However, maximum spread was found for 

Ni, Cr, Mn, Na and Li, followed by, Co, Cd and Pb which revealed inconsistent/varying 

levels of these metals in the scalp hair of healthy donors. Most of the metals exhibited 

significant disparity in their quartile distributions in the scalp hair of healthy donors 

compared with lymphoma patients. 
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Table 25.  Statistical distribution parameters for concentrations (µg/g, dry weight) of 

selected metals in the scalp hair of healthy subjects (n = 60) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 650.5 2121 1055 975.5 306.1 39.51 1.448 2.063 

Mg 138.4 257.4 223.9 227.6 22.75 2.937 -1.926 4.547 

Na 29.00 967.0 222.9 165.3 192.4 24.84 2.177 4.612 

K 2.150 10.55 5.015 4.775 1.918 0.248 0.725 0.258 

Fe 6.850 35.70 19.13 18.43 6.456 0.834 0.425 -0.009 

Zn 96.90 481.4 247.3 229.0 72.14 9.313 1.275 2.327 

Cu 5.550 15.50 9.962 9.925 2.010 0.259 0.486 0.659 

Sr 31.80 119.0 67.11 62.00 22.24 2.871 0.784 -0.179 

Li 0.050 1.50 0.476 0.350 0.422 0.055 1.191 0.140 

Co 0.650 9.900 3.885 3.500 2.197 0.289 0.736 -0.002 

Mn 0.400 13.73 3.262 2.700 2.343 0.303 2.280 7.050 

Ni 0.050 16.90 5.836 5.325 4.329 0.589 0.697 -0.270 

Cr 0.100 5.600 1.732 1.200 1.475 0.199 1.075 0.331 

Cd 0.050 0.85 0.305 0.250 0.183 0.025 1.067 1.221 

Pb 1.035 14.20 7.077 6.80 3.283 0.424 0.396 -0.308 
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Figure 36.  Quartile distribution for selected metal concentrations (µg/g) in the scalp hair 

of healthy subjects 
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3.3.4 Comparison of Selected Metal Levels in the Scalp Hair of 

Lymphoma Patients and Healthy Subjects  
Comparison of the average metal levels (±SE) in the scalp hair of lymphoma 

patients and healthy donors is shown as bar-graphs in Figure 37. Among the metals, Ca 

and Na revealed more or less similar levels and hence insignificant variations in the scalp 

hair of patients and healthy donors. However, average concentrations of Cd, Cr, Ni, Co 

and Sr were significantly higher (p < 0.05) in the scalp hair of lymphoma patients and 

those of Pb, Mn, Li and K were markedly higher in the scalp hair of healthy donors. In 

addition, scalp hair Fe, Mg and Zn levels were considerably lower in the cancer patients 

when compared with the healthy donors, thus manifesting the deficiency of these essential 

micronutrients in lymphoma patients.  
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Figure 37. Comparative average concentrations (µg/g ± SE) of selected metals in the scalp 

hair of lymphoma patients and healthy subjects 

An earlier study revealed that mean concentrations of Cu, Pb and Ni increased 

significantly, while the concentration of Zn, Fe and Mg decreased significantly, in the hair 

of lymphoma patients than controls (Ahmad et al., 2011). In addition, other investigations 

showed that mean hair Mg and Zn levels were deficient in lymphoma patients compared to 

the control groups (Sahin et al., 2000; Cavdar et al., 2009). In conclusion, the relative 
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variations of selected metals in the scalp hair of the lymphoma patients were considerably 

different compared to the healthy donors which pointed out the critical role of the metals 

in disease. 

 

3.3.5 Correlation Study of Selected Metals in Scalp Hair of Lymphoma 

Patients 
The correlation coefficient values among selected metals in the scalp hair of 

lymphoma patients are listed in Table 26, in which bold r-values are significant (p < 0.05). 

Strong positive correlations were noted only for a couple of metal pairs: Sr-Ca (r = 0.655) 

and Ni-Co (r = 0.546). Some other significant associations, such as Cd-Sr (r = 0.398) and 

Co-Sr (r = 0.315), were also noticed, which indicated communal variations of these metals 

in scalp hair of the patients. A few negative correlations were also observed but they were 

not significant. Most of the metals (except Ca, Sr, Ni, Cd and Co) were not significantly 

correlated with any other metal and therefore, revealed an independent variation pattern in 

the scalp hair of lymphoma patients. The correlation study thus manifested mutual 

variations for few metals in scalp hair of lymphoma patients, while others showed 

independent behaviour which would be further explore by multivariate statistical methods. 

 

3.3.6 Correlation Study of Selected Metals in Scalp Hair of Healthy 

Subjects 
The correlation coefficients matrix pertaining to selected metal levels in the scalp 

hair of healthy subjects is shown in Table 27. The data exhibited strong correlations 

between Ni-Li (r = 0.535) and K-Na (r = 0.521). Some other significant associations were 

noted for Ni-Sr (r = 0.451), Cr-Co (r = 0.419), Li-K (r = 0.417), Sr-Na (r = 0.400), Mn-Cu 

(r = 0.371), Cr-Fe (r = 0.362), Cd-Cr (r = 0.356), Pb-Zn (r = 0.347), K-Ca (r = 0.346), Sr-

K (r = 0.331), Sr-Ca (r = 0.327), Li-Na (r = 0.325), Cd-Fe (r = 0.320) and Ni-K (r = 

0.316), thus manifesting close association of these metals. In the scalp hair of healthy 

donors, K exhibited characteristic pattern; it showed significant correlations with Na, Ca, 

Li, Sr and Ni but no such relationships were found in the case of the patients. These 

associations may be attributed to differences in the metabolism of metals in the lymphoma 

patients and healthy subjects. Overall, the correlation pattern of selected metals in the 

scalp hair of healthy donors remained diverse compared with the patients which may be 

ascribed to the disproportions of the metals in the lymphoma patients. 
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Table 26. Correlation coefficient matrix of selected metals in the scalp hair of lymphoma patients  

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca 0.045 1.000               

Mg -0.220 0.197 1.000              

Na -0.039 0.256 0.159 1.000             

K 0.252 0.176 0.171 0.263 1.000            

Fe 0.143 0.172 -0.036 -0.061 0.027 1.000           

Zn -0.248 0.172 0.030 0.231 0.022 -0.192 1.000          

Cu -0.029 0.092 -0.062 -0.057 0.220 0.241 0.105 1.000         

Sr 0.064 0.655 0.149 0.260 0.086 0.060 0.222 0.000 1.000        

Li -0.018 -0.158 0.037 0.008 0.137 0.001 -0.152 -0.090 -0.067 1.000       

Co 0.217 0.108 -0.006 0.185 0.135 0.177 0.051 0.065 0.315 -0.116 1.000      

Mn 0.000 -0.013 0.096 0.169 -0.058 0.089 -0.092 -0.141 0.088 0.052 -0.111 1.000     

Ni 0.142 0.173 0.075 -0.043 0.143 0.068 -0.052 0.031 0.271 0.008 0.546 -0.037 1.000    

Cr -0.008 0.239 -0.045 0.191 -0.025 -0.002 0.014 0.038 0.124 -0.154 0.035 0.020 -0.015 1.000   

Cd 0.268 0.257 0.087 0.038 0.067 -0.019 0.016 -0.181 0.398 0.073 0.267 0.043 0.019 -0.053 1.000  

Pb -0.144 0.042 0.256 -0.047 0.002 -0.133 0.214 0.140 0.086 -0.106 -0.053 0.139 0.150 0.046 -0.049 1.000 

Bold r-values are significant at p< 0.05 
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Table 27. Correlation coefficient matrix of selected metals in the scalp hair of healthy subjects 

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca 0.024 1.000               

Mg 0.253 0.079 1.000              

Na -0.102 0.146 -0.041 1.000             

K -0.081 0.346 -0.007 0.521 1.000            

Fe -0.177 0.208 -0.029 -0.089 -0.075 1.000           

Zn -0.103 0.306 -0.177 0.110 0.113 0.028 1.000          

Cu -0.096 0.066 0.235 0.011 -0.113 0.138 -0.042 1.000         

Sr -0.068 0.327 -0.063 0.400 0.331 -0.039 0.047 0.022 1.000        

Li 0.162 0.122 -0.162 0.325 0.417 -0.047 0.257 -0.007 0.234 1.000       

Co -0.142 0.051 -0.044 -0.063 -0.075 0.360 -0.253 0.114 0.093 -0.249 1.000      

Mn 0.158 0.005 0.268 -0.305 -0.255 -0.100 -0.043 0.371 0.000 -0.247 0.046 1.000     

Ni 0.134 0.055 -0.041 0.308 0.316 -0.214 0.177 -0.152 0.451 0.535 -0.227 -0.243 1.000    

Cr -0.155 -0.115 0.019 0.051 -0.038 0.362 0.001 0.211 0.018 -0.136 0.419 0.101 -0.012 1.000   

Cd -0.076 -0.109 -0.006 -0.061 0.072 0.320 -0.145 0.096 -0.094 0.062 0.308 -0.005 0.145 0.356 1.000  

Pb -0.288 0.024 0.068 -0.117 -0.198 0.138 0.347 -0.070 -0.170 -0.248 -0.099 -0.103 -0.152 0.069 -0.129 1.000 

Bold r-values are significant at p < 0.05 
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3.3.7 Multivariate Analysis of Selected Metals in Scalp Hair of 

Lymphoma Patients 
The principal component analysis (PCA) of selected metals in the scalp hair of 

lymphoma patients, extracted by varimax-normalized rotation on the data-set is shown in 

Table 28. It yielded seven PCs with eigen values > 1, commutatively explaining more than 

73% of the total variance. The corresponding CA of selected metals is given in the form of 

dendrogram in Figure 38. PC 1 exhibited highest loadings for Sr, Ca, Cd and Na with a 

similar strong cluster (but excepting Na) shown by CA. Fe, Mn and Zn constituted PC 2, 

duly supported by CA, but excepting Zn. These metals were mostly affiliated by 

environmental pollution and dietary habits.  

 

Table 28.  Principal component analysis of selected metals in the scalp hair of lymphoma 

patients 

 PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 PC 7 

Eigen value 2.775 1.730 1.575 1.476 1.310 1.158 1.032 

Total Variance (%) 18.50 11.54 10.50 9.840 8.733 7.722 6.883 

Cumulative Eigen value 2.775 4.506 6.080 7.556 8.866 10.02 11.06 

Cumulative Variance (%) 18.50 30.04 40.54 50.38 59.11 66.83 73.71 

Ca 0.693 0.194 0.230 0.063 -0.260 0.127 0.211 

Mg 0.144 0.012 0.791 -0.064 0.261 0.015 0.078 

Na 0.586 -0.284 0.030 -0.167 0.253 0.149 0.443 

K 0.206 -0.071 0.121 0.077 0.354 0.770 -0.010 

Fe -0.004 0.802 -0.039 0.027 -0.128 0.261 -0.046 

Zn -0.384 0.516 -0.113 0.291 0.342 -0.159 0.270 

Cu -0.119 0.202 -0.002 0.057 -0.291 0.802 0.026 

Sr 0.818 -0.021 0.179 0.274 -0.069 0.001 0.016 

Li -0.069 0.073 0.034 0.010 0.786 0.013 -0.184 

Co 0.288 -0.129 -0.222 0.796 -0.067 0.117 0.021 

Mn 0.258 0.652 0.055 -0.184 0.197 -0.088 -0.028 

Ni 0.078 0.039 0.213 0.842 0.044 0.026 -0.018 

Cr 0.039 0.015 -0.015 0.024 -0.192 -0.010 0.875 

Cd 0.680 0.220 -0.230 0.249 0.129 -0.135 -0.246 

Pb 0.028 -0.051 0.715 0.157 -0.424 0.108 -0.138 
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The first PC was believed to originate from environmental exposure while the 

second PC was mainly ascribed to dietary intake/food habits. Higher loadings for Mg and 

Pb were observed in PC 3 and for Ni and Co in PC 4 and CA results verified the PCA 

findings in the scalp hair of lymphoma patients. These metals mostly originated from 

environmental/occupational exposure. Likewise, PC 5 showed higher loading for Li while 

PC 6 exhibited maximum loadings for Cu and K which may be attributed to internal body 

metabolism and dietary habits of the donors. Only Cr depicted high loadings in PC 7, 

which indicated its independent source of contribution. Generally, oxidative stress 

associated with Cr leads to the formation of ROS, induced genotoxicity, cytotoxicity and 

apoptosis or cell death which plays a significant role in lymphoma carcinogenesis (Khan et 

al., 2012; Bielicka et al., 2005). Malignant lymphoma including Hodgkin’s disease also 

occurred more frequently in workers with higher exposure to Cr-compounds (Costa, 

1997). These associations suggested that the metabolism of essential metals was 

significantly altered and/or affected by the trace and toxic metals. Based on these 

deliberations, it can be assumed that PCA/CA may be used as diagnostic tools in clinical 

studies (Saghir et al., 2011; Qayyum and Shah, 2014b). 
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Figure 38.  Cluster analysis of selected metals in the scalp hair of lymphoma patients 
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3.3.8 Multivariate Analysis of Selected Metals in Scalp Hair of Healthy 

Subjects 
The PCA of selected metals in the scalp hair of healthy donors, extracted by 

varimax normalized rotation on the data set is represented in Table 29, which indicated six 

PCs with eigen values greater than 1, commutatively explaining 71% of the total variance 

of data. The corresponding CA based on Ward’s method is depicted in Figure 39. Elevated 

loadings of Li, Ni and Zn were shown by PC 1 supported by a common cluster in CA. 

These metals were mainly contributed by nutritional sources and environmental pollutants. 

Likewise, PC 2 and PC 3 were mainly contributed by Fe-Cr-Co-Cd and K-Na and Mn-Cu, 

respectively, which also shared common clusters in CA. These PCs were mainly 

contributed by the anthropogenic activities & linked with the nutritional sources. Elevated 

loading of Pb and Zn were noted in PC 4 whereas PC 5 manifested higher loadings for Ca 

and Sr. These metals were contributed by dietary habits and anthropogenic contributions, 

such as traffic emissions and fuel combustion. Only Mg exhibited significant loading in 

the last PC, which indicated its independent source contribution (Anastassopoulou and 

Theophanides, 2002). Multivariate statistical methods thus evidenced notable disparities in 

metal apportionment in the scalp hair of lymphoma patients and healthy donors; the 

differences may be attributed to the metal imbalances in the scalp hair of lymphoma 

patients compared with the healthy subjects. 
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Figure 39.  Cluster analysis of selected metals in the scalp hair of healthy subjects 
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Table 29.  Principal component analysis of selected metals in the scalp hair of healthy 

subjects 

 PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 

Eigen value 3.034 1.986 1.821 1.430 1.362 1.064 

Total Variance (%) 20.23 13.24 12.14 9.532 9.078 7.093 

Cumulative Eigen value 3.034 5.020 6.841 8.271 9.633 10.70 

Cumulative Variance (%) 20.23 33.47 45.61 55.14 64.22 71.31 

Ca 0.077 -0.061 0.169 -0.096 0.796 0.254 

Mg -0.085 0.020 -0.207 -0.019 0.055 0.874 

Na 0.238 0.038 0.586 -0.117 0.216 -0.096 

K 0.270 0.055 0.654 0.382 0.196 0.241 

Fe 0.081 0.743 -0.071 0.272 -0.244 -0.051 

Zn 0.636 -0.052 0.075 -0.555 0.035 -0.204 

Cu -0.141 0.398 0.671 0.109 -0.144 -0.307 

Sr 0.153 0.040 -0.053 0.299 0.776 -0.158 

Li 0.836 0.151 0.162 0.068 0.114 -0.039 

Co 0.340 0.673 0.095 -0.219 -0.190 0.216 

Mn 0.081 -0.068 0.799 -0.254 -0.078 -0.135 

Ni 0.745 0.014 0.094 0.245 0.078 0.029 

Cr -0.012 0.734 0.196 0.107 0.185 0.032 

Cd -0.109 0.647 -0.104 -0.385 0.374 -0.230 

Pb 0.194 0.055 -0.111 0.791 0.122 -0.099 

 

 

3.3.9 Comparison of Metal Levels in Scalp Hair Based on Demographic 

Characteristics of the Subjects 
3.3.9.1 Gender-Based Comparison of Metal Levels in the Scalp Hair of Lymphoma 

Patients and Healthy Subjects 

Average metal concentrations (±SE) in the scalp hair of male and female donors 

among lymphoma patients and healthy subjects are displayed in Figure 40, for 

comparative evaluation. Average concentrations of Cr, Cu, Li and Mg in the scalp hair of 

male and female lymphoma patients were not significantly different from each other. 

However, appreciably higher average levels of Mn and Pb were found in the scalp hair of 
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male lymphoma patients while in the case of female lymphoma patients, the mean 

concentrations of Ca, Co, Na, K, Fe, Sr, and Cd were evidently higher than male patients. 

Some of the metals (Mg, K, Fe, Zn, Li, Mn and Pb) exhibited considerably elevated levels 

in the scalp hair of male and female healthy donors than their counterpart patients. 

Khalique et al., (2005) reported almost similar trend of metals in the scalp hair of male 

and female healthy donors. Similarly, average levels of Pb, Mn, Li, Fe, K and Mg were 

found to be slightly higher and mean levels of Cd, Cr, Ni and Co were somewhat lower in 

the scalp hair of male healthy donors than male lymphoma patients. In comparison with 

the healthy donors, relative gender-based variations of selected metals in the scalp hair of 

lymphoma patients were significantly different, thus evidencing imbalances of the metals 

in the scalp hair of lymphoma patients. 
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Figure 40. Gender-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the scalp hair of lymphoma patients and healthy subjects 

 

3.3.9.2 Habitat-Based Comparison of Metal Levels in the Scalp Hair of Lymphoma 

Patients and Healthy Subjects 

Average metal levels (±SE) in the scalp hair of lymphoma patients and healthy 

subjects inhabiting in urban and rural localities are shown in Figure 41. Mean contents of 



Results and Discussion 

  126

Cd, Cr and Co were exceedingly higher and those of Mg, K, Fe, Zn, Li, Mn and Pb were 

considerably lower in the scalp hair of lymphoma patients living in urban and rural 

localities compared with the controls inhabiting in urban and rural localities, respectively. 

Average concentrations of Pb, Cd, Ni, Co, Cu, Zn, K and Mg were almost comparable in 

urban and rural healthy subjects. Similarly, mean Mg, Na, Fe, Zn, Li, and Pb contents 

were not significantly dissimilar in the scalp hair of urban/rural patients. Nevertheless, 

mean concentrations of Cd, Mn and Co were considerably higher in the scalp hair of the 

rural patients than urban patients, while mean levels of Ni, Cu and K were appreciably 

elevated in urban patients of lymphoma. Relatively higher average concentrations of Cd, 

Cr, Ni, Co and Sr were noted in the scalp hair of urban patients than urban healthy donors, 

though, Ca, Pb, Mn, Li, Zn, Fe, K and Mg revealed noticeably higher concentrations in the 

scalp hair of urban healthy donors. Overall, most of the mean metals contents in the scalp 

hair of lymphoma patients residing in rural and urban areas were significantly different 

than those observed in the scalp hair of healthy donors from rural and urban areas. 
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Figure 41. Habitat-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the scalp hair of lymphoma patients and healthy subjects 
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3.3.9.3  Dietary-Based Comparison of Metal Levels in the Scalp Hair of Lymphoma 

Patients and Healthy Subjects  

Comparative average concentrations of the metals (±SE) in the scalp hair of 

lymphoma patients and healthy donors with vegetarian and non-vegetarian food habits are 

shown in Figure 42. Average levels of Cu, Sr, Co, Ni, Cr and Cd were markedly higher in 

the scalp hair of patients (vegetarian & non-vegetarian) compared with the vegetarian and 

non-vegetarian healthy donors, however, mean levels of Mg, K, Zn, Mn were exceedingly 

higher in vegetarian and non-vegetarian healthy donors. In the case of non-vegetarian 

patients, mean levels of Cd, Sr, Li, K and Na were noted to be significantly elevated 

compared with the vegetarian patients, while mean values Ni, Co and Fe were 

considerably higher in the scalp hair of vegetarian patients. The rest of the metals 

exhibited insignificant differences in the scalp hair of vegetarian/non-vegetarian patient. 

Average concentrations of most of the toxic and redox active metals (Ni, Cd, Co, Cr, Sr 

Cu and Fe) exhibited appreciable build-up in the scalp hair of vegetarian/non-vegetarian 

patients compared with the vegetarian/non-vegetarian healthy donors. Thus, deficiencies 

in essential trace metals and high levels of toxic metals could play a critical role in the 

cancer (Lee et al., 2012).  
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Figure 42.  Dietary-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the scalp hair of lymphoma patients and healthy subjects 
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Among the metals, average concentrations of Na, K, Fe and Li were found to be 

evidently higher in vegetarian healthy donors than non-vegetarian healthy donors, while 

average contents of Cr, Ni, Mn, Co and Sr were slightly higher in non-vegetarian healthy 

donors. Almost comparable mean levels were observed for Pb, Cd, Cu, Zn, Mg and Ca in 

the scalp hair of vegetarian and non-vegetarian healthy subjects. 

 

3.3.9.4  Smoking-Based Comparison of Metal Levels in the Scalp Hair of Lymphoma 

Patients and Healthy Subjects 

Comparison of selected metal levels (±SE) in the scalp hair of lymphoma patients 

and healthy donors based on smoking habits are displayed in Figure 43. Average levels of 

Ni and K were significantly higher in the scalp hair of smoking patients compared to non-

smoking patients, while mean concentrations of Cd, Pb, Cr, Mn, Sr, Fe and Na were 

somewhat higher in the scalp hair of non-smoking patients. Nonetheless, average levels of 

Co, Li, Cu, Zn, Mg and Ca were almost comparable in the scalp hair of smoking and non-

smoking patients.  
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Figure 43. Smoking-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the scalp hair of lymphoma patients and healthy subjects 
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Mean concentrations of Cd, Cr, Ni, Co and Sr were significantly higher in the scalp 

hair of patients with a smoking habit than smoking healthy donors, while mean levels of 

Pb, Mn, Li, Fe, K and Mg were comparatively higher in the scalp hair of healthy donors 

with smoking habit. The comparative proportions of these metals in the scalp hair of both 

patients and healthy donors with smoking/non-smoking habits were significantly different 

which suggests that the metals distribution being affected by smoking habits (Freedman et 

al., 2008; Ilyas et al., 2015b). Similarly, average levels of Cd, Cr, Co and Cu were 

significantly higher in the scalp hair of healthy donors with a smoking habit while mean 

values of Ca, Zn, Li and Pb were appreciably elevated in healthy donors with a non-

smoking habit. Insignificant differences were observed in the average concentrations of 

Mg, Na, Fe, Sr, Mn and Ni in the scalp hair of healthy subjects irrespective of smoking or 

non-smoking habits. 

 

3.3.10  Comparison of Metal Levels in the Scalp Hair Based on Types 

and Stages of Lymphoma Patients  
3.3.10.1 Comparison of Metal Levels in the Scalp Hair Based on Types of 

Lymphoma Patients 

Comparative evaluation of mean metal levels (±SE) in the scalp hair of various 

types of lymphoma patients (i.e., non-Hodgkin lymphoma and Hodgkin lymphoma) are 

represented in Figure 44. In the case of non-Hodgkin lymphoma patients, Ca, Fe and Ni 

exhibited relatively higher concentrations, while mean concentrations of Co, K, Sr, Li and 

Na were noted to be in excess in the scalp hair of Hodgkin lymphoma patients. However, 

Cd, Cr, Cu, Mg, Mn, Zn and Pb showed almost comparable average concentrations in the 

scalp hair of non-Hodgkin lymphoma patients and Hodgkin lymphoma patients. Mean 

concentrations of selected metals (±SE) in scalp hair of different types of non-Hodgkin 

lymphoma patients (diffuse large B-cell lymphoma, follicular lymphoma and peripheral T-

cell lymphoma) are shown in Figure 45. In these three patient groups, average contents of 

Cu, Fe, Li and Na were found to be highest in the scalp hair of diffuse large B-cell 

lymphoma patients; mean levels of Ca, Cd, Mn and Sr were most elevated in the scalp hair 

of follicular lymphoma patients; and mean concentrations of Zn, Ni and Pb were highest in 

the scalp hair of peripheral T-cell lymphoma patients. On the other hand, average contents 

of Cr, Pb and Zn were lowest in follicular lymphoma patients and mean contents of Cu, Fe 

and Mn were lowest in the scalp hair of peripheral T-cell lymphoma patients. 
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Figure 44.  Comparative average concentrations (µg/g ± SE) of selected metals in the scalp 

hair of different types of lymphoma patients 
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Figure 45.  Comparative average concentrations (µg/g ± SE) of selected metals in the scalp 

hair of different types of non-Hodgkin lymphoma patients 
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Comparison of average metal levels (±SE) in the scalp hair of different types of 

Hodgkin lymphoma patients (i.e., mixed cellularity lymphoma, nodular lymphocyte 

predominant lymphoma and nodular sclerosing lymphoma) are displayed in Figure 46. 

Mean concentrations of Cd, Pb, Sr and Zn were noted to be in excess in the scalp hair of 

mixed cellularity lymphoma patients, whereas average levels of Fe, Cu, Co and Ni were 

considerably higher in the scalp hair of nodular lymphocyte predominant lymphoma 

patients than in the scalp hair of patients of the other two groups. Average contents of Mn, 

Na, K and Cr were found to be highest in the scalp hair of nodular sclerosing lymphoma 

patients. However, it was noted that the mean contents of Na, K and Cr were found to be 

more or less similar in mixed cellularity lymphoma patients and nodular lymphocyte 

predominant lymphoma patients; average levels of Mg and Li were almost similar in the 

scalp hair of all three types of Hodgkin lymphoma patients. 
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Figure 46.  Comparative average concentrations (µg/g ± SE) of selected metals in the scalp 

hair of different types of Hodgkin lymphoma patients 
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3.3.10.2 Comparison of Metal Levels in the Scalp Hair Based on Stages of 

Lymphoma Patients  

Comparative average metal levels (±SE) in the scalp hair of the lymphoma patients 

at different stages are shown in the Figure 47. Overall, mean concentrations of Ca, Cu, Mg 

and Zn were found to be more or less comparable in the scalp hair at all stages of 

lymphoma patients at all stages of the disease; average concentrations of Cr, Fe, Li, Na 

and Ni were almost equivalent at stages I and III. Mean concentrations of Cr, Fe, Mn and 

Cd showed highest contributions at stage-II; average levels of Cd and Co were observed to 

be lowest in the scalp hair at stage-I of lymphoma patients. In addition, mean level of Li 

was highest, while average concentrations of Mn and Ni were lowest, at stage-III in the 

scalp hair of lymphoma patients. 
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Figure 47.  Comparative average concentrations (µg/g ± SE) of selected metals in the 

scalp hair of lymphoma patients at different stages 
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3.3.11  Distribution of Selected Metals in Nails of Lymphoma Patients  
Distribution of selected metal levels (µg/g, dry weight) in the nails of lymphoma 

patients (n = 56) in terms of the basic statistical parameters are presented in Table 30. 

Examination of the results revealed considerable variations in the distribution of metal 

levels in the nails of lymphoma patients. On the mean scale, highest concentration was 

shown by Ca (1,137 µg/g), followed by, Fe (184.6 µg/g), Mg (147.9 µg/g), Na (106 µg/g), 

Zn (91.09 µg/g), K (44.37 µg/g), Ni (39.97 µg/g), Pb (31.38 µg/g) and Sr (22.31 µg/g). 

However, average concentrations of Cu (7.549 µg/g), Cd (5.201 µg/g), Mn (4.653 µg/g) 

and Li (2.391 µg/g) were relatively lower in the nails of lymphoma patients. On the whole, 

selected metal levels in the nails of patients exhibited following decreasing order in their 

average contents: Ca > Fe > Mg > Na > Zn > K > Ni > Pb > Sr > Cr > Co > Cu > Cd > Mn 

> Li. Median levels also exhibited similar decreasing order. Most of the metals revealed 

non-normal distribution with fairly high SD and SE values.  

 

Table 30. Statistical distribution parameters for concentrations (µg/g, dry weight) of 

selected metals in the nails of lymphoma patients (n = 56) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 242.6 2269 1137 1048 421.5 56.32 0.414 0.090 

Mg 39.41 360.7 147.9 128.8 62.05 8.292 1.442 2.480 

Na 28.82 240.9 106.0 107.0 49.09 6.560 0.293 -0.549 

K 16.59 90.89 44.37 42.62 17.39 2.324 0.449 -0.447 

Fe 23.06 530.1 184.9 176.4 105.3 14.07 1.231 1.910 

Zn 53.43 151.6 91.09 89.48 18.89 2.524 0.643 0.849 

Cu 0.769 15.60 7.549 7.130 4.124 0.551 0.329 -0.887 

Sr 6.121 36.36 22.31 21.48 7.187 0.960 0.138 -0.706 

Li 0.245 6.667 2.391 2.313 1.409 0.192 0.733 0.310 

Co 0.588 43.93 12.31 10.24 9.088 1.248 1.257 1.901 

Mn 0.388 12.14 4.653 3.889 3.116 0.428 0.600 -0.566 

Ni 3.182 109.6 39.97 35.38 27.69 3.840 0.956 0.557 

Cr 1.961 29.66 13.20 11.41 8.419 1.146 0.332 -1.218 

Cd 0.227 15.25 5.201 4.535 3.613 0.492 0.848 0.319 

Pb 1.786 72.65 31.38 26.87 22.22 3.081 0.556 -1.045 
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Most of the essential metals (Ca, Mg, Fe and Na) revealed randomness in their 

distribution pattern as manifested by large SD and SE values on one hand and markedly 

dissimilar mean and median levels on the other hand. Some of the metals (Li, Mn, Cd and 

Cu) demonstrated normal distribution pattern supported by comparatively low SD and SE 

values. Among the selected metals, Mg, Co, Fe, Cr and Pb exhibited predominantly 

asymmetrical distribution in their concentrations as displayed by large skewness and 

kurtosis values, while the rest of the metals exhibited moderately symmetrical distribution 

in the nails of lymphoma patients. The results of the present study were comparable with 

those reported in an earlier study on similar subjects (Ahmad et al., 2011). 

The quartile distribution of selected metals in the nails of lymphoma patients is 

shown as box–whisker plots in Figure 48. Almost all the metals depicted large spread in 

their concentration ranges as manifested by separate lower and upper quartiles except Zn, 

which showed relatively asymmetric trend in the nails of lymphoma patients. 
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Figure 48.  Quartile distribution for selected metal concentrations (µg/g) in the nails of 

lymphoma patients 

 

3.3.12 Distribution of Selected Metals in Nails of Healthy Subjects  
Basic statistical parameters pertaining to the metal concentrations (µg/g, dry 

weight) in the nails of healthy donors (n = 57) are shown in Table 31. Large variations 

were observed among minimum and maximum concentrations of selected metals in the 

nails of healthy donors. As shown in the Table, Ca (1,511 µg/g) was the most dominant 

metal in the nails of healthy donors while relatively high mean levels were revealed by Fe 



Results and Discussion 

  135

(202.7 µg/g), Mg (172.1 µg/g), Zn (104.4 µg/g), Na (83.32 µg/g), K (57.26 µg/g), Ni 

(38.20 µg/g) and Pb (32.02 µg/g). Lowest levels were observed for Mn (6.516 µg/g), Cu 

(4.872 µg/g), Li (4.198 µg/g) and Cd (3.221 µg/g), while Sr (17.34 µg/g), Co (13.06 µg/g) 

and Cr (10.48 µg/g) were assayed at slightly higher levels in the nails of controls. On the 

whole, mean metal levels exhibited the following decreasing order in their concentrations: 

Ca > Fe > Mg > Zn >Na > K > Ni > Pb > Sr > Co >Cr >Mn > Cu > Li >Cd. This order is 

slightly varied from the above case of lymphoma patients. Most of the metals exhibited 

substantial dispersion between minimum and maximum concentrations, duly supported by 

SD and SE values, which were notably quite large in the case of Ca, Fe and Mg in the 

nails of healthy donors. Predominantly random distribution pattern was observed for Na, 

K, Ni, Zn, Pb and Co as shown by higher values of SD and SE. Large skewness and 

kurtosis values for Co, Na, K, Mg, Cu and Zn indicated mostly asymmetrical distribution 

while the rest of the metals exhibited relatively lower skewness and kurtosis values. 

 

Table 31. Statistical distribution parameters for concentrations (µg/g, dry weight) of 

selected metals in the nails of healthy subjects (n = 57) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 739.1 2399 1511 1529 350.6 49.58 0.206 -0.443 

Mg 35.47 252.7 172.1 170.2 46.72 6.188 -0.532 0.637 

Na 25.46 218.8 83.32 82.35 34.13 4.521 1.061 2.943 

K 18.06 155.6 57.26 52.50 29.08 3.851 1.239 1.859 

Fe 21.05 555.8 202.7 169.1 122.3 16.20 0.939 0.639 

Zn 53.41 166.6 104.4 99.68 21.74 2.880 0.389 0.214 

Cu 0.556 15.00 4.872 4.346 3.099 0.438 0.936 1.051 

Sr 1.250 35.00 17.43 18.90 8.062 1.189 -0.319 -0.561 

Li 0.223 12.26 4.198 3.606 3.133 0.426 0.804 -0.054 

Co 0.620 70.24 13.06 10.28 11.25 1.518 2.641 11.40 

Mn 0.420 13.39 5.516 5.474 2.951 0.394 0.274 0.000 

Ni 2.143 102.0 38.20 36.04 23.84 3.307 0.833 0.507 

Cr 0.245 27.65 10.48 9.286 7.174 0.985 0.873 0.067 

Cd 0.229 8.333 3.221 2.752 2.007 0.281 0.766 0.084 

Pb 1.923 75.08 32.02 30.24 17.77 2.418 0.374 -0.238 

 



Results and Discussion 

  136

The quartile distribution of selected metals in the nails of healthy subjects is shown 

as box–whisker plots in Figure 49, which showed relatively narrow distribution and small 

variations of Zn, followed by, Ca, K, Na and Mg. The rest of the metals showed a broad 

range in the nails of healthy donors. However, most of the metals revealed more or less 

symmetrical distribution as indicated by their equivalent spread above and below the 

median levels. In comparison with the patients, quartile distribution of the metals in 

healthy subjects was considerably different. 
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Figure 49.  Quartile distribution for selected metal concentrations (µg/g) in the nails of 

healthy subjects 

 

3.3.13  Comparison of Selected Metal Levels in Nails of Lymphoma 

Patients and Healthy Subjects  
Comparative average metal levels (±SE) in the nails of lymphoma patients and 

healthy subjects are shown in Figure 50. Average concentrations of Ni and Pb were found 

almost comparable which manifested an almost similar metal burden in the nails of cancer 

patients and healthy subjects. Significantly elevated (p < 0.05) mean levels of Na, Cu, Sr, 

Cr and Cd were noted for the lymphoma patients, while mean contents of Ca, Mg, K, Li 

and Mn were noted to be significantly higher for healthy donors. In the case of healthy 

donors, mean contributions of Fe and Mn were slightly higher while mean level of Ni was 

to some extent lower compared with the patients but the differences were not statistically 

significant. The findings of the present study were in good agreement with another study 

which revealed that mean concentrations of Cu, Pb and Ni were increased significantly, 
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while concentrations of Zn, Fe and Mg significantly decreased in the nails of lymphoma 

patients than healthy subjects (Ahmad et al., 2011).  
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Figure 50.  Comparative average concentrations of selected metals (µg/g ± SE) in the nails 

of lymphoma patients and healthy subjects 

 

3.3.14  Correlation Study of Selected Metals in Nails of Lymphoma 

Patients 
The correlation coefficient matrix of selected metals in the nails of lymphoma 

patients is shown in Table 32, in which bold r-values are significant (p < 0.05). The 

correlation date revealed strong associations between Fe-K (r = 0.585), signifying mutual 

origin of these metals in the nails of lymphoma patients. Other noteworthy correlations 

included Mn-Co (r = 0.359), Mn-Mg (r = 0.358), Mn-K (r = 0.344) and Mn-Fe (r = 

0.339), indicating weaker mutual associations of these metals. Most of the metals showed 

unviable correlation coefficients with other metals, hence manifesting independent 

variations in the nails of the patients. Age of the lymphoma patients was not significantly 

correlated with any of the selected metals. The complexity of the mutual associations 

among the metals in the nails of lymphoma patients would be further elaborated by 

multivariate methods in forthcoming section. 
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Table 32.  Correlation coefficient matrix of selected metals in the nails of lymphoma patients 

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca 0.227 1.000               

Mg 0.107 0.210 1.000              

Na -0.088 0.008 -0.094 1.000             

K 0.226 -0.002 0.228 -0.071 1.000            

Fe 0.220 -0.119 0.308 -0.080 0.585 1.000           

Zn 0.106 -0.089 0.029 -0.065 -0.062 0.040 1.000          

Cu 0.191 -0.041 0.109 -0.171 0.269 0.202 0.194 1.000         

Sr 0.014 0.091 -0.168 0.013 0.144 0.107 -0.215 0.051 1.000        

Li -0.041 0.061 -0.130 0.046 -0.110 -0.071 0.248 -0.075 -0.010 1.000       

Co 0.025 -0.004 -0.020 0.029 0.167 0.127 -0.041 -0.005 0.178 -0.072 1.000      

Mn 0.290 0.212 0.358 -0.184 0.344 0.339 0.106 0.158 0.253 -0.088 0.359 1.000     

Ni 0.062 -0.140 -0.032 0.205 0.027 -0.042 -0.167 -0.038 -0.107 -0.088 -0.017 -0.090 1.000    

Cr -0.160 0.101 -0.134 -0.204 -0.295 -0.196 0.033 -0.178 -0.164 0.177 -0.050 -0.082 0.015 1.000   

Cd 0.140 0.124 0.119 -0.055 -0.041 0.212 -0.091 0.096 0.027 0.104 -0.291 0.012 0.138 -0.065 1.000  

Pb -0.183 0.029 0.061 -0.146 -0.203 -0.228 0.041 0.076 -0.291 -0.090 -0.041 -0.331 -0.196 -0.022 0.057 1.000 

Bold r-values are significant at p < 0.05 
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Table 33.  Correlation coefficient matrix of selected metals in the nails of healthy subjects 

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca 0.075 1.000               

Mg 0.154 0.211 1.000              

Na -0.257 0.016 0.040 1.000             

K -0.234 0.030 0.074 0.610 1.000            

Fe 0.170 0.005 0.148 0.075 0.469 1.000           

Zn 0.087 0.009 0.074 0.071 0.006 -0.131 1.000          

Cu 0.119 -0.051 0.086 -0.106 -0.188 -0.033 0.249 1.000         

Sr -0.090 -0.121 -0.227 0.132 0.151 0.054 -0.277 0.006 1.000        

Li 0.216 0.209 0.141 0.021 0.088 0.260 -0.127 0.012 0.306 1.000       

Co -0.103 -0.036 -0.130 -0.029 -0.006 0.016 -0.115 -0.093 0.035 -0.279 1.000      

Mn -0.007 0.267 0.184 0.058 0.060 0.190 -0.209 -0.145 -0.039 0.054 0.395 1.000     

Ni -0.010 -0.028 0.132 0.050 0.028 -0.007 0.024 -0.047 0.072 0.031 0.067 0.278 1.000    

Cr -0.062 0.206 0.145 -0.088 0.258 0.317 0.090 0.014 0.059 0.054 0.070 0.024 -0.017 1.000   

Cd 0.153 -0.147 -0.173 0.010 0.187 0.270 -0.026 0.158 0.192 0.181 -0.087 0.059 0.329 0.020 1.000  

Pb 0.176 -0.175 -0.131 0.152 -0.035 0.023 -0.154 0.054 0.271 -0.057 0.151 -0.022 0.009 -0.012 0.181 1.000 

Bold r-values are significant at p < 0.05 
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3.3.15   Correlation Study of Selected Metals in Nails of Healthy Subjects 
The correlation coefficient matrix of selected metals pertaining to the nails of 

healthy donors is shown in Table 33, in which bold r-values are significant at p < 0.05. 

Only a few metal pairs were observed to be significantly correlated with each other. A 

strong relationship was evidenced between K-Na (r = 0.610), manifesting their common 

origin in the nails of healthy donors. In addition, significant positive correlations were 

noticed between Fe-K (r = 0.469), Mn-Co (r = 0.395), Cd-Ni (r = 0.329) and Cr-Fe (r = 

0.317), showing close association with these metals in the nails of healthy donors. All 

other metals showed weak negative/positive relationship between them. In addition, age 

was also insignificantly correlated with the metals. In the case of healthy donors, most of 

the metals exhibited insignificant relationships with other metals and hence exhibiting 

independent variation. However, in comparison with the patients, the correlation study 

manifested significantly different mutual dependences of the metals in the nails of healthy 

subjects.  

 

3.3.16  Multivariate Analysis of Selected Metals in Nails of Lymphoma 

Patients 
The principal component loadings, extracted by varimax normalized rotation on 

the data-set for the nails of lymphoma patients are presented in Table 34 and the 

corresponding CA of the metals are shown in the form of a dendrogram in Figure 51. 

Seven PCs with eigen values greater than 1 commutatively explaining 74% of the total 

variance of the data were extracted. PC 1 demonstrated highest loadings for Fe, K and Mn, 

which may be traced to originate mostly from the food habits. Similarly PC 2 and PC 3 

manifested elevated loadings for Li & Zn and Ca, respectively, which were mostly 

contributed by nutritional sources. The CA showed a cluster for Zn and Li. However, PC 4 

and PC 5 exhibited elevated loadings of Cd & Co and Ni, Na and Pb, respectively, the 

latter supported by a Na-Ni cluster in the CA. These metals were believed to be 

contributed by external sources, such as occupational exposure and automobile emissions, 

together with the dietary sources. Likewise, PC 6 exhibited elevated loadings for Sr and 

Mg. The last PC depicted higher loadings for Cr and Na. These metals were 

predominantly contributed by the body’s internal metabolism and nutritional habits of the 

cancer subjects. 
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Table 34. Principal component analysis of selected metals in the nails of lymphoma 

patients 

 PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 PC 7 

Eigen value 2.569 1.725 1.677 1.479 1.297 1.242 1.116 

Total Variance (%) 17.13 11.50 11.18 9.861 8.645 8.279 7.443 

Cumulative Eigen value 2.569 4.294 5.971 7.450 8.747 9.989 11.11 

Cumulative Variance (%) 17.13 28.63 39.81 49.67 58.31 66.59 74.04 

Ca -0.041 -0.037 0.895 0.158 -0.025 -0.018 -0.093 

Mg 0.462 -0.042 0.469 0.044 0.038 0.588 0.160 

Na -0.358 0.080 0.083 -0.188 0.567 0.098 0.510 

K 0.734 -0.182 -0.045 -0.188 -0.030 -0.055 0.134 

Fe 0.821 0.017 -0.048 0.028 0.054 0.035 -0.034 

Zn 0.020 0.797 -0.172 -0.137 -0.242 0.216 0.016 

Cu -0.457 -0.102 0.147 -0.228 0.559 -0.098 -0.329 

Sr -0.161 0.124 -0.094 -0.045 -0.086 0.849 -0.114 

Li -0.046 0.781 0.128 0.219 0.172 -0.073 -0.078 

Co -0.344 0.000 0.039 0.662 -0.012 0.084 0.135 

Mn 0.632 0.276 0.378 -0.193 0.051 -0.205 -0.111 

Ni 0.080 -0.190 -0.334 0.313 0.549 0.313 -0.016 

Cr 0.094 -0.083 -0.089 0.045 -0.074 -0.089 0.901 

Cd 0.066 0.081 0.114 0.871 0.000 -0.099 -0.087 

Pb 0.387 0.079 -0.008 0.036 0.702 -0.318 -0.045 
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Figure 51.  Cluster analysis of selected metals in the nails of lymphoma patients 
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3.3.17  Multivariate Analysis of Selected Metals in Nails of Healthy 

Subjects 
The counterpart data for selected metals related to the nails of healthy subjects 

contained six PCs (Table 35) with eigen values greater than 1 exhibiting more than 75% of 

the cumulative variance. The corresponding CA based on Ward’s method is displayed in 

Figure 52. PC 1 was represented by Na, Pb and K, which were regulated by internal body 

metabolism and may be contributed by anthropogenic intrusions including automobile 

emissions. PC 2 evidenced highest loadings for Ca, Li, Co and Pb, while PC 3 showed 

elevated loadings for Fe and Cr, which shared clusters in CA. These metals were attributed 

to the nutritional sources and occupational exposures. PC 4 indicated maximum loadings 

for Cu, Zn, Mg and Co and strong clusters of Cu-Zn and Mn-Co were shown by CA. 

Similarly, Ni and Cd constituted PC 5 supported by strong cluster in CA. These metals 

were believed to be contributed by anthropogenic activities (automobile emissions, 

burning fuels, mining & metal processing) and food habits of the donors. Higher loadings 

for Sr and Mn were observed in PC 6. These metals were mainly linked with nutritional 

sources. Overall, the CA was in good agreement with the PCA results. The PCA and CA 

results thus showed significantly diverse apportionment of selected metals in the nails of 

healthy donors compared with the lymphoma patients. 
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Figure 52.  Cluster analysis of selected metals in the nails of healthy subjects 
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Table 35.  Principal component analysis of selected metals in the nails of healthy subjects 

 PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 

Eigen value 2.833 2.106 2.022 1.587 1.464 1.263 

Total Variance (%) 18.88 14.04 13.48 10.58 9.762 8.420 

Cumulative Eigen value 2.833 4.938 6.961 8.547 10.01 11.27 

Cumulative Variance (%) 18.88 32.92 46.40 56.98 66.75 75.17 

Ca 0.002 0.637 -0.292 -0.046 0.101 -0.499 

Mg 0.110 -0.249 0.312 0.695 0.030 0.260 

Na 0.854 -0.166 -0.208 0.097 0.121 -0.043 

K 0.690 -0.227 0.464 -0.097 0.302 -0.196 

Fe 0.313 -0.170 0.818 0.021 0.132 0.137 

Zn 0.061 0.021 -0.075 0.679 -0.188 0.071 

Cu -0.358 0.260 -0.029 0.643 0.194 -0.166 

Sr -0.115 0.131 -0.190 0.209 -0.139 0.811 

Li -0.163 0.763 -0.142 0.117 -0.006 0.242 

Co -0.063 0.623 0.256 -0.534 -0.045 0.221 

Mn -0.019 0.125 0.325 -0.223 0.401 0.648 

Ni 0.129 0.184 0.073 0.155 0.791 0.046 

Cr -0.250 0.035 0.858 0.013 -0.056 -0.080 

Cd -0.018 -0.248 -0.028 -0.248 0.776 -0.067 

Pb 0.661 0.524 0.131 -0.067 -0.235 -0.038 

 

3.3.18  Comparison of Metal Levels in Nails Based on Demographic 

Characteristics of the Subjects 
3.3.18.1 Gender-Based Comparison of Metal Levels in the Nails of Lymphoma 

Patients and Healthy Subjects 

Average metal levels (±SE) in the nails of male/female donors among lymphoma 

patients and healthy subjects are displayed in Figure 53, for comparative evaluation. 

Average concentrations of Cd, Ni, Na, Ca & Li were found to be slightly higher in female 

patients than male patients while mean concentrations of Pb & Co were somewhat higher 

in the nails of male patients. The mean levels of the remaining metals were more or less 

comparable in the nails of male and female patients. In the case of healthy donors, average 

concentrations of Pb, Cd, Cr, Mn, Li, Sr, Fe, K, and Na were appreciably higher in the 
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nails of male healthy donors than female healthy donors; mean levels of Co and Zn were 

noticeably higher in the nails of female healthy donors; and mean levels of Ni, Cu, Mg and 

Ca exhibited comparable contributions in the nails of healthy subjects. Some of the metals 

(Na, Fe, Li and Cd) exhibited similar trends: appreciably higher mean levels were 

observed in the nails of female patients and male healthy donors compared to their 

respective counterparts; however, mean levels of Co were significantly elevated in the 

nails of male patients and female healthy donors compared to their respective counterpart 

donors. Overall, comparative gender-based variations of selected metals in the nails of 

lymphoma patients were significantly divergent compared to those observed in healthy 

subjects. 
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Figure 53.  Gender-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the nails of lymphoma patients and healthy subjects 

 

3.3.18.2 Habitat-Based Comparison of Metal Levels in the Nails of Lymphoma 

Patients and Healthy Subjects  

Average metal levels (±SE) in the nails of lymphoma patients and healthy donors 

inhabiting in urban and rural localities are shown in Figure 54. Mean levels of Na, Cu, Sr 

and Cd were marginally higher in the nails of urban and rural patients compared with the 
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urban and rural healthy subjects, while Ca and K were moderately higher in the nails of 

urban and rural healthy subjects. Average contents of Ni, Co, Sr and Na were slightly 

higher in the nails of urban patients compared with the rural patients, while mean 

concentrations of Cd, Cr, Mn, Li, Cu, Mg and Ca were evidently higher in the nails of 

rural patients. Nonetheless, average levels of K, Fe, Co and Pb were almost equivalent in 

the nails of urban/rural patients. In the case of healthy donors, average concentrations of 

Cr and Cu were considerably higher in the nails of urban healthy donors compared with 

rural healthy donors, while elevated mean levels of Cd, Ni, Mn, Co, Li, Sr and Fe were 

observed in the nails of healthy donors living in rural areas. The rest of the metals 

exhibited insignificant differences in the nails of urban/rural healthy subjects. 

Furthermore, the average levels of Cd, Mn and Li were relatively higher in the nails of 

rural subjects than urban subjects of both groups. Consequently, some noticeable 

variations in the metal levels were observed in the nails of the two groups from urban and 

rural locations. 
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Figure 54.  Habitat-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the nails of lymphoma patients and healthy subjects 
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3.3.18.3 Dietary-Based Comparison of Metal Levels in the Nails of Lymphoma 

Patients and Healthy Subjects 

Comparative average concentrations of metals (±SE) in the nails of lymphoma 

patients and healthy donors with vegetarian and non-vegetarian food habits are displayed 

in Figure 55. Average concentrations of Pb and Cd were significantly higher in patients 

with non-vegetarian food habit than vegetarian patients, while mean levels of Ca, Mg, Na, 

Cu, Co and Ni revealed clearly elevated levels in the nails of vegetarian patients. 

Nonetheless, mean contents of Fe, Zn, Sr, Li and Mn exhibited comparable contributions 

in the nails of both groups of lymphoma patients. Mean contents of Cd, Cr, Ni, Mn, Li, Fe 

and Mg were relatively higher in vegetarian healthy donors compared with non-vegetarian 

healthy donors, whereas mean level of Pb was observed to be higher in the nails of non-

vegetarian healthy donors. The rest of the metals exhibited insignificant differences in the 

nails of vegetarian/non-vegetarian healthy donors. Overall, mean concentrations of Cr, Cu, 

Cd, Na and Sr were considerably higher in the patients irrespective of vegetarian/non-

vegetarian food habits.  
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Figure 55.  Dietary-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the nails of lymphoma patients and healthy subjects 
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3.3.18.4 Smoking-Based Comparison of Metal Levels in the Nails of Lymphoma 

Patients and Healthy Subjects 

Comparative evaluation of mean metal levels (±SE) in the nails of lymphoma 

patients and healthy subjects with smoking and non-smoking habits are depicted in Figure 

56. Appreciably higher average levels of Pb, Mn, Co and K were found in the nails of 

smoking patients compared with non-smoking patients, whereas mean levels of Cd and Cr 

were slightly higher in non-smoking patients. However, Mg, Na, Fe, Cu, Sr, Li and Ni 

exhibited nearly comparable contributions in the nails of smoking and non-smoking 

patients. Similarly, mean concentrations of Cd, Cr, Pb, Ni, Co, Sr, Cu and Na were 

significantly higher in the nails of lymphoma patients with smoking habits than 

counterpart healthy donors. In the case of healthy subjects, average levels of Ca, Mg, K, Li 

and Mn in the nails were higher than for the patients irrespective of smoking/non-smoking 

habit. However, comparable levels were observed for Ca, Mg, Zn and Cr in the nails of 

smoking and non-smoking healthy subjects. Moreover, relatively higher mean levels were 

noted for Cu, Cr and Cd in smoking & non-smoking patients compared to smoking & non-

smoking controls, whereas average levels of Ca, Mg, K and Li were evidently higher in 

the nails of healthy subjects irrespective of smoking/non-smoking habits. 
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Figure 56.  Smoking-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the nails of lymphoma patients and healthy subjects 
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3.3.19  Comparison of Metal Levels in the Nails Based on Types and 

Stages of Lymphoma Patients 
3.3.19.1 Comparison of Metal Levels in the Nails Based on Types of Lymphoma 

Patients 

Comparative evaluation of mean metal concentrations (±SE) in the nails of various 

types of lymphoma patients (i.e., non-Hodgkin lymphoma and Hodgkin lymphoma) are 

shown in Figure 57. Average levels of Na, Fe, Ni, Sr, Co and Cd were significantly higher 

in nails of non-Hodgkin lymphoma patients, while mean concentrations of Ca, Mg and Pb 

were noted to be in excess in Hodgkin lymphoma patients. Average levels of K, Zn, Cu, 

Li, Cr and Mn were found to be almost comparable in the nails of non-Hodgkin and 

Hodgkin lymphoma patients. 
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Figure 57.  Comparative average concentrations (µg/g ± SE) of selected metals in the nails 

of different types of lymphoma patients 

 

Average concentrations of selected metals (±SE) in the nails of various types of the 

non-Hodgkin lymphoma patients (diffuse large B-cell lymphoma, follicular lymphoma 

and peripheral T-cell lymphoma) are shown in Figure 58. In the case of diffuse large B-

cell lymphoma patients, only Pb exhibited comparatively higher concentration in the nails, 
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while average concentrations of Mg, Fe, Zn, Cu and Cd were noted to be in excess in the 

nails of follicular lymphoma patients. However, mean values of Na, Ni, Sr and Cr were 

appreciably higher and those of Cu, Cd, Fe, Li, Pb and Zn were considerably lower in the 

nails of peripheral T-cell lymphoma patients. Average concentrations of Ca, K and Mn 

were not appreciably different in the nails of diffuse large B-cell lymphoma patients, 

follicular lymphoma patients and peripheral T-cell lymphoma patients. 
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Figure 58.   Comparative average concentrations (µg/g ± SE) of selected metals in the nails 

of different types of non-Hodgkin lymphoma patients 

 

Comparative average metal levels (±SE) in the nails of various types of Hodgkin 

lymphoma patients (mixed cellularity lymphoma, nodular lymphocyte predominant 

lymphoma and nodular sclerosing lymphoma) are given in Figure 59. Comparatively 

higher levels of K, Fe, Li and Co were observed in the nails of nodular sclerosing 

lymphoma patients, while mean concentrations of Na, Cu, Ni and Pb were appreciably 

elevated in the nails of nodular lymphocyte predominant lymphoma patients. Additionally, 

Mg, Ca, Cr and Cd concentrations were highest in mixed cellularity lymphoma patients. In 

contrast, the lowest mean metal values of Ca, Mg, Fe, Sr, Li and Mn were found in 

nodular lymphocyte predominant lymphoma patients. Nonetheless, Zn exhibited almost 
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equal contribution in the nails of all types of Hodgkin lymphoma patients.  
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Figure 59.  Comparative average concentrations (µg/g ± SE) of selected metals in the nails 

of different types of Hodgkin lymphoma patients 

 

3.3.19.2 Comparison of Metal Levels in the Nails Based on Stages of Lymphoma 

Patients  

Comparative average metal levels (±SE) in the nails of the lymphoma patients at 

different stages are depicted in the Figure 60. Mean concentrations of Ca, Na and Pb in the 

nails were found to be comparatively higher at stage-IV, whereas average level of Ni was 

noted to be in excess at stage-III of lymphoma patients. Likewise, elevated concentrations 

of Mg, Fe, Co and Mn were noted at stage-II and mean concentrations of Cu and K were 

higher at stage-I in the nails of lymphoma patients. Average concentration of Zn was 

found to be nearly equivalent at all stages and mean content of Cr was almost similar at 

stage-III and stage-IV of lymphoma patients. Conversely, some of the metals (Fe, Cu, Mn 

and Pb) showed lowest levels at stage-III of lymphoma patients. Among the metals, Li and 

Na revealed almost comparable levels in the patients at stage-I and stage-II. Mean 

concentrations of Fe and Mn in the nails of lymphoma patients followed the decreasing 

order: stage-II > stage-I > stage-IV > stage-III. 
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Figure 60.  Comparative average concentrations (µg/g ± SE) of selected metals in the nails 

of lymphoma patients at different stages 

 

3.3.20 Distribution of Selected Metals in Blood of Lymphoma Patients  
Basic statistical parameters related to distribution of selected metal levels (µg/g, 

wet weight) in the blood of lymphoma patients (n = 59) are represented in Table 36. Most 

of the metals exhibited large range in their concentrations as given by minimum and 

maximum levels. On the average, mean levels were found dominant for Na (1,145 µg/g), 

followed by, Fe (454.6 µg/g), K (260.2 µg/g), Ca (49.83 µg/g), Mg (29.18 µg/g), Zn 

(6.518 µg/g), Sr (3.028 µg/g), Ni (2.733 µg/g), Co (1.332 µg/g) and Cu (1.150 µg/g). 

However, relatively lower mean concentrations were recorded for Cr (0.630 µg/g), Pb 

(0.552 µg/g), Cd (0.530 µg/g) and Mn (0.169 µg/g). On the average basis, the decreasing 

trend of metal levels in the blood of lymphoma patients revealed following order: Na > Fe 

> K > Ca > Mg > Zn > Sr > Ni > Co > Cu > Cr > Cd > Pb > Mn > Li. Among the selected 

metals, Ca, Fe, K, Mg, Na, Ni, Sr and Zn exhibited relatively higher dispersion and 

random distribution as revealed by higher SD and SE values on one hand and unmatched 

mean and median levels on the other hand. Other metals (Cd, Cr, Cu, Li, Mn and Pb) 

exhibited somewhat normal distribution pattern manifested by very small SD and SE 

values. Large skewness and kurtosis values for Mn, Li and Ni supported asymmetrical 
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distribution of these metals in the blood of lymphoma patients. 

 

Table 36.  Statistical distribution parameters for concentrations (µg/g, wet weight) of 

selected metals in the blood of lymphoma patients (n = 59) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 36.84 73.88 49.83 49.55 7.913 1.030 0.604 0.403 

Mg 16.42 42.14 29.18 28.67 4.301 0.560 0.198 1.287 

Na 446.6 1577 1145 1114 213.8 27.83 -0.308 0.577 

K 196.8 358.6 260.2 238.7 46.21 6.016 0.607 -1.009 

Fe 152.9 601.5 454.6 461.9 83.47 10.87 -0.834 1.886 

Zn 1.270 10.86 6.518 6.428 2.254 0.293 -0.116 -0.596 

Cu 0.123 1.895 1.150 1.235 0.419 0.055 -0.484 0.005 

Sr 0.046 7.235 3.028 2.799 1.973 0.261 0.387 -0.670 

Li 0.010 0.388 0.109 0.078 0.084 0.012 1.207 1.232 

Co 0.151 3.051 1.332 1.340 0.681 0.094 0.314 -0.310 

Mn 0.010 0.703 0.169 0.142 0.123 0.017 1.742 5.469 

Ni 0.993 6.414 2.733 2.446 1.170 0.158 1.017 1.303 

Cr 0.020 1.517 0.630 0.608 0.388 0.054 0.231 -0.825 

Cd 0.083 1.316 0.530 0.523 0.298 0.040 0.846 0.276 

Pb 0.012 1.442 0.552 0.501 0.362 0.049 0.857 0.171 
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Figure 61.  Quartile distribution for selected metal concentrations (µg/g) in the blood of 

lymphoma patients 
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The quartile distribution of selected metal levels in the blood of lymphoma patients 

is shown as box–whisker plots in Figure 61. As shown in the Figure, Ca, Mg, K, Na and 

Fe revealed very narrow distribution with overlapping lower/upper quartiles. Maximum 

spread was observed for Sr, Pb, Cr and Mn, followed by Co and Cd which evidenced the 

greater fluctuation of these metal levels in the blood of the lymphoma patients. Overall, 

the selected metals exhibited significant disparity in their quartile distributions in the blood 

of lymphoma patients. 

 

3.3.21  Distribution of Selected Metals in Blood of Healthy Subjects 
Basic statistical distribution parameters for selected metal levels (µg/g, wet weight) 

in the blood of healthy donors (n = 58) are depicted in Table 37. Markedly higher mean 

levels were found for Na (961.5 µg/g), Fe (408.9 µg/g), K (276.2 µg/g), Ca (51.90 µg/g) 

and Mg (32.16 µg/g), followed by, relatively lower concentrations of Zn (7.713 µg/g), Co 

(2.214 µg/g), Ni (1.997 µg/g) and Sr (1.495 µg/g). Comparatively lower average levels 

were noted for Cu (0.838 µg/g), Pb (0.817 µg/g), Cr (0.370 µg/g), Mn (0.279 µg/g), Cd 

(0.265 µg/g) and Li (0.248 µg/g). The decreasing trend of mean metal levels in the blood 

of healthy donors revealed following order: Na > Fe > K > Ca > Mg > Zn > Co > Ni > Sr 

> Cu > Pb > Cr > Mn > Cd > Li. The relative trend of metals in the blood of healthy 

donors was slightly different than the blood of lymphoma patients, but more or less similar 

trend in metal levels was reported by Saghir et al., (2011) for healthy subjects. Highest SD 

and SE values were shown for Na, Fe and K, followed by, Ca and Mg evidencing highest 

dispersion in their distribution in the blood of healthy donors. Some of the metals (Cd, Li, 

Mn, Cu, Cr and Pb) exhibited relatively normal distribution pattern supported by lower SE 

and SD values. Among the metals, Mn, Li and Co contents showed significant asymmetry 

as manifested by relatively higher skewness and kurtosis values.  

The quartile distribution of selected metals in the blood of healthy donors is shown 

as box–whisker plots in Figure 62. Some of the metals (Na, Ca, K, Zn and Mg) manifested 

narrow distributions as shown by overlapping upper/lower quartiles whereas large spread 

and higher dispersion was observed for Cr, Ni, Sr, Pb and Ni, followed by, Cd and Mn, 

which revealed inconsistent and varying levels in the blood of healthy subjects. Similar 

findings were reported in an earlier study (Saghir et al., 2011). The quartile distribution of 

metals in healthy subjects revealed significant disparities in the metal distribution 

compared with the distribution of metals in lymphoma patients. 
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Table 37.  Statistical distribution parameters for concentrations (µg/g, wet weight) of 

selected metals in the blood of healthy subjects (n = 58) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 38.68 75.16 51.90 49.24 10.44 1.370 0.627 -0.658 

Mg 15.60 51.82 32.16 32.24 6.966 0.915 0.393 0.960 

Na 753.9 1286 961.5 893.3 143.2 18.81 0.423 -1.179 

K 188.4 413.3 276.2 269.6 49.42 6.490 0.566 -0.158 

Fe 141.7 520 408.9 410.0 64.09 8.415 -1.189 4.296 

Zn 4.559 13.35 7.713 7.346 1.802 0.237 0.824 0.592 

Cu 0.138 1.785 0.838 0.808 0.317 0.042 0.480 0.396 

Sr 0.041 4.554 1.495 1.265 1.130 0.154 0.968 0.191 

Li 0.015 0.951 0.248 0.200 0.193 0.026 1.405 2.563 

Co 0.594 6.397 2.214 2.039 1.129 0.148 1.258 2.368 

Mn 0.052 1.141 0.279 0.246 0.193 0.026 1.930 5.992 

Ni 0.045 5.417 1.997 1.816 1.315 0.182 0.666 -0.154 

Cr 0.011 1.379 0.370 0.237 0.354 0.052 1.230 0.666 

Cd 0.033 0.688 0.265 0.238 0.160 0.021 0.910 0.342 

Pb 0.044 1.985 0.817 0.833 0.487 0.066 0.415 -0.498 
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Figure 62.  Quartile distribution for selected metal concentrations (µg/g) in the blood of 

healthy subjects 
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3.3.22  Comparison of Selected Metal Levels in Blood of Lymphoma 

Patients and Healthy Subjects 
Average levels of selected metals (± SE) in the blood of lymphoma patients and 

healthy donors are shown as bar graphs in Figure 63, for comparative evaluation. Two-

tailed student’s t-test (p < 0.05) of the data showed that there were insignificant changes in 

the concentrations of Ca and K in the blood of lymphoma patients and healthy donors; 

however, there were significant differences in the concentrations of the rest of the metals. 

Mean contents of Na, Fe, Cu, Sr, Ni, Cr and Cd were found to be noticeably higher in the 

blood of lymphoma patients, while average levels of Mg, Zn, Li, Co, Mn and Pb were 

observed to be fairly higher in the blood of healthy donors. Similar results were found 

when metals levels in the lymphoma patients were compared with the normal group for Zn 

and Cu in the blood serum (Mahdi, 2010; Marco et al., 2001).  
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Figure 63.  Comparative average concentrations of selected metals (µg/g ± SE) in the 

blood of lymphoma patients and healthy subjects 

 

Many studies showed that blood serum Cu level was found to be elevated in 

lymphoma patients compared to the controls (Hordyjewska et al., 2014; Gupta et al., 

1994; Nasulewicz et al., 2004). In another report, blood serum Zn and Mg levels of 
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lymphoma patients were lower than the levels in control groups (Merza et al., 2009). 

Some studies showed that Fe and Mn concentrations were higher in the blood serum of 

patients with malignant lymphoma (Wu et al., 1988). Moreover, Cu, Ni and Cr 

concentrations in the blood plasma of lymphoma patients was found to be higher in 

comparison with the control groups (Schmitt et al., 1993; Denkhaus and Salnikow, 2002). 

Another study revealed that the mean concentrations of Cu, Pb and Ni were significantly 

increased, while concentrations of Zn, Fe and Mg were significantly decreased in the 

blood of lymphoma patients (Ahmad et al., 2011). Consequently, the present study was in 

good agreement with other studies reported worldwide.  

 

3.3.23  Correlation Study of Selected Metals in Blood of Lymphoma 

Patients  
The data on metal-to-metal correlations in the blood of lymphoma patients are 

presented in Table 38, wherein bold r-values are significant at p < 0.05. Strong positive 

correlations were observed between K-Mg (r = 0.640), Na-Ca (r = 0.603), Cd-Sr (r = 

0.586), Mg-Ca (r = 0.553) and Cd-Mg (r = 0.505), thus, indicating their probable 

communal variations in the blood of lymphoma patients. Other noteworthy significant 

correlations included Cd-K (r = 0.464), K-Na (r = 0.433), Cd-Na (r = 0.410), Li-Mg (r = 

0.383), Na-Mg (r = 0.380), K-Ca (r = 0.379), Sr-K (r = 0.374), Li-K (r = 0.337) and Mn-K 

(r = 0.319) in the blood of patients. The rest of the metals displayed insignificant positive 

and negative relationships. In addition, age of the patients was not significantly correlated 

with any of the metals. The correlation data manifested strong relationships of K with Cd, 

Na, Ca, Sr, Li & Mn and Na with Cd & Mg, thus manifesting probable common 

sources/origin of these metals. Apparently positive correlation of trace metals (Sr, Li & 

Cd) with essential metals (Na, Ca, K & Mg) evidenced a build-up of these metals in the 

blood of lymphoma patients. The independent role of some metals (Fe, Zn, Cu, Co, Ni, Cr 

and Pb) in the blood of lymphoma patients was evidenced by their insignificant 

relationships with other metals. Since most of the selected metals were significantly 

correlated with one another in the blood of lymphoma patients, multivariate methods 

would be used to find out the viable grouping and apportionment of the metals in 

forthcoming section.  
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Table 38.  Correlation coefficient matrix of selected metals in the blood of lymphoma patients 

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca -0.072 1.000               

Mg 0.082 0.553 1.000              

Na 0.034 0.603 0.380 1.000             

K -0.098 0.379 0.640 0.433 1.000            

Fe -0.186 0.098 0.098 0.008 0.119 1.000           

Zn -0.190 0.189 0.248 0.130 0.145 0.205 1.000          

Cu 0.023 -0.278 -0.127 0.014 -0.013 0.035 -0.115 1.000         

Sr -0.075 0.182 0.309 0.258 0.374 0.183 0.095 -0.018 1.000        

Li 0.016 0.178 0.383 0.046 0.337 0.001 0.121 0.104 0.172 1.000       

Co -0.106 0.010 -0.240 0.002 -0.060 -0.137 -0.112 0.085 -0.305 0.111 1.000      

Mn -0.082 0.077 0.115 0.089 0.319 0.069 0.177 -0.054 0.277 0.203 -0.035 1.000     

Ni 0.092 -0.161 -0.153 -0.094 -0.087 -0.150 -0.186 0.136 -0.017 -0.101 0.147 -0.070 1.000    

Cr 0.105 0.088 0.063 0.172 -0.035 -0.151 -0.027 0.084 -0.144 0.177 0.109 -0.037 0.081 1.000   

Cd -0.068 0.218 0.505 0.410 0.464 0.213 0.307 -0.019 0.586 0.177 -0.144 0.196 -0.189 0.023 1.000  

Pb -0.141 0.035 -0.013 0.064 0.254 0.046 0.020 0.038 -0.034 -0.128 0.083 -0.034 0.072 -0.177 0.198 1.000 

Bold r-values are significant at p < 0.05 
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Table 39.  Correlation coefficient matrix of selected metals in the blood of healthy subjects 

Bold r-values are significant at p < 0.05 

 

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca 0.157 1.000               

Mg 0.257 0.240 1.000              

Na 0.324 0.613 0.341 1.000             

K 0.223 0.416 0.608 0.450 1.000            

Fe 0.191 0.428 0.404 0.522 0.436 1.000           

Zn -0.093 0.211 0.107 0.136 0.069 0.328 1.000          

Cu -0.094 0.292 -0.122 0.210 0.037 0.270 0.040 1.000         

Sr 0.209 0.029 0.093 0.211 0.006 0.110 -0.154 -0.197 1.000        

Li -0.070 0.037 0.110 0.164 0.277 0.198 0.274 0.125 -0.141 1.000       

Co 0.120 0.064 0.156 0.184 0.331 0.073 0.063 0.152 -0.091 0.612 1.000      

Mn 0.367 0.221 0.357 0.519 0.229 0.117 0.004 -0.123 0.146 0.174 0.138 1.000     

Ni 0.282 0.244 0.117 0.388 0.160 0.314 0.151 -0.173 0.068 0.100 0.112 0.044 1.000    

Cr 0.333 0.571 0.121 0.310 0.478 0.318 0.062 0.283 -0.122 -0.024 -0.003 0.004 -0.003 1.000   

Cd -0.011 0.303 0.095 0.415 0.086 0.149 0.155 -0.046 0.367 -0.006 -0.038 0.176 -0.006 0.097 1.000  

Pb -0.063 0.043 0.031 -0.056 -0.022 -0.101 0.109 -0.046 -0.206 0.384 0.255 -0.054 0.077 -0.085 -0.188 1.000 
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3.3.24  Correlation Study of Selected Metals in Blood of Healthy Subjects 
Table 39 shows the Spearman correlation coefficient matrix for selected metals in 

the blood of healthy donors. Strong correlations were found between Na-Ca (r = 0.613), 

Co-Li (r = 0.612), K-Mg (r = 0.608), Cr-Ca (r = 0.571), Fe-Na (r = 0.522) and Mn-Na (r = 

0.519). Other noteworthy correlations included Cr-K (r = 0.478), Fe-K (r = 0.436), Fe-Ca 

(r = 0.428), K-Ca (r = 0.416), Cd-Na (r = 0.415), Fe-Mg (r = 0.404), Ni-Na (r = 0.388), 

Pb-Li (r = 0.384), Mn-Age (r = 0.367), Cd-Sr (r = 0.367), Mn-Mg (r = 0.357), Na-Mg (r = 

0.341), Zn-Fe (r = 0.328), Cr-Fe (r = 0.318) and Ni-Fe (r = 0.314). The strong and 

significant correlations among the metal pairs indicated their probable mutual variations in 

the blood of healthy donors. The correlation study revealed significant positive 

relationships of age with Mn (r = 0.367), Cr (r = 0.333) and Na (r = 0.324) in the blood of 

healthy subjects. Some other positive and negative correlations were also recorded but 

these were not significant. The independent role of Cu in the blood of healthy donors was 

evidenced by its insignificant relationships with other metals. Overall, the co-variations of 

selected metals in the blood of lymphoma patients and healthy donors were appreciably 

divergent, which may be attributed to the imbalances of the metals in lymphoma patients 

and would be further explored by multivariate statistical methods. 
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Figure 64.  Cluster analysis of selected metals in the blood of lymphoma patients 
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3.3.25  Multivariate Analysis of Selected Metals in Blood of Lymphoma 

Patients 
The PCA of selected metals for blood of lymphoma patients, extracted by varimax 

normalized rotation on the data-set is displayed in Table 40. Five PCs were extracted with 

eigen values greater than 1, cumulatively explaining more than 67% of the total variance 

of data. The corresponding CA based on Ward’s method is shown in Figure 64. PC 1 

showed higher loadings for K, Li, Ca, Na and Mg, with similar strong clusters of Mg-K-Li 

and Na-Ca in CA. These metals were mostly contributed by food sources and controlled 

by internal body metabolism of donors.  

 

Table 40.  Principal component analysis of selected metals in the blood of lymphoma 

patients 

 PC 1 PC 2 PC 3 PC 4 PC 5 

Eigen value 4.234 1.860 1.532 1.403 1.158 

Total Variance (%) 28.22 12.40 10.22 9.353 7.721 

Cumulative Eigen value 4.234 6.094 7.626 9.029 10.19 

Cumulative Variance (%) 28.22 40.62 50.84 60.19 67.92 

Ca 0.750 -0.087 -0.116 0.429 0.158 

Mg 0.695 0.371 -0.090 0.056 0.293 

Na 0.732 0.191 0.176 0.170 0.210 

K 0.789 0.182 0.317 -0.057 0.128 

Sr 0.404 0.789 0.034 0.013 -0.233 

Li 0.751 0.029 -0.423 -0.199 -0.064 

Co -0.185 0.693 -0.420 -0.009 0.129 

Fe -0.097 0.217 0.306 0.683 0.205 

Zn 0.032 0.657 0.120 0.184 0.263 

Cu 0.198 0.019 -0.255 0.822 -0.122 

Mn 0.191 0.099 -0.156 0.170 0.765 

Ni -0.045 -0.032 -0.004 0.115 -0.013 

Cr 0.283 0.033 -0.074 -0.147 0.689 

Cd 0.285 0.800 0.150 0.033 0.038 

Pb 0.017 0.045 0.860 -0.078 -0.162 
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PC 2 exhibited elevated loadings of Co, Cd, Sr and Zn, which may be attributed to 

the nutritional sources and environmental pollution. Similarly, PC 3 and PC 4 revealed 

higher contributions of Pb and Cu & Fe, respectively, which were mostly contributed by 

food habits and anthropogenic emissions. The final PC showed elevated loadings of Mn 

and Cr supported by their strong cluster in CA. These metals were mostly contributed by 

external environmental conditions. However, Ni did not reveal significant loadings with 

any other metal; it was concluded that the metal plays some specific role in the body 

metabolism and probably originates from some independent processes in the blood of 

lymphoma patients.  

 

3.3.26  Multivariate Analysis of Selected Metals in Blood of Healthy 

Subjects 
The PCA of selected metals in the blood of healthy subjects, extracted by varimax 

normalized rotation on the data-set is displayed in Table 41. Five PCs with eigen value 

greater than 1 were extracted which demonstrated together more than 71% variance of the 

data in the blood of healthy donors (Table 41). The CA of metal data pertaining to the 

blood of healthy donors is presented in the form of dendrogram in Figure 65. PC 1 

indicated higher loadings for Mg, K, Cr, Ca and Fe and the cluster analysis showed 

common groups of these metals, which were regulated by internal body metabolism and 

also contributed by food habits of the donors.  
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Figure 65.  Cluster analysis of selected metals in the blood of healthy subjects 
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PC 2 revealed higher contributions of Li, Co and Pb, which were contributed by 

common sources including environmental contamination (automobile and industrial 

emissions). Similarly PC 3 for the blood of healthy donors indicated maximum loading of 

Ca, Sr and Cu. Loading of these metals may be related to the dietary practice of the 

donors. Elevated loadings of Mn, Cd and Na were noted in PC 4 with a strong cluster for 

Mn and Cd revealed in the CA. These metals may be originate from anthropogenic 

emissions and regulated by internal body metabolism. The last PC was mostly associated 

with Zn and Ni. Overall, the PCA and CA exhibited significantly diverse apportionment of 

the metals in the blood of lymphoma patients in comparison with healthy donors. 

 

Table 41.  Principal component analysis of selected metals in the blood of healthy subjects  

 PC 1 PC 2 PC 3 PC 4 PC 5 

Eigen value 3.930 2.436 1.879 1.227 1.202 

Total Variance (%) 26.20 16.24 12.53 8.182 8.016 

Cumulative Eigen value 3.930 6.366 8.245 9.472 10.67 

Cumulative Variance (%) 26.20 42.44 54.97 63.15 71.17 

Ca 0.581 -0.167 0.551 0.298 0.248 

Mg 0.707 0.227 -0.224 0.263 0.056 

Na 0.473 -0.019 0.149 0.710 0.335 

K 0.883 0.173 -0.043 0.068 -0.013 

Sr -0.171 0.261 0.619 -0.466 -0.002 

Li 0.003 0.849 0.053 0.033 0.156 

Co 0.084 0.792 0.018 -0.037 -0.047 

Fe 0.771 -0.091 0.045 0.146 0.491 

Zn -0.034 0.195 0.316 -0.118 0.540 

Cu 0.065 0.040 0.829 0.122 -0.029 

Mn 0.116 0.316 -0.090 0.745 -0.187 

Ni 0.198 0.011 -0.268 0.152 0.787 

Cr 0.697 -0.298 0.390 -0.127 -0.158 

Cd -0.001 -0.342 0.097 0.644 0.117 

Pb -0.054 0.502 0.256 -0.408 0.351 
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3.3.27  Comparison of Metal Levels in Blood Based on Demographic 

Characteristics of the Subjects 

3.3.27.1  Gender-Based Comparison of Metal Levels in the Blood of Lymphoma 

Patients and Healthy Subjects 

Comparative average metal levels (±SE) in the blood of male and female donors 

among lymphoma patients and healthy subjects are depicted in the Figure 66. Most of the 

metal levels were diverse in this gender-based comparison, except Ca, Mg and K which 

exhibited more or less comparable levels in the blood of male and female subjects. The 

average concentrations of Cu, Sr, Ni, Cr, Cd and Fe were significantly higher while Pb, 

Mn, Co, Li and Zn were lower in the blood of male/female patients compared with the 

counterpart controls. For male lymphoma patients, mean content of Pb was considerably 

higher than that found in the blood of female patients, whereas the average level of Sr was 

higher in the female patients than in their male counterparts. In male healthy donors, mean 

blood levels of Pb, Mn, Co, Li & Zn were higher and Cd, Cr, Ni, Sr & Cu were lower than 

in female healthy donors. The above comparison showed that the distribution of metals 

varied significantly with gender in the blood of lymphoma patients and healthy subjects. 
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Figure 66.  Gender-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the blood of lymphoma patients and healthy subjects 
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3.3.27.2 Habitat-Based Comparison of Metal Levels in the Blood of Lymphoma 

Patients and Healthy Subjects 

Average metal levels (±SE) in the blood of the lymphoma patients and healthy 

donors inhabiting in urban and rural localities are illustrated in Figure 67. Average levels 

of Ca, Mg and K manifested almost comparable contents in the blood of urban and rural 

subjects. Within each category of donors (ill and healthy), higher mean metal values for 

Cd, Ni, Co, Li and Sr were noted in the rural subjects compared to the urban subjects, 

whereas average contents of Mn was observed to be in excess for urban subjects of both 

groups. Relatively higher level of Pb was noted in rural patients and urban controls 

compared to urban patients and rural controls which showed higher Cu levels. Average 

levels of Sr, Li, Co, Ni, Cr, Cd and Pb were higher in the blood of rural patients than urban 

patients, while mean value of Mn was higher in the blood of urban patients. Similarly, 

average concentrations of Pb, Cr and Mn were significantly higher in the blood of urban 

healthy donors than rural healthy donors, whereas mean levels of Co, Li, Sr and Cu were 

clearly higher in the blood of rural healthy donors. Some metals revealed distinctive 

behaviour in their trends; mean levels of Cr and Pb revealed marked accumulation in the 

blood of rural patients and urban healthy donors compared to their respective counterparts. 
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Figure 67.  Habitat-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the blood of lymphoma patients and healthy subjects 
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3.3.27.3 Dietary-Based Comparison of Metal Levels in the Blood of Lymphoma 

Patients and Healthy Subjects 

Comparative average concentrations of selected metals (±SE) in the blood of 

lymphoma patients and healthy donors with vegetarian and non-vegetarian food habits are 

given as bar graphs in Figure 68. Within the patient category, mean concentrations of Li 

and Sr were found to be slightly higher in the blood of non-vegetarian subjects compared 

with vegetarian subjects. Average concentrations of Ca, Mg and K in the blood of 

vegetarian and non-vegetarian patients were not significantly different, however, 

appreciably higher levels of Pb, Cr, Mn and Co were observed in the blood of vegetarian 

patients. Nonetheless, mean contents of Li, Sr and Cu were relatively higher in the blood 

of non-vegetarian patients compared to vegetarian patients while non-vegetarian controls 

showed relatively higher levels of Li, Sr, Mn and Pb compared to vegetarian controls. In 

addition, elevated levels were noted for Na, Cu, Sr, Ni, Cr and Cd in the blood of patients 

with vegetarian habit compared with vegetarian healthy donors, whereas average levels of 

Li, Co and Pb were exceedingly higher in the blood of vegetarian healthy donors. 
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Figure 68.  Dietary-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the blood of lymphoma patients and healthy subjects 
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3.3.27.4 Smoking-Based Comparison of Metal Levels in the Blood of Lymphoma 

Patients and Healthy Subjects 

Mean concentrations of selected metals (±SE) in the blood of lymphoma patients 

and healthy subjects with smoking and non-smoking habits are illustrated in Figure 69. 

Elevated mean levels of Cd, Cr, Ni, Sr, Cu, Fe and Na were observed in smoking patients 

compared with smoking healthy donors, whereas Pb, Mn, Co, Li, Zn and Mg were higher 

in the blood of smoking healthy donors. Mean concentrations of Ca and K were almost 

comparable in smoking and non-smoking subjects. Mean values of Cr and Li were 

considerably higher while average concentrations of Pb, Ni, Mn and Sr were lower in 

lymphoma patients with smoking habit than patients with non-smoking habit. Average 

levels of Cr, Ni and Co were noticeably higher in the blood of healthy donors with 

smoking habit than non-smoking healthy donors, while mean concentrations of Cd, Mn, Li 

and Sr were somewhat higher in the blood of non-smoking healthy donors. However, 

elevated levels of Pb, Mn, Co, Li, Zn and Mg were found in non-smoking healthy donors 

compared with smoking patients. Some of the toxic/trace metals (Sr, Ni, Cr and Cd) along 

with redox active metals (Cu and Fe) revealed significant accumulation in blood of 

smoking/non-smoking patients in comparison with both donor groups of controls. 
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Figure 69.  Smoking-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the blood of lymphoma patients and healthy subjects  
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3.3.28 Comparison of Metal Levels in the Blood Based on Types and 

Stages of Lymphoma Patients 
3.3.28.1 Comparison of Metal Levels in the Blood Based on Types of Lymphoma 

Patients 
Comparative evaluation of mean metal concentrations (±SE) in the blood of non-

Hodgkin lymphoma and Hodgkin lymphoma patients are portrayed in Figure 70. In the 

case of non-Hodgkin lymphoma patients, average concentrations of Co, Mn and Ni 

exhibited comparatively elevated concentrations in the blood, while mean levels of Sr, Li, 

Fe, Cd and Pb were appreciably higher in the blood of Hodgkin lymphoma patients. 

Average contents of Cu, Cr, Mg, Na, K, Zn and Ca were almost comparable in the blood 

of non-Hodgkin and Hodgkin lymphoma patients. 
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Figure 70.  Comparative average concentrations (µg/g ± SE) of selected metals in the 

blood of different types of lymphoma patients  

 

Average levels of selected metals (±SE) in the blood of different types of the non-

Hodgkin lymphoma patients (i.e., diffuse large B-cell lymphoma, follicular lymphoma and 

peripheral T-cell lymphoma) are shown in Figure 71. Highest average contents of Li, Mn 

and Sr were found in the blood of diffuse large B-cell lymphoma patients, while mean 
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concentrations of Cr, Cd and Na were relatively elevated in the blood of follicular 

lymphoma patients. In addition, mean levels of Fe and Pb were exceedingly higher in the 

blood of peripheral T-cell lymphoma patients. Similarly, mean levels of Fe, K and Ni 

exhibited almost equivalent contributions in the blood of diffuse large B-cell lymphoma 

patients and follicular lymphoma patients, while average levels of Ca, Mg, Na, Zn, Li, Co 

and Mn were almost comparable in the blood of follicular lymphoma and peripheral T-cell 

lymphoma patients. 
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Figure 71. Comparative average concentrations (µg/g ± SE) of selected metals in the 

blood of different types of non-Hodgkin lymphoma patients 

 

 

Comparative average selected metal levels (±SE) in the blood of different types of 

Hodgkin lymphoma patients (i.e., mixed cellularity lymphoma, nodular lymphocyte 

predominant lymphoma and nodular sclerosing lymphoma) are given in Figure 72. Mean 

level of Ni was significantly higher in the blood of mixed cellularity lymphoma patients, 

whereas Cu, Cr, Co, Cd and Li levels were relatively higher in nodular sclerosing 

lymphoma patients. However, mean levels of Mn and Sr were nearly comparable in the 
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blood of nodular lymphocyte predominant lymphoma patients and nodular sclerosing 

lymphoma patients, whereas Zn and Cd revealed almost similar mean values in the blood 

of mixed cellularity lymphoma patients and nodular lymphocyte predominant lymphoma 

patients. Conversely, some of the metals (Fe, Cr and Pb) exhibited their lowest levels in 

the blood of nodular lymphocyte predominant lymphoma patients compared to other types 

of the patients.  
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Figure 72. Comparative average concentrations (µg/g ± SE) of selected metals in the 

blood of different types of Hodgkin lymphoma patients 

 

 

3.3.28.2 Comparison of Metal Levels in the Blood Based on Stages of Lymphoma 

Patients  

Comparative average metal levels (±SE) in the blood of lymphoma patients at 

different stages are depicted in the Figure 73. Generally, relatively lower metal levels were 

observed at stage-II and stage-III compared with other stages of lymphoma. Average 

concentrations of Cu and Cr were noticeably higher at stage-I in the blood of lymphoma 

patients; average levels of Sr, Co, Mn and Cd were highest in the blood of patients at 
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stage-IV. Conversely, lowest average concentrations of Sr, Co, Mn, and Cd were noted at 

stage-II while mean contents of Cr, Cu and Mg were lowest in the blood of lymphoma 

patients at stage-III. Mean levels of Ca, Mg, Na, K, Fe, Ni and Zn exhibited almost 

equivalent average concentrations in the blood of all stages of lymphoma patients. 

However, almost comparable mean levels at stage-I & stage-III were noted for Pb and Sr 

whereas average concentrations of Cu and Cr at stage-II & stage-IV were almost similar. 

Mean levels of Mn and Cd demonstrated the following decreasing order: stage-IV > stage-

I > stage-III > stage-II while average concentrations of Co and Sr exhibited the decreasing 

order; stage-IV > stage-III > stage-I > stage-II. 

 

 

0.01

0.1

1

10

100

1000

10000

Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb

A
ve

ra
ge

 L
ev

el
 (µ

g/
g)

 in
 B

lo
od

Stage I Stage II Stage III Stage IV

 
Figure 73. Comparative average concentrations (µg/g ± SE) of selected metals in the 

blood of lymphoma patients based on stages 
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3.3.29  Comparison of Metal Levels in Scalp Hair, Nails and Blood of 

Lymphoma Patients  
Comparison of average metal levels (±SE) in the scalp hair, nails and blood of 

lymphoma patients is shown in Figure 74. Mean concentrations of Zn, Cu and Sr were 

noticeably higher in the scalp hair of lymphoma patients while mean levels of Ca, Mg, Li, 

Co, Mn, Ni, Cr, Cd and Pb were considerably higher in the nails of patients. In addition, 

average contents of Na, K and Fe in the blood of lymphoma patients were found to be the 

highest among the three matrices, whereas all other metals exhibited lower mean values in 

the blood of lymphoma patients. 
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Figure 74. Comparative average concentrations (µg/g ± SE) of selected metals in the scalp 

hair, nails and blood of lymphoma patients  
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SECTION  III 
 

3.4  Oral Cancer 
3.4.1  Demographic Characteristics of the Subjects 

The demographic characteristics of oral cancer patients and matching healthy 

donors included in the present study are given in Table 42. In the case of the scalp hair, 

average age of the patients was about 57 years and those of healthy subjects was 42 years. 

Regarding gender distribution, 57% of the cancer patients were female donors while 57% 

of the healthy subjects were male volunteers. More than two-thirds of the subjects in each 

group (70% patients & 68% controls) were vegetarians with respect to their nutritional 

habits. The majority of oral cancer patients (65%) and healthy subjects (68%) belonged to 

rural habitats. Sixty-two percent (62%) of the donors in both groups were not addicted to 

tobacco at the time of participation in the present study. Among the patients, 43% suffered 

from adenocarcinoma and 57% were diagnosed with squamous cell carcinoma. Regarding 

histopathological staging of the patients: 19% were diagnosed at stage-I, 40% at stage-II, 

22% at stage-III and 14% at stage-IV at the time of sampling in the present study.  

In the case of the nails, the age of cancer patients was ~57 years on average and 

healthy subjects was about ~44 years on average. More than half of the patients (56%) and 

controls (57%) were male donors. More than two-thirds of the patients (66%) and healthy 

subjects (67%) were vegetarians. Regarding habitat distribution, 59% of the patients and 

60% of the healthy subjects were residing in rural areas. More than half of the patients 

(56%) and healthy volunteers (53%) were not addicted to tobacco. Among the patients, 

44% were diagnosed with adenocarcinoma and 56% with squamous cell carcinoma. The 

patients were further divided into stages on the basis of histopathological examination and 

22% were found at stage-I, 34% at stage-II, 22% at stage-III and 22% stage-IV (Table 42). 

In the case of the blood samples, mean age of the patients and controls was ~57 

years and ~44 years, respectively. Somewhat less than three-quarters of the patients (72%) 

and healthy donors (72%) were vegetarian in their food habits. Most of the patients (63%) 

and healthy subjects (65%) were drawn from rural area. A majority of the patients (63%) 

and controls (70%) were using tobacco on a regular basis. Patients included in the present 

study were most commonly suffering from squamous cell carcinoma (67%), followed by 

adenocarcinoma (33%), whereas 19% of the patients were diagnosed at stage-I, 39% at 

stage-II, 23% at stage-III and 19% at stage-IV of oral cancer (Table 42). 
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Table 42. Characteristics of the oral cancer patients and healthy subjects 

Scalp Hair Nails Blood 

Characteristics 
Oral 

cancer 

patients 

Healthy 

subjects 

Oral 

cancer 

patients 

Healthy 

subjects 

Oral 

cancer 

patients 

Healthy 

subjects 

n 74 74 64 60 86 86 

Age (years)       

     Range 24–86 24–60 24–86 25–60 24–86 25–65 

     Mean 57.1 42.2 57.7 43.9 57.2 43.9 

Gender       

     Female 42 (57%) 32 (43%) 36 (56%) 26 (43%) 42 (49%) 34 (40%)

     Male 32 (43%) 42 (57%) 28 (44%) 34 (57%) 44 (51%) 52 (60%)

Diet       

     Vegetarian 52 (70%) 50 (68%) 42 (66%) 40 (67%) 62 (72%) 62 (72%)

     Non-vegetarian 22 (30%) 24 (32%) 22 (34%) 20 (33%) 24 (28%) 24 (28%)

Habitat       

     Urban 26 (35%) 24 (32%) 26 (41%) 24 (40%) 32 (37%) 30 (35%)

     Rural 48 (65%) 50 (68%) 38 (59%) 36 (60%) 54 (63%) 56 (65%)

Tobacco Use (Smoking)      

     No use 46 (62%) 46 (62%) 36 (56%) 32 (53%) 32 (37%) 26 (30%)

     Use 28 (38%) 28 (38%) 28 (44%) 28 (47%) 54 (63%) 60 (70%)

Types of Oral Cancer      

     Adenocarcinoma 32 (43%) – 28 (44%) – 28 (33%) – 

     Squamous cell  

     carcinoma 
42 (57%) – 36 (56%) – 58 (67%) – 

Stages of Oral Cancer      

     Stage-I 14 (19%) – 14 (22%) – 16 (19%) – 

     Stage-II 30 (40%) – 22 (34%) – 34 (39%) – 

     Stage-III 16 (22%) – 14 (22%) – 20 (23%) – 

     Stage-IV 14 (19%) – 14 (22%) – 16 (19%) – 

 

 

 



Results and Discussion 

 174

 

3.4.2  Distribution of Selected Metals in Scalp Hair of Oral Cancer 

Patients 
Basic statistical distribution parameters related to the concentrations of selected 

metals (µg/g, dry weight) in the scalp hair of oral cancer patients (n = 74) are summarized 

in Table 43. Large variations were observed among minimum and maximum 

concentrations of the metals. Among the selected metals in scalp hair of oral cancer 

patients, Ca revealed highest mean level at (1,177 µg/g), followed by, Na (289.6 µg/g), 

Mg (209.9 µg/g) and Zn (141.2 µg/g). However, relatively high mean metal levels were 

observed for Ni (16.98 µg/g), K (14.66 µg/g), Sr (14.64 µg/g), Co (13.48 µg/g), Fe (12.88 

µg/g) and Cu (11.06 µg/g) in the scalp hair of oral cancer patients. Relatively lower mean 

levels were noted for Pb (9.495 µg/g), Cr (8.093 µg/g), Mn (4.603 µg/g), Cd (2.765 µg/g) 

and Li (1.647 µg/g). On the average basis, the decreasing trend of metal contents in scalp 

hair of the patients revealed following order: Ca > Na > Mg > Zn > Ni > K > Sr > Co > Fe 

> Cu > Pb > Cr > Mn > Cd > Li. More or less similar trend was observed in the median 

levels of the metals in the scalp hair of the patients.  

Among the metals, only K exhibited almost equivalent mean and median levels 

indicating somewhat normal distribution in the scalp hair of oral cancer patients. Most of 

the metals exhibited random distribution as shown by appreciably divergent mean and 

median values on one hand and large SE and SD values on the other hand. Higher values 

of SD and SE were noted for Ca, Na, Mg and Zn. Some of the metals (Li, Cd, Mn, Cr and 

Cu) exhibited relatively normal distribution pattern, evidenced by comparatively lower SD 

and SE values. Somewhat lower values of skewness and kurtosis were noted for Mg, Cr, 

Zn and Ni thus manifesting relatively symmetrical distribution pattern of these metals in 

the scalp hair of oral cancer patients.  

Box-whisker plots in Figure 75 presented the quartile distribution of selected 

metals in the scalp hair of oral cancer patients. Among the metals, Mg, Zn and Cu 

indicated narrow distribution in the scalp hair of the patients, while the rest of the metals 

exhibited relatively broad spread wide dispersion. However, highest spread and 

inconsistent variations were noted for Na, followed by, K, Ni, Li and Pb in the scalp hair 

of oral cancer patients (Figure 75). 
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Table 43. Statistical distribution parameters for concentrations (µg/g, dry weight) of 

selected metals in the scalp hair of oral cancer patients (n = 74) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 467.7 3834 1177 1189 592.7 97.44 2.482 10.41 

Mg 91.20 298.5 209.9 211.4 55.59 9.139 -0.116 -0.978 

Na 9.700 749.9 289.6 271.3 229.6 42.63 0.530 -0.748 

K 1.175 33.94 14.66 14.62 9.512 1.737 0.190 -1.029 

Fe 3.036 34.52 12.88 10.25 8.285 1.362 1.317 1.007 

Zn 65.40 212.0 141.2 136.8 36.00 5.919 0.402 -0.145 

Cu 5.500 23.55 11.06 10.60 3.554 0.584 1.522 3.329 

Sr 2.250 30.90 14.64 14.30 7.321 1.204 0.571 -0.278 

Li 0.200 4.150 1.647 1.400 1.086 0.179 0.709 -0.308 

Co 2.200 28.95 13.48 13.23 7.125 1.187 0.092 -0.965 

Mn 1.012 9.550 4.603 4.113 2.346 0.386 0.562 -0.497 

Ni 1.050 34.65 16.98 15.71 10.10 1.844 0.255 -1.064 

Cr 0.882 14.30 8.093 8.436 3.005 0.494 -0.129 -0.294 

Cd 0.550 6.950 2.765 2.400 1.618 0.266 0.822 0.089 

Pb 1.350 27.90 9.495 8.100 6.488 1.067 0.951 0.498 
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Figure 75.  Quartile distribution for selected metal concentrations (µg/g) in the scalp hair 

of oral cancer patients 
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3.4.3  Distribution of Selected Metals in Scalp Hair of Healthy Subjects  
The statistical summary related to the distribution of selected metal levels (µg/g, 

dry weight) in the scalp hair of healthy subjects (n = 74) is given in Table 44, whereas 

their quartile distribution is shown as box-whisker plots in Figure 76. Most of the metals 

exhibited large spread in their concentrations. An examination of the tabulated data 

revealed that Ca (1,104 µg/g), Zn (292.8 µg/g), Mg (229.4 µg/g) and Na (184.0 µg/g) 

emerged as major contributors in the scalp hair of healthy subjects, followed by, Sr, Fe, Cu 

and K at 20.84, 20.22, 13.86 and 9.204 µg/g, respectively. However, relatively lower mean 

levels were observed for Ni (7.473 µg/g), Pb (6.260 µg/g), Co (5.777 µg/g), Cr (4.382 

µg/g), Mn (2.363 µg/g), Cd (1.051 µg/g) and Li (0.745 µg/g).  

Overall, average levels of the metals exhibited following order in the scalp hair of 

healthy donors: Ca > Zn > Mg > Na > Sr > Fe > Cu > K > Ni > Pb > Co > Cr > Mn > Cd 

> Li. The decreasing order in this case was different from the previous case for oral cancer 

patients but more or less similar trend of metals was reported in other studies (Ilyas et al., 

2015a; Pasha et al., 2007). Among the metals, Ca, Na, Zn and Mg revealed appreciable 

randomness in their distribution as manifested by large SD and SE values on one hand and 

markedly dissimilar mean and median levels on the other hand. Some of the metals (Cd, 

Li, Mn, Cr and Cu) exhibited comparatively normal distribution pattern, as indicated by 

small SD and SE values. Lower magnitude of skewness in favour of Mg, Sr, Co, K and Cr 

manifested nearly symmetrical distribution of these metals in the scalp hair of healthy 

donors. Rather large asymmetry in the distribution of Fe, Mn, Na and Ca was supported by 

maximum skewness and kurtosis values. 

The quartile distribution showed random and broad distribution for most of the 

metals except Cu, Zn and Mg, which indicated narrow range and small variations in the 

scalp hair of healthy subjects. Moreover, maximum spread and inconsistent variations 

were observed for Na, followed by, Co, Cr, Cd and Pb in the scalp hair of healthy donors 

(Figure 76). This quartile distribution study of healthy subjects depicted significant 

disparities in the metals distribution compared with the distribution of metals in the case of 

oral cancer patients. 
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Table 44. Statistical distribution parameters for concentrations (µg/g, dry weight) of 

selected metals in the scalp hair of healthy subjects (n = 74) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 348.1 2180 1104 955.2 415.8 68.35 1.104 1.185 

Mg 100.4 353.2 229.4 237.9 89.76 14.76 -0.062 -1.642 

Na 1.650 613.4 184.0 133.9 167.5 30.08 0.861 0.034 

K 1.650 17.68 9.204 8.938 5.945 1.051 0.239 -1.388 

Fe 4.200 65.85 20.22 17.75 10.44 1.716 2.326 9.272 

Zn 139.8 539.9 292.8 244.8 120.5 19.81 0.793 -0.590 

Cu 7.350 23.55 13.86 12.80 4.100 0.674 0.633 -0.410 

Sr 3.950 41.05 20.84 20.25 11.97 2.084 0.090 -1.304 

Li 0.100 2.350 0.745 0.600 0.552 0.093 1.044 0.558 

Co 0.100 13.50 5.777 4.250 3.941 0.686 0.537 -0.803 

Mn 0.200 7.100 2.363 1.850 1.440 0.237 1.310 1.999 

Ni 0.700 22.20 7.473 6.300 5.828 1.190 0.777 -0.001 

Cr 0.250 9.250 4.382 3.975 2.827 0.485 0.372 -1.022 

Cd 0.050 2.800 1.051 1.000 0.725 0.124 0.415 -0.663 

Pb 0.400 14.35 6.260 6.275 4.258 0.730 0.175 -1.307 
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Figure 76.  Quartile distribution for selected metal concentrations (µg/g) in the scalp hair 

of healthy subjects 
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3.4.4  Comparison of Selected Metal Levels in Scalp Hair of Oral Cancer 

Patients and Healthy Subjects 
Comparative evaluation of average metal levels (±SE) in the scalp hair of oral 

cancer patients and healthy donors is presented graphically in Figure 77. Considerable 

variations of mean metal levels were observed in the scalp hair of oral cancer patients and 

healthy donors. Student’s t-test (p < 0.05) of the data showed that average concentrations 

of K, Pb, Cd, Li, Mn, Co, Cr and Ni were significantly higher in the   case of oral cancer 

patients, whereas mean levels of Fe, Zn, Cu and Sr were significantly lower compared 

with the healthy donors. Nevertheless, average contents of Ca and Mg were not 

significantly dissimilar in the scalp hair of the two groups. Clinically, Fe deficiency leads 

to anaemia and immune compromise; deficiency may be due to malnutrition caused by the 

oral tumour burden (IARC, 2006; Khanna and Karjodkar, 2006). Moreover, higher 

oxidative stresses have been associated with Fe deficiency anaemia in numerous studies 

and have also been linked to the development of oral cancer (Richie et al., 2008; 

Kumerova et al., 1998). Bhattathiri et al., (2006) reported pronounced decrease in Fe 

concentration in oral cancer patients. Low Fe level has an association with oral squamous 

cell carcinoma patients (Hossain et al., 2007).  

In contrast, Zn may play an anti-carcinogenic role by stabilizing the structure of 

RNA, DNA and ribosome and protecting against free radical injury (Wu et al., 2004). In 

addition, Zn deficiency was associated with increased oxidative stress at the cellular level 

(Khanna et al., 2013). Significant depletion in Zn concentration in patients suffering from 

oral premalignant disorders was observed in many investigations (Varghese et al., 1987; 

Ho, 2004; Khanna et al., 2013). Metal dust containing Cr increases the risk of oral cancer 

in workers and occupational exposure might increase the risk (Tisch et al., 1996; Tisch 

and Maier, 1996). Several epidemiological investigations have reported elevated levels of 

Cr in oral cancer patients (Stridsklev et al., 2004; Chiang et al., 2011). Similarly, it was 

reported that metal dust containing Ni increases the risk of oral cancer (Tisch et al., 1996). 

Similarly, a recent case–control study in central Taiwan revealed a significant association 

between Ni concentration and oral cancer prevalence (Yuan et al., 2011). Most of the trace 

metals (Mn, Ni, Cr, Co, Cd and Pb) showed considerable difference for the two groups of 

donors, indicating a build-up in the metal levels in oral cancer patients.  
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Figure 77. Comparative average concentrations (µg/g ± SE) of selected metals in the scalp 

hair of oral cancer patients and healthy subjects 

 

 

3.4.5  Correlation Study of Selected Metals in Scalp Hair of Oral Cancer 

Patients 
The correlation study was conducted to investigate the relationship between 

various metal pairs in the scalp hair of oral cancer patients as shown in Table 45. In the 

case of scalp hair of the patients, strong positive correlations were found between K-Na (r 

= 0.879) and Sr-Mg (r = 0.548). However, some significant correlations were observed for 

Pb-Cd (r = 0.416), Cu-Mg (r = 0.415), Cu-Na (r = 0.393), Pb-Cr (r = 0.378), Zn-Na (r = 

0.370), Cd-Co (r = 0.357), Cr-Co (r = 0.345), Pb-Ni (r = 0.342), Cd-Cr (r = 0.335), Cd-Ni 

(r = 0.327), Cd-Mn (r = 0.310) and Ni-Co (r = 0.308), which indicated that these metals in 

scalp hair were mutually associated and probably shared common origin in oral cancer 

patients. Nevertheless, some of the metals revealed significantly inverse correlations: Cr-

Cu (r = –0.451), Li-Na (r = –0.443), Pb-K (r = –0.387), Ni-Mg (r = –0.356), Pb-Na (r = –

0.355), Cr-Sr (r = –0.325), Li-K (r = –0.313) and Co-Cu (r = –0.310), thus manifesting 

their opposing relationship in the scalp hair of oral cancer patients. Age of the oral cancer 
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patients did not show any viable positive or negative correlation with any metal in the 

scalp hair. In this correlation study, Ca and Fe did not exhibit any viable association with 

any other metals and therefore exhibited independent variations. Since most of the selected 

metals were significantly correlated with one another in the scalp hair of oral cancer 

patients, multivariate methods were used to investigate further the grouping and 

apportionment of the metals (see below).  

 

 

3.4.6  Correlation Study of Selected Metals in Scalp Hair of Healthy 

Subjects 
The correlation coefficient matrix of selected metals in the scalp hair of healthy 

subjects is given in Table 46, in which bold r-values are significant at p < 0.05. 

Significantly strong positive correlations were found between K-Na (r = 0.860), Sr-Mg (r 

= 0.745) and Cr-K (r = 0.505). Other significant correlations were noted for the following 

pairs: Cr-Cu (r = 0.436), Mn-K (r = 0.376) and Cd-Ni (r = 0.372), thus indicating similar 

origin of these metals. In addition, some significantly negative correlations were observed 

for Ni-Mn (r = –0.434), Mn-Sr (r = –0.362) and Cr-Zn (r = –0.314) revealing their 

opposing association in the scalp hair of healthy donors. Age of the healthy subjects 

showed significant inverse relationship with Ca levels (r = –0.317) in the scalp hair. The 

results of the correlation study, therefore, pointed out mutual dependence of some of the 

metals in the scalp hair of healthy donors. On the whole, the correlation study revealed 

significant differences in the scalp hair of cancer patients and healthy subjects in terms of 

mutual variations among the metals, which may be attributed to the disproportions of the 

nutrients and trace metals in the patients. These relationships may contribute to understand 

the mutual interactions of selected metals in the human body. 
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Table 45. Correlation coefficient matrix of selected metals in the scalp hair of oral cancer patients  

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca 0.034 1.000               

Mg 0.102 -0.226 1.000              

Na -0.219 0.229 -0.011 1.000             

K -0.193 0.399 0.024 0.879 1.000            

Fe 0.027 0.177 0.098 0.117 0.276 1.000           

Zn -0.119 0.065 -0.188 0.370 0.157 0.237 1.000          

Cu 0.082 -0.272 0.415 0.194 0.220 0.001 -0.048 1.000         

Sr 0.110 -0.081 0.548 0.199 0.077 0.202 0.248 0.198 1.000        

Li 0.003 0.000 -0.092 -0.443 -0.313 0.032 0.013 -0.234 -0.094 1.000       

Co 0.088 0.142 -0.281 0.066 -0.054 -0.007 0.142 -0.310 -0.057 0.249 1.000      

Mn -0.019 0.233 -0.078 0.006 0.227 0.254 0.016 0.016 -0.061 0.074 0.098 1.000     

Ni 0.164 0.014 -0.356 -0.230 -0.118 -0.236 0.156 -0.013 -0.177 -0.139 0.308 -0.056 1.000    

Cr -0.226 0.029 -0.255 -0.083 -0.258 0.029 0.278 -0.451 -0.325 0.105 0.345 0.148 0.192 1.000   

Cd 0.053 -0.088 -0.229 -0.130 0.002 -0.287 0.195 0.102 -0.157 -0.069 0.357 0.310 0.327 0.335 1.000  

Pb -0.183 -0.171 -0.054 -0.355 -0.387 -0.134 -0.088 0.003 -0.124 0.097 0.246 0.067 0.342 0.378 0.416 1.000 

Bold r-values are significant at p < 0.05 
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Table 46. Correlation coefficient matrix of selected metals in the scalp hair of healthy subjects  

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca -0.317 1.000               

Mg 0.150 -0.163 1.000              

Na 0.031 -0.110 -0.116 1.000             

K -0.113 -0.018 -0.072 0.860 1.000            

Fe -0.235 -0.127 0.030 -0.202 -0.176 1.000           

Zn 0.029 0.235 -0.050 -0.183 -0.272 0.036 1.000          

Cu -0.081 -0.090 0.164 -0.060 0.079 -0.068 -0.095 1.000         

Sr -0.183 -0.125 0.745 0.021 -0.077 0.131 -0.033 0.264 1.000        

Li 0.026 -0.155 -0.152 0.054 -0.013 -0.047 -0.085 -0.161 0.013 1.000       

Co -0.005 0.030 -0.161 0.196 -0.010 0.038 0.051 -0.120 -0.117 0.111 1.000      

Mn 0.165 0.099 -0.142 0.210 0.376 -0.011 0.005 -0.224 -0.362 -0.168 -0.117 1.000     

Ni 0.001 0.131 0.062 -0.042 -0.141 0.172 0.097 -0.067 0.050 0.175 -0.061 -0.434 1.000    

Cr 0.231 -0.028 -0.116 0.181 0.505 -0.198 -0.314 0.436 -0.160 -0.112 0.058 0.119 0.047 1.000   

Cd 0.074 -0.125 0.052 0.019 0.035 -0.032 -0.188 -0.099 0.121 0.278 -0.158 -0.155 0.372 0.158 1.000  

Pb 0.111 0.060 0.257 -0.197 -0.010 -0.176 0.180 0.037 0.119 0.205 -0.263 0.003 0.213 0.048 -0.045 1.000 

Bold r-values are significant at p < 0.05 
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3.4.7  Multivariate Analysis of Selected Metals in Scalp Hair of Oral 

Cancer Patients 
Multivariate analyses in terms of PCA and CA were carried out to investigate the 

possible contributing sources and apportionment of the metals in the scalp hair of oral 

cancer patients. The PC loadings of selected metals in the scalp hair of oral cancer patients 

are shown in Table 47, while their corresponding CA based on Ward’s method is shown in 

Figure 78. Six PCs with eigen values > 1 were extracted, explaining more than 79% of the 

cumulative variance of the data. PC 1 exhibited elevated loadings for Fe, Zn and Ni, which 

were believed to be contributed by food habits and environmental conditions. PC 2 was 

associated with considerable loadings of Ca, Mn, Fe and Li, with a strong cluster for Ca 

and Mn in the CA. These metals were mostly regulated by internal body metabolism and 

nutritional habits of the patients. Likewise, PC 3 and PC 4 were represented by higher 

loadings of Na, K & Pb and Mg & Sr, respectively. These two PCs were attributed to the 

anthropogenic pollutions and were likely to be contributed by dietary intake. PC 4 for the 

scalp hair of oral cancer patients revealed maximum loadings of Cu and Cr while the last 

PC was loaded with Co and Cd for which the CA also revealed a strong cluster. These 

metals were mostly contributed by anthropogenic contamination.  
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Figure 78.  Cluster analysis of selected metals in the scalp hair of oral cancer patients 
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Table 47.  Principal component analysis of selected metals in the scalp hair of oral cancer 

patients  

 PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 

Eigen value 3.238 2.583 2.054 1.677 1.294 1.122 

Total Variance (%) 21.59 17.22 13.69 11.18 8.629 7.483 

Cumulative Eigen value 3.238 5.822 7.875 9.552 10.85 11.97 

Cumulative Variance (%) 21.59 38.81 52.50 63.68 72.31 79.79 

Ca 0.117 0.801 -0.191 0.083 -0.021 -0.384 

Mg -0.252 0.130 0.116 0.861 0.012 0.193 

Na -0.188 0.170 0.912 0.007 -0.084 -0.004 

K -0.319 -0.065 0.846 0.016 -0.208 0.057 

Fe 0.547 0.583 -0.153 0.045 0.300 -0.150 

Zn 0.830 0.121 -0.256 0.051 0.059 0.103 

Cu 0.125 0.042 -0.035 -0.024 0.826 -0.043 

Sr 0.289 -0.079 -0.046 0.892 -0.096 -0.065 

Li -0.071 0.661 0.250 -0.075 -0.385 0.418 

Co 0.258 -0.035 0.003 -0.025 0.014 0.839 

Mn 0.014 0.717 0.111 -0.021 0.357 0.122 

Ni 0.504 -0.415 0.429 -0.139 -0.028 0.318 

Cr -0.055 0.204 -0.001 -0.085 0.758 0.461 

Cd -0.177 -0.091 0.242 0.303 0.238 0.746 

Pb 0.167 -0.119 0.710 0.091 0.270 0.192 

 

3.4.8  Multivariate Analysis of Selected Metals in Scalp Hair of Healthy 

Subjects 
The PC loadings of selected metals in the scalp hair of healthy donors are shown in 

Table 48, while the corresponding CA based on Ward’s method is illustrated in Figure 79. 

Five PCs with eigen values more than unity were extracted, explaining more than 85% of 

the cumulative variance. The first PC exhibited elevated loadings of Mg, Sr, Cd, Ni, Mn 

and Pb, which shared common cluster of Mg & Sr and Cd & Ni in CA. Second PC was 

loaded with Na, K, Cr and Zn with a joint cluster (except Zn) in CA. These groups of 

metals were associated with anthropogenic activities (such as fuel combustion, mining & 

metal processing) and food habits of the subjects. Similarly, significant loadings of Ca, Li, 
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Ni and Cd were noted in third PC while PC 4 was loaded with Mg, Fe, Zn and Pb. These 

metals were believed to originate from environmental pollution and dietary sources. The 

last PC was associated with substantial loadings of Cu and Pb, which were mainly 

associated with the contributions of food intake and anthropogenic activities, such as 

traffic emissions, etc. Multivariate statistical methods, therefore, evidenced notable 

disparities in metals apportionment in the scalp hair of oral cancer patients and healthy 

donors; the differences may be attributed to the elemental imbalances in the patients 

compared with the healthy subjects. 

 

Table 48.  Principal component analysis for selected metals in the scalp hair of healthy 

subjects  

 PC 1 PC 2 PC 3 PC 4 PC 5 

Eigen value 3.951 3.655 2.302 1.677 1.180 

Total Variance (%) 26.34 24.37 15.35 11.18 7.868 

Cumulative Eigen value 3.951 7.606 9.908 11.59 12.77 

Cumulative Variance (%) 26.34 50.71 66.05 77.23 85.10 

Ca -0.400 0.060 0.868 -0.169 0.088 

Mg 0.733 -0.013 0.079 0.534 0.043 

Na -0.022 0.859 0.350 0.083 -0.270 

K -0.010 0.938 -0.027 0.173 0.012 

Fe -0.128 0.229 -0.109 0.773 -0.039 

Zn -0.123 0.618 0.037 -0.614 0.121 

Cu 0.005 0.139 -0.130 -0.059 0.917 

Sr 0.909 0.044 -0.020 0.069 0.050 

Li 0.322 -0.036 0.781 0.328 -0.257 

Co 0.231 0.274 0.828 -0.215 -0.120 

Mn 0.758 -0.256 0.123 -0.244 -0.055 

Ni 0.619 -0.193 0.542 -0.027 0.443 

Cr -0.117 0.868 0.075 -0.065 0.380 

Cd 0.561 0.357 0.564 -0.151 -0.098 

Pb 0.501 -0.131 -0.087 0.540 0.518 
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Figure 79.  Cluster analysis of selected metals in the scalp hair of healthy subjects 

 

3.4.9  Comparison of Metal Levels in Scalp Hair Based on Demographic 

Characteristics of the Subjects 

3.4.9.1  Gender-Based Comparison of Metal Levels in the Scalp Hair of Oral Cancer 

Patients and Healthy Subjects 

The gender-based disparities in average metal concentrations (±SE) in the scalp 

hair of oral cancer patients and healthy donors are displayed as bar graphs in Figure 80. 

Within each donor category (ill and healthy), average levels of Fe and Mn were found to 

be relatively higher in the scalp hair of female subjects compared with the male subjects, 

while elevated levels of Cr, Cd and Co were found in the scalp hair of male subjects of 

both groups compared to their respective female counterparts. Female healthy donors 

revealed higher concentrations of Fe, Zn, Cu and Sr than female patients in their scalp hair 

while the measured levels of K, Li, Na, Mn, Ni, Cr, Co, Cd and Pb were found to be 

higher in the scalp hair of female patients. Mean concentrations of Cd, Cr, Ni and Co were 

relatively higher in the scalp hair of male patients compared with female patients; 

however, maximum concentrations of Ca, Na, K, Li and Mn were observed in the scalp 

hair of female oral cancer patients. Among all the metals, Na and Sr exhibited a similar 

trend: the metal levels were relatively higher in the scalp hair of female patients and male 

healthy donors compared to their respective counterparts; thus these metals might be 

associated with vital clinical significance related to the disease. Nonetheless, insignificant 

gender-based differences were observed for Mg in the scalp hair of both donor groups. 
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Overall, the average metal contents in the scalp hair of both genders of oral cancer patients 

were significantly different than those observed in the scalp hair of male/female healthy 

donors.  
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Figure 80. Gender-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the scalp hair of oral cancer patients and healthy subjects  

 

3.4.9.2  Habitat-Based Comparison of Metal Levels in the Scalp Hair of Oral 

Cancer Patients and Healthy Subjects 

Average metal levels (±SE) in the scalp hair of oral cancer patients and healthy 

subjects inhabiting in urban and rural localities are shown in Figure 81. Within each donor 

category (ill and healthy), mean levels of Ni and Zn were significantly higher in the scalp 

hair of urban subjects compared with rural subjects, while Pb, Li, Sr, Na and K were 

higher in the scalp hair of rural subjects. Average concentrations of Mg, Zn, Ni, Co and 

Cd were evidently higher in the scalp hair of urban patients than rural patients, while mean 

levels of Na, K, Li, Sr and Pb revealed slightly higher contributions in the scalp hair of 

rural patients. Nearly comparable levels were found for Ca, Fe, Cu, Mn and Cr in the scalp 

hair of oral cancer patients with urban and rural residence. In the case of the rural controls, 

mean levels of Li, Na, Sr and K were significantly higher than urban healthy donors. 

Similarly, mean metals levels of Na, K, Li, Co, Mn, Ni, Cr, Cd and Pb were noted to be 
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higher in rural patients compared with urban healthy donors, whereas mean levels of Ca, 

Fe, Zn, Cu and Sr were found to be higher in the scalp hair of urban healthy donors 

compared to rural patients. More or less similar levels of Mg, Cu, Cr and Cd were 

recorded for urban/rural healthy subjects. Thus, some noticeable variations in the metal 

levels were observed in the scalp hair of the both groups from urban and rural locations, 

thus evidencing imbalances of the metals in the scalp hair of oral cancer patients. 
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Figure 81. Habitat-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the scalp hair of oral cancer patients and healthy subjects  

 

3.4.9.3  Dietary-Based Comparison of Metal Levels in the Scalp Hair of Oral Cancer 

Patients and Healthy Subjects 

Comparative average concentrations of selected metals (±SE) in the scalp hair of 

oral cancer patients and healthy donors with vegetarian and non-vegetarian food habits are 

shown in Figure 82. Average concentrations of Mg, Fe, Zn, Sr, Mn and Ni in the scalp hair 

of vegetarian and non-vegetarian patients were not significantly different. However, 

comparatively elevated levels of Na, Cu and Cd were noted in the scalp hair of non-

vegetarian patients compared with vegetarian patients, whereas the average contents of Ca, 

Cr and Pb were observed at elevated levels in the scalp hair of vegetarian oral cancer 
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patients. Among the metals, Na, K and Co showed relatively higher levels in the scalp hair 

of non-vegetarian patients and vegetarian healthy donors compared with vegetarian 

patients and non-vegetarian healthy donors, respectively; mean levels of K and Mg 

exhibited opposite trend. Average concentrations of Cd, Ni, Sr, Fe and Mg were 

significantly higher in the scalp hair of non-vegetarian healthy donors than vegetarian 

healthy donors, while mean levels of Pb, Cr, Co and Ca were higher in the scalp hair of 

vegetarian healthy donors. The rest of the metals exhibited insignificant differences in the 

scalp hair of vegetarian/non-vegetarian healthy donors. 
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Figure 82. Dietary-based comparison of average concentrations (µg/g ± SE) of 

selected metals in the scalp hair of oral cancer patients and healthy subjects  

 

3.4.9.4  Smoking-Based Comparison of Metal Levels in the Scalp Hair of Oral 

Cancer Patients and Healthy Subjects  

Mean concentrations of the metals (± SE) in scalp hair of oral cancer patients and 

healthy donors with smoking and non-smoking habits are presented in Figure 83, for 

comparative evaluation. Average concentrations of Pb, Cd, Cr, Co and Ni were higher in 

the scalp hair of patients with smoking habit compared with non-smoking habit, however, 

appreciably higher average levels of Mn, Li, Cu, Na, Ca and K were observed in the scalp 
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hair of oral cancer patients with non-smoking habits. An earlier study showed that tobacco 

smoking was the major source of Cd and therefore, the major risk factor for oral cancer 

(Raleigh et al., 2000). Nonetheless, average levels of Mg, Zn and Sr were almost 

equivalent in the scalp hair of patients irrespective of a smoking or non-smoking habit. 

Moreover, average concentration of Co was notably higher in the scalp hair of smoking 

patients and non-smoking healthy donors compared to their respective counterparts; thus it 

may be associated with vital clinical significance. Measured levels of Pb, Cd, Cr, Ni, Li, K 

and Mg were found to be relatively higher in the scalp hair of smoking healthy donors 

compared with non-smoking healthy donors, whereas mean levels of Ca, Fe, Zn, Mn, Sr 

and Co were higher in non-smoking healthy donors than healthy donors with smoking 

habit. Similarly, average concentrations of Ca, Mn, Cr, Cd and Pb were considerably 

higher in non-smoking patients than smoking healthy donors. Nevertheless, average level 

of Mg in the scalp hair of smoking and non-smoking donors was more or less comparable 

in both donor groups. Some trace metals (Li, Co, Mn, Ni, Cr, Cd and Pb) exhibited 

significant accumulation in the hair of smoking and non-smoking patients in comparison 

with healthy donors. As a result, some noticeable variations in the metal levels were 

observed in the scalp hair of subjects with smoking and non-smoking habits.  
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Figure 83. Smoking-based comparison of average concentrations (µg/g ± SE) of 

selected metals in the scalp hair of oral cancer patients and healthy subjects 
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3.4.10  Comparison of Metal Levels in the Scalp Hair Based on Types 

and Stages of Oral Cancer Patients 
3.4.10.1  Comparison of Metal Levels in the Scalp Hair Based on Types of Oral 

Cancer Patients  

Comparative evaluation of mean metal levels (±SE) in the scalp hair of various 

types of oral cancer patients (i.e., adenocarcinoma and squamous cell carcinoma) are 

shown in Figure 84. In the case of adenocarcinoma patients, Cu, Sr, Li, and Ni exhibited 

comparatively higher concentrations in the scalp hair. However, measured levels of Na, K, 

Mn, Cd and Pb were appreciably higher levels in the scalp hair of squamous cell 

carcinoma patients. Raleigh et al., (2000) reported that concentration of Cd was elevated 

in squamous cell carcinoma patients. Nonetheless, average concentrations of Ca, Mg, Na, 

Fe, Zn, Co and Cr were approximately comparable in the scalp hair of both types of oral 

cancer patients. 
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Figure 84. Comparative average concentrations (µg/g ± SE) of selected metals in the 

scalp hair of oral cancer patients based on types 
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3.4.10.2  Comparison of Metal Levels in the Scalp Hair Based on Stages of Oral 

Cancer Patients  

Mean metal levels (± SE) in the scalp hair of oral cancer patients at different stages 

are shown in Figure 85, for comparative evaluation. Mean levels of Na, Mn, Cd, Co and 

Pb were relatively higher in the scalp hair of patients diagnosed at stage-I, whereas the 

mean level of Zn was highest in the scalp hair of oral cancer patients at stage-II. Average 

concentrations of Mg, Li and Sr were found to be a maximum at stage-III of oral cancer 

patients. Similarly, mean concentrations of Ca, Na, Fe and Ni were noted to be in 

considerable excess in the scalp hair of the patients at stage-IV. Average levels of Ca, Mg 

and Na in the scalp hair were more or less comparable at stage-I and stage-II, whereas Cr 

and Zn levels were almost equivalent at stage-III and stage-IV of oral cancer patients. In 

addition, average concentrations of Cu and Cr were nearly comparable at all four stages. 

Some of the metals (Cd, Mn, Fe, K, Na and Ca) exhibited lowest scalp hair concentrations 

at stage-III of oral cancer patients. 
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Figure 85. Comparative average concentrations (µg/g ± SE) of selected metals in the 

scalp hair of different types of oral cancer patients 
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3.4.11  Distribution of Selected Metals in Nails of Oral Cancer Patients 
Average concentrations (µg/g, dry weight) of selected metals in the nails of oral 

cancer patients (n = 64) along with the relevant statistical distribution parameters, are 

presented in Table 49. Most of the metals exhibited large spread of concentrations in the 

nails of patients. On the average basis, Ca revealed highest average contribution at 1,064 

µg/g, followed by Na (246.8 µg/g), Mg (186.6 µg/g), Fe (169.8 µg/g) and Zn (106.3 µg/g). 

However, average concentrations of Co (20.01 µg/g), Cr (15.64 µg/g), Li (10.37 µg/g), Cd 

(8.775 µg/g), Cu (8.148 µg/g) and Mn (8.109 µg/g) were relatively lower, while some of 

the metals including K (53.50 µg/g), Ni (35.45 µg/g), Pb (34.18 µg/g) and Sr (23.69 µg/g) 

showed somewhat higher concentrations. Overall, average metal levels in the nails of 

patients revealed following order: Ca > Na > Mg > Fe > Zn > K > Ni > Pb > Sr > Co > Cr 

> Li > Cd > Cu > Mn. Some of the metals (Ca, Na, Fe, Mg, K and Zn) exhibited 

substantial spread around the mean levels, duly indicated by higher SD and SE values in 

the nails of oral cancer patients. These metals, therefore, showed random distribution, and 

as such did not expectedly follow the Gaussian distribution. Comparatively small 

dispersion was shown by Mn, Li, Cu and Cd as indicated by lower SD and SE values of 

these metals. Overall, most of the metals exhibited relatively symmetrical distribution in 

the nails of patients as evidenced by lower skewness and kurtosis values. However, 

relatively higher asymmetry in the distribution of Fe, Na, Cd and Cu was supported by 

maximum skewness and kurtosis values in the nails of oral cancer patients.  
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Figure 86. Quartile distribution for selected metal concentrations (µg/g) in the nails of 

oral cancer patients 
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The quartile distribution of selected metals in the nails of oral cancer patients in the 

form of box–whisker plots is presented in Figure 86. Relatively narrow distribution was 

shown by Zn, while maximum spread was found for Ni, Na, Sr, Cd and Cr, followed by, 

Mn, K and Pb, exhibiting inconsistent and varying levels of these metals in the nails of 

oral cancer patients. 

 

Table 49. Statistical distribution parameters for concentrations (µg/g, dry weight) of 

selected metals in the nails of oral cancer patients (n = 64) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 322.5 2578 1064 836.3 665.7 117.7 0.740 -0.593 

Mg 68.23 373.0 186.6 190.1 83.46 14.75 0.319 -0.766 

Na 23.12 829.5 246.8 133.7 226.9 40.11 1.249 0.709 

K 14.00 128.1 53.50 48.90 29.77 5.263 0.838 0.130 

Fe 41.05 519.3 169.8 131.0 118.0 20.85 1.514 2.210 

Zn 49.54 147.2 106.3 114.7 27.96 4.942 -0.857 -0.361 

Cu 3.010 22.58 8.148 5.938 5.463 0.997 1.223 0.602 

Sr 2.523 43.75 23.69 25.00 11.56 2.076 -0.093 -0.920 

Li 1.136 28.80 10.37 9.617 7.347 1.341 0.579 -0.266 

Co 4.25 48.84 20.01 14.46 14.61 2.812 0.871 -0.514 

Mn 1.500 15.59 8.109 7.589 3.418 0.614 0.303 -0.359 

Ni 1.182 79.24 35.45 29.62 24.32 4.597 0.450 -0.950 

Cr 2.083 43.30 15.64 13.29 9.984 1.823 0.894 0.643 

Cd 0.641 19.81 8.775 7.465 5.964 1.054 0.370 -1.056 

Pb 6.926 68.20 34.18 31.38 17.49 3.092 0.316 -0.755 

 

 

3.4.12  Distribution of Selected Metals in Nails of Healthy Subjects 
Average concentrations (µg/g, dry weight) of selected metals in the nails of healthy 

subjects (n = 60) along with the relevant statistical distribution parameters, are presented 

in Table 50. On the mean scale, highest average concentration was noted for Ca (1,241 

µg/g), followed by Mg (233.3 µg/g), Fe (210.9 µg/g), Zn (130.3 µg/g), Na (74.69 µg/g), K 

(65.15 µg/g), Ni (30.00 µg/g) and Pb (24.66 µg/g). Relatively lower concentrations were 

displayed by Sr (19.35 µg/g), Co (13.68 µg/g), Cr (12.63 µg/g), Cu, (11.64 µg/g), whereas 
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Mn (6.774 µg/g), Li (4.955 µg/g) and Cd (3.563 µg/g) were measured at lowest mean 

levels. On the average basis, metal levels in the nails of healthy donors revealed following 

order: Ca > Mg > Fe > Zn > Na > K > Ni > Co >Pb > Sr > Co > Cr > Cu > Mn > Li > Cd. 

The decreasing trend of metals was slightly different from the trend observed in the 

patients category, but an almost similar trend of metal levels was reported by Ilyas et al., 

(2015b). Large asymmetry in the nails of healthy donors was noted for Li, Zn, Na, Cd and 

Fe as evidenced by higher skewness and kurtosis values. Highest dispersion in terms of 

elevated SD and SE values was manifested by Ca, Fe, Mg, Zn, Na and K, thus showing 

relatively non-Gaussian distribution in the nails of healthy donors. However, Mg showed 

quite symmetrical distribution evidenced by very small skewness and kurtosis values in 

the nails of healthy subjects. 

 

 

Table 50. Statistical distribution parameters for concentrations (µg/g, dry weight) of 

selected metals in the nails of healthy subjects (n = 60) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 203.4 2272 1241 1304 591.9 109.9 -0.177 -0.705 

Mg 55.64 381.8 233.3 247.3 83.29 15.21 -0.623 -0.139 

Na 4.587 234.2 74.69 57.29 56.26 10.27 1.112 0.710 

K 6.920 141.6 65.15 60.20 36.64 6.689 0.601 -0.314 

Fe 49.71 592.0 210.9 172.1 141.3 25.80 1.049 0.558 

Zn 25.81 307.5 130.3 112.1 70.63 12.89 1.463 1.429 

Cu 3.225 24.00 11.64 11.22 4.858 0.902 0.325 0.525 

Sr 2.717 42.90 19.35 14.59 12.19 2.305 0.492 -0.939 

Li 1.322 18.12 4.955 3.615 3.647 0.689 2.188 5.491 

Co 2.232 30.94 13.68 13.29 7.533 1.399 0.767 0.080 

Mn 1.082 15.78 6.774 5.314 3.986 0.782 0.693 -0.376 

Ni 0.992 70.38 30.00 26.20 20.11 3.870 0.324 -0.892 

Cr 1.958 29.69 12.63 10.21 8.202 1.523 0.634 -0.782 

Cd 0.192 11.25 3.563 3.165 2.545 0.481 0.996 1.488 

Pb 4.615 65.62 24.53 22.92 16.02 2.974 0.964 0.776 
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The quartile distribution of selected metals in the nails of healthy subjects 

indicated comparatively symmetrical distribution of Ni, Cd, Na, Li and K; however, most 

of the metals exhibited large spread in their distribution as supported by separate lower 

and upper quartiles as shown in Figure 87. Moreover, small variations were observed in 

the concentrations of Mg, Zn and Cu in the nails of healthy donors. In addition, moderate 

variations were noted in the distribution of metals in the nails of both patients and healthy 

subjects but relatively higher symmetry was noticed in the case of healthy donors. 
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Figure 87. Quartile distribution for selected metal concentrations (µg/g) in the nails of 

healthy subjects 

 

3.4.13  Comparison of Selected Metal Levels in Nails of Oral Cancer 

Patients and Healthy Subjects 
Comparative mean metal levels (±SE) in the nails of oral cancer patients and 

healthy donors are shown graphically in Figure 88. In the case of patients, average 

concentrations of Na, Sr, Mn, Ni, Cr, Cd, Co, Li and Pb in the nails were found to be 

significantly higher (p < 0.05), whereas mean levels of Mg, K, Fe, Zn, Cu and Ca were 

significantly lower compared with the healthy donors. Wozniak et al., (2012) reported 

more or less similar trend of the metals in nails of head and neck cancer patients. 

Decreased concentration of Fe in cancer subjects indicated that the utilization of heme 

molecule was impaired, because the cancer itself might have been adversely affecting 

bone marrow function (Pasha et al., 2008b). Zinc acts as a cellular growth protector, 
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affecting also the growth of neoplastic cells; its deficiency depresses killer cell activity and 

promotes cancer by inhibiting normal vitamin-A and lipid metabolism, and DNA repair 

(Yan et al., 2008). The role of Zn-stabilizing RNA and DNA polymerase, its inhibitory 

effect on phosphodiesterase and its activating effect on adenylate cyclase suggested the 

importance of Zn in oncogenesis (Zowczak et al., 2001). The proportional variations of 

selected metals in the nails of oral cancer patients indicated imbalances of the metals 

which suggested specific influence of these metals on the development of oral cancer.  
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Figure 88. Comparative average concentrations of selected metals (µg/g ± SE) in the 

nails of oral cancer patients and healthy subjects  

 

3.4.14  Correlation Study of Selected Metals in Nails of Oral Cancer 

Patients  
Spearman correlation coefficients for selected metals in the nails of oral cancer 

patients are depicted in Table 51, in which bold r-values are significant at p < 0.05. Strong 

correlations were observed between Li-Sr (r = 0.727), Li-Cu (r = 0.665), Mn-Co (r = 

0.584), Cd-Li (r = 0.531), Zn-Na (r = 0.521), K-Mg (r = 0.508) and Mn-Li (r = 0.500) 

indicating perhaps common variations of these metals. Significant positive correlations 

between Co-Na (r = 0.492), Cd-Cu (r = 0.437), Cd-Sr (r = 0.430), Co-Sr (r = 0.374), Pb-
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Zn (r = 0.369), Mn-Sr (r = 0.368), Cr-Co (r = 0.361), Zn-Fe (r = 0.347), Fe-Ca (r = 

0.339), Cr-K (r = 0.338), Pb-Cd (r = 0.338) and Cd-Mn (r = 0.332) were also noted in the 

nails of oral cancer patients. An inverse correlation was noted between Cr-Zn (r = –0.376). 

In addition, age of the cancer patients revealed a significant correlation with Li levels in 

their nails (r = 0.308). Conversely, Ni did not show any viable relationship with any other 

metal and therefore, exhibited an independent variation in the patients. The correlation 

study revealed strong associations among Ca, Cd, Co, Li, Sr, K, Na, Cr, Sr, Mn and Pb in 

the nails of oral cancer patients, pointing to close association of these metals. Such a large 

number of strong/significant correlations among the metal pairs indicated a greater 

likelihood of simultaneous uptake of these metals and communal variations of these 

metals in the nails of oral cancer patients.  

 

3.4.15  Correlation Study of Selected Metals in Nails of Healthy Subjects 
The data on metal-to-metal correlations in the nails of healthy subjects are given in 

Table 52, wherein bold r-values are significant at p < 0.05. A number of metal pairs 

exhibited significant relationships. Strong positive correlations were found between Cd-Li 

(r = 0.570), Mn-Li (r = 0.537) and Pb-Cr (r = 0.514). Other significant positive 

correlations were noted for Cu-Na (r = 0.453), Cr-Mn (r = 0.411), Co-Mg (r = 0.401), Mn-

Co (r = 0.381), Mn-Sr (r = 0.375), Pb-Sr (r = 0.374), Pb-Cd (r = 0.371), Mn-K (r = 0.368), 

Sr-Fe (r = 0.359), Pb-Li (r = 0.356), K-Mg (r = 0.333), Mn-Na (r = 0.329), Cu-Zn (r = 

0.314), Co-Li (r = 0.313) and Cr-Sr (r = 0.310) indicating close associations of these 

metals which might be contributed by common sources. A significant positive correlation 

was observed between age of the healthy subjects & Zn (r = 0.383) while some significant 

inverse relationships were also noted between age-Mn (r = –0.506), age-K (r = –0.467) 

and age-Ca (r = –0.398). Moreover, Mn-Zn (r = –0.459), Zn-K (r = –0.429), Zn-Mg (r = –

0.371), Na-Ca (r = –0.353), Co-Zn (r = –0.329), Ni-Zn (r = –0.326) and Pb-Ca (r = –

0.321) exhibited statistically significant negative correlations, thus reflecting their 

opposing variability in the nails of healthy donors. Overall, the correlation behaviour of 

selected metals in the nails of healthy donors remained considerably diverse compared 

with the patients, which may be attributed to the disproportions of the essential and toxic 

metals in oral cancer patients. Multivariate methods would be used in order to investigate 

the viable grouping and apportionment of the metals in forthcoming section.  
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Table 51.  Correlation coefficient matrix of selected metals in the nails of oral cancer patients 

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca -0.124 1.000               

Mg 0.001 -0.079 1.000              

Na 0.023 0.006 0.158 1.000             

K 0.182 -0.016 0.508 0.247 1.000            

Fe -0.015 0.339 -0.154 -0.018 -0.149 1.000           

Zn 0.071 -0.288 0.218 0.521 0.247 -0.019 1.000          

Cu 0.224 -0.022 -0.286 -0.268 -0.090 0.347 -0.068 1.000         

Sr 0.256 0.100 0.030 0.046 0.205 0.151 0.078 0.249 1.000        

Li 0.308 -0.057 -0.067 -0.087 0.020 0.300 0.162 0.665 0.727 1.000       

Co -0.284 0.002 0.100 0.492 0.143 0.059 0.281 0.035 0.374 0.368 1.000      

Mn 0.038 0.114 0.118 0.146 -0.001 0.216 0.026 0.190 0.368 0.500 0.584 1.000     

Ni 0.201 0.255 0.141 0.174 -0.021 0.251 0.080 0.155 0.203 0.135 0.202 0.146 1.000    

Cr 0.133 0.214 -0.040 0.152 0.338 0.028 -0.376 -0.091 0.317 0.165 0.361 0.096 0.278 1.000   

Cd 0.272 0.306 -0.180 -0.148 0.055 0.183 0.217 0.437 0.430 0.531 0.124 0.332 0.153 -0.164 1.000  

Pb 0.228 0.005 0.267 0.271 0.115 0.300 0.369 0.149 0.187 0.254 0.193 0.127 0.273 -0.096 0.338 1.000 

Bold r-values are significant at p < 0.05 
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Table 52.  Correlation coefficient matrix of selected metals in the nails of healthy subjects 

Bold r-values are significant at p < 0.05 

 

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca -0.398 1.000               

Mg -0.007 -0.007 1.000              

Na -0.234 -0.353 -0.254 1.000             

K -0.467 0.146 0.333 0.080 1.000            

Fe 0.050 0.042 0.140 -0.088 -0.011 1.000           

Zn 0.383 -0.200 -0.371 -0.126 -0.429 0.135 1.000          

Cu -0.125 -0.021 -0.245 0.453 -0.162 -0.049 0.314 1.000         

Sr -0.048 -0.104 0.093 0.271 0.290 0.359 -0.061 0.263 1.000        

Li -0.088 -0.187 0.084 0.226 0.057 -0.010 -0.095 0.196 0.226 1.000       

Co -0.200 0.098 0.401 0.158 0.143 0.206 -0.329 -0.062 0.137 0.313 1.000      

Mn -0.506 0.116 0.071 0.329 0.368 -0.303 -0.459 0.271 0.375 0.537 0.381 1.000     

Ni -0.256 0.111 0.129 0.256 0.046 0.120 -0.326 0.245 0.124 0.188 0.181 0.289 1.000    

Cr -0.268 0.041 -0.148 0.214 0.301 -0.160 -0.283 0.101 0.310 0.121 -0.181 0.411 -0.006 1.000   

Cd 0.028 -0.215 0.188 0.023 -0.097 -0.020 -0.273 -0.288 -0.002 0.570 0.335 0.143 0.049 0.175 1.000  

Pb 0.071 -0.321 0.167 0.300 0.263 0.219 -0.257 -0.121 0.374 0.356 0.185 0.171 -0.181 0.514 0.371 1.000 
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3.4.16  Multivariate Analysis of Selected Metals in Nails of Oral Cancer 

Patients 
The PCA of selected metals in the nails of oral cancer patients was extracted by 

varimax normalized rotation on the data-set, as illustrated in Table 53, whereas the 

corresponding CA based on Ward’s method in the form of dendrogram is shown in Figure 

89. The PCA of the metal data in the nails of oral cancer patients capitulated five PCs with 

eigen values greater than unity commutatively containing more than 77% of total variance 

of the data. The CA of the metal data in the nails samples of the patients revealed very 

strong clusters of Zn-Na, K-Mg, Mn-Co, Cu-Li-Cd-Sr, Pb-Ni and Ca-Fe-Cr. In the case of 

patients, PC 1 showed elevated loadings for Cu, Sr, Li, Mn and Cd, which also shared 

common cluster in CA (except Mn). These metals originated from anthropogenic 

activities. Likewise, PC 2 and PC 3 exhibited maximum loadings of Na & Co and Ca, Zn 

& Cr, respectively, which also revealed a cluster in CA. These two PCs were chiefly 

contributed by dietary intake. Elevated loading of Mg, K, Fe and Cu were observed in PC 

4, which were mainly associated with food habits that are regulated by internal body 

metabolism. The last PC showed elevated loadings of Mg, Ni and Pb, duly evidenced by 

the common cluster in CA (except Mg), which were believed to be contributed by 

anthropogenic emissions. The PCA findings were in good agreement with CA results 

(Figure 89). 
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Figure 89.  Cluster analysis of selected metals in the nails of oral cancer patients 
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Table 53. Principal component analysis of selected metals in the nails of oral cancer 

patients 

 PC 1 PC 2 PC 3 PC 4 PC 5 

Eigen value 4.056 2.515 1.924 1.736 1.340 

Total Variance (%) 27.04 16.77 12.83 11.57 8.936 

Cumulative Eigen value 4.056 6.571 8.495 10.23 11.57 

Cumulative Variance (%) 27.04 43.81 56.63 68.20 77.14 

Ca 0.004 -0.172 0.717 0.383 -0.131 

Mg -0.109 -0.129 0.008 0.666 0.596 

Na -0.302 0.866 0.029 0.066 0.104 

K 0.159 0.321 -0.011 0.797 -0.027 

Fe -0.234 -0.109 0.172 0.772 -0.200 

Zn -0.057 0.434 0.824 0.147 0.066 

Cu 0.739 -0.123 0.003 -0.539 0.138 

Sr 0.722 -0.040 -0.248 0.120 -0.155 

Li 0.933 0.067 0.028 -0.087 0.014 

Co 0.381 0.728 -0.117 0.002 0.075 

Mn 0.691 0.453 -0.171 0.080 0.249 

Ni 0.174 0.013 -0.283 -0.228 0.716 

Cr -0.127 -0.227 0.807 -0.206 0.025 

Cd 0.850 -0.046 0.033 -0.089 0.103 

Pb 0.011 0.233 0.197 -0.003 0.812 

 

 

3.4.17  Multivariate Analysis of Selected Metals in Nails of Healthy 

Subjects 
From the metal data for the nail samples of the healthy subjects, five PCs were 

obtained with eigen values greater than 1, which elucidated more than 75% of total 

variance of data (Table 54). The corresponding CA based on Ward’s method is illustrated 

in Figure 90. The CA of the metals data in the nails of the healthy donors revealed strong 

clusters of Zn-Fe, Cu-Fe, K-Cr-Pb, Co-Mn, Cd-Li and Ca-Ni. PC 1 exhibited highest 

loadings of Ca, Li, Cd and Pb, supported by a mutual cluster of Li & Cd in CA. These 

metals were mostly contributed by food habits and anthropogenic activities. Similarly, PC 
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2 showed elevated loadings for Mg, Na and Cu supported by shared clusters of these 

metals (except Mg) in CA. PC 3 showed strong associations of Mn, K, Cr and Pb and one 

of the clusters in the CA was composed of K, Cr and Pb. These two PCs were mainly 

associated with environmental exposure and nutritional habits of healthy donors. 

Maximum loadings of Co, Mn, Ni and Zn were observed in PC 4, which were contributed 

by environmental exposure and linked with nutritional sources. Only Fe depicted the 

maximum loading in the last PC, which may indicate its independent source of 

contribution. Hence, the PCA and CA depicted significantly diverse apportionment of 

selected metals in the nails of oral cancer patients in comparison with healthy donors. 

 

 

Table 54. Principal component analysis of selected metals in the nails of healthy subjects 

 PC 1 PC 2 PC 3 PC 4 PC 5 

Eigen value 4.256 2.208 1.833 1.695 1.311 

Total Variance (%) 28.38 14.72 12.22 11.3 8.743 

Cumulative Eigen value 4.256 6.464 8.297 9.992 11.30 

Cumulative Variance (%) 28.38 43.09 55.31 66.61 75.35 

Ca 0.647 -0.055 -0.398 -0.425 -0.179 

Mg 0.401 0.678 0.027 0.191 0.219 

Na -0.227 0.714 -0.170 -0.160 0.249 

K 0.045 0.132 0.868 0.068 -0.029 

Fe -0.030 0.115 -0.027 -0.001 0.920 

Zn -0.011 0.288 0.524 0.579 -0.297 

Cu -0.040 0.873 0.129 -0.019 -0.208 

Sr 0.484 -0.308 0.429 0.179 0.46 

Li 0.707 -0.164 0.127 0.334 0.056 

Co 0.238 0.192 -0.024 0.802 0.106 

Mn 0.303 -0.171 0.542 0.586 -0.185 

Ni 0.023 -0.184 -0.046 0.705 0.017 

Cr -0.003 -0.108 0.892 0.003 -0.012 

Cd 0.701 0.347 0.255 0.309 -0.083 

Pb 0.506 0.014 0.673 -0.127 0.283 
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Figure 90.   Cluster analysis of selected metals in the nails of healthy subjects  

 

 

3.4.18  Comparison of Metal Levels in Nails Based on Demographic 

Characteristics of the Subjects 

3.4.18.1  Gender-Based Comparison of Metal Levels in the Nails of Oral Cancer 

Patients and Healthy Subjects  

The gender-based disparities in average metal concentrations (±SE) in the nails of 

oral cancer patients and healthy subjects are displayed in Figure 91. A majority of the 

selected metals exhibited higher average concentrations in the nails of patients compared 

with healthy donors. Mean concentrations of K and Mg were considerably higher in the 

nails of male patients compared with female patients; however, elevated concentrations of 

Li, Co, Cd, Mn, Sr and Fe were observed in the nails of female patients compared to the 

male patients. Mean levels of Ca, Pb, Cr, Ni and Zn and Na exhibited almost comparable 

contributions in the nails of male and female oral cancer patients. Female healthy donors 

revealed higher concentrations of Mg, K, Zn and Cu in their nails than female patients 

while the measured levels of Li, Co, Ca, Na, Fe, Sr, Mn, Ni, Cr, Cd and Pb were found to 

be higher in the nails of female patients than female healthy donors. Nevertheless, average 

concentrations of Mg, Na, Sr, Zn and Ni were nearly similar in the nails of female and 

male healthy donors. Among the metals, Na, Fe, Sr, Mn, Ni, Cr, Cd and Pb were relatively 

higher in the nails of male patients than the counterpart controls. These findings were 

supported by many epidemiological studies which demonstrated the role of toxic trace 
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metals in the development of oral cancer (Khanna et al., 2013; Yuan et al., 2011). Some of 

the metals (Fe, Co and Cd) revealed similar trend in their distribution; relatively elevated 

levels were noted in the nails of female patients and male healthy donors compared to their 

respective counterparts. 
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Figure 91. Gender-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the nails of oral cancer patients and healthy subjects  

 

3.4.18.2  Habitat-Based Comparison of Metal Levels in the Nails of Oral Cancer 

Patients and Healthy Subjects 

Average metal levels (±SE) in the nails of oral cancer patients inhabiting in rural 

and urban areas in comparison with their counterpart healthy donors are shown in Figure 

92. Average levels of Ca, Co were markedly higher in urban patients compared with rural 

patients, while mean levels of Na, K, Fe, Li, Mn, Ni, Cr and Cd were exceedingly higher 

in the nails of rural patients. However, mean levels of Mg, Li, Zn, Sr and Pb exhibited 

more or less similar distribution in the nails of patients from rural and urban premises. In 

the case of healthy donors, Mg, K, Fe and Cr showed higher average concentrations in 

rural subjects, whereas Cu, Li, Co and Mn levels were relatively higher in the nails of 

urban subjects. Similarly, mean levels of Ca, Cr, Co, Cu, Zn, Fe, K and Mg were found to 
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be higher in the nails of rural healthy donors compared with urban patients and average 

levels of Pb, Cd, Mn, Li, Co, Sr and Na were elevated in the nails of urban patients 

compared to rural healthy donors. Overall, average levels of the metals in the nails of oral 

cancer patients residing in rural and urban areas were considerably divergent compared to 

those observed in the healthy subjects from rural and urban areas. 
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Figure 92.  Habitat-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the nails of oral cancer patients and healthy subjects  

 

3.4.18.3  Dietary-Based Comparison of Metal Levels in the Nails of Oral Cancer 

Patients and Healthy Subjects  

Comparative average concentrations of selected metals (±SE) in the nails of oral 

cancer patients and healthy donors with vegetarian and non-vegetarian food habits are 

shown in Figure 93. Nail contents of Mg, Na, Fe and Zn were considerably higher in 

vegetarian patients than in the nails of non-vegetarian patients; the levels of Cd, Cr, Ni, Sr, 

Ca and Li were significantly higher in the nails of non-vegetarian patients than in the nails 

of vegetarian patients (Figure 93). On the other hand, average concentrations of Na, Fe, 

Cu, Sr, Co, Ni, Cr and Pb were slightly higher in the nails of non-vegetarian healthy 

donors than vegetarian healthy donors, while mean levels of Mn, Zn and K were rather 
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higher in the nails of vegetarian healthy donors. Similarly, mean levels of Na, Sr, Ni, Cr, 

Cd and Pb were found to be higher in nails of non-vegetarian patients in comparison with 

vegetarian healthy donors while average levels of Mg, K, Fe, Zn and Cu were elevated in 

vegetarian healthy donors compared to non-vegetarian patients. Among the metals Na and 

Fe revealed similar trend in their distribution; relatively elevated levels of Na and Fe were 

found in the nails of vegetarian patients and non-vegetarian healthy donors compared to 

their respective counterparts, while average level of Li showed significant accumulation in 

the nails of non-vegetarian patients and vegetarian healthy donors compared to their 

respective counterparts. The rest of the metals exhibited insignificant differences in the 

nails of vegetarian/non-vegetarian donors.  
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Figure 93. Dietary-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the nails of oral cancer patients and healthy subjects  

 

3.4.18.4  Smoking-Based Comparison of Metal Levels in the Nails of Oral Cancer 

Patients and Healthy Subjects 

Mean concentration of selected metals (±SE) in the nails of oral cancer patients 

and healthy subjects with smoking and non-smoking habits are shown in Figure 94, for 

comparative evaluation. Average levels of Fe, Cu, Li and Cd were found to be higher in 
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non-smoking patients compared with smoking patients, while in smoking patients, mean 

levels of Ca, Mg, Na, Mn and Ni were observed to be considerably higher. The rest of the 

metals revealed insignificant differences in the nails of smoking/non-smoking patients. 

Likewise, average levels of Ca, K, Cu, Co, Mn and Cr were found to be noticeably higher 

in the nails of non-smoking healthy donors compared with smoking healthy donors, while 

mean levels of Fe, Cd and Pb were observed to be significantly higher in the nails of 

smoking healthy donors. Among the metals, Mg, Na, Zn, Sr and Ni levels were not 

significantly different in the nails of smoking/non-smoking healthy donors. Moreover, Ca 

and Mn depicted peculiar behaviour by showing elevated levels in the nails of smoking 

patients and non-smoking healthy donors. The comparative proportions of most of the 

metals in the patients with smoking/non-smoking habits were significantly different than 

counterpart healthy donors which suggested that the distribution of selected metals was 

considerably affected by smoking habit. 
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Figure 94.  Smoking-based comparison of average concentrations (µg/g ± SE) of 

selected metals in the nails of oral cancer patients and healthy subjects  
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3.4.19  Comparison of Metal Levels in the Nails Based on Types and 

Stages of Oral Cancer Patients 
3.4.19.1  Comparison of Metal Levels in the Nails Based on Types of Oral Cancer 

Patients 

Comparative evaluation of mean metal levels (±SE) in the nails of various types of 

oral cancer patients (i.e., adenocarcinoma and squamous cell carcinoma) are shown in 

Figure 95. Mean levels of Mg, Li, Sr, Cd and Pb exhibited comparatively higher 

concentrations in the nails of adenocarcinoma patients; however, Na, Fe, Cu, Co and Cr 

showed higher concentrations in the nails of squamous cell carcinoma patients. The serum 

Cu levels were reported to be higher in squamous cell carcinoma patients (Hosthor et al., 

2014). Previous studies reported higher Cu levels in the biological samples of the patients 

diagnosed with oral cancer (Khanna and Karjodkar, 2006; Khanna et al., 2013). Average 

levels of Ca, Zn, Mn and Ni were not appreciably different in the nails of adenocarcinoma 

and squamous cell carcinoma patients. 
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Figure 95.  Comparative average concentrations (µg/g ± SE) of selected metals in the 

nails of different types of oral cancer patients 
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3.4.19.2  Comparison of Metal Levels in the Nails Based on Stages of Oral Cancer 

Patients 

Mean metal levels (±SE) in the nails of oral cancer patients at different stages are 

shown in Figure 96, for comparative evaluation. Mean Ca, Cr and Cd levels were found to 

be lowest in the nails at stage-IV compared to other stages of oral cancer patients. 

However, average level of Mn in the nails was relatively higher at stage-IV, while mean 

concentrations of K, Cu, Sr, Li, Cr, Cd and Pb were comparatively higher at stage-III and 

those of Ni and Fe were fairly higher at stage-II of oral cancer patients. Mean level of Ca 

was found to be elevated at stage-I in the nails of oral cancer patients. Conversely, mean 

levels of Na, Fe, Zn and Li were lowest at stage-I of oral cancer patients. Among the 

metals, Sr, Mn and Pb levels were not significantly different at stage-I and stage-II of the 

patients. Similarly, mean levels of Ca, Mg, Na and Mn in the nails were almost 

comparable at stage-II and stage-III of oral cancer patients. 
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Figure 96. Comparative average concentrations (µg/g ± SE) of selected metals in the 

nails of oral cancer patients at different stages 
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3.4.20  Distribution of Selected Metals in Blood of Oral Cancer Patients 
Basic statistical distribution parameters for selected metal levels (µg/g, wet weight) 

in the blood of oral cancer patients (n = 86) are depicted in Table 55. Most of the metals 

exhibited large spread in their concentration ranges. In the blood of patients, mean level of 

Na (1,684 µg/g) was predominantly high, followed by, K (490.1 µg/g), Fe (299.7 µg/g), 

Ca (37.57 µg/g) and Mg (30.80 µg/g). However, lowest average levels were noted for Sr 

(1.943 µg/g), Co (1.562 µg/g), Cu (1.445 µg/g), Cd (0.646 µg/g), Mn (0.617 µg/g) and Li 

(0.266 µg/g), while relatively higher levels were observed for Zn (7.020 µg/g), Ni (6.703 

µg/g), Pb (5.168 µg/g) and Cr (2.400 µg/g). On the average basis, metal levels in the blood 

of patients showed the following order: Na > K > Fe > Ca > Mg > Zn > Ni > Pb > Cr > Sr 

> Co > Cu > Cd > Mn > Li. Median levels also exhibited the same decreasing order in the 

blood of patients.  

 

Table 55.  Statistical distribution parameters for concentrations (µg/g, wet weight) of 

selected metals in the blood of oral cancer patients (n = 86) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 16.64 48.46 37.57 39.01 6.823 1.041 -0.896 0.731 

Mg 24.8 38.72 30.80 30.99 3.041 0.464 0.220 -0.006 

Na 1399 1995 1684 1666 145.5 22.19 0.271 -0.309 

K 380.5 682.7 490.1 483.6 74.68 11.39 0.584 -0.389 

Fe 212.4 402.7 299.7 299.6 42.46 6.475 0.232 -0.168 

Zn 3.873 9.571 7.020 7.224 1.521 0.232 -0.173 -0.968 

Cu 0.771 2.37 1.445 1.454 0.428 0.065 0.301 -0.878 

Sr 0.098 4.759 1.943 1.848 1.058 0.163 0.217 -0.287 

Li 0.016 1.235 0.266 0.198 0.227 0.037 2.485 8.291 

Co 0.073 4.597 1.562 1.502 0.979 0.161 1.495 3.102 

Mn 0.014 1.504 0.617 0.616 0.370 0.056 0.415 -0.388 

Ni 0.037 16.24 6.703 6.010 4.096 0.640 0.634 -0.042 

Cr 0.074 8.422 2.40 2.258 1.746 0.273 1.476 3.170 

Cd 0.131 1.621 0.646 0.626 0.380 0.058 0.731 0.272 

Pb 0.091 10.55 5.168 5.270 2.736 0.433 0.037 -0.778 
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Among the metals, Fe and Mn exhibited almost equivalent mean and median 

levels, along with lowest SD and SE values thus demonstrating normal distribution 

pattern. The rest of the metals showed somewhat dissimilar mean and median levels, thus 

reflecting comparatively random distribution. Highest dispersion in terms of elevated SD 

and SE values was shown by Na, K and Fe, which evidenced more fluctuations of these 

metals in the blood of oral cancer patients. Predominantly asymmetrical distribution was 

revealed by Li, Cr and Co as reflected by their maximum skewness and kurtosis values. 

Somewhat lower values of skewness and kurtosis were noted in favour of Zn, Ca, Pb, Sr 

and Mg, thus manifesting relatively symmetrical distribution pattern of these metals in the 

blood of oral cancer patients. 

The percentile distribution of selected metals in the blood of oral cancer patients is 

shown as box-whisker plots in Figure 97. Relatively large spread and more fluctuations 

were noted in the concentrations of Ni, Mn, Pb and Cr, followed by, Co, Li and Sr. 

However, Mg and Na along with Fe, K, Ca and Zn revealed moderately narrow 

distribution in the blood of oral cancer patients as evidenced by the overlapping of 

lower/upper quartiles with median levels in the box-whisker plots. 
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Figure 97.  Quartile distribution for selected metal concentrations (µg/g) in the blood of 

oral cancer patients 
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3.4.21  Distribution of Selected Metals in Blood of Healthy Subjects  
Basic statistical parameters for the distribution of selected metal levels (µg/g, wet 

weight) in the blood of healthy donors (n = 86) are shown in Table 56. Most of the metals 

exhibited large variations in their magnitude as shown by the minimum and maximum 

levels. Predominantly higher mean levels were found for Na (1,675 µg/g), followed by 

those of K (554.8 µg/g), Fe (336.7 µg/g), Ca (39.78 µg/g) and Mg (27.91 µg/g). Lowest 

average concentrations were recorded for Sr (1.102 µg/g), Cu (0.861 µg/g), Li (0.531 

µg/g), Cd (0.335 µg/g) and Mn (0.279 µg/g). However, average levels of Zn (8.136 µg/g), 

Ni (3.467 µg/g), Co (3.396 µg/g), Pb (2.736 µg/g) and Cr (2.009 µg/g) were moderately 

higher. On the average basis, selected metals revealed following order in their 

concentrations in the blood of healthy subjects: Na > K > Fe > Ca > Mg > Zn > Ni > Co > 

Pb > Cr > Sr > Cu > Li > Cd > Mn. The decreasing trend was almost the same as that 

noted above in the case of the patients.  

 

Table 56.  Statistical distribution parameters for concentrations (µg/g, wet weight) of 

selected metals in the blood of healthy subjects (n = 86) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 21.05 66.36 39.78 38.54 10.31 1.572 0.744 0.555 

Mg 21.48 34.96 27.91 27.70 3.265 0.498 0.186 -0.556 

Na 1336 2331 1675 1610 251.7 38.38 1.178 0.886 

K 329.6 919.5 554.8 528.3 113.9 17.38 0.925 1.463 

Fe 207.3 433.2 336.7 330.4 48.34 7.372 0.015 0.358 

Zn 5.316 18.50 8.136 7.458 2.787 0.425 2.680 7.309 

Cu 0.053 1.744 0.861 0.920 0.421 0.066 -0.122 -0.730 

Sr 0.076 2.239 1.102 1.110 0.558 0.089 0.234 -0.581 

Li 0.048 1.335 0.531 0.564 0.317 0.049 0.522 -0.215 

Co 0.256 8.711 3.396 2.742 2.266 0.350 0.740 -0.436 

Mn 0.016 1.114 0.279 0.242 0.214 0.034 2.152 6.122 

Ni 0.157 8.12 3.467 3.152 2.312 0.391 0.314 -1.146 

Cr 0.280 5.614 2.009 1.858 1.162 0.177 1.234 1.705 

Cd 0.036 0.751 0.335 0.329 0.198 0.035 0.376 -0.597 

Pb 0.157 6.928 2.736 2.215 2.087 0.353 0.542 -1.042 
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Most of the essential metals (Na, K, Fe and Ca) revealed appreciable randomness 

in their distribution pattern as manifested by large SD and SE values on one hand and 

markedly dissimilar mean and median levels on the other hand. Nevertheless, the rest of 

the metals showed moderately normal distribution pattern supported by comparatively 

lower SD and SE values. Larger magnitudes of skewness and kurtosis were recorded in 

favour of Zn, Mn, Cr and Na, thus demonstrating asymmetrical distribution of these 

metals. The rest of the metals exhibited relatively symmetrical distribution in the blood of 

healthy donors as supported by their relatively lower skewness and kurtosis values. 

The quartile distribution of selected metals in the blood of healthy donors is shown 

as box–whisker plots in Figure 98. The majority of the metals, including Mn, Ni, Pb and 

Cu followed by, Co, Li, Sr, Cr and Cd exhibited approximately similar broad variations in 

the quartile distribution. Nevertheless, Na and Mg revealed relatively narrow distribution 

with overlapping of lower and upper quartiles with median levels. Overall, most of the 

metals manifested random distribution in blood of both donor groups, although 

comparatively higher dispersion was observed for the patients. 
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Figure 98.   Quartile distribution for selected metal concentrations (µg/g) in the blood of 

healthy subjects 
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3.4.22  Comparison of Selected Metals Levels in Blood of Oral Cancer 

Patients and Healthy Subjects 
Average metal levels (±SE) in the blood of oral cancer patients and healthy 

subjects are given in Figure 99, for comparative evaluation. Student’s t-test (p < 0.05) of 

the data showed that mean concentrations of Pb, Cd, Ni, Mn, Sr, Cu and Mg in the blood 

of oral cancer patients were significantly higher than those observed in healthy donors, 

whereas mean levels of K, Fe, Zn, Li and Co were significantly lower compared with the 

healthy donors. Nevertheless, average contents of Na and Cr were not significantly 

different in the blood of the two groups. An examination of the data revealed that 

markedly elevated concentrations of some metals in oral cancer patients compared to the 

healthy donors indicated a build-up in their levels at the expense of the macronutrients, 

which exhibited lower levels in cancer patients. In earlier studies, high concentration of 

Mn and lower concentration of Zn were reported in the blood of oral cancer patients 

compared with the normal individuals (Swain and Ray, 2011; Hosthor et al., 2014; Prasad 

et al., 1997). 

 

0.01

0.1

1

10

100

1000

10000

Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb

M
et

al
 L

ev
el

 (µ
g/

g)
 in

 B
lo

od

Cancer Patients Healthy Donors

 
Figure 99.   Comparative average concentrations of selected metals (µg/g ± SE) in the 

blood of oral cancer patients and healthy subjects 
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The results of the present study were almost comparable with the study of 

Jayadeep et al., (1997) who measured blood serum levels of Cu, Zn and Fe in oral cancer 

patients and found that Cu level was significantly increased and Zn level was decreased in 

oral cancer patients compared to the controls. Several epidemiological investigations 

observed elevated blood levels of Cr, Cu and Ni in oral cancer patients compared to the 

controls (Stridsklev et al., 2004; Yuan et al., 2011; Chiang et al., 2011). The findings of 

the present study clearly demonstrated that increased concentration of some toxic metals 

in the blood samples of oral cancer patients compared with controls suggested specific 

influence of the carcinogenic metals on the development of oral cancer in the patients. 

 

3.4.23  Correlation Study of Selected Metals in Blood of Oral Cancer 

Patients  
The data on metal-to-metal correlations in the blood of oral cancer patients are 

shown in Table 57, in which bold r-values are significant (p < 0.05). The correlation data 

revealed strong relationships among Cd-Sr (r = 0.652), Pb-Cd (r = 0.625), Pb-Sr (r = 

0.537) and Cr-Mn (r = 0.528), signifying strong associations of these metals. Other 

significant correlations were found between Cr-Li (r = 0.480), Pb-Ni (r = 0.457), Ni-Sr (r 

= 0.443), Mn-Ca (r = 0.436), Cd-Ni (r = 0.431), Mn-K (r = 0.430), K-Ca (r = 0.425), Cd-

K (r = 0.420), Fe-Mg (r = 0.418), Sr-K (r = 0.399), Mn-Zn (r = 0.396), Pb-Mn (r = 0.383), 

Na-Ca (r = 0.383), Mn-Mg (r = 0.382), Mn-Cu (r = 0.382), Sr-Cu (r = 0.381), Mn-Na (r = 

0.355), Cu-Mg (r = 0.352), Pb-K (r = 0.350), Mn-Li (r = 0.346), Ni-Cu (r = 0.334) and 

Cr-Na (r = 0.325), revealing their mutual variations. In addition, significant positive 

correlation was also found between age and Fe (r = 0.354). Significant inverse 

relationships were shown by Fe-Na (r = –0.524) and Fe-Ca (r = –0.510) demonstrating 

their opposing variations in the blood of oral cancer patients. However, Co did not show 

any significant correlation with other metals and therefore manifested an independent 

variation. Apparently positive relationships of toxic/trace metals (Cd, Cr, Ni, Pb, Cu and 

Sr) with essential metals (Ca, Fe, K, Na and Mg) evidenced build-up of these metals in 

oral cancer patients. Some recent studies (Yuan et al., 2011; Khlifi et al., 2013b; Khanna 

and Karjodkar, 2006) deliberated the role of redox active metals (Cu and Fe) and toxic 

metals (Cd, Ni and Cr) in the onset/progression of oral cancer via oxidative stress.  
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Table 57. Correlation coefficient matrix of selected metals in the blood of oral cancer patients  

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca -0.186 1.000               

Mg 0.043 -0.039 1.000              

Na -0.255 0.383 0.010 1.000             

K 0.205 0.425 0.297 0.305 1.000            

Fe 0.354 -0.510 0.418 -0.524 0.041 1.000           

Zn 0.136 0.140 0.286 0.173 0.276 0.216 1.000          

Cu 0.030 0.245 0.352 0.250 0.298 -0.074 0.165 1.000         

Sr -0.012 0.267 0.057 0.043 0.399 -0.046 0.170 0.381 1.000        

Li -0.009 0.191 0.279 0.198 0.126 0.018 0.017 0.210 -0.220 1.000       

Co 0.008 0.164 0.079 -0.050 0.046 -0.060 -0.082 0.293 0.109 -0.081 1.000      

Mn 0.039 0.436 0.382 0.355 0.430 -0.065 0.396 0.382 0.194 0.346 0.072 1.000     

Ni -0.064 0.205 0.046 -0.124 0.212 -0.123 -0.198 0.334 0.443 -0.246 0.259 0.137 1.000    

Cr -0.039 0.095 0.225 0.325 0.118 0.015 0.036 0.145 -0.181 0.480 0.161 0.528 -0.057 1.000   

Cd 0.002 0.295 0.095 0.129 0.420 -0.098 0.293 0.216 0.652 -0.148 0.229 0.524 0.431 0.133 1.000  

Pb -0.110 0.229 0.226 -0.061 0.350 0.029 0.170 0.199 0.537 -0.277 0.040 0.383 0.457 -0.049 0.625 1.000 

Bold r-values are significant at p < 0.05 
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Table 58. Correlation coefficient matrix of selected metals in the blood of healthy subjects  

Bold r-values are significant at p < 0.05 

 

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca -0.201 1.000               

Mg 0.427 -0.316 1.000              

Na 0.296 0.125 0.122 1.000             

K 0.147 -0.040 0.297 0.344 1.000            

Fe -0.005 -0.222 0.320 -0.505 -0.031 1.000           

Zn -0.282 -0.137 -0.129 0.186 0.217 -0.195 1.000          

Cu 0.093 0.242 -0.280 0.358 -0.049 -0.285 0.023 1.000         

Sr -0.027 -0.039 0.184 0.192 0.463 -0.034 0.130 -0.015 1.000        

Li 0.234 0.042 0.480 0.205 0.331 -0.123 -0.160 -0.154 0.177 1.000       

Co 0.017 0.174 0.259 -0.164 0.185 0.030 0.039 -0.333 0.401 0.384 1.000      

Mn -0.079 -0.068 -0.093 0.066 0.510 0.051 -0.003 0.029 0.085 0.091 0.044 1.000     

Ni -0.187 0.280 -0.112 -0.152 0.274 0.021 0.045 0.269 0.140 -0.026 0.141 0.394 1.000    

Cr 0.037 0.221 0.296 -0.183 0.228 0.161 -0.027 -0.266 0.232 0.332 0.779 0.124 0.334 1.000   

Cd 0.217 0.238 0.069 0.339 0.185 -0.086 -0.147 0.339 -0.211 0.023 -0.206 -0.202 -0.059 -0.247 1.000  

Pb -0.055 0.065 -0.168 -0.057 -0.025 0.027 0.138 0.272 -0.021 -0.221 -0.139 0.254 0.101 -0.042 -0.143 1.000 
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3.4.24  Correlation Study of Selected Metals in Blood of Healthy Subjects 
The metal-to-metal correlation coefficient matrix for the blood of healthy subjects 

is shown in Table 58, in which bold r-values are significant at p < 0.05. Strong positive 

correlations were observed between the metal pairs Cr-Co (r = 0.779) and Mn-K (r = 

0.510) indicating close associations of these metals. In addition, significant correlations 

were noticed between Li-Mg (r = 0.480), Sr-K (r = 0.463), Co-Sr (r = 0.401), Ni-Mn (r = 

0.394), Co-Li (r = 0.384), Cu-Na (r = 0.358), K-Na (r = 0.344), Cd-Cu (r = 0.339), Cd-Na 

(r = 0.339), Cr-Ni (r = 0.334), Cr-Li (r = 0.332) and Li-K (r = 0.331), showing mutual 

relations between these metals which may share common contributing sources. Age of 

healthy donors exhibited significant positive correlation with Mg level (r = 0.427) in the 

blood. A few significant negative correlations were also noted between Fe-Na (r = –0.505) 

and Mg-Ca (r = –0.316) expressing their opposing distribution. Some other metal pairs 

exhibited positive and negative relationships but they were not significant. The correlation 

study pointed out some common characteristics in the blood samples of both groups of the 

patients and healthy subjects, such as similar correlation behaviour among Mn, K and Sr 

on one hand while on the other hand Fe and Na revealed inverse relationships, however, 

Co might play some critical role in the case of oral cancer patients. In the blood of healthy 

donors, Ca, Cd, Pb, Fe and Zn did not possess any viable correlation with any other metal 

and therefore, evidenced an independent variation in the blood. Overall, divergent 

correlations were recorded among the metals in blood of oral cancer patients and healthy 

donors. Thus, the correlation study unveiled significantly dissimilar pattern of mutual 

dependence of the metals in the blood of patients and healthy subjects. 

 

3.4.25  Multivariate Analysis of Selected Metals in Blood of Oral Cancer 

Patients 
The PC loadings of selected metals in the blood of oral cancer patients, extracted 

by varimax normalized rotation on the data-set are given Table 59, while corresponding 

CA based on Ward’s method in the form of dendrogram is illustrated in Figure 100. Five 

PCs with eigen values greater than 1, commutatively explaining 74% of total variance of 

the data were yielded. PC 1 exhibited maximum loadings of Na, Fe and Ca and these 

metals were linked with nutritional habits of the donors. PC 2 indicated significant 

loadings in favour of Sr, Cd and Pb, with similar strong cluster in CA. This PC consisted 

of mostly carcinogenic metals and revealed the contribution from environmental 
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pollutants, mainly automobile emissions and fuel combustion. Similarly, PC 3 in the blood 

of cancer patients showed higher contributions of Cu, Mg, Zn, and K, supported by a 

strong cluster in CA, mostly contributed by natural sources and regulated by internal body 

metabolism in the blood of oral cancer patients. Likewise, PC 4 represented significant 

contribution of Ni and Co supported by a strong cluster in CA. These metals were mostly 

believed to originate from external environmental conditions, specifically anthropogenic 

emissions. The last PC was composed of Cr & Mn, which were mainly controlled by 

natural sources and the CA results verified the PCA findings.  

 

Table 59.  Principal component analysis of selected metals in the blood of oral cancer 

patients  

 PC 1 PC 2 PC 3 PC 4 PC 5 

Eigen value 3.715 2.590 2.021 1.457 1.318 

Total Variance (%) 24.76 17.26 13.48 9.711 8.789 

Cumulative Eigen value 3.715 6.304 8.326 9.782 11.10 

Cumulative Variance (%) 24.76 42.03 55.51 65.22 74.01 

Ca 0.748 0.261 0.107 0.014 0.179 

Mg -0.139 0.026 0.746 0.012 0.287 

Na 0.678 -0.254 0.266 -0.136 0.316 

K 0.365 0.330 0.557 -0.195 0.256 

Sr 0.046 0.567 0.330 0.186 -0.538 

Li 0.298 -0.333 0.236 -0.188 0.571 

Co 0.033 -0.014 0.18 0.861 0.053 

Fe 0.794 -0.079 -0.392 0.178 -0.099 

Zn -0.037 0.395 0.716 -0.244 -0.031 

Cu 0.202 -0.343 0.756 0.320 0.019 

Mn 0.163 0.307 0.371 -0.04 0.755 

Ni -0.016 0.173 -0.387 0.683 -0.041 

Cr 0.083 -0.001 0.045 0.186 0.909 

Cd 0.267 0.819 0.096 0.247 0.111 

Pb -0.151 0.807 -0.028 -0.086 -0.031 

 

 



Results and Discussion 

 221

Oral Cancer Patients - Blood (Ward`s method)
Li

nk
ag

e 
D

is
ta

nc
e 

(P
ea

rs
on

 r)

0.0

0.5

1.0

1.5

2.0

2.5

Ni Co Pb Cd Sr Cr Mn Li Na Fe Cu Mg Zn K Ca
 

Figure 100.  Cluster analysis of selected metals in the blood of oral cancer patients 

 

3.4.26  Multivariate Analysis of Selected Metals in Blood of Healthy 

Subjects 
The PC loadings of selected metals in the blood of healthy donors are shown in 

Table 60, whereas the corresponding CA in the form of dendrogram is presented in Figure 

101. Six PCs with eigen values > 1 were extracted, exhibiting more than 84% variance of 

the data for the blood of healthy donors. PC 1 revealed elevated loadings of Sr, K, Na, Mn, 

Ni and Pb with two strong clusters in CA. These metals were mainly contributed by food 

habits and anthropogenic activities, such as industrial emissions and fuel combustion. PC 

2 indicated maximum loadings for Cr, Co and Ni with a similar strong cluster (but 

excepting Ni) by CA. PC 3 exhibited significant loadings for Fe, Mg and Ca and one of 

the clusters in the CA was composed of Fe and Mg. PC 4 in the blood of healthy donors 

revealed elevated loadings of Cd and Cu, which constituted a strong cluster in CA. These 

metals were mostly contributed by nutritional habits and environmental exposure of the 

donors. PC 5 indicated strong loadings of Zn and Ca; PC 6 displayed high loadings for Li 

and Cd. The former group of metals was associated with dietary intake and the latter group 

of metals was associated with environmental contaminants. The CA was in good 

agreement with the PCA findings. The multivariate methods revealed completely different 

metal apportionment pattern in the blood of oral cancer patients compared with the healthy 

subjects. 
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Table 60.  Principal component analysis of selected metals in the blood of healthy 

subjects 

 PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 

Eigen value 3.930 2.958 1.977 1.600 1.151 1.068 

Total Variance (%) 26.20 19.72 13.18 10.67 7.671 7.118 

Cumulative Eigen value 3.930 6.888 8.866 10.47 11.62 12.68 

Cumulative Variance (%) 26.20 45.92 59.10 69.77 77.44 84.56 

Ca 0.114 0.241 0.672 0.010 0.586 -0.042 

Mg 0.172 -0.078 0.840 -0.042 -0.212 -0.231 

Na 0.683 0.288 -0.178 0.138 0.076 -0.311 

K 0.799 -0.089 0.012 0.139 0.189 -0.079 

Sr 0.685 -0.187 -0.168 -0.136 0.361 -0.431 

Li -0.072 0.312 -0.116 0.079 0.192 0.865 

Co -0.215 0.856 0.259 0.149 0.050 0.070 

Fe -0.498 0.006 0.734 -0.087 -0.057 0.338 

Zn 0.187 0.080 -0.129 -0.095 0.853 0.129 

Cu -0.076 0.117 -0.053 0.958 -0.023 -0.020 

Mn 0.862 0.138 0.081 0.043 0.108 0.201 

Ni 0.545 0.664 -0.043 -0.141 0.099 0.189 

Cr 0.106 0.924 -0.161 0.112 0.068 0.168 

Cd 0.402 0.052 -0.009 0.698 -0.210 0.507 

Pb 0.692 -0.085 0.179 -0.338 -0.315 0.084 
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Figure 101. Cluster analysis of selected metals in the blood of healthy subjects 
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3.4.27  Comparison of Metal Levels in Blood Based on Demographic 

Characteristics of the Subjects 

3.4.27.1   Gender-Based Comparison of Metal Levels in the Blood of Oral Cancer 

Patients and Healthy Subjects 

The gender-based disparities in average metal concentrations (±SE) in the blood of 

oral cancer patients and healthy subjects are displayed in Figure 102. Mean contents of 

Mg, Cu, Sr, Mn, Ni, Cd & Pb were found to be significantly elevated and average 

concentrations of K, Li & Co were considerably lower in male and female patients 

compared with male and female healthy donors. Average concentrations of Cu, Sr, Ni, Cr, 

Cd and Pb were found to be relatively higher in the blood of male patients compared with 

female patients. However, average contents of Mg and Na were more or less comparable 

in the blood of patients of both genders. Female healthy donors and male patients revealed 

higher concentrations of Pb, Cd, Ni and Cu in their blood compared to their respective 

counterpart donors. The measured levels of Na, K, Mg, Fe, Zn and Sr were almost 

comparable in the male/female healthy donors. 
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Figure 102.  Gender-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the blood of oral cancer patients and healthy subjects 
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Some of the metals (Cu, Ni, Pb and Cd) depicted similar trend by showing 

appreciably higher mean levels in the blood of male patients and female healthy donors 

compared to their respective counterpart donors. Nonetheless, comparatively elevated 

levels were recorded for Li in the blood of female patients and male healthy donors 

compared to their respective counterparts. One of the noticeable finding of gender-based 

comparison was that most of the toxic metals were considerably higher in the blood of 

male donors than female donors, which clearly indicated the vulnerable exposure of 

environmental pollutions on male subjects (Khlifi and Hamza-Chaffai, 2010). 

 

3.4.27.2  Habitat-Based Comparison of Metal Levels in the Blood of Oral Cancer 

Patients and Healthy Subjects 

Comparison of average metal levels (±SE) in the blood of oral cancer patients and 

healthy donors based on their residence is depicted in Figure 103. Overall, more or less 

comparable levels were recorded for Ca and Na in the blood of subjects irrespective of 

their habitat. Average concentrations of Cu, Sr, Mn, Ni, Cr, Cd and Pb were found to be 

marginally higher in the blood of urban/rural patients compared with urban/rural healthy 

subjects.  
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Figure 103.  Habitat-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the blood of oral cancer patients and healthy subjects  
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Mean levels of Cu, Sr, Li and Co were significantly higher in the blood of rural 

patients compared with urban patients, while Pb and Cd levels were elevated in urban 

patients. Approximately comparable levels were found for Ca, Mg, Na, K, Zn, Mn, Ni and 

Cr in the blood of oral cancer patients with urban and rural residence. In the case of the 

urban healthy donors, mean levels of Cd and Pb were significantly higher and average 

levels of Co, Mn and Ni were lower than rural healthy donors. Thus, some noticeable 

variations in the metal levels were observed in the blood of the two groups from urban and 

rural locations, thereby evidencing imbalances of the metals in the blood of patients 

suffering from oral cancer. 

 

3.4.27.3  Dietary-Based Comparison of Metal Levels in the Blood of Oral Cancer 

Patients and Healthy Subjects 

Mean levels of selected metals (±SE) in the blood of vegetarian and non-vegetarian 

oral cancer patients in comparison with the counterpart healthy donors are shown in Figure 

104. Comparatively higher concentrations of Cu, Sr, Mn, Ni, Cd and Pb were found in the 

blood of vegetarian and non-vegetarian patients, whereas the counterpart healthy donors 

exhibited elevated levels of Fe, Zn, Li and Co in their blood.  
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Figure 104.  Dietary-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the blood of oral cancer patients and healthy subjects 



Results and Discussion 

 226

Average contents of Sr, Co and Cd were evidently higher in the blood of non-

vegetarian patients compared with vegetarian patients, while mean concentrations of Cu, 

Li, Mn, Ni, Cr and Pb were noted to be in excess in the blood of vegetarian patients. 

Nonetheless, average concentrations of Ca, Mg, Na, K, Fe and Zn were almost equivalent 

in the blood of vegetarian and non-vegetarian patients. In the case of vegetarian healthy 

donors, average levels of Cr, Ni, Mn, Co, Li, Sr and Cu were marginally higher, while 

mean level of Pb was considerably higher in the blood of non-vegetarian healthy donors. 

The rest of the metals exhibited insignificant differences in the blood of vegetarian/non-

vegetarian healthy subjects.  

 

3.4.27.4  Smoking-Based Comparison of Metal Levels in the Blood of Oral Cancer 

Patients and Healthy Subjects  

Comparison of average metal levels (±SE) in the blood of oral cancer patients and 

healthy subjects based on smoking habits is shown in Figure 105. Most of the metals 

exhibited relatively higher concentrations in the blood of smoking patients than non-

smoking patients; highest mean levels were noted for Cu, Sr, Ni, Cr, Cd and Pb.  
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Figure 105.  Smoking-based comparison of average concentrations (µg/g ± SE) of 

selected metals in the blood of oral cancer patients and healthy subjects  
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Likewise, average levels of Cu, Mn, Ni, Cd and Pb were found to be noticeably 

higher in the blood of non-smoking healthy donors compared with smoking healthy 

donors, while Li, Co and Cr showed marginally higher levels in the blood of smoking 

healthy donors. Measured levels of Cu, Co, Ni, Cr, Cd and Pb were found to be relatively 

higher in the blood of non-smoking healthy donors and smoking patients compared to their 

respective counterparts. Nevertheless, mean levels of Ca, Mg and Na revealed comparable 

contributions in the blood of donors irrespective of smoking habits. The divergent 

proportions of some of the metals in the blood of patients compared with the healthy 

subjects suggested that the metal distribution was considerably affected by the smoking 

habit. Some metals (Cu, Ni, Cd and Pb) exhibited relatively elevated levels in the blood of 

smoking patients & non-smoking healthy donors compared with non-smoking patients & 

smoking healthy donors, respectively. Thus, noticeable variations in the metals levels of 

the two donor groups with smoking/non-smoking habits evidenced imbalances of the 

metals in blood of oral cancer patients.  
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Figure 106.  Comparative average concentrations (µg/g ± SE) of selected metals in the 

blood of different types of oral cancer patients 
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3.4.28  Comparison of Metal Levels in the Blood Based on Types and 

Stages of Oral Cancer Patients 
3.4.28.1  Comparison of Metal Levels in the Blood Based on Types of Oral Cancer 

Patients 

Comparative evaluation of mean metal levels (±SE) in the blood of various types 

of oral cancer patients (i.e., adenocarcinoma and squamous cell carcinoma) are shown in 

Figure 106. Average levels of Zn, Cu, Mn and Pb were comparatively higher in 

adenocarcinoma patients; average levels of Li and Cr were appreciably elevated in the 

squamous cell carcinoma patients. However, average levels of the rest of the metals were 

not appreciably different in the blood of adenocarcinoma and squamous cell carcinoma 

patients. 

 

3.4.28.2  Comparison of Metal Levels in the Blood Based on Stages of Oral Cancer 

Patients 

Mean levels of selected metals (±SE) in the blood of oral cancer patients at 

different stages are shown in Figure 107, for comparative evaluation. Mean blood level of 

Ni was found to be considerably higher at stage-I, while average concentration of Cr was 

relatively higher at stage-II in the blood of patients. However, mean concentrations of Cu, 

Sr, Li and Mn were evidently higher at stage-III and only one metal, Pb, was found at its 

maximum in the blood of patients at stage-IV. Mean contents of Cu, Li and Cd were found 

lowest at stage-IV in the blood of oral cancer patients. Almost similar trend was observed 

for Li & Mn and Cr & Ni at all stages in the blood of patients. However, mean levels of 

Ca, Mg, Na, K, Fe and Zn revealed insignificant differences at all stages in the blood of 

the oral cancer patients. 

 

3.4.29  Comparison of Metal Levels in Scalp Hair, Nails and Blood of 

Oral Cancer Patients  
Comparative average metal levels (±SE) in the scalp hair, nails and blood of oral cancer 

patients are displayed as bar graphs in Figure 108. The highest concentrations of Ca, Mg, 

Zn and Cu were observed in the scalp hair, while average levels of Sr, Li, Cu, Mn, Ni, Cr, 

Cd and Pb were found in considerable excess in the nails of oral cancer patients. However, 

mean concentrations of Na, K and Fe were noted to be highest in the blood of oral cancer 

patients.  
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Figure 107.  Comparative average concentrations (µg/g ± SE) of selected metals in the 

blood of oral cancer patients at different stages  
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Figure 108. Comparative average concentrations (µg/g ± SE) of selected metals in the 

scalp hair, nails and blood of oral cancer patients  
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SECTION  IV 
 

3.5 Ovarian Cancer 
3.5.1 Demographic Characteristics of the Subjects 

The demographic data related to the ovarian cancer patients and matching healthy 

subjects are summarized in Table 61. All the participants involved in this study were 

female donors. In the case of the scalp hair samples, the age of the ovarian cancer patients 

ranged from 24 to 73 years while for healthy subjects it ranged from 26 to 67 years. The 

majority of the subjects (>50%) in both groups were vegetarians while 58% of the ovarian 

cancer patients and 57% of the healthy donors were drawn from urban area. Most of the 

patients (69%) and healthy donors (80%) were not addicted to tobacco. The patients 

included in present study were commonly suffering from epithelial cancer (53%), 

followed by germ cell tumour (25%) and stromal tumour (22%). Twenty percent (20%) of 

the patients were diagnosed at stage-I, 24% at stage-II, 32% at stage-III and 24% at stage-

IV of ovarian cancer. 

In the case of the nail samples, the average age of the ovarian cancer patients was 

about 48 years and that of the healthy subjects was approximately 39 years. Fifty percent 

of the cancer patients and healthy donors each were vegetarians in their nutritional habits. 

More than half of the patients (57%) and healthy volunteers (56%) were drawn from urban 

localities. The majority of the patients (70%) and healthy subjects (80%) were not using 

tobacco on a regular basis. Patients included in the present study were commonly suffering 

from epithelial cancer (52%), followed by germ cell tumour (25%) and stromal tumour 

(23%). Twenty percent (20%) of the patients were diagnosed at stage-I, 23% at stage-II, 

32% at stage-III and 25% at stage-IV of ovarian cancer (Table 61). 

In the case of the blood samples, the mean age of the cancer patients was ~48 years 

and that of the healthy subjects was 49 years. The majority of them (>50%) in both groups 

were vegetarians in their dietary habits. More than half of the ovarian cancer patients 

(58%) and healthy donors (56%) were residing in urban areas. More than two-thirds of the 

patients (69%) and healthy subjects (73%) were not using of tobacco on a regular basis. 

Mostly, the relative proportion of the healthy donors was same as those of the patients. 

Patients included in the present study were commonly suffering from epithelial cancer 

(53%), followed by germ cell tumour (25%) and stromal tumour (22%). Twenty percent 

(20%) of the patients were diagnosed at stage-I, 24% at stage-II, 32% at stage-III and 24% 
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at stage-IV of ovarian cancer (Table 61). 

 

Table 61. Characteristics of the ovarian cancer patients and healthy subjects 

Scalp Hair Nails Blood 

Characteristics 
Ovarian 

cancer 

patients 

Healthy 

subjects 

Ovarian 

cancer 

patients 

Healthy 

subjects 

Ovarian 

cancer 

patients 

Healthy 

subjects 

n 90 88 88 90 45 45 

Age (years)       

     Range 24–73 26–67 24–73 26–67 24–73 26–71 

     Mean 47.9 38.6 47.9 38.7 47.9 49.0 

Diet       

     Vegetarian 46 (51%) 58 (66%) 44 (50%) 58 (64%) 23 (51%) 29 (64%) 

     Non-vegetarian 44 (49%) 30 (34%) 44 (50%) 32 (36%) 22 (49%) 16 (36%) 

Habitat       

     Urban 52 (58%) 50 (57%) 50 (57%) 50 (56%) 26 (58%) 25 (56%) 

     Rural 38 (42%) 38 (43%) 38 (43%) 40 (44%) 19 (42%) 20 (44%) 

Tobacco Use (Smoking)      

     No use 62 (69%) 70 (80%) 62 (70%) 72 (80%) 31 (69%) 36 (73%) 

     Use 28 (31%) 18 (20%) 26 (30%) 18 (20%) 14 (31%) 09 (27%) 

Types of Ovarian Cancer      

     Epithelial cancer 48 (53%) – 46 (52%) – 24 (53%) – 

     Stromal tumour 20 (22%) – 20 (23%) – 10 (22%) – 

     Germ cell tumour 22 (25%) – 22 (25%) – 11 (25%) – 

Stages of Ovarian Cancer      

     Stage-I 18 (20%) – 18 (20%) – 09 (20%) – 

     Stage-II 22 (24%) – 20 (23%) – 11 (24%) – 

     Stage-III 28 (32%) – 28 (32%) – 14 (32%) – 

     Stage-IV 22 (24%) – 22 (25%) – 11 (24%) – 

 

3.5.2 Distribution of Selected Metals in Scalp Hair of Ovarian Cancer 

Patients  
Basic statistical parameters pertaining to the distribution of selected metal levels 

(µg/g, dry weight) in the scalp hair of ovarian cancer patients (n = 90) are summarized in 

Table 62. Among selected metals in the scalp hair of patients, Ca (881.9 µg/g), Na (252.3 
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µg/g), Mg (210.2 µg/g) and Zn (205.9 µg/g), were the dominant contributors, followed by 

relatively high mean metal levels of Sr (96.45 µg/g), Pb (23.56 µg/g), Fe (15.45 µg/g), Cu 

(10.88 µg/g), K (10.10 µg/g) and Ni (9.192 µg/g). However, lowest mean concentrations 

were noted for Mn (4.821 µg/g), Co (3.399 µg/g), Cr (2.717 µg/g), Li (1.321µg/g) and Cd 

(1.202 µg/g). On the mean scale, metal levels in the scalp hair of ovarian cancer patients 

revealed the following decreasing order: Ca > Na > Mg > Zn > Sr > Pb > Fe > Cu > K > 

Ni > Mn > Co > Cr > Li > Cd. Median levels of the metals (except Sr and Ni) also 

followed the same sequence in the scalp hair of the patients. Almost normal distribution 

was found for Cu and Cd as manifested by similar mean and median levels and also 

supported by the lowest skewness values. Some of the metals (Ca, Na, Zn, Sr and Mg) 

exhibited relatively higher dispersion in their concentrations than the rest of the metals, as 

evidenced by their large SD and SE values on one hand and markedly dissimilar mean and 

median levels on the other hand. The distribution of Na, K, Mg, Pb and Mn were found to 

be mostly asymmetric as shown by maximum skewness and kurtosis values.  

 

Table 62. Statistical distribution parameters for concentrations (µg/g, dry weight) of 

selected metals in the scalp hair of ovarian cancer patients (n = 90) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 205.0 1855 881.9 803.6 432.0 64.40 0.415 -0.646 

Mg 103.6 234.2 210.2 218.1 26.02 3.879 -2.534 7.117 

Na 14.30 972.0 252.3 146.3 270.1 41.19 1.383 0.945 

K 1.000 35.65 10.10 8.300 6.868 1.024 1.484 3.073 

Fe 1.600 36.05 15.45 13.50 9.059 1.350 0.529 -0.696 

Zn 105.2 379.2 205.9 189.2 72.54 10.81 0.643 -0.531 

Cu 7.546 14.65 10.88 10.85 1.851 0.276 0.217 -0.762 

Sr 38.30 178.0 96.45 92.15 28.70 4.279 0.337 0.422 

Li 0.100 3.050 1.321 1.200 0.790 0.120 0.301 -0.834 

Co 0.050 9.850 3.399 2.700 2.482 0.397 1.002 0.399 

Mn 0.800 12.95 4.821 4.500 2.767 0.413 1.194 1.513 

Ni 0.018 22.50 9.192 9.550 5.823 0.878 0.502 -0.566 

Cr 0.600 5.800 2.717 2.600 1.270 0.191 0.310 -0.638 

Cd 0.100 3.500 1.202 1.200 0.760 0.113 0.712 0.306 

Pb 2.150 65.02 23.56 19.98 14.23 2.196 1.292 1.477 
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The quartile distribution of selected metals in the scalp hair of ovarian cancer 

patients is shown in Figure 109 as box–whisker plots. Some of the metals (Cu, Mg and Sr) 

exhibited insignificant disparity in their quartile distributions, while Mn, Ni, Li and Co 

revealed maximum spread, followed by, Pb, Na and K in the scalp hair of ovarian cancer 

patients. The rest of the metals (Fe, Zn, Sr and Cr) showed higher median levels supported 

by relatively large spread in quartile levels. 

 

Ovary Cancer Patients (Scalp Hair)

M
et

al
 L

ev
el

 (µ
g/

g)

0.1

1.0

10.0

100.0

1000.0

Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb

Max
Min
75th %
25th %
Median

 
Figure 109.  Quartile distribution for selected metal concentrations (µg/g) in the scalp hair 

of ovarian cancer patients 

 

3.5.3 Distribution of Selected Metals in Scalp Hair of Healthy Subjects  
Basic statistical distribution parameters for selected metal levels (µg/g, dry weight) 

in the scalp hair of healthy donors (n = 88) are shown in Table 63. Large variations were 

observed among minimum and maximum concentrations of the metals. Among the metals 

Ca (1,124 µg/g), Zn (287.4 µg/g), Mg (198.8 µg/g), Na (107.6 µg/g) and Sr (63.00 µg/g) 

emerged as major contributors, followed by, Fe, Cu and Pb at 16.36 µg/g, 11.34 µg/g and 

10.57 µg/g, respectively. Some metals, such as Mn (2.454 µg/g), Cr (2.029 µg/g), Cd 

(0.688 µg/g) and Li (0.604 µg/g) were measured at lower average levels. On the whole, 

the decreasing trend in the scalp hair of healthy donors revealed following order: Ca > Zn 

> Mg > Na > Sr > Na > Fe > Cu > Pb > Co > K > Ni > Mn > Cr > Cd.> Li. Median levels 

of the metals also followed the same sequence in the scalp hair of healthy donors. A 

similar trend in metal levels was observed in another investigation (Pasha et al., 2007). 
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Mean levels of Li, Cr, Cd and Mn exhibited comparatively normal distribution, as 

indicated by small SD and SE values. Higher SD and SE values were observed for Ca, Zn, 

Na, Mg and Sr which indicated quite large dispersion thus manifesting non-Gaussian 

distribution. Lower magnitudes of skewness and kurtosis in favour of Cr, Cd, Ca, and Ni 

manifested nearly symmetrical distribution of these metals in the scalp hair of healthy 

donors. Comparatively large asymmetry in the distribution of Pb, Na, Co, K, Fe and Sr 

were evidenced by elevated skewness and kurtosis values. 

The quartile distribution of selected metals in the scalp hair of healthy subjects is 

given in Figure 110. Some of the metals (Cu, Mg and Ca) exhibited insignificant 

variations in their quartile distributions, while Ni, Co, Na and Pb revealed maximum 

spread and asymmetry in the scalp hair of controls. The rest of the metals (Sr, Ca, Mn and 

Cr) showed higher median levels, supported by fairly large spread. In the case of healthy 

donors, most of the metals revealed relative symmetry in their distribution compared with 

the patients’ group. 

 

Table 63. Statistical distribution parameters for concentrations (µg/g, dry weight) of 

selected metals in the scalp hair of healthy subjects (n = 88) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 715.1 1767 1124 1086 283.7 42.77 0.502 -0.761 

Mg 83.95 262.5 198.8 196.4 34.58 5.213 -1.111 2.731 

Na 24.70 626.0 107.6 67.43 116.2 17.52 3.058 10.38 

K 1.250 18.35 6.060 5.325 3.188 0.481 1.533 4.093 

Fe 3.932 39.95 16.36 15.76 8.107 1.222 1.165 1.912 

Zn 78.90 657.8 287.4 216.7 162.4 24.48 0.875 -0.575 

Cu 5.500 19.65 11.34 11.03 3.350 0.505 0.643 -0.128 

Sr 22.13 133.8 63.00 59.60 23.85 3.596 1.059 2.005 

Li 0.050 1.650 0.604 0.500 0.350 0.055 0.799 0.690 

Co 0.650 25.60 6.880 5.625 4.972 0.767 1.783 4.328 

Mn 0.050 9.550 2.454 2.000 2.185 0.337 1.699 2.814 

Ni 0.150 17.50 5.988 4.625 4.952 0.849 0.697 -0.578 

Cr 0.300 3.950 2.020 1.850 0.990 0.153 0.363 -0.821 

Cd 0.050 1.650 0.688 0.650 0.371 0.056 0.523 0.248 

Pb 1.550 49.05 10.57 9.850 7.579 1.156 3.272 15.51 
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Figure 110.  Quartile distribution for selected metal concentrations (µg/g) in the scalp hair 

of healthy subjects  

 

 

3.5.4 Comparison of Selected Metal Levels in the Scalp Hair of Ovarian 

Cancer Patients and Healthy Subjects 
Comparison of average concentrations (±SE) of selected metals measured in the 

scalp hair of ovarian cancer patients and healthy donors are shown graphically in Figure 

111. Student’s t-test (p < 0.05) of the metal data showed that there were significant 

differences between Ca, Na, K, Sr, Li, Co, Pb, Cd, Mn, Cr and Ni levels in the scalp hair 

of the patients and healthy donors. Measured levels of Pb, Cd, Cr, Ni, Mn, Li, Sr, Na and 

K were significantly higher in the scalp hair of ovarian cancer patients. However, there 

was no significant difference in the concentrations of Mg, Fe, Zn and Cu in the scalp hair 

of the ovarian cancer patients and healthy donors. Another study reported that scalp hair of 

patients with ovarian cancer showed lower Zn concentration compared with healthy 

donors (Memon et al., 2007). Some studies on experimental animals related higher Cr 

concentration with accelerated tumour growth (Schrauzer, 2006). Similarly, Magalhaes et 

al., (2006) reported an increase of K level and a decrease of Ca concentration in ovarian 

cancer patients compared to healthy individuals. In addition, Eriksen et al., (2014) and 

Akesson et al., (2008) found an association between Cd intake and ovarian cancer.  
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Figure 111. Comparative average concentrations (µg/g ± SE) of selected metals in the 

scalp hair of ovarian cancer patients and healthy subjects 

 

3.5.5 Correlation Study of Selected Metals in Scalp Hair of Ovarian 

Cancer Patients 
Spearman correlation coefficients between metal levels measured in the scalp hair of 

ovarian cancer patients are shown in Table 64, wherein the significant r-values are shown 

in bold (p < 0.05). In the case of the patients, strong positive correlation was observed for 

Na-K (r = 0.740). Some other significant correlations were observed between Mg-Sr (r = 

0.470), Cd-K (r = 0.427), Pb-Zn (r = 0.382), Cd-Mg (r = 0.369) and Cd-Sr (r = 0.359). 

Nevertheless, significant negative relationship was noted for Ca-Pb (r = –0.403), 

indicating opposing behaviour in the scalp hair of ovarian cancer patients. Other metals 

exhibited either weak positive or negative relationships but they were insignificant. The 

correlation study revealed that essential metals, such as K, Mg and Zn, were directly 

related with the toxic metals, such as Cd and Pb, thus evidencing the uptake/build-up of 

these metals in the patients, which played critical role in the onset and development of the 

disease (Eriksen et al., 2014; Akesson et al., 2008).  
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Table 64. Correlation coefficient matrix of selected metals in the scalp hair of ovarian cancer patients  

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca 0.017 1.000               

Mg 0.200 0.032 1.000              

Na 0.152 0.116 0.142 1.000             

K 0.083 0.122 0.172 0.740 1.000            

Fe 0.082 -0.213 0.277 -0.224 -0.048 1.000           

Zn -0.094 -0.118 0.217 -0.018 0.104 0.154 1.000          

Cu -0.214 -0.146 -0.002 -0.324 -0.280 0.003 0.042 1.000         

Sr 0.038 -0.169 0.470 0.229 0.138 0.002 -0.035 0.075 1.000        

Li -0.245 0.175 -0.176 0.105 0.028 -0.192 0.042 -0.046 -0.033 1.000       

Co -0.214 -0.058 0.203 -0.264 -0.161 0.102 0.254 -0.022 -0.094 -0.205 1.000      

Mn -0.035 -0.040 0.197 -0.259 0.040 0.121 -0.297 0.042 0.269 -0.014 0.111 1.000     

Ni -0.201 0.036 -0.309 -0.207 -0.215 -0.321 -0.253 0.128 -0.084 0.087 -0.262 -0.079 1.000    

Cr -0.062 0.064 -0.030 -0.074 -0.011 -0.032 0.238 -0.193 -0.124 0.252 0.182 0.082 0.100 1.000   

Cd 0.049 0.089 0.369 0.345 0.427 0.220 0.038 0.023 0.359 0.034 -0.322 0.206 -0.153 -0.115 1.000  

Pb -0.218 -0.403 -0.093 0.110 0.271 0.106 0.382 0.043 0.174 -0.115 0.182 -0.012 -0.037 0.023 0.087 1.000 

Bold r-values are significant at p < 0.05 
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Table 65. Correlation coefficient matrix of selected metals in the scalp hair of healthy subjects 

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca 0.071 1.000               

Mg -0.206 0.086 1.000              

Na 0.033 -0.020 -0.066 1.000             

K -0.152 0.090 0.333 0.164 1.000            

Fe 0.016 -0.111 0.261 -0.202 0.408 1.000           

Zn -0.409 0.041 0.037 -0.265 0.261 0.106 1.000          

Cu -0.352 -0.139 0.310 -0.095 0.392 0.226 0.288 1.000         

Sr -0.312 -0.043 0.231 0.350 0.340 -0.042 0.042 0.237 1.000        

Li 0.251 -0.031 -0.125 -0.358 -0.262 -0.173 -0.094 -0.091 -0.311 1.000       

Co 0.125 0.318 0.220 -0.108 0.147 -0.160 0.014 0.030 -0.113 0.384 1.000      

Mn -0.039 -0.168 0.160 0.156 0.290 0.355 -0.230 0.258 0.151 0.069 -0.111 1.000     

Ni -0.087 -0.001 -0.275 -0.083 0.023 0.166 0.093 -0.041 -0.216 -0.150 -0.126 -0.070 1.000    

Cr -0.010 0.121 -0.078 -0.240 0.102 0.051 0.176 0.286 -0.063 0.241 0.007 0.094 0.166 1.000   

Cd 0.021 -0.284 0.137 -0.004 0.252 0.076 0.209 0.272 0.147 0.013 0.168 -0.040 -0.160 0.266 1.000  

Pb -0.128 0.141 0.030 0.061 0.171 0.242 0.012 -0.082 0.013 0.041 -0.047 0.177 0.353 0.093 -0.047 1.000 

Bold r-values are significant at p < 0.05 
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The correlation study showed that Cu, Mn, Co, Ni, Fe and Cr were not 

significantly correlated with any of the other metals in the scalp hair of patients, thus 

evidencing their independent character. Calcium revealed significantly negative 

relationship with Pb, which indicated that the deficiency of Ca in the cancer patients may 

be linked with the enrichment of Pb contents. The absence of strong association between 

Ca and Mg in the cancer patients was noteworthy, because these elements are well known 

for their positive correlation in scalp hair (Ashraf et al., 1995; Khalique et al., 2005). This 

correlation study revealed that toxic metals demonstrated strong mutual relationships with 

the essential metals and thus contributed mainly towards the carcinogenic processes. 

 

3.5.6 Correlation Study of Selected Metals in Scalp Hair of Healthy 

Subjects 
Spearman correlation coefficients between metal levels in the scalp hair of healthy 

subjects are shown in Table 65, wherein the significant r-values are shown in bold (p < 

0.05). The data for the healthy donors showed significant correlations between Fe-K (r = 

0.408), Cu-K (r = 0.392), Li-Co (r = 0.384), Mn-Fe (r = 0.355), Pb-Ni (r = 0.353) and Sr-

Na (r = 0.350), thus manifesting close relationship of these metals. A significant negative 

relationship was noted for Na-Li (r = –0.358) in the scalp hair of healthy donors, 

indicating opposing variations of these metals. This correlation study also revealed 

significant inverse correlations for age of the healthy subjects & Zn (r = –0.409) and Cu (r 

= –0.352). Some of the metals exhibited insignificant correlations with other metals and 

therefore revealed independent variations. Overall, the correlation of selected metals in the 

scalp hair of controls remained diverse compared with the patients, which may be 

attributed to the disproportions of the nutrients and trace metals in the patients. 

 

3.5.7 Multivariate Analysis of Selected Metals in Scalp Hair of Ovarian 

Cancer Patients 
The PCA of selected metals in the scalp hair of ovarian cancer patients extracted 

by varimax normalized rotation on the data-set is shown in Table 66. It yielded six PCs 

with eigen values greater than unity, commutatively explaining approximately 74% of 

total variance of the data for patients. The corresponding CA is shown in Figure 112. PC 1 

showed significant loadings for Na, K and Cd which also revealed a strong cluster in CA. 

These metals were mainly regulated by internal body metabolism and partially contributed 
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by anthropogenic activities. Second PC revealed maximum loadings for Zn, Co and Pb 

duly supported by their mutual cluster in CA. Third PC was mostly loaded by Sr and Mn. 

These two PCs were associated with the nutritional sources as well as anthropogenic 

emissions. Likewise, PC 4 exhibited significant loadings for Li-Cr duly supported by 

strong cluster in CA and loading of these metals was mainly attributed to dietary 

sources/food habits of the donors. Elevated loadings of Fe & Cu were exhibited in PC 5, 

while last PC showed maximum loadings of Mg-Ni. These metals were mostly contributed 

by nutritional sources and environmental contamination. The multivariate apportionment 

indicated mutual associations of the toxic and essential metals in the scalp hair of the 

patients which may be attributed to the cancer.  

 

Table 66.  Principal component analysis of selected metals in the scalp hair of ovarian 

cancer patients  

 PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 

Eigen value 2.832 2.354 1.879 1.565 1.440 1.094 

Total Variance (%) 18.88 15.70 12.53 10.44 9.597 7.291 

Cumulative Variance (%) 2.832 5.187 7.066 8.631 10.07 11.16 

% Cumulative Variance 18.88 34.58 47.10 57.54 67.14 74.43 

Ca -0.081 0.495 -0.001 0.551 0.120 0.084 

Mg -0.145 0.097 0.404 -0.070 0.105 0.761 

Na 0.915 0.069 0.173 0.072 -0.043 -0.060 

K 0.837 0.141 -0.085 -0.057 0.083 -0.143 

Fe -0.170 -0.078 -0.095 0.219 0.646 -0.413 

Zn -0.160 0.610 0.344 -0.165 -0.227 -0.499 

Cu 0.134 0.069 0.078 -0.097 0.874 0.089 

Sr -0.246 -0.195 0.657 -0.295 0.312 0.140 

Li -0.146 0.036 -0.059 0.702 0.105 -0.166 

Co -0.460 0.522 -0.052 -0.087 0.029 -0.443 

Mn 0.106 0.067 0.858 0.163 -0.113 0.078 

Ni -0.169 -0.084 -0.027 -0.007 -0.159 0.800 

Cr 0.260 -0.129 0.116 0.751 -0.205 0.125 

Cd 0.698 -0.139 -0.481 -0.046 -0.023 -0.050 

Pb 0.311 0.875 -0.058 0.069 0.037 0.076 
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Figure 112.  Cluster analysis of selected metals in the scalp hair of ovarian cancer 

patients 

 

3.5.8 Multivariate Analysis of Selected Metals in Scalp Hair of Healthy 

Subjects 
The PCA of selected metals in the scalp hair of healthy subjects extracted by 

varimax normalized rotation on the data-set is given in Table 67. It yielded seven PCs with 

eigen values more than 1, commutatively explaining approximately 81% of total variance 

of the data for healthy donors. The corresponding CA based on Ward’s method is depicted 

in Figure 113. CA of the data revealed strong clusters of Sr-Na and Ni-Pb which showed 

mutual loadings in PC 2 and PC 4, respectively. These metals were mostly linked with 

nutritional sources and external factors, such as automobile emissions. Another significant 

cluster was noted for Cu-Cr-Zn-Cd which showed elevated loadings in PC 1, PC 6 and PC 

7 thus indicating their multiple sources in healthy donors. These metals were mostly 

contributed by the dietary sources and anthropogenic pollution. The essential metals, K-

Fe-Mn-Mg also manifested a strong cluster and significant loadings in PC 5, while Ca-Li-

Co revealed strong cluster and mutual loadings in PC 3. These metals were mostly 

influenced by the food habits and coupled with anthropogenic exposure of the subjects. In 

the case of healthy donors, most of the essential metals shared common clusters and 

mutual loadings thus signifying their vital role in the elemental balance of human body. 

The multivariate methods thus evidenced noteworthy alterations in the scalp hair metals 

contents of ovarian cancer patients in comparison with healthy subjects.  
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Table 67.   Principal component analysis of selected metals in the scalp hair of healthy 

subjects 

 PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 PC 7 

Eigen value 3.060 2.377 1.936 1.515 1.236 1.053 1.034 

Total Variance (%) 20.40 15.85 12.91 10.10 8.241 7.019 6.896 

Cumulative Variance (%) 3.060 5.437 7.374 8.889 10.12 11.18 12.21 

% Cumulative Variance 20.40 36.25 49.16 59.26 67.50 74.52 81.41 

Ca 0.015 0.078 0.860 0.179 0.060 -0.015 -0.299 

Mg -0.108 0.079 0.081 -0.132 0.881 0.001 0.119 

Na -0.301 0.793 0.000 0.047 -0.216 -0.164 0.140 

K 0.092 0.358 -0.013 0.371 0.471 0.386 0.332 

Fe 0.042 0.154 0.596 -0.479 -0.453 -0.167 -0.035 

Zn 0.875 -0.003 0.023 0.093 -0.066 0.211 0.250 

Cu 0.306 0.136 -0.109 -0.165 0.325 0.719 0.001 

Sr 0.060 0.847 0.105 -0.057 0.202 0.221 0.062 

Li 0.217 0.670 -0.369 0.009 0.293 -0.150 -0.314 

Co 0.007 -0.260 0.675 -0.099 0.194 -0.022 0.453 

Mn -0.418 0.343 -0.346 0.106 0.197 0.575 -0.037 

Ni 0.449 -0.177 -0.064 0.616 -0.149 0.017 -0.333 

Cr 0.124 -0.242 0.102 0.068 -0.255 0.811 0.228 

Cd 0.202 0.082 -0.120 0.000 0.133 0.150 0.871 

Pb -0.018 0.071 0.059 0.839 -0.053 -0.042 0.061 
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Figure 113.  Cluster analysis of selected metals in the scalp hair of healthy subjects 
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3.5.9 Comparison of Metal Levels in Scalp Hair Based on Demographic 

Characteristics of the Subjects 
3.5.9.1  Habitat-Based Comparison of Metal Levels in the Scalp Hair of Ovarian 

Cancer Patients and Healthy Subjects  

Average metal levels (±SE) in the scalp hair of ovarian cancer patients inhabiting 

rural and urban areas in comparison with their counterpart healthy subjects are shown in 

Figure 114. Mean levels of Ca, Zn and Co were found to be higher in the scalp hair of 

urban/rural healthy donors compared with urban/rural patients while those of K, Sr, Li, 

Mn, Ni, Cr, Cd and Pb were relatively higher in urban and rural patients. Nonetheless, 

mean levels of Mg and Cu were more or less comparable in both groups. Mean contents of 

K, Fe, Co, Mn, Ni and Cd were noted to be higher for rural patients compared with urban 

patients, whereas Na and Cr contents were higher in the scalp hair of patients residing in 

urban premises. However, mean levels of Ca, Mg, Zn, Cu, Sr, Li and Pb exhibited more or 

less equivalent contribution in the patients of rural and urban residential premises.  
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Figure 114.  Habitat-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the scalp hair of ovarian cancer patients and healthy subjects 
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In the case of the rural healthy donors, Na, Mn, Ni and Pb showed higher average 

concentrations compared to urban healthy donors, whereas Li, Co, Cr and Cd were 

elevated in the scalp hair of urban healthy donors than in the scalp hair of rural healthy 

donors. Relatively higher levels of Li, Co and Cd were depicted in the scalp hair of rural 

patients and urban healthy donors compared to their respective counterparts, while only 

Na showed comparatively elevated levels in the scalp hair of urban patients and rural 

healthy donors compared to their respective counterparts. 

 

3.5.9.2  Dietary-Based Comparison of Metal Levels in the Scalp Hair of Ovarian 

Cancer Patients and Healthy Subjects 

Comparative average concentration (±SE) of metals in the scalp hair of ovarian 

cancer patients and healthy donors with vegetarian and non-vegetarian food habits are 

shown in Figure 115. Average levels of K, Sr, Li, Mn, Ni, Cr, Cd and Pb were markedly 

higher in the scalp hair of vegetarian and non-vegetarian patients compared with the 

counterpart healthy donors, while mean levels of Ca, Zn and Co were remarkably higher 

in vegetarian and non-vegetarian healthy donors. However, average contents of Mg, Fe 

and Cu were almost comparable in the scalp hair of vegetarian and non-vegetarian subjects 

of both groups. Within the patient group, average levels of Na, Li and Cd were higher in 

non-vegetarian patients, although mean levels of Co, Mn, Cr and Pb were rather higher in 

the scalp hair of vegetarian patients. In vegetarian healthy donors, mean levels of Co and 

Li were somewhat higher in the scalp hair than in that of non-vegetarian healthy donors, 

while average levels of Zn, Mn and Cr were significantly higher in non-vegetarian healthy 

donors. Mean levels of Ca, Fe, Zn and Co in the scalp hair of vegetarian controls were 

considerably higher than in that of the vegetarian patients; the latter group showed 

evidently higher levels of Na, K, Sr, Li, Mn, Ni, Cr, Cd and Pb in their scalp hair.  

 

3.5.9.3  Smoking-Based Comparison of Metal Levels in the Scalp Hair of Ovarian 

Cancer Patients and Healthy Subjects  

Mean concentrations of selected metals (±SE) in the scalp hair of ovarian cancer 

patients and healthy donors with smoking and non-smoking habits are shown in Figure 

116, for comparative evaluation. Average levels of Na, K, Zn, Sr, Li, Mn, Ni, Cr, Cd and 

Pb were found to be higher in the scalp hair of ovarian cancer patients with smoking habits 

compared to smoking healthy donors, whereas mean levels of Ca and Co were 

considerably elevated in smoking healthy donors compared to other donor groups. 
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Figure 115.  Dietary-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the scalp hair of ovarian cancer patients and healthy subjects 
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Figure 116.  Smoking-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the scalp hair of ovarian cancer patients and healthy subjects 
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Likewise, average values of Na, K, Sr, Li, Mn, Ni, Cr, Cd and Pb were found to be 

noticeably higher in the scalp hair of patients with non-smoking habit compared to non-

smoking healthy donors, while mean levels of Ca, Zn, Cu and Co were observed to be 

significantly higher in the scalp hair of non-smoking healthy donors. Nevertheless, mean 

concentrations of Mg and Fe revealed comparable contribution in the scalp hair of patients 

irrespective of a smoking or non-smoking habits. Relatively elevated levels of Ca, Li and 

Co were observed in the scalp hair of non-smoking patients and smoking healthy donors, 

while Cd revealed comparatively higher levels in smoking patients and non-smoking 

healthy donors. Overall, average metals contents in the scalp hair of both smoking and 

non-smoking patients were significantly different than those observed in the scalp hair of 

smoking/non-smoking healthy subjects. 

 

 

 

3.5.10  Comparison of Metal Levels in the Scalp Hair Based on Types and 

Stages of Ovarian Cancer Patients 
3.5.10.1  Comparison of Metal Levels in the Scalp Hair Based on Types of Ovarian 

Cancer Patients 

Comparative evaluation of mean metal levels (±SE) in the scalp hair of different 

types of ovarian cancer patients (i.e., epithelial cancer, stromal tumour and germ cell 

tumour) are shown in Figure 117. In the case of epithelial cancer patients, Na exhibited 

considerably higher average concentration, while mean levels of Cr and Pb were higher in 

the scalp hair of stromal tumour patients. In addition, average levels of Zn, Li, Mn and Cd 

were markedly higher in the scalp hair of germ cell tumour patients. Mean concentrations 

of Ca, Mg, K, Cu and Sr were not appreciably different in the scalp hair of the three types 

of ovarian cancer patients. The relative variations of Pb, Cr, Fe and K were almost similar 

in the different types of patients.  
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Figure 117. Comparative average concentrations (µg/g ± SE) of selected metals in the 

scalp hair of different types of ovarian cancer patients 
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Figure 118. Comparative average concentrations (µg/g ± SE) of selected metals in the 

scalp hair of ovarian cancer patients at different stages 
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3.5.10.2  Comparison of Metal Levels in the Scalp Hair Based on Stages of Ovarian 

Cancer Patients 

Average concentrations of selected metals (±SE) in the scalp hair of ovarian cancer 

patients at different stages are shown in Figure 118, for comparative evaluation. Mean 

levels of Ca, Na, K and Cd were found to be higher in patients diagnosed with stage-I 

ovarian cancer. Likewise, average concentrations of Fe and Pb were markedly higher at 

stage-III, while those of Sr, Mn and Cr were comparatively higher at stage-IV of ovarian 

cancer patients. Conversely, measured levels of Cd, Cr, Ni, Mn and Fe were lowest at 

stage-II in the patients. However, mean levels of Mg, Zn, Cu, Li, Co and Ni in the scalp 

hair of ovarian cancer patients exhibited insignificant differences at all stages.  

 

 

3.5.11  Distribution of Selected Metals in Nails of Ovarian Cancer 

Patients  
Average metal concentrations (µg/g, dry weight) in the nails of ovarian cancer 

patients (n = 88) along with the relevant statistical distribution parameters are presented in 

Table 68. Generally, the metals exhibited large variations in their range as shown by 

minimum and maximum levels. Among the metals, Ca revealed highest mean level at 

1,264 µg/g, followed by, Mg (120.8 µg/g), Fe (92.94 µg/g), Zn (85.86 µg/g) and Na (66.74 

µg/g). Relatively low average concentrations were noted for Sr (22.33 µg/g), Co (14.18 

µg/g), Li (8.049 µg/g), Mn (6.504 µg/g) and Cu (2.696 µg/g), whereas K (47.50 µg/g), Ni 

(37.70 µg/g), Pb (30.04 µg/g) and Cr (25.83 µg/g) were measured at comparatively higher 

mean levels. Nails metal contents in the patients revealed following decreasing order on 

the average: Ca > Mg > Fe > Zn > Na > K > Ni > Pb > Cr > Sr > Co > Li > Mn > Cd > 

Cu. More or less similar trend was observed in the median levels of the metals. Highest 

dispersion in terms of SD and SE was noted for Ca, Na, Mg and Fe while Cd, Mn and Cu 

exhibited relatively Gaussian distribution pattern as shown by their comparatively lower 

SD and SE values. Large skewness and kurtosis values for Mg, Ca, Pb, Cu and Fe 

depicted predominantly asymmetrical distribution, while the rest of the metals revealed 

relatively symmetrical distribution in the nails of ovarian cancer patients as manifested by 

their small skewness and kurtosis values. 
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Table 68. Statistical distribution parameters for concentrations (µg/g, dry weight) of 

selected metals in the nails of ovarian cancer patients (n = 88) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 112.1 4128 1264 1208 812.6 126.9 1.673 4.326 

Mg 37.15 478.8 120.8 107.9 73.89 11.40 3.017 12.99 

Na 0.875 162.5 66.74 48.51 57.24 9.051 0.366 -1.426 

K 9.524 122.5 47.50 44.72 22.40 3.415 0.954 1.651 

Fe 8.190 318.5 92.94 74.10 69.96 10.55 1.184 1.290 

Zn 16.25 150.3 85.86 82.49 33.63 5.070 0.252 -0.826 

Cu 0.161 9.091 2.696 2.386 2.129 0.345 1.207 1.461 

Sr 1.602 59.93 22.33 22.27 12.82 1.956 0.627 0.467 

Li 0.117 22.08 8.049 7.792 5.402 0.824 0.755 0.623 

Co 0.704 32.92 14.18 12.92 10.11 1.619 0.339 -1.200 

Mn 0.438 17.39 6.504 5.034 4.310 0.665 0.759 -0.397 

Ni 0.528 81.56 37.70 38.75 23.99 4.114 0.225 -0.866 

Cr 1.724 58.55 25.83 25.47 15.92 2.486 0.201 -1.091 

Cd 0.169 6.771 2.850 2.673 1.829 0.289 0.531 -0.514 

Pb 6.771 104.6 30.04 25.30 20.26 3.244 1.750 3.851 
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Figure 119. Quartile distribution for selected metal concentrations (µg/g) in the nails of 

ovarian cancer patients 
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The quartile distribution of selected metals in the nails of ovarian cancer patients is 

shown in Figure 119 as box–whisker plots. Most of the metals exhibited significant 

disparity in their quartile distributions, however, Mg, K and Zn revealed minimum spread 

and narrow distribution in the nails of patients. Maximum spread and broad distribution 

was observed for Ni, Li, Na, Cu, Ca and Co, followed by, Sr, Cd, Fe and Pb, which 

manifested inconsistent and varying levels of these metals in the nails of ovarian cancer 

patients. 

 

3.5.12  Distribution of Selected Metals in Nails of Healthy Subjects 
Basic statistical parameters for the distribution of selected metals (µg/g, dry 

weight) in the nails of healthy donors (n = 90) are shown in Table 69. Mostly the metals 

exhibited large variations in their minimum and maximum levels. In nails samples of 

healthy donors, highest average level was encountered for Ca at 1,570 µg/g, followed by, 

Fe at 130.7 µg/g, Mg at 111.4 µg/g, Zn at 111.1 µg/g, and Na at 75.80 µg/g. However, 

considerably lower mean levels were noted for Cu (5.743 µg/g), Mn (3.496 µg/g), Li 

(2.852 µg/g) and Cd (2.394 µg/g). Based on the average levels, selected metals revealed 

following decreasing concentration sequence: Ca > Fe > Mg Zn > Na > K > Sr > Pb > Ni 

> Co > Cr > Cu > Mn > Li > Cd. More or less similar trend was observed in the median 

levels of the metals in the nails of healthy donors. Predominantly random distribution 

pattern was observed for Ca, Na, Fe, Mg and Zn, K, Sr, Pb and Ni as manifested by higher 

SD and SE values on one hand and markedly dissimilar mean and median levels on the 

other hand. Some of the metals (Cd, Li, Mn and Cu) exhibited relatively normal 

distribution pattern as supported by rather lower SD and SE values. Moderately elevated 

skewness and kurtosis values for Ca, Fe, Li and Pb suggested their asymmetrical 

distribution, however, the rest of the metals showed somewhat symmetrical distribution in 

the nails of healthy donors as evident by lower skewness and kurtosis values. 

The quartile distribution of selected metals in the nails of healthy donors is 

presented in Figure 120 as box–whisker plots. Most of the metals revealed relatively high 

disparity in their quartile distributions as shown by separate lower and upper quartiles in 

the nails of controls. However, maximum spread was observed for Ni, Co, Cr, Na and Mg, 

followed by, Sr, Cd, Fe and Pb, which manifested varying levels of these metals in the 

nails of healthy donors. Of all the metals, K revealed moderately small variations in the 

nails of healthy donors. 
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Table 69. Statistical distribution parameters for concentrations (µg/g, dry weight) of 

selected metals in the nails of healthy subjects (n = 90) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 190.6 5468 1570 1384 964.5 143.8 2.168 6.344 

Mg 5.195 255.8 111.4 92.29 71.83 10.71 0.477 -0.915 

Na 2.312 160.7 75.80 83.40 48.48 7.394 -0.079 -1.249 

K 11.06 81.03 41.11 40.37 17.74 2.644 0.260 -0.820 

Fe 12.34 600.8 130.7 77.85 128.8 19.21 1.932 3.736 

Zn 14.11 153.8 111.1 119.1 30.45 4.590 -0.965 1.019 

Cu 0.417 10.92 5.743 5.132 3.147 0.474 0.118 -1.290 

Sr 2.083 67.72 32.11 30.87 15.07 2.271 -0.048 -0.325 

Li 0.500 10.23 2.852 2.778 1.806 0.289 1.870 6.357 

Co 0.272 32.33 11.90 11.52 8.112 1.252 0.763 0.268 

Mn 0.158 8.908 3.496 3.341 2.151 0.324 0.547 0.004 

Ni 0.158 39.25 14.89 12.94 10.39 1.663 0.401 -0.695 

Cr 0.160 23.11 8.965 8.378 4.879 0.781 0.776 1.059 

Cd 0.162 6.096 2.394 2.202 1.349 0.211 0.587 0.139 

Pb 2.690 72.32 19.37 15.62 14.02 2.190 1.633 3.831 
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Figure 120. Quartile distribution for selected metal concentrations (µg/g) in the nails of 

healthy subjects 
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3.5.13  Comparison of Selected Metal Levels in Nails of Ovarian Cancer 

Patients and Healthy Subjects 
Comparison of average levels (±SE) of selected metals measured in the nails of 

ovarian cancer patients and healthy subjects are shown in Figure 121. Significant 

differences in the nails of ovarian cancer patients and healthy donors were assessed by 

Student’s t-test (p < 0.05) and the results showed that the concentrations of Pb, Cr, Mn, Ni 

and Li were appreciably higher in the nails of the ovarian cancer patients compared with 

the healthy donors. One of the important aspects of this comparison is that most of the 

trace/toxic metals indicated elevated contributions in the case of patients which 

demonstrated the influence of these metals on the emergence and development of the 

disease. Some earlier studies clearly illustrated the alteration in concentration of selected 

metals in biological samples of ovarian cancer patients compared with controls (Yaman et 

al., 2007). On the other hand, measured levels of Fe, Zn and Cu were significantly higher 

in the nails of healthy subjects than those noted in the patients; however, the rest of the 

metals exhibited insignificant variations in the nail samples of both groups. Consequently, 

the proportional variations of selected metals in the patients indicated imbalances of the 

metals which may be linked with the onset and progression of ovarian cancer. 
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Figure 121.  Comparative average concentrations of selected metals (µg/g ± SE) in the 

nails of ovarian cancer patients and healthy subjects 
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3.5.14  Correlation Study of Selected Metals in Nails of Ovarian Cancer 

Patients 
The data on metal-to-metal correlations in the nails of ovarian cancer patients are 

given in Table 70, wherein the significant r-values are shown in bold (p < 0.05). Strong 

positive correlations were found between Li-Mn (r = 0.646) and Mn-Cd (r = 0.553), while 

some significant correlations were observed between Cr-Li (r = 0.483), Pb-Mn (r = 

0.470), Pb-Li (r = 0.428) Ni-Zn (r = 0.420), Ni-Mg (r = 0.409), Na-K (r = 0.392), Ni-Ca (r 

= 0.373), Ni-Co (r = 0.367) and Mg-Ca (r = 0.350), thus indicating the build-up of these 

metals in the nails of the ovarian cancer patients. A significant negative correlation was 

found between Zn-Na (r = –0.460). Significant positive correlation was observed between 

age of ovarian cancer patients and Ca (r = 0.418) and significant inverse correlation was 

noted between age of the ovarian cancer patients and Sr (r = –0.366). Some of the metals 

(K, Fe, Cu and Sr) were not significantly correlated with any other metal and hence 

manifested independent variation in their concentrations. Some inverse associations of Zn 

with Na & Cr and Na with Zn & Ni were also observed, which indicated opposing 

variations of these metals in the nails of ovarian cancer patients.  

 

3.5.15  Correlation Study of Selected Metals in Nails of Healthy Subjects 
Correlation coefficient matrix of selected metals in the nails of healthy donors is 

given in Table 71. Strong positive correlation were found between K-Na (r = 0.636), Cr-

Mn (r = 0.571), Mg-Ca (r = 0.559) and Mn-Ni (r = 0.540). Other notably significant 

correlations were observed for Cr-Li (r = 0.465), Co-Cd (r = 0.411), Pb-Co (r = 0.398), 

Mn-Co (r = 0.386), Mn-Li (r = 0.380), Co-K (r = 0.375) and Pb-Cd (r = 0.355) indicating 

their probable communal variations in the nails of healthy donors. However, significant 

negative relationships were noted for Li-Mg (r = –0.382) and Na-Ca (r = –0.366) showing 

opposing behaviour. The rest of the metal pairs showed non-significant relationships. This 

correlation study revealed that Ni was positively correlated with Zn in the nails of patients 

but in the case of controls it was significantly correlated with Mn. Some of the metal pairs 

(Li-Mn, Na-K, Mg-Ca and Cr-Li) showed positive relationships in both donor groups. 

Likewise, Cd was negatively correlated with Ca in both groups. Similarly, Cr exhibited 

positive correlation with Mn for healthy donors, while it was negatively correlated with Zn 

for patients. Nevertheless, Cu, Sr and Fe did not show a statistically significant correlation 

with any of the metals, thus manifesting an independent role in both donor groups.  
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Table 70. Correlation coefficient matrix of selected metals in the nails of ovarian cancer patients  

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca 0.418 1.000               

Mg 0.060 0.350 1.000              

Na 0.096 -0.008 -0.293 1.000             

K -0.007 0.051 0.204 0.321 1.000            

Fe -0.102 -0.160 -0.109 0.253 0.336 1.000           

Zn 0.051 0.112 0.079 -0.426 -0.323 -0.212 1.000          

Cu -0.244 -0.350 -0.185 0.176 0.049 0.311 -0.078 1.000         

Sr -0.366 -0.093 0.078 0.141 0.226 -0.038 -0.271 0.161 1.000        

Li -0.180 -0.089 0.053 -0.253 -0.034 0.286 0.153 0.029 0.072 1.000       

Co -0.280 0.279 -0.036 -0.082 0.134 0.311 0.029 0.172 0.064 0.069 1.000      

Mn -0.139 0.135 0.138 -0.150 0.031 0.149 0.135 -0.065 0.000 0.646 0.095 1.000     

Ni 0.008 0.373 0.409 -0.207 -0.245 -0.054 0.420 -0.111 0.282 0.202 0.367 0.056 1.000    

Cr -0.064 -0.243 -0.320 0.279 0.248 0.343 -0.346 0.310 0.320 0.483 -0.138 0.327 -0.273 1.000   

Cd -0.045 0.096 -0.155 -0.211 -0.150 0.103 0.059 0.130 0.059 0.375 0.173 0.553 0.135 0.232 1.000  

Pb -0.154 0.111 0.013 -0.106 0.123 0.336 0.065 -0.165 -0.105 0.428 0.330 0.470 0.261 0.086 0.261 1.000 

Bold r-values are significant at p < 0.05 
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Table 71. Correlation coefficient matrix of selected metals in the nails of healthy subjects 

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca -0.046 1.000               

Mg 0.138 0.559 1.000              

Na 0.058 -0.366 -0.266 1.000             

K -0.071 -0.102 0.017 0.636 1.000            

Fe -0.016 0.139 0.315 -0.282 0.053 1.000           

Zn 0.143 0.007 -0.162 -0.177 -0.320 -0.012 1.000          

Cu -0.193 -0.203 -0.103 0.285 -0.058 -0.130 0.012 1.000         

Sr 0.151 -0.027 0.039 -0.108 -0.181 0.099 0.091 0.205 1.000        

Li -0.124 -0.067 -0.382 -0.104 0.065 0.234 -0.016 -0.180 0.145 1.000       

Co 0.109 0.130 -0.075 0.207 0.375 -0.042 -0.299 -0.119 0.091 0.157 1.000      

Mn -0.008 0.210 -0.073 0.004 0.180 0.157 0.128 -0.108 0.000 0.380 0.386 1.000     

Ni -0.131 0.240 -0.147 -0.159 -0.130 -0.043 0.235 0.101 0.212 0.273 0.263 0.540 1.000    

Cr -0.063 0.166 -0.030 -0.069 0.141 0.300 0.006 -0.269 -0.080 0.465 0.209 0.571 0.160 1.000   

Cd -0.143 0.254 -0.041 -0.173 0.082 -0.120 -0.157 -0.209 0.014 -0.044 0.411 0.083 0.229 -0.111 1.000  

Pb -0.101 0.005 -0.182 -0.045 0.203 -0.029 0.309 0.014 -0.113 0.137 0.398 0.112 0.197 0.176 0.355 1.000 

Bold r-values are significant at p < 0.05 
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3.5.16  Multivariate Analysis of Selected Metals in Nails of Ovarian 

Cancer Patients 
The PCA of the metal data in the nails of ovarian cancer patients extracted by 

varimax normalized rotation is shown in Table 72. In the case of the ovarian cancer 

patients, the PCA yielded five PCs with eigen values >1, manifesting more than 85% of 

the total variance of the data. The corresponding CA based on Ward’s method is shown in 

Figure 122. In the case of the patients, PC 1 exhibited highest loadings for Zn, Ni and Fe, 

which are mostly contributed by dietary sources and environmental pollution. PC 2 

showed maximum loadings for Cr, Mn, Ca and Pb duly supported by their mutual cluster 

in CA. These metals can be traced to originate from dietary intake as well as 

anthropogenic pollutants, particularly traffic emissions. Similarly, PC 3 manifested 

elevated loadings for Mg and Cd. Higher loadings of Cu, Li and Co were noted in PC 4, 

which also share common cluster in CA (except Li). These two PCs were contributed by 

food habits and anthropogenic exposure of the donors through industrial emissions. Last 

PC indicated maximum higher loadings for Na, K, Sr and Cr; with the exception of Cr, 

these elements constituted one strong cluster in CA. These metals may be attributed to the 

nutritional habits and internal body metabolism of the donors. These associations 

demonstrated altered body metabolism that may be linked with the onset and development 

of ovarian cancer. 
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Figure 122.  Cluster analysis of selected metals in the nails of ovarian cancer patients 
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Table 72. Principal component analysis of selected metals in the nails of ovarian cancer 

patients  

 PC 1 PC 2 PC 3 PC 4 PC 5 

Eigen value 5.084 2.715 2.125 1.531 1.324 

Total Variance (%) 33.89 18.10 14.16 10.21 8.829 

Cumulative Eigen value 5.084 7.799 9.924 11.45 12.78 

Cumulative Variance (%) 33.89 51.99 66.16 76.36 85.19 

Ca 0.012 0.821 -0.079 0.118 -0.066 

Mg -0.084 -0.113 0.917 -0.127 0.120 

Na 0.348 -0.284 0.068 -0.010 0.622 

K 0.453 0.073 -0.165 -0.079 0.853 

Fe 0.797 0.155 0.071 -0.179 0.223 

Zn 0.753 0.344 0.149 -0.172 0.398 

Cu -0.280 0.140 0.290 0.861 -0.174 

Sr -0.108 0.140 0.094 -0.068 0.894 

Li 0.221 0.490 -0.154 0.547 0.460 

Co -0.055 -0.100 -0.371 0.895 -0.007 

Mn 0.392 0.716 0.153 0.325 0.336 

Ni 0.908 -0.153 -0.020 0.038 0.042 

Cr 0.358 0.598 -0.035 0.237 0.610 

Cd 0.470 0.269 0.765 0.063 -0.174 

Pb -0.085 0.866 0.116 -0.227 0.006 

 

 

3.5.17  Multivariate Analysis of Selected Metals in Nails of Healthy 

Subjects 
The PC loadings of metal data in the nails of the healthy donors extracted by 

varimax normalized rotation are shown in Table 73. The corresponding CA based on 

Ward’s method is shown in Figure 123. PCA yielded six PCs with eigen values >1, 

manifesting more than 80% of the total variance of the data. The CA of elemental data in 

the nails of the healthy donors revealed strong clusters of Ca-Cd and Na-K which also 

showed mutual loadings in PC 1 and PC 2, respectively (Table 66). Both these clusters 

were predominantly contributed by dietary sources. PC 3 showed significant loadings for 
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Mn, Sr and Ni, which also revealed strong cluster in CA. Elevated loadings of Mg and Li 

were shown by PC 4, whereas PC 5 indicated maximum loadings for Fe, Cr and Cu in the 

nails of healthy donors. These metals were mostly controlled by internal body metabolism 

and linked with nutritional sources. The PCA/CA demonstrated significantly different 

grouping/origin of the metals in the nails of cancer patients and healthy donors. Therefore, 

multivariate analyses indicated interferences in the role of essential metals by the toxic 

trace metals in the case of the patients, while it showed mutual variations of the essential 

metals in the healthy subjects. The multivariate methods may thus be used as a diagnostic 

tool in clinical studies and may provide an alternative technique for the identification as 

well as onset and prognosis of the disease. 

 

Table 73.  Principal component analysis of selected metals in the nails of healthy subjects 

 PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 

Eigen value 2.837 2.603 2.077 1.728 1.544 1.262 

Total Variance (%) 18.92 17.36 13.85 11.52 10.29 8.417 

Cumulative Eigen value 2.837 5.441 7.518 9.245 10.79 12.05 

Cumulative Variance (%) 18.92 36.27 50.12 61.64 71.93 80.34 

Ca 0.588 -0.187 0.194 -0.583 0.094 0.012 

Mg 0.110 0.057 0.043 0.872 -0.182 0.266 

Na -0.078 0.891 0.179 0.125 -0.135 0.048 

K 0.173 0.928 -0.079 0.103 0.102 -0.104 

Fe -0.309 0.231 -0.012 0.138 0.777 -0.172 

Zn -0.244 -0.207 0.373 0.102 0.024 0.769 

Cu 0.189 -0.529 -0.169 0.082 0.547 -0.070 

Sr -0.054 -0.257 0.546 0.376 -0.252 -0.462 

Li -0.001 0.095 0.038 0.830 0.308 -0.061 

Co 0.709 0.211 0.379 0.223 -0.087 -0.028 

Mn -0.068 0.231 0.831 -0.054 0.293 0.093 

Ni 0.275 0.018 0.832 -0.016 -0.057 0.197 

Cr 0.117 -0.273 0.256 -0.116 0.712 0.184 

Cd 0.902 -0.057 -0.082 -0.062 -0.005 0.034 

Pb 0.488 0.120 -0.004 0.194 -0.116 0.691 
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Figure 123. Cluster analysis of selected metal in the nails of healthy subjects 

 

 

3.5.18  Comparison of Metal Levels in Nails Based on Demographic 

Characteristics of the Subjects 
3.5.18.1  Habitat-Based Comparison of Metal Levels in the Nails of Ovarian Cancer 

Patients and Healthy Subjects 

Average metal levels (±SE) in the nails of ovarian cancer patients and healthy 

subjects inhabiting in urban and rural localities are shown in Figure 124. Overall, most of 

the metals exhibited divergent behaviour in the nails of patients and healthy donors but 

almost comparable levels were observed for Cr, Zn and Sr in rural and urban patients, 

while Cu, Zn, Sr, Mn and Pb showed equivalent concentrations in rural and urban healthy 

donors. Mean levels of Li, Co, Mn, Ca, Mg, K, Cd and Pb were significantly higher in the 

nails of rural patients compared with urban patients, while Na, Cu and Cr were higher in 

urban patients. In the case of healthy donors living in rural premises, mean levels of Ca, 

Mg, Na, K, Fe, Co and Mn were considerably higher compared with urban healthy donors. 

Similarly, Li, Ni and Cr contents were noted to be evidently elevated in the nails of 

healthy donors living in urban localities. Average levels of Mg, K, Li, Co, Mn, Ni, Cr, Cd 

and Pb were noticeably higher in the nails of rural patients compared with urban/rural 

healthy donors, while mean concentrations of Na, Fe, Zn, Cu and Sr were somewhat 

higher in the nails of rural healthy donors compared to urban and rural patients. Average 

concentrations of most of the toxic metals revealed appreciable increase in the nails of 
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urban/rural patients in comparison with urban/rural healthy donors. Thus mean metals 

contents in the nails of ovarian cancer patients residing in urban and rural areas were 

significantly different compared with those observed in the nails of healthy donors from 

rural and urban areas. 
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Figure 124.  Habitat-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the nails of ovarian cancer patients and healthy subjects 

 

3.5.18.2  Dietary-Based Comparison of Metal Levels in the Nails of Ovarian Cancer 

Patients and Healthy Subjects 

Comparative average concentrations of selected metals (±SE) in the nails of 

ovarian cancer patients and healthy donors with vegetarian and non-vegetarian food habits 

are presented in Figure 125. Average concentrations of Ca, K, Fe, Zn, Cu and Sr in the 

nails of vegetarian and non-vegetarian patients were not significantly different. However, 

appreciably higher average levels of Co and Pb were observed in the nails of vegetarian 

patients while mean concentrations of Mg, Li, Mn, Cr and Cd were evidently higher in the 

nails of non-vegetarian patients. Similarly, mean levels of Ca, Fe, Zn, Cu, and Sr were 

considerably higher in the nails of healthy donors than in those of the cancer patients, 

whereas mean Pb, Cr, Ni, Mn, Li and K contents were significantly elevated in cancer 
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patients irrespective of their food habits. Moreover, average concentrations of Ca, Zn, Co, 

Mn, Cd and Pb were appreciably higher in the nails of non-vegetarian healthy donors 

compared to their vegetarian counterparts, while mean levels of Fe, Cu, Sr, Li and Ni 

revealed comparable contributions in the nails of healthy donors irrespective of their food 

habit. Similarly, average levels of Mg, K and Cr were somewhat higher in the nails of 

vegetarian healthy donors compared with non-vegetarian healthy donors. 
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Figure 125. Dietary-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the nails of ovarian cancer patients and healthy subjects 

 

 

3.5.18.3  Smoking-Based Comparison of Metal Levels in the Nails of Ovarian Cancer 

Patients and Healthy Subjects 

Mean concentrations of the metals (±SE) in the nails of ovarian cancer patients and 

healthy subjects with smoking and non-smoking habits are shown in Figure 126, for 

comparative evaluation. Average concentrations of Fe, Cu, Li, Co, Mn, and Pb were 

appreciably higher in the cancer patients with non-smoking habit compared to smoking 

patients, however slightly higher average levels of Ca, Mg, Ni and Cd were observed in 

the cancer patients with non-smoking habit compared to smoking patients. In the case of 
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healthy donors with smoking habit, mean levels of Na, K and Zn were evidently higher 

compared with non-smoking healthy donors, while Ca, Fe, Cu, Li, Co, Mn, Ni, Cr and Cd 

contributions were relatively elevated in the nails of non-smoking healthy donors. 

Nevertheless, average concentrations of Mg, Sr and Pb in the nails of smoking and non-

smoking healthy donors were more or less comparable. Average contents of Ca, Mg, Li, 

Mn, Ni, Cr, Cd and Pb were significantly elevated in the nails of patients with smoking 

habit in comparison with smoking healthy donors, whereas elevated levels of Na, Zn, Cu 

and Sr were found in the nails of smoking healthy donors. The divergent proportions of 

some of the metals in the nails of ovarian cancer patients compared with healthy donors 

suggested that the metals distribution were considerably affected by smoking habits. Some 

of the metals revealed distinctive behaviour; average levels of Ca, Ni and Cd revealed 

accumulation in the nails of smoking patients and non-smoking healthy donors compared 

to their respective counterparts. 
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Figure 126. Smoking-based comparison of average concentrations (µg/g ± SE) of 

selected metals in the nails of ovarian cancer patients and healthy subjects 
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3.5.19  Comparison of Metal Levels in the Nail Based on Types and 

Stages of Ovarian Cancer Patients 
3.5.19.1  Comparison of Metal Levels in the Nails Based on Types of Ovarian Cancer 

Patients 

Comparative mean levels of selected metals (±SE) in the nails of different types of 

ovarian cancer patients (i.e., epithelial cancer, stromal tumour and germ cell tumour) are 

displayed in Figure 127. Average concentrations of K, Cu and Li were not significantly 

different in the nails of the three types of ovarian cancer patients, whereas Ca and Zn 

levels revealed higher concentrations in epithelial cancer patients. The level of Cr was 

highest in the nails of patients suffering from stromal tumour; the levels of Sr, Co, Ni and 

Pb were relatively elevated in the nails of germ cell tumour patients. Conversely, Pb and 

Sr exhibited lowest concentrations in the nails of epithelial cancer patients while Cd, Mn, 

Co, Li, Fe and Mg showed lowest contributions in the nails of stromal tumour patients. 

Almost comparable mean levels were found for Ca, Na, Cu and Pb in the nails of stromal 

tumour and germ cell tumour patients. 
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Figure 127. Comparative average concentrations (µg/g ± SE) of selected metals in the 

nails of ovarian cancer patients based on types  
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3.5.19.2  Comparison of Metal Levels in the Nails Based on Stages of Ovarian 

Cancer Patients  

Mean metal levels (±SE) in the nails of ovarian cancer patients at different stages 

are also shown in Figure 128. Average concentrations of Cd, Pb, Mn, Co, Li, Cu and Fe 

were found to be relatively higher at stage-IV, while highest Cr content was observed at 

stage-III of ovarian cancer patients. Mean concentrations of Na and K were moderately 

higher at stage-II while those of Ca, Mg and Sr were found in considerable excess at stage-

I in the nails of ovarian cancer patients. In addition, average level of Zn in the nails was 

found to be almost comparable at all four stages. On the other hand, average 

concentrations of Li, Cr and Pb in the nails were lowest at stage-I, while mean levels of 

Ca, Fe and Ni were lowest at stage-III of ovarian cancer patients.  
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Figure 128. Comparative average concentrations (µg/g ± SE) of selected metals in the 

nails of ovarian cancer patients based on stages 

 

 

 

 

 



Results and Discussion 

 265

3.5.20  Distribution of Selected Metals in the Blood of Ovarian Cancer 

Patients 
Basic statistical parameters pertaining to the distribution of selected metals (µg/g, 

wet weight) in the blood of ovarian cancer patients (n = 45) are shown in Table 74. Most 

of the metals exhibited large range in their concentrations as manifested by the minimum 

and maximum values. On the mean scale, Na revealed highest levels at 1,822 µg/g, 

followed by, K (277.5 µg/g), Fe (184.6 µg/g), Ca (35.63 µg/g) and Mg (33.46 µg/g). 

However, relatively lower mean levels were observed for Cr (2.200 µg/g), Sr (1.957 µg/g), 

Cu (1.029 µg/g), Mn (0.156 µg/g), Cd (0.301 µg/g) and Li (0.119 µg/g). Overall, the metal 

contents in blood of the patients revealed following decreasing order in their average 

concentrations: Na > K > Fe > Ca > Mg > Zn > Ni > Pb > Co > Cr > Sr > Cu> Mn > Cd > 

Li. Large values of SD and SE were noted for Na, K, Fe, Mg and Ca, which evidenced 

their random distribution in the blood of ovarian cancer patients.  

 

Table 74.  Statistical distribution parameters for concentrations (µg/g, wet weight) of 

selected metals in the blood of ovarian cancer patients (n = 45) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 13.57 126.3 35.63 30.48 21.82 3.29 2.458 7.299 

Mg 24.86 53.64 33.46 32.85 5.657 0.843 0.983 2.284 

Na 1456 2412 1822 1814 185.2 27.60 0.981 2.510 

K 167.2 440.2 277.5 269.5 54.77 8.165 0.588 0.430 

Fe 101.5 277.8 184.6 179.9 34.90 5.202 0.293 0.746 

Zn 3.644 13.14 6.318 5.840 2.000 0.298 1.290 2.107 

Cu 0.088 1.590 1.029 1.014 0.285 0.043 -0.520 1.949 

Sr 0.124 6.148 1.957 1.782 1.181 0.180 1.294 2.804 

Li 0.010 0.529 0.119 0.092 0.105 0.016 1.835 4.558 

Co 0.184 5.549 2.383 1.989 1.461 0.218 0.391 -0.919 

Mn 0.014 0.691 0.156 0.122 0.145 0.023 2.235 5.221 

Ni 0.870 12.43 5.618 5.079 2.694 0.406 0.359 -0.294 

Cr 0.325 5.292 2.200 2.005 1.282 0.191 0.529 -0.444 

Cd 0.023 0.671 0.301 0.286 0.180 0.027 0.196 -1.017 

Pb 0.148 8.600 2.735 2.260 2.142 0.331 0.918 0.125 
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Among the metals, Li, Mn and Cd exhibited relatively lower dispersion in their 

distribution as revealed by corresponding lower SD and SE values. Rather large 

asymmetry in the distribution of Ca, Zn, Sr, Li and Mn in the blood of ovarian cancer 

patients was observed as shown by highest skewness and kurtosis values. 

The quartile distribution of selected metals in the blood of ovarian cancer patients 

(Figure 129) revealed very narrow spread of Na, Mg, K and Fe with overlapping of upper 

and lower quartiles. However, relatively broad spread and higher dispersion was observed 

for Sr, Li, Mn and Pb, followed by, Co, Cd and Cu which manifested the varying levels of 

these metals in the blood of ovarian cancer patients (Figure 129). 
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Figure 129. Quartile distribution for selected metal concentrations (µg/g) in the blood of 

ovarian cancer patients 

 

3.5.21  Distribution of Selected Metals in the Blood of Healthy Subjects 
Basic statistical parameters pertaining to the distribution of selected metals (µg/g, 

wet weight) in the blood of healthy donors (n = 45) are shown in Table 75. Most of the 

metals exhibited variations of several orders of magnitude in their minimum and 

maximum concentrations. On the average basis, Na (1,158 µg/g), Fe (308.3 µg/g), K 

(253.9 µg/g) and Ca (47.15 µg/g) emerged as major contributors, followed by Mg, Zn and 

Ni at 30.77, 8.743, and 3.444 µg/g, respectively. The remaining metals including Cr 

(0.571 µg/g), Mn (0.329 µg/g), Li (0.290 µg/g) and Cd (0.171 µg/g) were assayed at 

minimum levels in the blood of healthy donors. On the mean scale, the metals exhibited 

following decreasing order: Na > Fe > K > Ca > Mg > Zn > Ni > Pb > Cu > Co > Sr > Cr 
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> Mn >Li > Cd. The decreasing concentration order for Na, Ca, Mg, Zn, Ni, Pb and Mn 

was the same for both categories of donors. Relatively large asymmetry in the distribution 

of Mn, Cr, Co, Li and Na was evidenced by higher skewness and kurtosis values. 

Nevertheless, nearly symmetrical distribution patterns were noted for Sr, Cd, Pb, Ni, Zn 

and K supported by minimum skewness/kurtosis values. Some of the metals (Na, Fe, Mg, 

K and Ca) exhibited large dispersion in their distributions as shown by high SD and SE 

values, which evidenced their non-Gaussian distribution in the blood of healthy donors. 

Nevertheless, the rest of the metals exhibited moderately normal distribution pattern 

supported by comparatively low SD and SE values.  

 

Table 75.  Statistical distribution parameters for concentrations (µg/g, wet weight) of 

selected metals in the blood of healthy subjects (n = 45) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 23.20 70.25 47.15 47.55 12.71 1.938 -0.112 -0.737 

Mg 21.86 135.7 30.77 28.00 16.40 2.445 6.207 40.45 

Na 894.9 1848 1158 1100 233.1 34.75 1.160 1.261 

K 186.0 349.2 253.9 237.5 49.20 7.334 0.433 -1.285 

Fe 156.6 420.3 308.3 321.1 61.06 9.102 -0.983 0.785 

Zn 2.990 16.96 8.743 8.398 3.203 0.477 0.406 -0.063 

Cu 0.670 2.490 1.479 1.486 0.441 0.066 0.327 -0.158 

Sr 0.011 4.039 1.326 1.189 0.972 0.152 0.722 0.170 

Li 0.012 1.037 0.290 0.219 0.230 0.034 1.419 1.962 

Co 0.157 4.769 1.348 1.272 0.998 0.154 1.480 2.703 

Mn 0.020 1.201 0.329 0.291 0.195 0.029 2.017 8.082 

Ni 0.064 9.560 3.444 3.412 2.324 0.387 0.870 0.444 

Cr 0.012 2.104 0.571 0.414 0.497 0.075 1.776 3.118 

Cd 0.018 0.532 0.171 0.124 0.132 0.020 0.986 0.165 

Pb 0.032 5.919 2.227 2.002 1.330 0.205 0.739 0.959 

 

The quartile distribution of selected metals in the blood of healthy donors depicted 

very narrow distribution of K, Na and Fe with overlapping of upper and lower quartiles as 

displayed in Figure 130. Nevertheless, maximum spread was observed for Sr, Pb, Cr and 

Ni, followed by, Mn, Li and Co which evidenced more fluctuations of these metals. The 
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rest of the metals exhibited broad and almost symmetrical distribution in the blood of 

healthy subjects (Figure 130). 
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Figure 130.  Quartile distribution for selected metal concentrations (µg/g) in the blood of 

healthy subjects 

 

3.5.22  Comparison of Selected Metal Levels in Blood of Ovarian Cancer 

Patients and Healthy Subjects 
Comparison of average concentrations (±SE) of selected metals measured in the 

blood of ovarian cancer patients and healthy donors is shown graphically in Figure 131, 

for comparative assessment. Student’s t-test (p < 0.05) of the data showed that there were 

no significant differences for the concentrations of Mg, and K in the blood of ovarian 

cancer patients and healthy donors. However, mean concentrations of Cd, Cr, Ni, Co, Sr, 

and Na in the blood of cancer patients were relatively higher than those observed in the 

blood of healthy donors, while average concentrations of Ca, Fe, Zn, Cu, Li and Mn were 

found to be considerably higher in the blood of healthy donors compared with ovarian 

cancer patients. Some studies reported an inverse relationship between Ca and ovarian 

cancer (Toriola et al., 2010; Park et al., 2009). The concentrations of Zn, Mn and Ca were 

reported to be lower in blood serum of ovarian cancer patients than healthy donors 

(Cunzhi et al., 2003). Many researchers reported that low level of Zn in the blood was 

associated with ovarian cancer (Memon et al., 2007; Gupta et al., 2005). Some 

epidemiological studies showed that the long term intake of Cd can cause ovarian cancer 
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(Hartwig, 1998; Nawrot et al., 2006). Most of the findings of the present study were in 

good agreement with the reported results. 

 

0.01

0.1

1

10

100

1000

10000

Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb

M
et

al
 L

ev
el

 (µ
g/

g)
 in

 B
lo

od

Cancer Patients Healthy Donors

 
Figure 131.  Comparative average concentrations of selected metals (µg/g ± SE) in the 

blood of ovarian cancer patients and healthy subjects  

 

3.5.23  Correlation Study of Selected Metals in Blood of Ovarian Cancer 

Patients 
The data on metal-to-metal correlations in the blood of ovarian cancer patients are 

given in Table 76, wherein the significant r-values are shown in bold at (p < 0.05). In the 

case of the patients, strong positive correlations were observed between Fe-K (r = 0.745), 

Fe-Mg (r = 0.660) and K-Mg (r = 0.574). In addition, some significant correlations were 

observed between Cd-Cr (r = 0.469), Cr-Co (r = 0.448), Cd-K (r = 0.419), Ni-Mn (r = 

0.410), K-Ca (r = 0.391), Mn-Cu (r = 0.359) and Cr-Cu (r = 0.354). A few negative 

correlations were also noted but they were insignificant. Some of the metals (Na, Zn, Sr, 

Li, Ni and Pb) did not show any viable relationship with other metals and hence exhibited 

independent variations in their concentrations.  
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Table 76. Correlation coefficient matrix of selected metals in the blood of ovarian cancer patients  

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca -0.288 1.000               

Mg 0.073 0.325 1.000              

Na -0.159 0.072 -0.104 1.000             

K -0.202 0.391 0.574 -0.076 1.000            

Fe -0.083 0.327 0.660 -0.281 0.745 1.000           

Zn 0.028 0.062 0.136 0.138 0.317 0.300 1.000          

Cu 0.096 0.142 0.278 -0.229 -0.081 0.240 -0.221 1.000         

Sr -0.237 0.156 -0.167 0.252 0.333 0.126 0.062 -0.235 1.000        

Li -0.194 0.089 0.001 -0.059 0.027 -0.076 -0.247 -0.233 0.001 1.000       

Co -0.151 -0.052 -0.049 -0.121 -0.047 0.184 -0.083 0.226 -0.068 0.041 1.000      

Mn 0.092 -0.105 0.076 -0.148 -0.123 0.003 -0.065 0.359 -0.202 -0.011 -0.043 1.000     

Ni 0.073 -0.014 0.147 -0.285 -0.052 0.117 -0.119 0.215 -0.142 -0.124 0.022 0.410 1.000    

Cr -0.161 0.266 0.180 -0.151 0.207 0.268 0.093 0.354 0.196 -0.074 0.448 0.060 0.285 1.000   

Cd -0.144 0.221 0.241 -0.047 0.419 0.312 -0.214 0.131 0.297 0.183 0.272 -0.342 -0.020 0.469 1.000  

Pb -0.158 0.062 -0.068 0.196 0.234 0.097 0.148 -0.250 0.282 0.165 -0.208 -0.151 -0.284 -0.118 0.167 1.000 

Bold r-values are significant at p < 0.05 
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Table 77. Correlation coefficient matrix of selected metals in the blood of healthy subjects 

Bold r-values are significant at p < 0.05 

 

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca -0.109 1.000               

Mg 0.315 0.098 1.000              

Na 0.169 -0.069 0.227 1.000             

K 0.159 0.151 0.313 0.588 1.000            

Fe 0.080 0.067 0.156 -0.315 0.435 1.000           

Zn 0.301 0.044 0.375 0.441 0.571 0.289 1.000          

Cu 0.013 0.226 -0.046 0.078 0.350 0.080 -0.061 1.000         

Sr 0.118 -0.388 0.038 0.016 0.272 0.382 0.242 0.140 1.000        

Li 0.137 0.311 0.295 0.084 0.434 0.290 0.304 0.167 0.123 1.000       

Co -0.234 -0.219 -0.026 0.168 0.008 -0.065 0.131 -0.244 -0.055 -0.077 1.000      

Mn 0.040 0.019 -0.090 -0.114 0.046 0.195 -0.095 -0.061 0.115 0.016 -0.148 1.000     

Ni 0.062 -0.175 0.216 0.710 0.498 -0.103 0.325 0.034 0.187 0.188 0.433 -0.294 1.000    

Cr 0.159 -0.208 0.027 0.736 0.109 -0.503 0.096 -0.053 0.080 -0.193 0.267 0.050 0.464 1.000   

Cd 0.112 0.019 0.021 0.207 0.300 0.201 0.181 0.229 0.183 0.160 0.258 -0.142 0.332 0.116 1.000  

Pb -0.162 0.291 0.327 0.135 0.338 0.184 0.342 0.200 -0.029 0.075 -0.207 0.109 -0.126 -0.028 0.030 1.000 



Results and Discussion 

 272

Age of the patients was not significantly correlated with any of the metals in the 

blood of ovarian cancer patients. Mutual associations among Cd, Cr, Cu, Co and Mn in the 

blood of ovarian cancer patients are worth mentioning. Nawrot et al., (2006) and Wu et 

al., (2004) discussed the role of Cd, Cr and Cu in the enhancement of oxidative stress 

which subsequently is responsible for the development of ovarian cancer.  

 

3.5.24  Correlation Study of Selected Metals in Blood of Healthy Subjects 
The data on metal-to-metal correlations in the blood of healthy subjects are given 

in Table 77, wherein the significant r-values are shown in bold (p < 0.05). The correlation 

data revealed strong relationships between Cr-Na (r = 0.736), Ni-Na (r = 0.710), K-Na (r 

= 0.588) and Zn-K (r = 0.571). Some other significant correlations were observed between 

Ni-K (r = 0.498), Cr-Ni (r = 0.464), Zn-Na (r = 0.441), Li-K (r = 0.434), Ni-Co (r = 

0.433), Sr-Fe (r = 0.382), and Zn-Mg (r = 0.375). The correlation study indicated strong 

associations between Na, K, Cr, Ni, Zn & Co signifying mutual origin of these metals in 

the blood of healthy donors. Other metal pairs exhibited either weak positive or negative 

relationships. Some of the metals (Ca, Mn, Cd and Pb) manifested their independent role 

in the blood of healthy donors as evidenced by their insignificant relationships with other 

metals. The correlation study revealed marked differences in the variations of metals in 

ovarian cancer patients in comparison with the healthy donors. These may be attributed to 

the difference in the metabolism of metals in cancer patients and healthy donors, which 

would be further explored by multivariate methods. 

 

 

3.5.25  Multivariate Analysis of Selected Metals in Blood of Ovarian 

Cancer Patients 
The PC loadings for selected metals in the blood of the ovarian cancer patients 

extracted by varimax-normalized rotation on the data-set are illustrated in Table 78. The 

corresponding CA based on Ward’s method is shown in Figure 132. PCA yielded five PCs 

with significant eigen values, commutatively explaining approximately 68% of total 

variance of data for ovarian cancer patients. PC 1 exhibited highest loadings for Mg, K 

and Fe and one of the clusters was also composed of Mg, K and Fe in CA. These metals 

were contributed by nutritional habits and regulated by internal body metabolism. PC 2 

showed maximum loadings for Na, Ni and Mn, while PC 3 manifested elevated loadings 
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for Co, Cr, Cd and Sr, supported by mutual clusters of these metals (except Na) in the CA. 

These two PCs were mainly associated with nutritional sources and external 

environmental conditions particularly fuel combustion, mining and metal processing 

operations. Elevated loadings of Zn & Li were revealed by PC 4 and probable source of 

these metals may be traced in food sources. In the last PC, Cu showed higher loadings and 

behaved independently in the blood of ovarian cancer patients. Overall CA was in good 

agreement with PCA findings in the present study. 

 

 

Table 78. Principal component analysis of selected metals in the blood of ovarian cancer 

patients  

 PC 1 PC 2 PC 3 PC 4 PC 5 

Eigen value 3.220 2.824 1.716 1.463 1.046 

Total Variance (%) 21.47 18.83 11.44 9.753 6.975 

Cumulative Eigen value 3.220 6.044 7.761 9.224 10.27 

% Cumulative Variance 21.47 40.3 51.74 61.49 68.47 

Ca 0.488 0.338 0.054 -0.225 -0.457 

Mg 0.783 -0.089 -0.13 -0.009 -0.320 

Na -0.162 0.636 0.032 0.484 0.028 

K 0.885 0.134 0.146 0.037 0.257 

Fe 0.837 -0.190 0.155 0.085 -0.021 

Zn 0.153 0.212 -0.110 0.679 0.262 

Cu -0.032 0.412 -0.029 -0.093 0.796 

Sr 0.293 0.254 0.566 0.067 0.386 

Li -0.011 -0.131 0.088 0.767 -0.243 

Co -0.246 -0.071 0.766 0.050 0.061 

Mn -0.002 0.695 0.233 -0.193 0.106 

Ni -0.181 0.837 -0.135 0.119 0.114 

Cr 0.273 -0.175 0.700 0.040 -0.400 

Cd 0.386 0.231 0.627 -0.367 -0.091 

Pb 0.273 0.495 -0.067 0.001 0.161 
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Figure 132.  Cluster analysis of selected metals in the blood of ovarian cancer patients 

 

 

3.5.26  Multivariate Analysis of Selected Metals in Blood of Healthy 

Subjects 
The PC loadings of selected metals in the blood of healthy donors are described in 

Table 79. The corresponding dendrogram of selected metals based on Ward’s method is 

shown in Figure 133. The metal data for the blood of healthy donors yielded five PCs with 

eigen values greater than 1, which elucidated more than 73% of total variance. The CA of 

the metal data for the blood of healthy donors revealed very strong clusters of Co-Cd, Na-

Ni-Cr, Mg-K-Zn, Fe-Sr-Mn, Cu-Pb and Ca-Li. Among selected metals in the blood of 

healthy donors, PC 1 showed highest loadings for Mg, K, Zn, Fe and Li, with similar 

strong cluster of Mg-K-Zn in CA. This group of metals was believed to originate from 

dietary habits and regulated by internal body metabolism of the donors. Likewise, Cr, Na, 

Ni and Co constituted PC 2, duly supported by the CA (except Co). Higher loading for Ca, 

Sr and Fe were observed in PC 3. The probable source of these elements may be traced in 

dietary habits as well as environmental exposures. PC 4 showed elevated loadings for Mn 

and Pb, and PC 5 exhibited significantly higher loadings of Cu and Cd in the blood of 

healthy donors. These two PCs were chiefly contributed by exposure to anthropogenic 

emissions (automobile or industrial). The multivariate apportionment of selected metals in 

the blood of ovarian cancer patients was thus appreciably different than those of healthy 

donors, which manifested imbalances of the metals in the patients.  
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Table 79.  Principal component analysis of selected metals in the blood of healthy subjects 
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Figure 133.  Cluster analysis of selected metals in the blood of healthy subjects 

 PC 1 PC 2 PC 3 PC 4 PC 5 

Eigen value 3.991 2.676 1.640 1.461 1.305 

Total Variance (%) 26.61 17.84 10.93 9.737 8.698 

Cumulative Eigen value 3.991 6.667 8.307 9.767 11.07 

% Cumulative Variance 26.61 44.45 55.38 65.12 73.81 

Ca -0.217 0.243 0.809 -0.067 -0.068 

Mg 0.853 0.098 0.044 -0.010 0.146 

Na 0.474 0.832 -0.047 0.000 -0.007 

K 0.771 0.313 0.042 0.210 0.326 

Fe 0.542 -0.467 0.411 0.225 0.166 

Zn 0.683 0.228 0.186 -0.065 -0.275 

Cu -0.024 -0.066 -0.104 -0.053 0.914 

Sr 0.202 -0.132 0.704 0.0210 -0.034 

Li 0.645 -0.186 -0.235 -0.121 0.025 

Co -0.062 0.566 0.264 -0.397 0.181 

Mn -0.101 0.062 0.085 0.875 -0.249 

Ni 0.430 0.699 0.179 -0.298 0.129 

Cr -0.109 0.892 -0.065 0.115 -0.084 

Cd 0.391 0.313 0.100 -0.091 0.569 

Pb 0.105 -0.245 -0.106 0.706 0.457 
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3.5.27  Comparison of Metal Levels in Blood Based on Demographic 

Characteristics of the Subjects 
3.5.27.1  Habitat-Based Comparison of Metal Levels in the Blood of Ovarian Cancer 

Patients and Healthy Subjects 

Average metal levels (±SE) in the blood of ovarian cancer patients and healthy 

subjects living in urban and rural localities are shown in Figure 134. Overall, the 

concentrations of Cd, Cr, Ni, Co, Sr and Na were significantly higher and those of Ca, Fe, 

Zn, Cu, Li and Mn were lower in the blood of both patient groups compared with 

matching healthy donors. However, almost comparable concentration was observed for K 

in the blood of both urban/rural subjects. In the case of the urban patients, mean levels of 

Ca, Li, Mn, Cr and Pb were significantly higher than rural patients. However, 

approximately comparable levels were found for Mg, Na, Fe, Zn, Cu, Co Ni and Cd in 

patients with urban and rural residence. Average concentrations of Pb, Mn, Li, Cu, Zn and 

Fe were relatively higher in blood of rural healthy donors compared with the rural patients. 

In the case of urban patients, the average levels of Pb and Cr were considerably higher 

than the rural healthy donors, whereas mean concentration of Sr was found to be 

moderately higher in the blood of rural patients. 
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Figure 134.  Habitat-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the blood of ovarian cancer patients and healthy subjects 
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3.5.27.2  Dietary-Based Comparison of Metal Levels in the Blood of Ovarian Cancer 

Patients and Healthy Subjects 

Comparative average concentration of metals (±SE) in the blood of ovarian cancer 

patients and healthy donors with vegetarian and non-vegetarian food habits are shown in 

Figure 135. Mean levels of Pb, Cd and Sr were highest in the blood of vegetarian patients 

followed by non-vegetarian patients; however, highest average levels of Ca and Mn were 

observed in the blood of non-vegetarian healthy donors. Average concentrations of Ca, 

Mg, Na, Fe, Zn, Cu and Co were nearly comparable in vegetarian and non-vegetarian 

patients but the highest levels of Cr and Ni were observed in the blood of non-vegetarian 

patients. Likewise, mean levels of Cd, Cr, Ni, Co, Sr and Zn were considerably higher in 

the vegetarian healthy donors than non-vegetarian healthy donors, whereas elevated 

concentrations of Pb, Mn and Ca were noted in the blood of non-vegetarian healthy 

donors. Insignificant differences were observed in the average levels of Cu, Fe, K, and Na 

in the blood of vegetarian and non-vegetarian healthy donors. In non-vegetarian patients, 

mean metal levels of Ca, Fe, Zn, Cu, Li and Mn were found to be lower in the blood 

compared with vegetarian healthy donors. Overall, Pb, Cd, Cr, Ni, Co, Sr and Na revealed 

dominant levels in the blood of both groups of ovarian cancer patients.  
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Figure 135. Dietary-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the blood of ovarian cancer patients and healthy subjects 
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3.5.27.3  Smoking-Based Comparison of Metal Levels in the Blood of Ovarian 

Cancer Patients and Healthy Subjects 

Comparison of mean metal levels (±SE) in the blood of ovarian cancer patients and 

healthy subjects based on smoking habits are shown in Figure 136. Average levels of Ni 

and Mn were higher in the blood of smoking patients compared to non-smoking patients, 

while mean levels of Mg, K, Fe and Cu revealed comparable levels in the blood of both 

patient groups. Similarly, average levels of Pb, Cd, Cr, Co, Li, Sr, Zn, Na and Ca were 

higher in the blood of non-smoking patients than smoking patients. Mean levels of Pb, Cd, 

Cr, Ni, Co, Na and Ca were significantly higher in the blood of smoking patients than 

smoking healthy donors. Overall, mean levels of Pb, Cd, Cr, Sr, Co and Na were highest 

in the blood of non-smoking patients compared to smoking and non smoking controls. In 

the case of smoking controls, average contents of Cd, Cr, Sr, Zn and Mg were quite higher 

and that of Co was lower than non-smoking controls. Some metals (Zn, Sr, Li, Cr and Cd) 

revealed marked increase in the blood of non-smoking patients and smoking healthy 

donors compared to smoking patients and non smoking healthy donors, respectively. Thus, 

noticeable variations in the metal levels with smoking and non-smoking habits evidenced 

the imbalances of these metals in the blood of ovarian cancer patients (Jordan et al., 2006). 
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Figure 136.  Smoking-based comparison of average concentrations (µg/g ± SE) of 

selected metals in the blood of ovarian cancer patients and healthy subjects 
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3.5.28  Comparison of Metal Levels in the Blood Based on Types and 

Stages of Ovarian Cancer Patients 
3.5.28.1  Comparison of Metal Levels in the Blood Based on Types of Ovarian 

Cancer Patients 

Comparative evaluation of mean metal levels (±SE) in the blood of different types 

of ovarian cancer patients (i.e., epithelial cancer, stromal tumour and germ cell tumour) 

are shown in Figure 137. In the case of epithelial cancer patients, none of the metals 

exhibited elevated levels in the blood, whereas in the case of germ cell tumour patients, 

Ca, Cd, Cr, Co and Sr revealed highest average concentrations, while mean levels of Pb, 

Mn, Li and Zn were appreciably higher in the blood of stromal tumour patients. 

Conversely, some of the metals (Pb, Cd, Li and Ca) exhibited lowest concentrations in the 

blood of epithelial cancer patients. Average levels of Mg, Na, K, Fe and Cu were not 

appreciably different in the blood of all three types of ovarian cancer patients. 
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Figure 137.  Comparative average concentrations (µg/g ± SE) of selected metals in the 

blood of different types of ovarian cancer patients 
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3.5.28.2  Comparison of Metal Levels in the Blood Based on Stages of Ovarian 

Cancer Patients 

Mean metal levels (±SE) in the blood of ovarian cancer patients at different stages 

are shown in Figure 138, for comparative evaluation. Most of the average metal levels 

were found to be different based on stages, except Mg, Na, K and Fe which exhibited 

almost equivalent concentrations in the blood of the patients. Mean levels of Zn, Sr and Pb 

were considerably higher at stage-I, while average concentration of Co and Cr were 

relatively higher at stage-II in the blood of ovarian cancer patients. However, mean 

concentrations of Ca, Li and Mn were noted to be in considerable excess at stage-III, while 

elevated mean levels of Cu and Ni were found at stage-IV in the blood of ovarian cancer 

patients. Some of the metals (Co and Cr) exhibited lowest blood concentrations at stage-III 

of ovarian cancer patients. 
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Figure 138.  Comparative average concentrations (µg/g ± SE) of selected metals in the 

blood of ovarian cancer patients at different stages 
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3.5.29  Comparison of Metal Levels in Scalp Hair, Nails and Blood of 

Ovarian Cancer Patients  
Collective average levels of selected metals (±SE) in the scalp hair, nails and blood 

of ovarian cancer patients are shown as bar graphs in Figure 139, for comparative 

assessment. In the case of scalp hair, maximum average levels of Mg, Zn, Cu and Sr were 

noted for ovarian cancer patients. However, mean concentrations of Ca, Li, Co, Mn, Ni, 

Cr, Cd and Pb were found to be highest in the nails of ovarian cancer patients. 

Additionally, highest concentrations of Na, K and Fe were observed in the blood of 

ovarian cancer patients. 
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Figure 139. Comparative average concentrations (µg/g ± SE) of selected metals in the 

scalp hair, nails and blood of ovarian cancer patients 
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SECTION  V 
 

3.6 Prostate Cancer 
3.6.1 Demographic Characteristics of the Subjects 

The demographic characteristics related to the prostate cancer patients and 

matched healthy subjects are shown in Table 80. The ages of all the male subjects 

included in the present study ranged from 31 to 75 years. In the case of scalp hair samples, 

the majority of the prostate cancer patients (58%) and healthy subjects (63%) were 

vegetarians in their dietary habit. Approximately half of the patients (51%) and controls 

(51%) were drawn from rural areas. Fifty-eight percent (58%) of the subjects in both 

donor groups were not addicted to tobacco. Patients included in the present research were 

commonly suffering from adenocarcinoma (55%), followed by squamous cell carcinoma 

(18%), transitional cell carcinoma (15%) and small cell carcinoma (12%). Regarding the 

staging of prostate malignancy, the highest number of cases (36%) was found at stage-IV 

followed by 25% at stage-I, 24% at stage-II and 15% at stage-III of prostate cancer.  

In the case of the nail samples, the majority of the patients (62%) and controls 

(60%) were vegetarians and more than half of the patients (53%) and healthy subjects 

(58%) inhabited in urban areas. Most of the prostate cancer patients (73%) and just more 

than half of the controls (53%) were not using tobacco on a regular basis. Patients 

included in the present research were commonly suffering from adenocarcinoma (57%), 

followed by squamous cell carcinoma (16%), transitional cell carcinoma (15%) and small 

cell carcinoma (12%). Highest numbers of the patients (32%) were diagnosed at stage-I, 

followed by 30% at stage-IV, 25% at stage-II and 13% at stage-III of prostate cancer.  

In the case of the blood samples, the age of cancer patients was approximately 56 

years on average and healthy subjects was about ~47 years on average. The majority of 

donors in both groups (> 50%) were vegetarians in their food habit. More than half of the 

patients (51%) resided in rural localities while 55% of healthy donors lived in urban area. 

Fifty-eight percent (58%) cases in the patient group and 56% in the healthy group were not 

addicted to tobacco at the time of sample collection. Patients included in the present 

research were commonly suffering from adenocarcinoma (57%), followed by squamous 

cell carcinoma (19%), transitional cell carcinoma (14%) and small cell carcinoma (10%). 

Twenty-six percent (26%) of the patients were diagnosed at stage-I, 27% at stage-II, 16% 

at stage-III and 31% at stage-IV of prostate cancer (Table 80).  
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Table 80. Characteristics of the prostate cancer patients and healthy subjects 

Scalp Hair Nails Blood 

Characteristics 
Prostate 

cancer 

patients 

Healthy 

subjects 

Prostate 

cancer 

patients 

Healthy 

subjects 

Prostate 

cancer 

patients 

Healthy 

subjects 

n 67 67 60 60 74 66 

Age (years)       

     Range 38–72 31–68 32–75 27–68 32–75 27–68 

     Mean 56.0 47.1 55.2 46.6 56.8 47.8 

Diet       

     Vegetarian 39 (58%) 42 (63%) 37 (62%) 36 (60%) 43 (58%) 38 (58%)

     Non-vegetarian 28 (42%) 25 (20%) 23 (38%) 24 (40%) 31 (42%) 28 (42%)

Habitat       

     Urban 33 (49%) 33 (49%) 32 (53%) 35 (58%) 36 (49%) 36 (55%)

     Rural 34 (51%) 34 (51%) 28 (47%) 25 (42%) 38 (51%) 30 (45%)

Tobacco Use (Smoking)      

     No use 39 (58%) 39 (58%) 34 (73%) 32 (53%) 43 (58%) 37 (56%)

     Use 28 (42%) 28 (42%) 26 (27%) 28 (47%) 31 (42%) 29 (44%)

Types of Prostate Cancer      

     Adenocarcinoma 37 (55%) – 34 (57%) – 42 (57%) – 

     Squamous cell  

     carcinoma 
12 (18%) – 10 (16%) – 14 (19%) – 

     Transitional cell 

     carcinoma 
10 (15%) – 09 (15%) – 10 (14%) – 

     Small cell  

     carcinoma 
08 (12%) – 07 (12%) – 08 (10%) – 

Stages of Prostate Cancer      

     Stage-I 17 (25%) – 19 (32%) – 19 (26%) – 

     Stage-II 16 (24%) – 15 (25%) – 20 (27%) – 

     Stage-III 10 (15%) – 08 (13%) – 12 (16%) – 

     Stage-IV 24 (36%) – 18 (30%) – 23 (31%) – 
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3.6.2 Distribution of Selected Metals in Scalp Hair of Prostate Cancer 

Patients 
Basic statistical distribution parameters for selected metal levels (µg/g, dry weight) 

in the scalp hair of prostate cancer patients (n = 67) are presented in Table 81. Most of the 

metals exhibited large variations in the scalp hair as shown by minimum and maximum 

levels. On the mean scale, Ca revealed highest concentration at 890.6 µg/g, followed by, 

Mg (201.5 µg/g), Zn (160.7 µg/g), Na (154.4 µg/g), Fe (76.85 µg/g), Sr (75.04 µg/g), Ni 

(37.21 µg/g), Pb (35.87 µg/g), Co (28.83 µg/g) and Cu (14.10 µg/g). However, relatively 

lower mean concentrations were observed for K (9.190 µg/g), Mn (4.653 µg/g), Cr (4.276 

µg/g), Cd (1.629 µg/g) and Li (0.791 µg/g). Overall, average metal contents in scalp hair 

of the patients revealed following decreasing order: Ca > Mg> Zn > Na > Fe > Sr > Ni > 

Pb > Co > Cu > K > Mn > Cr > Cd > Li. Almost equivalent mean and median levels were 

observed for Mg supported by lower skewness and kurtosis values indicating its relatively 

normal and symmetrical distribution in the scalp hair of patients.  

 

Table 81. Statistical distribution parameters for concentrations (µg/g, dry weight) of 

selected metals in the scalp hair of prostate cancer patients (n = 67) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 148.4 1916 890.6 824.8 383.9 46.90 0.689 0.220 

Mg 168.5 230.0 201.5 201.8 13.81 1.688 -0.178 -0.416 

Na 9.450 624.8 154.4 90.55 138.2 16.88 1.419 1.577 

K 0.300 35.70 9.190 8.600 6.275 0.791 1.532 4.188 

Fe 0.500 175.6 76.85 74.75 38.09 4.689 0.355 -0.156 

Zn 59.75 591.0 160.7 150.6 74.24 9.070 3.320 16.813 

Cu 1.250 23.65 14.10 13.90 5.089 0.663 -0.120 -0.595 

Sr 25.25 145.4 75.04 71.25 23.51 2.872 0.532 0.236 

Li 0.050 3.050 0.791 0.700 0.560 0.071 1.517 3.318 

Co 2.700 66.60 28.83 25.70 17.21 2.168 0.479 -0.531 

Mn 0.400 12.70 4.653 4.150 2.978 0.372 0.754 0.198 

Ni 1.050 85.95 37.21 33.35 22.74 2.820 0.372 -0.698 

Cr 0.100 15.00 4.276 3.975 3.260 0.436 1.182 1.397 

Cd 0.050 4.700 1.629 1.150 1.265 0.159 0.901 -0.218 

Pb 0.750 82.00 35.87 36.05 19.74 2.487 0.260 -0.478 
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Large spread of data was noted for Ca, Na, Zn, Fe, Sr, Ni, Pb and Co as manifested 

by highest SD and SE values thus reflecting relatively non-Gaussian distribution of these 

metals. Some of the metals (Cd, Li, Mn, Cr and K) manifested lower dispersion in their 

concentrations as evidenced by comparatively small SD and SE values. Large skewness 

and kurtosis values for Zn, Na, K and Cr indicated predominantly asymmetric distribution, 

while the rest of the metals exhibited relatively symmetrical distribution in the scalp hair 

of prostate cancer patients. 

The quartile distribution of selected metals in the scalp hair of prostate cancer 

patients is depicted in Figure 140. Among the metals, Mg exhibited narrow spread with 

overlapping of upper and lower quartiles, whereas maximum spread and diverse 

concentrations were observed for Fe, K, Cr, Na, Pb and Ni, followed by Li, Mn and Co in 

the scalp hair of patients. However, relatively asymmetric trend were observed for Sr, Ca, 

Co, Zn and Cu in the scalp hair of prostate cancer patients. 
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Figure 140.  Quartile distribution for selected metal concentrations (µg/g) in the scalp hair 

of prostate cancer patients 

 

3.6.3 Distribution of Selected Metals in Scalp Hair of Healthy Subjects  
Basic statistical parameters related to the distribution of selected metal levels 

(µg/g, dry weight) in the scalp hair of healthy donors (n = 67) are depicted in Table 82. An 

examination of the tabulated data revealed that among the selected metals, Ca (960.6 µg/g) 

emerged as the main contributor, followed by, Zn (582.7 µg/g), Mg (230.6 µg/g), Na 
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(181.2 µg/g), Sr (55.36 µg/g) and Fe (38.37 µg/g). Some of the metals exhibited moderate 

mean values: Ni (19.35 µg/g), Cu (14.37 µg/g), Pb (13.03 µg/g), Co (11.33 µg/g) and K 

(9.664 µg/g). However, the rest of the metals including Cr (2.926 µg/g), Mn (2.845 µg/g), 

Li (1.091 µg/g) and Cd (1.021 µg/g) were found at lowest concentrations in the scalp of 

healthy donors. On the average basis, the decreasing trend of metal concentrations in the 

scalp hair of healthy donors revealed following order: Ca > Zn > Mg > Na > Sr > Fe > Ni 

> Cu > Pb > Co > K > Cr > Mn > Li > Cd, which is slightly different from the earlier case 

of prostate cancer patients. Almost similar trend was reported by Pasha et al., (2007) in the 

scalp hair of healthy donors.  

 

Table 82. Statistical distribution parameters for concentrations (µg/g, dry weight) of 

selected metals in the scalp hair of healthy subjects (n = 67) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 177.0 2064 960.6 882.3 384.7 48.09 0.794 0.657 

Mg 135.6 381.1 230.6 224.0 47.21 5.767 0.772 0.837 

Na 21.90 732.1 181.2 153.4 133.9 18.06 1.700 4.864 

K 0.100 32.75 9.664 7.825 8.198 1.009 1.313 1.363 

Fe 0.750 122.7 38.37 31.15 27.71 3.385 1.054 0.708 

Zn 6.850 1207 582.7 585.4 190.8 25.73 0.297 2.680 

Cu 3.700 30.45 14.37 14.90 6.151 0.757 0.564 0.290 

Sr 20.05 114.5 55.36 52.50 19.95 2.437 1.082 1.604 

Li 0.050 3.200 1.091 1.000 0.697 0.099 0.762 0.647 

Co 0.600 30.10 11.33 10.55 6.806 0.844 0.564 -0.072 

Mn 0.150 7.500 2.845 2.650 1.820 0.235 0.534 -0.189 

Ni 0.050 57.25 19.35 16.68 14.25 1.840 0.621 -0.186 

Cr 0.050 10.65 2.926 1.975 2.510 0.309 1.315 1.445 

Cd 0.050 2.800 1.021 0.950 0.684 0.090 0.499 -0.700 

Pb 0.250 49.35 13.03 12.30 10.75 1.411 1.421 2.946 

 

Most of the selected metals showed relatively higher SD and SE values in the scalp 

hair of healthy donors, indicating larger dispersion in their concentrations. Some of the 

metals (Cd, Li, Mn and Cr) revealed relatively normal distribution pattern, evidenced by 

comparatively low SD and SE values. However, higher values of SD and SE exhibited 
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large spread thus manifesting non-Gaussian distribution pattern for Ca, Na, Zn, Mg, Fe, Sr 

and Ni. Relatively lower values of skewness and kurtosis were observed for Zn, Cd, Mn, 

Cu and Co thus manifesting almost symmetrical distribution pattern of these metals in the 

scalp hair of healthy donors.  

The quartile distribution of selected metals in the scalp hair of healthy subjects is 

shown in Figure 141. Comparative evaluation revealed very narrow range for Mg as 

shown by overlapping of upper and lower quartiles, whereas broad range and 

asymmetrical distribution were shown by Ni, Zn, K, Cr, Pb, Li, Co, and Fe followed by 

Mn, Cd and Na in the scalp hair of healthy subjects. The quartile distribution of selected 

metals in the scalp hair of prostate cancer patients and healthy subjects was appreciably 

different. 
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Figure 141.  Quartile distribution for selected metal concentrations (µg/g) in the scalp hair 

of healthy subjects  

 

3.6.4 Comparison of Selected Metal levels in Scalp Hair of Prostate 

Cancer Patients and Healthy Subjects 
Comparison of average metal levels (±SE) in the scalp hair of prostate cancer 

patients and healthy donors is shown graphically in Figure 142. Two-tailed Student’s t-test 

of the metal data in scalp hair of prostate cancer patients and healthy donors revealed that 

mean concentrations of Cd, Co, Cr, Fe, Mn, Ni, Pb and Sr were significantly (p < 0.05) 

higher in the scalp hair of the patients; nonetheless, average contents of Cu and K were 
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almost comparable in the patients and healthy donors. In the case of healthy donors, 

average concentrations of Na and Zn were significantly higher than the patients. Although 

mean levels of Ca, Mg and Li were relatively higher in healthy donors than in patients, the 

difference was not statistically significant. Markedly elevated concentrations of some trace 

metals indicated their build-up, whereas the macronutrients (Ca, Mg and Na) have been 

reported to exhibit lower concentrations in the scalp hair of prostate cancer patients 

(Durham and Snow, 2006). In previous studies, some metal levels (Mg, K, Ca, Cr, Mn, Fe, 

Cu and Zn) in the hair of prostate cancer patients were found to be significantly different 

than those in healthy subjects (Guo et al., 2007; Ouyang and Li, 2000). Recently, in 

another investigation, significantly lower hair level of Zn and higher levels of Cu, Fe and 

Mn were observed in prostate cancer patients compared to controls (Karimi et al., 2012). It 

was suggested that the low Zn level in the hair might provide an important clue for 

diagnosing prostate cancer at the early stage (Guo et al., 2007). One of the fascinating 

findings of this comparative study is that the toxic metal levels showed appreciably higher 

levels in the patients which revealed the adverse effects of these toxic metals on the 

onset/progression of the disease.  
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Figure 142. Comparative average concentrations (µg/g ± SE) of selected metals in the 

scalp hair of prostate cancer patients and healthy subjects 
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3.6.5 Correlation Study of Selected Metals in Scalp Hair of Prostate 

Cancer Patients 
The correlation coefficient matrix of selected metals pertaining to the scalp hair of 

prostate cancer patients is presented in Table 83, in which significant r-values are shown 

in bold at p < 0.05. Significant positive correlations were observed between Cr-Ni (r = 

0.487), Sr-Ca (r = 0.467), Co-Fe (r = 0.426), Mn-Cu (r = 0.420), Cd-Cu (r = 0.403), Pb-

Cd (r = 0.400), Ni-Co (r = 0.397), Cr-K (r = 0.394) and Ni-K (r = 0.375), indicating their 

mutual variations in the scalp hair of the cancer patients. The correlation study revealed 

communal associations among Sr, Fe, Co, Cr, Ni and K manifesting their common origin 

in the scalp hair of prostate cancer patients. All other metals showed weak relationships 

between them. Age of the patients was not significantly correlated with any of the metals 

in the scalp hair. Apparently positive correlation of toxic/trace metals (Ni, Co, Cr & Sr) 

with essential metals (Ca, Fe & K) evidenced a build-up of these metals in the scalp hair 

of patients. Some of the metals (Mg, Zn and Li) showed insignificant correlation 

coefficient values with other metals, thus indicating independent variations in their 

concentrations. The correlation study hence showed mutual variations of the metal levels 

in the scalp hair of prostate cancer patients. The sources apportionment of these metals 

would further be investigated by multivariate methods of analysis. 

 

3.6.6 Correlation Study of Selected Metals in Scalp Hair of Healthy 

Subjects 
Spearman correlation coefficients between selected metals in the scalp hair of 

healthy donors are shown in Table 84, wherein the significant r-values are shown in bold 

(p < 0.05). Significant and strong correlations were observed between Ni-Co (r = 0.507), 

Sr-Ca (r = 0.468), Cr-Sr (r = 0.454) and Sr-Mg (r = 0.396) indicating close associations of 

these metals in the scalp hair of healthy donors. All other metals exhibited negative or 

positive relationships between one another but these were not significant. Age of the 

donors was not significantly correlated with any of the selected metals. Moreover, Mn, Cd, 

Cu, Fe, Zn, Li and Pb levels in the hair exhibited insignificant correlations with most of 

the metals in healthy donors, which manifested their independent variations. On the whole, 

the correlation study exhibited significance differences in the mutual variations of the 

metals in healthy donors and prostate cancer patients.  
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Table 83. Correlation coefficient matrix of selected metals in the scalp hair of prostate cancer patients  

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca 0.069 1.000               

Mg -0.026 -0.138 1.000              

Na -0.097 0.076 -0.029 1.000             

K -0.151 0.185 0.033 0.218 1.000            

Fe 0.030 -0.017 -0.029 0.149 0.084 1.000           

Zn -0.078 0.003 -0.114 0.029 0.115 -0.023 1.000          

Cu -0.332 -0.197 0.081 0.175 0.014 0.334 0.137 1.000         

Sr 0.098 0.467 0.354 -0.010 -0.091 0.067 0.046 0.026 1.000        

Li -0.014 0.029 -0.045 0.105 0.088 0.096 0.106 0.229 -0.154 1.000       

Co 0.182 0.160 -0.104 0.108 0.156 0.426 -0.141 0.131 0.088 0.048 1.000      

Mn -0.073 -0.085 0.366 -0.039 -0.091 0.301 -0.087 0.420 0.162 0.325 0.203 1.000     

Ni 0.045 0.272 0.041 -0.097 0.375 0.222 0.045 -0.106 0.147 0.001 0.397 0.190 1.000    

Cr 0.110 0.107 0.027 -0.037 0.394 0.092 0.070 -0.174 -0.045 0.129 0.043 0.118 0.487 1.000   

Cd -0.060 -0.144 0.195 0.071 -0.075 0.266 0.195 0.403 0.118 -0.019 -0.092 0.265 -0.084 -0.065 1.000  

Pb 0.016 -0.129 0.034 0.096 0.004 0.248 0.234 0.316 0.048 -0.165 0.170 0.156 -0.033 -0.066 0.400 1.000 

Bold r-values are significant at p < 0.05 

 

 



Results and Discussion 

 291

Table 84. Correlation coefficient matrix of selected metals in the scalp hair of healthy subjects 

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca 0.001 1.000               

Mg -0.072 0.143 1.000              

Na -0.008 0.124 0.096 1.000             

K 0.059 0.017 0.028 0.069 1.000            

Fe -0.221 0.087 0.112 0.098 -0.087 1.000           

Zn 0.131 0.116 -0.108 0.348 0.241 -0.026 1.000          

Cu 0.094 0.055 0.173 0.192 0.029 0.171 0.278 1.000         

Sr -0.194 0.468 0.396 -0.016 -0.075 0.280 -0.065 0.291 1.000        

Li 0.100 0.101 -0.074 0.301 0.131 0.040 0.267 0.201 -0.015 1.000       

Co -0.075 -0.023 -0.006 -0.206 -0.190 0.036 0.116 0.128 0.249 -0.152 1.000      

Mn 0.025 0.071 0.056 0.243 0.024 0.177 0.261 0.151 0.234 -0.150 0.129 1.000     

Ni -0.122 -0.149 -0.058 -0.167 0.029 0.109 -0.095 0.052 0.056 -0.047 0.507 0.013 1.000    

Cr -0.086 0.114 0.145 -0.245 0.063 0.148 -0.231 0.155 0.454 -0.127 0.128 0.041 0.071 1.000   

Cd 0.104 -0.157 -0.279 0.108 -0.183 0.239 0.200 0.182 0.001 0.187 0.200 -0.054 -0.052 0.051 1.000  

Pb -0.160 -0.121 -0.178 0.033 -0.042 0.174 0.050 0.003 -0.106 -0.103 -0.195 -0.128 0.061 0.027 0.079 1.000 

Bold r-values are significant at p < 0.05 
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3.6.7 Multivariate Analysis of Selected Metals in Scalp Hair of Prostate 

Cancer Patients 
The PCA of selected metals in the scalp hair of the patients extracted by varimax 

normalized rotation on the data-set is shown in Table 85, whereas the corresponding CA 

based on Ward's method is shown in the form of dendrogram in Figure 143. PCA yielded 

six PCs with eigen values > 1, explaining more than 73% variance of the data. PC 1 

exhibited elevated loadings of Cu-Mn-Mg-Li, supported by a strong cluster in CA. The 

second PC indicated significant loading in favour of Co, Ni, Fe and Zn supported by a 

similar strong cluster in CA (except Zn). These metals were regulated by internal body 

metabolism and nutritional habits of the donors. Likewise, PC 3 and PC 4 revealed higher 

contributions of Sr-Ca and Pb-Cd, respectively. The CA also revealed mutual clusters of 

these metals indicating their predominant contribution from anthropogenic sources 

(automobile emissions, fuel combustion, mining and metal processing operations) and 

food habits of the subjects. Similarly PC 5 indicated strong associations of K and Cr, 

supported by their common cluster in CA. The last PC exhibited major contributions of 

Na. These metals were regulated by internal body metabolism coupled with the nutritional 

sources of the subjects. These toxic metals were generally believed to be contributed by 

the anthropogenic activities in the scalp hair of prostate cancer patients. 
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Figure 143.  Cluster analysis of selected metals in the scalp hair of prostate cancer patients 
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Table 85.  Principal component analysis of selected metals in the scalp hair of prostate 

cancer patients  

 PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 

Eigen value 2.592 2.373 1.827 1.579 1.458 1.153 

Total Variance (%) 17.28 15.82 12.18 10.53 9.72 7.684 

Cumulative Eigen value 2.592 4.966 6.793 8.373 9.831 10.98 

Cumulative Variance (%) 17.28 33.11 45.29 55.82 65.54 73.22 

Ca -0.107 0.066 0.854 -0.106 0.176 0.090 

Mg 0.548 -0.043 0.231 0.207 -0.207 0.256 

Na -0.062 -0.005 0.056 0.038 0.105 0.883 

K -0.072 0.267 -0.111 0.024 0.742 0.385 

Fe 0.213 0.597 0.014 0.374 0.063 0.262 

Zn -0.067 0.615 -0.173 -0.343 -0.217 0.335 

Cu 0.710 0.097 -0.157 0.361 -0.020 -0.057 

Sr 0.059 0.005 0.898 -0.033 -0.260 -0.047 

Li 0.687 -0.030 -0.121 -0.470 0.206 0.047 

Co 0.045 0.882 0.084 -0.025 -0.045 -0.091 

Mn 0.865 0.102 0.018 0.003 -0.104 -0.203 

Ni -0.012 0.703 0.089 0.134 0.461 -0.192 

Cr -0.047 -0.117 -0.003 -0.140 0.846 -0.049 

Cd 0.404 -0.218 -0.050 0.749 0.071 0.074 

Pb -0.057 0.174 -0.116 0.709 -0.142 0.002 

 

 

3.6.8 Multivariate Analysis of Selected Metals in Scalp Hair of Healthy 

Subjects 
The counterpart data for selected metals related to the healthy subjects (Table 86) 

also yielded five PCs with eigen values > 1, explaining more than 73% variance of the 

data. The corresponding CA is shown as a dendrogram in Figure 144. PC 1 demonstrated 

higher loadings of Mg, Sr, Cr, Li and Zn supported by a mutual cluster in CA (except Li 

and Zn). These metals were mainly contributed by food intake/nutritional source 

(Cosmulescu et al., 2013). Second PC exhibited higher loadings of Co, Ni and Ca, which 

were envisaged to be contributed by anthropogenic activities coupled with dietary sources 
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of the subjects. Similarly, PC 3 and PC 4 showed significant loadings for Cu-Mn-Pb and 

K-Cd, respectively. Both PCs were regulated by internal body metabolism and were 

mainly associated with anthropogenic emissions. Likewise, PC 5 exhibited elevated 

loadings in favour of Na-Mn and Fe. These metals were presumed to be contributed by 

natural sources. Consequently, PCA and CA showed significantly diverse apportionment 

of the metals in scalp hair of prostate cancer patients in comparison with healthy subjects. 

Accordingly, the multivariate methods may be used as a diagnostic tool in the clinical 

studies, and it may provide an alternative technique for the identification as well as 

prognosis of the malignancy. 

 

Table 86.  Principal component analysis of selected metals in the scalp hair of healthy 

subjects  

 PC 1 PC 2 PC 3 PC 4 PC 5 

Eigen value 3.432 2.651 2.219 1.462 1.279 

Total Variance (%) 22.88 17.67 14.80 9.747 8.530 

Cumulative Eigen value 3.432 6.083 8.302 9.764 11.04 

Cumulative Variance (%) 22.88 40.55 55.35 65.09 73.62 

Ca -0.089 0.714 -0.236 -0.494 -0.197 

Mg 0.694 0.204 0.246 0.043 0.282 

Na -0.458 0.004 0.174 -0.127 0.694 

K 0.072 -0.049 -0.092 0.820 0.153 

Fe 0.385 -0.180 -0.075 -0.007 0.760 

Zn 0.729 0.050 -0.099 -0.156 -0.068 

Cu 0.140 -0.162 0.845 -0.08 0.096 

Sr 0.753 -0.171 0.489 0.113 -0.034 

Li 0.659 -0.098 -0.002 0.033 -0.347 

Co 0.097 0.743 0.384 -0.397 -0.053 

Mn -0.249 0.181 0.544 0.146 0.540 

Ni 0.036 0.925 -0.060 0.259 0.089 

Cr 0.924 0.017 -0.062 0.122 0.105 

Cd -0.028 -0.01 0.036 0.681 -0.354 

Pb -0.017 0.458 0.589 -0.036 -0.063 
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Figure 144. Cluster analysis of selected metals in the scalp hair of healthy subjects 

 

 

3.6.9 Comparison of Metal Levels in Scalp Hair Based on Demographic 

Characteristics of the Subjects 
3.6.9.1  Habitat-Based Comparison of Metal Levels in the Scalp Hair of Prostate 

Cancer Patients and Healthy Subjects 

Comparative average concentrations of selected metals (±SE) in the scalp hair of 

prostate cancer patients and healthy subjects inhabiting in urban and rural localities are 

displayed as bar-graphs in Figure 145. Average concentrations of Fe, Cu, Sr, Co, Mn, Ni, 

Cr, Cd and Pb revealed relatively higher contributions in urban patients in comparison 

with urban healthy donors, while mean levels of Mg, Na, K, Zn, Cu and Li showed 

considerable rise in the scalp hair of rural healthy donors than rural patients. Toxic and 

redox active metals exhibited considerable accumulation in the scalp hair of urban and 

rural patients, which pointed out their adverse role in the development of disease 

(Khalique et al., 2006). Moreover, comparable levels were found in Mg, Zn, Sr, Mn and 

Pb in the scalp hair of urban and rural healthy subjects. Overall, the average metal contents 

in the scalp hair of prostate cancer patients residing in urban and rural areas were 

significantly different than those found in the scalp hair of healthy donors from urban and 

rural areas. 
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Figure 145. Habitat-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the scalp hair of prostate cancer patients and healthy subjects  

 

3.6.9.2  Dietary-Based Comparison of Metal Levels in the Scalp Hair of Prostate 

Cancer Patients and Healthy Subjects 

Comparative average concentrations of selected metals (±SE) in the scalp hair of 

prostate cancer patients and healthy donors with vegetarian and non-vegetarian food habits 

are shown in Figure 146. Average contents of Pb, Cr, Ni, Fe, K and Na were considerably 

higher in the scalp hair of non-vegetarian patients than vegetarian patients, whereas mean 

levels of Li, Cd, Sr, Cu and Ca were appreciably elevated in the scalp hair of vegetarian 

patients. Nonetheless, mean levels of Mg, Co and Mn exhibited almost equivalent 

contribution in both patient groups irrespective of their food habits. In the scalp hair of 

vegetarian healthy donors, some metals (Pb, Cd, Cr and Cu) exhibited relatively higher 

average levels compared with non-vegetarian healthy donors. Nevertheless, mean 

concentrations of Ni, Mn and K were moderately higher in non-vegetarian healthy donors. 

Average contents of Ca, Mg, Na, Fe, Zn and Sr were more or less similar in the scalp hair 

of vegetarian and non-vegetarian healthy subjects. Average concentrations of most of the 

toxic and redox-active metals (Co, Mn, Ni, Cr, Cd and Pb) exhibited considerable build-up 

in the scalp hair of vegetarian/non-vegetarian patients in comparison with counterpart 



Results and Discussion 

 297

healthy donors. Therefore, deficiencies of essential metals and high levels of toxic trace 

metals could play a role in the development of cancer (Lee et al., 2012). 
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Figure 146. Dietary-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the scalp hair of prostate cancer patients and healthy subjects 

 

3.6.9.3  Smoking-Based Comparison of Metal Levels in the Scalp Hair of Prostate 

Cancer Patients and Healthy Subjects  

Mean concentrations of selected metals (±SE) in the scalp hair of prostate cancer 

patients and healthy donors with smoking and non-smoking habits are shown in Figure 

147. Mean concentrations of Pb, Cd, Cr, Mn and Cu were measured at noticeably higher 

levels in smoking patients in comparison with non-smoking patients, whereas the average 

contents of Na, Ni, Co, Li, Zn and K were found to be considerably higher in the scalp 

hair of non-smoking patients. In addition, mean levels of Ca, Mg and Sr revealed almost 

comparable contribution in the scalp hair of patients irrespective of smoking and non-

smoking habit. On the other hand, average contents of Mn, Zn and Mg exhibited nearly 

equivalent levels in the scalp hair of smoking/non-smoking healthy donors. Moreover, 

among the selected metals Cd and Mn were observed at exceedingly higher levels in the 

scalp hair of smoking patients; hence these metals were associated with clinical 
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significance related to prostate cancer (Qayyum and Shah, 2014b; Wolk, 2005). 

Considerable variations in the metal levels of smoking and non-smoking subjects 

evidenced the imbalances of these metals in the scalp hair of prostate cancer patients. 
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Figure 147. Smoking-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the scalp hair of prostate cancer patients and healthy subjects 

 

 

3.6.10  Comparison of Metal Levels in the Scalp Hair Based on Types and 

Stages of Prostate Cancer Patients 
3.6.10.1  Comparison of Metal Levels in the Scalp Hair Based on Types of Prostate 

Cancer Patients 

Comparative evaluation of mean metal concentrations (±SE) in the scalp hair of 

various types of prostate cancer patients (i.e., adenocarcinoma, squamous cell carcinoma, 

transitional cell carcinoma and small cell carcinoma) are displayed in Figure 148. In the 

case of squamous cell carcinoma patients, mean K, Fe, Zn and Cr were found to be lowest 

compared with other types of prostate cancer patients. Interestingly, mean concentration of 

Mg exhibited almost equivalent contribution in all four types of prostate cancer patients. 
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In the case of adenocarcinoma, Na and Cr exhibited elevated concentrations, while mean 

concentrations of Sr and Mn were appreciably higher in the scalp hair of squamous cell 

carcinoma patients. Nonetheless, K, Zn, Cu, Li, Pb and Cd showed higher concentrations 

in the scalp hair of transitional cell carcinoma patients. In contrast, mean concentration of 

Pb, Cd, Li and Cu were found to be lowest in the scalp hair of small cell carcinoma 

patients. Average concentrations of Ca, Mn, Co, Cd and Pb were not appreciably different 

in scalp hair of adenocarcinoma and squamous cell carcinoma patients. 
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Figure 148.  Comparative average concentrations (µg/g ± SE) of selected metals in the 

scalp hair of different types of prostate cancer patients 

 

3.6.10.2  Comparison of Metal Levels in the Scalp Hair Based on Stages of Prostate 

Cancer Patients 

Mean concentrations of selected metals (±SE) in the scalp hair of prostate cancer patients 

at different stages are presented in Figure 149, for comparative evaluation. Average 

concentrations of Pb, Cd, Mn, Fe and Na were found to be markedly higher at stage-IV, 

while mean concentrations of Cr, Ni and Co were significantly elevated at stage-III and 

that of Cu was appreciably higher at stage-I in the scalp hair of prostate cancer patients. 

Moreover, redox active and toxic metals (Fe, Cu, Cd, Pb, Mn, Cr, Ni & Co) exhibited 
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significant accumulation in the scalp hair of different stages which revealed the adverse 

effect of these metals on the emergence of prostate cancer. Among the metals, Na and Fe 

concentrations were not significantly different at stage-I and stage-II of prostate cancer 

patients. The average concentrations of Pb, Cd and Mn exhibited almost similar trend for 

different stages of prostate cancer patients. 
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Figure 149. Comparative average concentrations (µg/g ± SE) of selected metals in the 

scalp hair of prostate cancer patients at different stages 

 

 

3.6.11  Distribution of Selected Metals in Nails of Prostate Cancer Patients 
Average concentrations of selected metals (µg/g, dry weight) in the nails of 

prostate cancer patients (n = 60) along with relevant statistical distribution parameters are 

presented in Table 87. Most of the metals exhibited large spread in their concentration 

ranges. Among the metals in the nails of patients, Ca (915.2 µg/g), Mg (239.4 µg/g) and 

Fe (226.2 µg/g) revealed dominant contributions, followed by, Zn (114.2 µg/g), Ni (101.1 

µg/g), K (56.38 µg/g), Na (49.87 µg/g), Co (40.47 µg/g) and Sr (30.58 µg/g). However, 

average concentrations of Pb (24.49 µg/g), Cr (23.88 µg/g), Cu (23.48 µg/g), Mn (11.98 

µg/g) and Cd (5.655 µg/g) were relatively lower in the nails of prostate cancer patients. On 



Results and Discussion 

 301

the average basis, the metals exhibited following decreasing concentration order: Ca > Mg 

> Fe > Zn > Ni > K > Na > Co > Sr > Pb > Cr > Cu > Mn > Cd > Li. Almost similar trend 

was exhibited by metals when median levels were under considerations. Relatively normal 

distribution was shown by Zn as it was associated with lowest of SD & SE values, 

whereas maximum dispersion in terms of SD and SE was shown by Ca, Fe, Mg, Co, Ni 

and Na in nails of prostate cancer patients. Relatively large asymmetry was observed in 

the distribution of Na and Mg which was evidenced by higher kurtosis and skewness 

values, while the rest of the metals exhibited relatively symmetrical distribution in the 

nails of prostate cancer patients as supported by their relatively lower skewness and 

kurtosis values.  

 

Table 87. Statistical distribution parameters for concentrations (µg/g, dry weight) of 

selected metals in the nails of prostate cancer patients (n = 60) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 27.92 2786 915.2 721.3 672.5 87.56 0.986 0.148 

Mg 98.75 530.2 239.4 225.0 88.40 11.41 0.988 1.105 

Na 2.446 280.4 49.87 33.82 53.05 7.220 2.466 7.374 

K 1.163 147.5 56.38 54.00 32.73 4.261 0.492 -0.155 

Fe 70.75 549.1 226.2 202.8 102.4 13.22 0.926 0.944 

Zn 22.50 182.1 114.2 114.5 35.11 4.532 -0.384 -0.335 

Cu 1.250 70.00 23.48 21.25 16.39 2.472 0.889 0.797 

Sr 0.500 95.00 30.58 22.75 22.99 3.219 0.869 0.015 

Li 0.238 15.83 5.170 3.875 4.163 0.577 0.854 -0.193 

Co 2.000 92.35 40.47 35.63 28.20 4.404 0.298 -1.267 

Mn 0.250 35.42 11.98 10.18 7.553 1.047 0.998 0.862 

Ni 0.847 267.1 101.1 89.50 74.89 10.19 0.618 -0.707 

Cr 0.952 60.71 23.88 24.46 14.52 2.014 0.333 -0.699 

Cd 0.333 14.75 5.655 4.268 3.719 0.497 0.682 -0.329 

Pb 2.000 67.00 24.49 20.88 16.21 2.166 0.593 -0.368 

 

The quartile distribution of selected metals revealed mostly broad range indicating 

inconsistent and varying concentrations in the nails of prostate cancer patients as presented 

in Figure 150 as box-whisker plot. The highest spread and large dispersion was noted for 
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Ni, Na, Mn, Sr, K, Li, followed by, Co and Cu, exhibiting broad distribution in the nails of 

patients, whereas relatively small variations were observed for Mg and Fe in the nails of 

prostate cancer patients. 
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Figure 150.  Quartile distribution for selected metal concentrations (µg/g) in the nails of 

prostate cancer patients 

 

3.6.12  Distribution of Selected Metals in Nails of Healthy Subjects 
Statistical distribution parameters for selected metals in the nails of healthy 

subjects (n = 60) are shown in Table 88. The statistical data related to the controls showed 

that Ca, Mg and Fe were among the dominant metals with mean concentrations of 1,139 

µg/g, 261.2 µg/g and 239.4 µg/g, respectively. Noticeably high average metal 

concentrations were found for Zn (122.7 µg/g), K (88.64 µg/g), Na (74.94 µg/g), Ni (56.65 

µg/g), Co (29.39 µg/g), Cu (24.40 µg/g) and Pb (23.83 µg/g), while relatively lower mean 

levels were noted for Sr (21.18 µg/g), Cr (17.91 µg/g), Mn (8.629 µg/g), Li (4.867 µg/g) 

and Cd (3.063 µg/g). Based on mean concentrations, the metals exhibited following 

descending order in the nails of controls: Ca > Mg > Fe > Zn > K > Na > Ni > Co > Cu > 

Pb > Sr > Cr > Mn > Li > Cd. The corresponding order was slightly varied from the trend 

which was noted in the case of prostate cancer patients. Predominantly random 

distribution supported by the large SD and SE values was shown by Ca, Mg, Fe, Co, Zn 

and Na; however, Cd and Li exhibited relatively Gaussian distribution pattern. Maximum 

spread in terms of SD and SE was shown by Ca, Mg, Fe, Co, Zn and Na in the nails of 
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healthy donors. The distributions of Cu, Zn, Sr, Li and Fe were mostly asymmetric as 

manifested by higher skewness and kurtosis values. Overall, the distribution behaviour of 

selected metals in the nails of controls remained noticeably diverse compared with 

prostate cancer patients, which may be attributed to the disproportions of the nutrients and 

trace metals in the patients. 

 

Table 88. Statistical distribution parameters for concentrations (µg/g, dry weight) of 

selected metals in the nails of healthy subjects (n = 60) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 114.6 2148 1139 1159 478.1 63.33 -0.147 -0.528 

Mg 63.93 578.4 261.2 249.0 99.89 12.90 0.953 1.503 

Na 3.571 240.5 74.94 67.19 49.89 6.728 1.247 1.569 

K 27.44 227.1 88.64 82.94 41.40 5.484 0.956 1.475 

Fe 87.80 620.3 239.4 231.7 98.28 12.90 1.169 2.706 

Zn 45.00 383.2 122.7 110.4 66.15 8.540 1.462 2.946 

Cu 1.250 92.14 24.40 22.40 16.60 2.238 1.629 4.478 

Sr 0.221 78.75 21.18 17.95 17.95 2.514 1.586 2.759 

Li 0.240 18.75 4.867 3.846 3.743 0.535 1.358 2.702 

Co 2.031 60.20 29.39 28.04 16.36 2.587 0.276 -0.972 

Mn 1.250 24.58 8.629 8.077 5.426 0.745 0.801 0.268 

Ni 1.875 153.2 56.65 48.85 38.24 5.355 0.945 0.104 

Cr 0.312 53.21 17.91 14.44 14.21 2.009 0.962 0.270 

Cd 0.325 8.929 3.063 2.564 2.128 0.292 0.948 0.476 

Pb 1.304 67.92 23.83 19.34 16.97 2.529 0.702 -0.328 

 

The box-whisker plots revealed broad spread in most of the metals in the nails of 

healthy donors as revealed in Figure 151. Maximum spread and symmetrical distribution 

pattern with separate lower and upper quartiles was observed for Sr, Cr, Li, Ni, Cu, Na, 

and Pb in the nails of healthy donors. However, relatively lower spread was shown by Fe, 

K, Co and Zn in the nails of healthy subjects. The quartile distribution findings were in 

good agreement with the reported results (Ilyas et al., 2015b). This quartile distribution 

study of healthy donors revealed significant disparities in the metal distributions compared 

with the distribution of metals in prostate cancer patients. 
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Figure 151.  Quartile distribution for selected metal concentrations (µg/g) in the nails of 

healthy subjects 

 

 

3.6.13  Comparison of Selected Metal Levels in the Nails of Prostate 

Cancer Patients and Healthy Subjects  
Mean metal concentrations (±SE) in the nails of prostate cancer patients and 

healthy donors are portrayed in Figure 152, for relative assessment. Comparative study 

showed that average concentrations of Mg, Li and Pb were more or less comparable in the 

nails of prostate cancer patients and healthy donors. However, average concentrations of 

Sr, Mn, Ni, Cr, Cd and Co were found to be significantly higher (p < 0.05), while mean 

concentrations of Zn, Fe and Cu were fairly lower in the nails of prostate cancer patients 

compared with the healthy donors. Some of the metals (Cd, Cr, Ni, Mn, Co and Sr) 

appeared to play crucial role in the development/progression of prostate cancer because 

their mean levels were evaluated at higher levels in the nails of prostate cancer patients. 

The above statement is demonstrated in numerous earlier studies (Vinceti et al., 2007; 

Valko et al., 2015). Moreover, mean level of Zn in the nails of prostate cancer was 

significantly lower while means content of Fe was considerably higher compared with the 

controls and their proportional variations were consistent with the reported findings 

(Karimi et al., 2012).  
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Figure 152 Comparative average concentrations of selected metals (µg/g ± SE) in the 

nails of prostate cancer patients and healthy subjects 

 

3.6.14  Correlation Study of Selected Metals in Nails of Prostate Cancer 

Patients 
The correlation coefficient matrix of selected metals pertaining to the nails of 

prostate cancer patients is shown in Table 89. Strong positive correlations were noted 

between Fe and Mg (r = 0.633), Na and Ca (r = 0.535), Mn and Li (r = 0.515), and Sr and 

Na (r = 0.515). Some significant positive correlation were found between Mn and Sr (r = 

0.488), Sr and Cu (r = 0.474), Li and Na (r = 0.458), Li and Sr (r = 0.455), Mg and Ca (r = 

0.440), Cu and Zn (r = 0.419), Cr and Ca (r = 0.415), Sr and Zn (r = 0.404), Ni and Co (r 

= 0.393) and Mn and Na (r = 0.374). The data indicated strong correlations of Na with Ca, 

Sr, Li & Mn; Sr with Na, Mn, Cu & Li and Mn with Li, Sr & Na in the nails of prostate 

cancer patients, indicating that these metals might share mutual sources. Some of the 

metals (Co, Ni, Cd and Pb) exhibited unviable correlations with other metals and 

therefore, revealed independent variation in their concentrations. In addition, age of the 

patients showed some non-significant positive/negative correlations with the metals.  
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Table 89. Correlation coefficient matrix of selected metals in the nails of prostate cancer patients  

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca 0.010 1.000               

Mg 0.043 0.440 1.000              

Na -0.008 0.535 0.166 1.000             

K 0.180 0.222 0.240 0.331 1.000            

Fe 0.074 0.277 0.633 0.282 0.374 1.000           

Zn -0.071 0.258 0.011 0.215 -0.180 0.038 1.000          

Cu -0.147 0.270 -0.158 0.228 -0.246 -0.065 0.419 1.000         

Sr -0.246 0.333 0.103 0.515 0.243 0.158 0.404 0.474 1.000        

Li -0.226 0.114 0.016 0.458 0.108 -0.006 0.241 0.300 0.455 1.000       

Co -0.114 0.100 0.053 0.138 0.225 -0.074 -0.047 0.041 0.263 -0.020 1.000      

Mn -0.359 0.210 0.021 0.374 0.035 -0.040 0.287 0.004 0.488 0.515 0.095 1.000     

Ni -0.038 0.045 0.138 0.076 0.178 -0.067 -0.281 -0.183 -0.007 0.279 0.393 -0.032 1.000    

Cr -0.031 0.415 -0.007 0.316 0.217 -0.05 0.117 -0.097 0.026 0.025 0.174 0.206 0.110 1.000   

Cd -0.112 0.050 0.040 0.282 -0.008 -0.015 0.022 0.073 0.210 0.214 0.173 0.162 0.328 -0.083 1.000  

Pb -0.082 -0.035 -0.201 0.022 -0.223 -0.234 0.179 0.244 0.348 0.285 0.003 0.182 0.059 0.002 0.072 1.000 

Bold r-values are significant at p < 0.05 
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Table 90. Correlation coefficient matrix of selected metals in the nails of healthy subjects  

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca 0.155 1.000               

Mg 0.149 0.476 1.000              

Na 0.079 -0.104 0.019 1.000             

K 0.059 0.207 0.049 0.618 1.000            

Fe -0.238 -0.129 0.072 0.235 0.182 1.000           

Zn -0.017 -0.195 -0.157 0.124 -0.053 -0.041 1.000          

Cu -0.010 0.077 -0.043 0.258 0.163 -0.193 0.018 1.000         

Sr -0.045 0.058 -0.033 0.312 0.242 -0.032 0.204 0.753 1.000        

Li -0.097 0.011 -0.146 0.118 0.372 0.070 0.170 0.037 0.166 1.000       

Co 0.030 -0.160 -0.250 0.222 0.155 0.362 0.213 0.041 0.147 -0.018 1.000      

Mn -0.132 -0.084 -0.108 0.142 0.317 0.126 0.183 0.109 0.327 0.405 -0.227 1.000     

Ni 0.051 0.053 -0.300 -0.159 -0.025 -0.177 0.345 0.048 0.175 0.138 0.164 0.272 1.000    

Cr -0.078 0.089 -0.017 -0.147 0.034 0.099 -0.041 -0.038 0.184 0.191 0.199 0.033 0.331 1.000   

Cd -0.123 0.034 -0.007 -0.059 0.029 -0.033 0.168 0.039 0.224 0.286 0.059 0.219 0.427 0.318 1.000  

Pb 0.220 0.137 -0.122 0.005 0.152 -0.270 0.127 0.202 0.211 0.100 -0.228 -0.045 0.147 0.074 0.027 1.000 

Bold r-values are significant at p < 0.05 
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The results of the correlation study, therefore, evidenced mutual dependence of 

some the metals in the nails of the prostate cancer patients. The correlation study thus 

manifested communal variations among the selected metals in nails of the patients which 

would be further explored by multivariate statistical methods. 

 

3.6.15  Correlation Study of Selected Metals in Nails of Healthy Subjects 
The data on metal-to-metal correlations in the nails of healthy subjects are shown 

in Table 90, wherein the significant r-values are shown in bold at p < 0.05. Here, only a 

few metal pairs were noted to be significantly correlated with each other. Strong 

relationships were found between Sr-Cu (r = 0.753) and K-Na (r = 0.618). In addition, 

significant positive correlations were observed between Mg-Ca (r = 0.476), Cd-Ni (r = 

0.427), Co-Li, (r = 0.405) and Li-K (r = 0.372) manifesting their mutual variations in the 

nails of healthy donors. One of the important findings of the correlation study was that 

only essential metals exhibited strong mutual correlations in the nails of the healthy donors 

and no significant interferences by toxic metals were observed in this case. A few negative 

correlations were also observed, but they were not significant. Among the selected metals, 

Fe, Zn, Co, Cr and Pb did not show any viable correlation coefficient value with other 

metals, evidencing their independent role in the nails of healthy donors. Age of the healthy 

donors exhibited some positive/negative correlations with the metals but they were 

insignificant. Overall, divergent relationships among selected metals were observed in the 

nails of healthy donors compared with the patients, which may be attributed to the 

disproportions of the trace metals in prostate cancer patients. 

 

3.6.16  Multivariate Analysis of Selected Metals in Nails of Prostate 

Cancer Patients 
The PCA of selected metals in the nails of the prostate cancer patients, extracted by 

varimax normalized rotation on the data-set is shown in Table 91. The corresponding CA 

obtained by Ward's method applied on the standardized matrix is shown in the form of 

dendrogram in Figure 153. Six PCs were extracted with eigen values >1, explaining more 

than 88% variance of the data. For prostate cancer patients, PC 1 indicated higher loading 

for Mg, K, Fe, Sr, Li, Mn and Ni supported by strong clusters between Mn and Sr and Mg, 

K and Fe in CA. These metals were usually contributed by the nutritional habits of the 

donors and also regulated by the internal body metabolism. Similarly, PC 2 exhibited 
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higher loading for Cd and Pb duly supported by the CA and manifesting the probable 

common origin of these metals in the nails of prostate cancer patients which were 

presumed to arise from anthropogenic activities (burning fuels, mining/metal processing, 

and automobile emissions). The third PC showed elevated loadings of Na and Zn. This 

group is believed to originate from the dietary habits, especially use of excessive salt of 

the donors. Likewise, PC 4 and PC 5 showed higher loadings for Cu and Co respectively, 

which indicated their independent source contribution. The sixth PC was observed to have 

significant loadings for Ca and Cr. These metals were mostly attributed by environmental 

pollutants as well as nutritional sources of the subjects. Overall, the PCA was in fairly 

good agreement with CA results. 

 

Table 91. Principal component analysis of selected metals in the nails of prostate cancer 

patients  

  PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 

Eigen value 4.591 2.514 2.231 1.737 1.167 1.073 

Total Variance (%) 30.61 16.76 14.88 11.58 7.778 7.154 

Cumulative Eigen value 4.591 7.105 9.337 11.07 12.24 13.31 

Cumulative Variance (%) 30.61 47.37 62.24 73.82 81.6 88.75 

Ca 0.158 -0.036 0.018 0.079 0.254 0.897 

Mg 0.858 -0.123 -0.28 0.121 -0.105 0.282 

Na -0.173 -0.039 0.744 0.352 0.130 0.169 

K 0.774 -0.27 -0.023 0.113 0.194 0.355 

Fe 0.700 -0.339 -0.024 0.402 -0.367 0.202 

Zn 0.041 0.063 0.907 -0.111 0.151 -0.18 

Cu 0.145 0.067 0.071 0.97 -0.099 -0.059 

Sr 0.702 -0.052 0.569 -0.046 -0.043 0.358 

Li 0.834 0.141 0.082 -0.304 0.179 -0.157 

Co 0.100 -0.013 0.162 -0.086 0.872 0.138 

Mn 0.649 0.451 0.362 0.267 -0.134 0.054 

Ni 0.697 0.358 -0.475 0.138 0.202 -0.047 

Cr 0.252 -0.158 -0.016 -0.473 -0.378 0.718 

Cd -0.015 0.924 -0.108 0.034 -0.166 0.024 

Pb -0.069 0.737 0.14 0.013 0.408 -0.242 
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Figure 153. Cluster analysis of selected metals in the nails of prostate cancer patients 

 

3.6.17  Multivariate Analysis of Selected Metals in Nails of Healthy 

Subjects 
The PC loadings of selected metals in the nails of healthy donors extracted by 

varimax normalized rotation on the data-set are presented in Table 92, whereas the 

corresponding CA is illustrated in Figure 154. Five PCs with eigen values more than 1 

were extracted, which explained more than 95% variance of the data. The CA of the metal 

data in nails samples of controls revealed strong clusters of Co-Fe, Na-K-Mn, Zn-Sr-Cd, 

Cr-Cu, Li-Mg and Ca-Ni-Pb. The quantitative information for these groups of metals were 

assessed by PCA in which PC 1 revealed dominant loadings for Na, K, Cu and Cr, which 

also shared common clusters of Na & K and Cu & Cr in CA. These metals originated 

mostly from dietary sources and controlled by internal body metabolism. PC 2 yielded 

maximum loadings for Mg, Sr and Li, which also shared common cluster in CA. Elevated 

loadings of Ca, Mn and Ni were observed in PC 3, while PC 4 displayed maximum 

loadings in favour of Zn and Cd. These metals were chiefly contributed by the dietary 

sources as well as environmental pollution, particularly transportation related factors. Last 

PC was composed of Fe, Cu, Co and Pb, which indicated their common sources from 

dietary practices and environmental contamination. The multivariate methods evidenced 

significant disparities in selected metals apportionment in the nails of prostate cancer 

patients compared with healthy subjects. 
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Table 92.  Principal component analysis of selected metals in the nails of healthy subjects 

 PC 1 PC 2 PC 3 PC 4 PC 5 

Eigen value 5.026 3.443 2.770 1.682 1.408 

Total Variance (%) 33.51 22.96 18.47 11.22 9.388 

Cumulative Eigen value 5.026 8.469 11.24 12.92 14.33 

Cumulative Variance (%) 33.51 56.46 74.93 86.15 95.53 

Ca -0.038 -0.547 0.781 -0.134 -0.180 

Mg 0.117 0.976 -0.134 -0.008 -0.086 

Na 0.913 -0.085 -0.249 -0.276 -0.122 

K 0.897 -0.049 -0.202 -0.096 -0.076 

Fe -0.025 -0.003 -0.474 -0.030 0.840 

Zn -0.344 -0.022 0.124 0.930 0.015 

Cu 0.633 0.458 -0.071 -0.051 0.509 

Sr -0.053 0.647 -0.073 0.753 0.040 

Li -0.132 0.832 0.254 0.181 0.401 

Co 0.215 0.264 -0.003 0.327 0.802 

Mn -0.289 0.013 0.948 -0.109 -0.060 

Ni -0.140 0.096 0.955 0.058 -0.185 

Cr 0.915 0.091 0.036 0.227 0.256 

Cd 0.458 0.058 -0.377 0.777 0.201 

Pb -0.426 -0.245 -0.515 -0.320 0.580 
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Figure 154.  Cluster analysis of selected metals in the nails of healthy subject  

 



Results and Discussion 

 312

3.6.18  Comparison of Metal Levels in Nails Based on Demographic 

Characteristics of the Subjects 
3.6.18.1  Habitat-Based Comparison of Metal Levels in the Nails of Prostate Cancer 

Patients and Healthy Subjects  

Average metal levels (± SE) in the nails of prostate cancer patients and healthy 

subjects inhabiting in urban and rural localities are shown in Figure 155, for comparative 

evaluation. Mean levels of Sr, Mn, Ni, Cr and Cd were considerably higher in urban/rural 

patients compared with urban & rural healthy subjects, while mean levels of Ca, Na and K 

exhibited higher levels in the nails of urban/rural healthy donors. Approximately 

comparable levels were found for Ca, Cu & Sr in the nails of healthy donors while Mg, Co 

and Cd exhibited comparable contributions in the patients irrespective of localities. 

Overall, mean concentrations of Pb and Zn were significantly higher in the nails of 

patients and healthy donors living in an urban locality compared to their respective rural 

counterparts; average levels of Fe, K and Li revealed higher contributions in rural patients 

and healthy donors compared to their respective urban counterparts. Thus, some noticeable 

variations in the metal levels were exhibited in the nails of the two groups from urban and 

rural locations. 
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Figure 155. Habitat-based comparisons of average concentrations (µg/g ± SE) of selected 

metals in the nails of prostate cancer patients and healthy subjects  
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3.6.18.2  Dietary-Based Comparison of Metal Levels in the Nails of Prostate Cancer 

Patients and Healthy Subjects 

Mean levels of selected metals (± SE) in the nails of vegetarian and non-vegetarian 

prostate cancer patients in comparison with their counterpart healthy donors are shown in 

Figure 156. In vegetarian and non-vegetarian patients, average concentrations of Na, Fe, 

Cu, Co and Cr were found almost equivalent which manifested similar metal burden in the 

nails of vegetarian and non-vegetarian patients. Relatively higher mean concentrations of 

Li, Mn, Cd and Pb were noticed while mean contents of Ca, Mg and Ni were found to be 

lower in non-vegetarian patients than vegetarian patients. Comparatively higher 

concentrations of Mn and Cd were found in vegetarian patients in comparison with non-

vegetarian patients. These findings are supported by several epidemiological studies which 

exhibited the adverse role of toxic and redox active metals in the enhancement of 

oxidative stress that ultimately leads to the onset of cancer (Jomova and Valko, 2011). 

Average contents of Li, Mn and Cd were evidently elevated in vegetarian healthy donors 

and non-vegetarian patients in comparison with non-vegetarian healthy donors and 

vegetarian patients, respectively.  
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Figure 156. Dietary-based comparisons of average concentrations (µg/g ± SE) of selected 

metals in the nails of prostate cancer patients and healthy subjects  
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In the case of the healthy donors, average concentrations of Ca, Mg, K, Cu, Li and 

Mn were slightly higher in vegetarian healthy donors, while mean levels of Co and Zn 

were considerably higher in the nails of non-vegetarian healthy donors. Overall, average 

levels of Ca and Mg in the nails were higher in the vegetarian groups of both donor 

classes. Thus, nutritional behaviour of the donors may play a part in the prevention or 

progression of cancer as has been demonstrated by previous studies (Allen et al., 2008). 

 

3.6.18.3  Smoking-Based Comparison of Metal Levels in the Nails of Prostate Cancer 

Patients and Healthy Subjects  

Comparison of selected metal levels (±SE) in the nails of prostate cancer patients 

and healthy donors based on smoking and non-smoking habits is shown in Figure 157. 

Average concentrations of Pb, Cd, Ni, Mn and Li were significantly higher in the nails of 

patients with a smoking habit than non-smoking patients, while mean levels of Ca, Mg, 

Na, K, Zn and Sr revealed comparable contribution in the nails of patients irrespective of 

smoking or non-smoking habit. Nonetheless, average levels of Fe, Cu, Co and Cr were 

evidently elevated in the nails of non-smoking patients than smoking patients. The 

comparative proportions of metals in the nails of prostate cancer patients with smoking 

and non-smoking habits were significantly varied which suggested that trace metals 

distribution was affected by smoking habits. Hickey et al., (2001) and Huncharek et al., 

(2010) reported a significant positive association between smoking and risk of prostate 

cancer. Similarly, average levels of a small majority of the metals were found to be 

noticeably higher in the nails of non-smoking healthy donors compared with smoking 

healthy donors except, Ca, Co and Zn which revealed markedly higher levels in the nails 

of smoking healthy subjects. Nonetheless, mean levels of Na, Mg, K, Fe, Cu, Ni and Pb 

exhibited comparable contributions in the nails of healthy donors irrespective of the 

smoking/non-smoking habits. Mean Co contents were comparatively higher in the nails of 

smoking healthy donors and non-smoking patients compared to their respective 

counterparts; maximum level of Co was observed in non-smoking patients. Interestingly, 

relatively higher concentration of Cr was observed in the nails of subjects with a smoking 

habit in both categories of donors (ill and healthy). The divergent proportions of metals in 

the nails of prostate cancer patients compared with healthy subjects suggested that the 

metal distributions were considerably affected by the smoking habit. 
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Figure 157.  Smoking-based comparison of average concentrations (µg/g ± SE) of 

selected metals in the nails of prostate cancer patients and healthy subjects  

 

 

3.6.19  Comparison of Metal Levels in Nail Based on Types and Stages of 

Prostate Cancer Patients 
3.6.19.1  Comparison of Metal Levels in the Nails Based on Types of Prostate Cancer 

Patients 

Comparative evaluation of mean metal concentrations (±SE) in the nails of 

different types of prostate cancer patients (i.e., adenocarcinoma, squamous cell carcinoma, 

transitional cell carcinoma and small cell carcinoma) is shown in Figure 158. Lowest 

metal levels were observed for Na, Zn, Li, Co, Mn, Ni and Pb in small cell carcinoma 

patients compared with other types of prostate cancer patients. Highest Mn and Co 

concentrations were found in the nails of adenocarcinoma patients, while mean 

concentrations of Ca, Mg, Na, K, Fe, Sr, Li Zn, Cr and Ni were relatively higher in the 

nails of squamous cell carcinoma patients. Cu and Pb concentrations were markedly 

higher in the nails of transitional cell carcinoma patients. Toxic trace metals exhibited 

significant accumulation in the nails of different types of prostate cancer, which showed 
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their adverse role in the initiation and progression of cancer (Karimi et al., 2012; Vinceti 

et al., 2007). Conversely, some of the metals (Na, Li, Co, Zn, Pb, Mn and Ni) exhibited 

lowest concentrations in the nails of small cell carcinoma patients. 
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Figure 158 Comparative average concentrations (µg/g ± SE) of selected metals in the 

nails of different types of prostate cancer patients 

 

 

3.6.19.2  Comparison of Metal Levels in the Nails Based on Stages of Prostate 

Cancer Patients 

Average concentrations of selected metals (±SE) in the nails of prostate cancer 

patients at different stages are displayed in Figure 159, for comparative evaluation. Mean 

concentrations of Ca, Cu, Na, Li and Mn were comparatively higher at stage-I, while 

elevated concentrations of Mg, K, Ni, Cr, Co and Cd were observed in the nails at stage-II. 

Likewise, elevated concentrations of Sr, Zn and Pb were found at stage-IV; however, 

average concentrations of Fe and Cd in the nails were more or less similar at stage-I and 

stage-IV of prostate cancer patients. Mean concentrations of Mg, K and Pb in the nails 

were nearly comparable at stage-I and stage-III of prostate cancer patients. 
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Figure 159. Comparative average concentrations (µg/g ± SE) of selected metals in the 

nails of prostate cancer patients at different stages 

 

 

3.6.20  Distribution of Selected Metals in Blood of Prostate Cancer 

Patients 
Basic statistical distribution parameters for selected metal levels (µg/g, wet weight) 

in the blood of prostate cancer patients (n = 74) are depicted in Table 93. Most of the 

metals exhibited large variations as shown by the minimum and maximum levels. The 

tabulated data showed that Na, Fe and K were predominant contributors with 

concentrations of 1,529 µg/g, 850.8 µg/g and 165.2 µg/g, respectively. Relatively low 

mean levels were noted for Cu (1.903 µg/g), Mn (1.524 µg/g), Sr (1.301 µg/g), Cr (1.230 

µg/g), Cd (1.084 µg/g) and Li (0.720 µg/g) while somewhat higher mean contributions 

were found for Ca (54.33 µg/g), Mg (29.43 µg/g), Co (5.475 µg/g), Ni (4.335 µg/g), Zn 

(4.283 µg/g) and Pb (3.685 µg/g) in the blood of patients. On the whole, mean metal levels 

in the blood showed following descending order: Na > Fe > K > Ca > Mg > Co > Ni > Zn 

> Pb > Cu > Mn > Sr > Cr > Cd > Li. Most of the metals showed random distribution in 

their concentrations as revealed by respective SD, SE, and markedly different mean and 
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median levels. The distribution of K, Fe, Na, Ca and Mg exhibited random pattern and 

large spread as revealed by higher SD and SE on one hand and unmatched mean and 

median levels on the other hand. Lower magnitude of skewness and kurtosis were noted in 

favour of Co, Zn and Na thus explaining an almost symmetrical distribution pattern of 

these metals. Relatively large asymmetry in the distribution of K, Sr, Cr, Cd, Pb and Mn 

were evidenced by maximum kurtosis and skewness values. 

The quartile distribution of selected metals in the blood of prostate cancer patients 

in the form of box-whisker plots is portrayed in Figure 160. Very narrow distribution for 

Na and K were observed in the blood of patients, followed by, moderately narrow spread 

for Mg and Fe. However, the rest of the metals mostly showed broad range and almost 

symmetrical distribution in the blood of prostate cancer patients. 

 

 

Table 93.  Statistical distribution parameters for concentrations (µg/g, wet weight) of 

selected metals in the blood of prostate cancer patients (n = 74) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 5.245 108.3 54.33 53.80 25.48 3.161 0.138 -0.62 

Mg 12.94 57.84 29.43 28.25 8.662 1.007 0.888 1.281 

Na 928.6 1936 1529 1521 191.7 22.28 -0.535 1.164 

K 85.72 325.1 165.2 162.7 40.44 4.702 2.037 6.262 

Fe 222.5 2188 850.8 752.8 400.2 46.52 1.272 1.843 

Zn 0.059 8.536 4.283 4.523 1.806 0.210 -0.430 -0.125 

Cu 0.061 5.422 1.903 1.691 1.230 0.151 0.501 -0.230 

Sr 0.102 4.754 1.301 1.201 0.844 0.103 1.240 3.204 

Li 0.010 2.247 0.720 0.596 0.501 0.059 1.017 0.836 

Co 0.144 10.85 5.475 6.220 3.008 0.398 -0.144 -1.059 

Mn 0.093 5.761 1.524 1.493 1.117 0.140 1.202 2.228 

Ni 0.030 10.35 4.335 3.915 3.068 0.384 0.406 -0.947 

Cr 0.112 4.805 1.230 0.957 1.004 0.121 1.242 1.438 

Cd 0.059 3.832 1.084 0.788 0.888 0.107 1.217 1.064 

Pb 0.023 12.67 3.658 3.089 2.999 0.358 1.270 1.112 
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Figure 160. Quartile distribution for selected metal concentrations (µg/g) in the blood of 

prostate cancer patients 

 

 

3.6.21  Distribution of Selected Metals in Blood of Healthy Subjects 
Basic statistical parameters for the distribution of selected metals (µg/g, wet 

weight) in the blood of healthy donors (n = 66) are shown in Table 94. Most of the metals 

exhibited large variations in their magnitude as shown by the minimum and maximum 

levels. Predominantly higher mean concentrations were found for Na (959.8 µg/g), Fe 

(464.3 µg/g) and K (351.6 µg/g), followed by, relatively lower concentrations of Ca 

(56.65 µg/g), Mg (35.27 µg/g), Zn (6.571 µg/g), Co (2.941 µg/g), Ni (2.687 µg/g), Pb 

(2.248 µg/g), Cu (1.951 µg/g) and Sr (1.479 µg/g). Lowest average concentrations were 

recorded for Cr (0.976 µg/g), Mn (0.895 µg/g) and Cd (0.774 µg/g). On the average basis, 

selected metals revealed following decreasing order in the blood of healthy donors: Na > 

Fe > K > Ca > Mg > Zn > Co > Ni > Pb > Cu > Sr > Cr > Mn > Cd > Li. Almost same 

trend was noted for median levels in the blood of controls. Among the metals, K exhibited 

almost similar mean and median levels, associated with lowest skewness values pointing 

out more or less normal distribution in the blood of healthy donors. Dissimilar mean and 

median levels were exhibited in the remaining metals and also reflecting non-Gaussian 

distribution. Highest dispersion in terms of elevated SD and SE values were exhibited by 

K, Ca, Fe, Mg and Na. Relatively large asymmetry was noted in the distribution of Zn, Fe, 

Ca, K, Cd and Mg as evidenced by highest kurtosis and skewness values.  
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Table 94.  Statistical distribution parameters for concentrations (µg/g, wet weight) of 

selected metals in the blood of healthy subjects (n = 66) 

 Min Max Mean Median SD SE Skew Kurtosis

Ca 4.852 140.4 56.65 46.96 31.70 4.355 0.650 -0.123 

Mg 13.55 92.48 35.27 32.06 13.59 1.673 1.442 3.964 

Na 786.0 1218 959.8 936.2 105.3 12.962 0.616 -0.191 

K 81.93 466.4 351.6 351.3 53.03 6.528 -1.840 9.487 

Fe 106.1 1604 464.3 416.5 222.4 27.38 3.167 12.85 

Zn 0.940 32.74 6.571 5.532 5.330 0.656 3.180 13.37 

Cu 0.050 5.195 1.951 1.709 1.219 0.152 0.863 0.323 

Sr 0.032 4.566 1.479 1.133 1.159 0.152 1.069 0.463 

Li 0.010 1.430 0.441 0.393 0.320 0.041 0.886 0.465 

Co 0.160 8.170 2.941 2.622 2.224 0.308 0.894 -0.042 

Mn 0.032 2.066 0.895 0.869 0.523 0.068 0.113 -0.931 

Ni 0.012 8.836 2.687 2.330 1.900 0.241 1.092 1.092 

Cr 0.022 3.542 0.976 0.749 0.798 0.104 1.393 1.641 

Cd 0.017 3.946 0.774 0.594 0.722 0.096 1.889 5.500 

Pb 0.019 7.474 2.248 1.688 1.742 0.216 1.288 1.278 
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Figure 161.  Quartile distribution for selected metal concentrations (µg/g) in the blood of 

healthy subjects  
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The quartile distribution of selected metals levels in the blood of healthy donors in 

the form of box-whisker plots is shown in Figure 161, which depicted very narrow 

distribution for Na by showing overlapping of upper and lower quartiles with median 

levels. However, remaining metals indicated broad range and predominantly symmetric 

distribution in the blood of healthy subjects. Similar findings were reported in the study of 

Arif et al., (2013). 

 

3.6.22  Comparison of Selected Metal Levels in Blood of Prostate Cancer 

Patients and Healthy Subjects 
Comparative average metal levels (±SE) in the blood of prostate cancer patients 

and healthy donors are shown in Figure 162. Two-tailed Student’s t-test (p < 0.05) of the 

data showed that there were significant disparities among most of the metals in the blood 

of the prostate cancer patients and healthy subjects. Mean concentrations of Na, Fe, Mn, 

Ni, Li, Co, Cr, Cd and Pb in the blood of the patients were found to be significantly higher 

than those observed in healthy subjects. However, average levels of Ca, Mg, K, Zn and Sr 

were lower in the blood of cancer patients than healthy donors. Furthermore, only Cu 

revealed almost equivalent mean level in both donor groups. The comparative study thus 

indicated an imbalance of the metals in blood of prostate cancer patients compared with 

healthy subjects. One of the fascinating features of this comparative study was that the 

toxic/trace metals levels were noticeably higher in the case of the prostate cancer patients 

which depicted the adverse effects of these metals on prostate cancer (Zaichick et al., 

2012b). Most of the previous studies reported the association between risk of prostate 

cancer and metal concentrations in biological system (Akiibinu et al., 2011; Brooks et al., 

2001; Adaramoye et al., 2010). Cadmium is considered a significant prostate cancer risk 

factor as it stimulates the growth of prostate epithelial cells and promotes their malignant 

transformation (Drasch et al., 2005). Average concentration of Cd in the blood of prostate 

cancer patients was reported to be higher than healthy subjects (Gray et al., 2005). 

Additionally, Cd and Pb levels in whole blood were found to be increased in prostate 

cancerous patients than non-cancerous subjects (Guzel et al., 2012; Siddiqui et al., 2002). 

Another study reported that Zn level was low in the blood serum of prostate cancer 

patients compared to the controls (Jain et al., 1994). The findings of the present study 

corroborated that of Akiibinu et al., (2011) who reported significantly lower blood plasma 

level of Zn and Cu in prostate cancer patients than healthy controls. Similarly, Sorahan 
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and Waterhouse (1983) reported statistically significant increased risk of prostate cancer 

mortality with high occupational Ni exposure.  
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Figure 162.  Comparative average concentrations of selected metals (µg/g ± SE) in the 

blood of prostate cancer patients and healthy subjects  

 

3.6.23  Correlation Study of Selected Metals in Blood of Prostate Cancer 

Patients 
The correlation study was carried out in order to evaluate the mutual variations of 

selected metals in the blood of prostate cancer patients. Spearman correlation coefficients 

between selected metals in the blood of prostate cancer patients are shown in Table 95, 

wherein significant r-values are shown in bold at p < 0.05. In the case of blood of the 

patients, significant positive correlations were observed between Pb-Li (r = 0.623), Li-Mg 

(r = 0.598), Cd-Mn (r = 0.535), Cr-Li (r = 0.525), Cd-Cr (r = 0.503), Cr-Co (r = 0.497), 

Pb-Mg (r = 0.490), Zn-K (r = 0.477), Cd-Li (r = 0.457), Sr-Mg (r = 0.431), Pb-Cr (r = 

0.421), Zn-Fe (r = 0.411), Mn-Sr (r = 0.398), Li-Zn (r = 0.397) and Cr-Ni (r = 0.379) thus 

pointing out some common origin of these metals. Importantly, age of the donors was not 

significantly correlated with any of the metals in the blood of the patients.  
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Table 95. Correlation coefficient matrix of selected metals in the blood of prostate cancer patients  

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca 0.005 1.000               

Mg -0.009 0.159 1.000              

Na 0.095 0.207 0.331 1.000             

K -0.304 0.081 0.337 -0.189 1.000            

Fe -0.131 0.233 0.121 0.258 0.263 1.000           

Zn -0.346 0.117 0.209 0.163 0.477 0.411 1.000          

Cu -0.030 0.023 0.129 0.124 0.257 -0.084 0.233 1.000         

Sr 0.032 0.031 0.431 0.110 0.335 0.179 0.210 0.202 1.000        

Li 0.021 0.336 0.598 0.371 0.255 0.212 0.397 0.141 0.369 1.000       

Co -0.028 0.033 -0.078 -0.009 0.028 -0.273 0.053 0.344 0.008 0.140 1.000      

Mn 0.282 0.012 0.370 0.046 -0.028 -0.201 -0.307 -0.021 0.398 0.217 0.106 1.000     

Ni 0.144 0.028 0.188 0.187 -0.207 -0.166 -0.060 0.047 0.130 0.200 0.223 0.289 1.000    

Cr 0.265 0.269 0.238 0.298 -0.078 -0.035 -0.102 0.059 0.147 0.525 0.497 0.368 0.379 1.000   

Cd 0.140 0.180 0.371 0.199 0.240 0.128 0.050 0.107 0.346 0.457 0.110 0.535 0.062 0.503 1.000  

Pb 0.193 0.266 0.490 0.312 0.086 0.133 0.143 0.048 0.352 0.623 0.044 0.297 0.138 0.421 0.357 1.000 

Bold r-values are significant at p < 0.05 
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Table 96. Correlation coefficient matrix of selected metals in the blood of healthy subjects  

 Age Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb 

Age 1.000                

Ca 0.014 1.000               

Mg 0.205 0.116 1.000              

Na -0.170 0.266 0.338 1.000             

K -0.001 -0.324 -0.010 -0.452 1.000            

Fe 0.053 -0.080 -0.043 -0.049 0.278 1.000           

Zn 0.129 0.020 0.198 0.079 0.157 0.086 1.000          

Cu -0.064 -0.156 0.032 0.281 -0.068 0.295 -0.225 1.000         

Sr 0.126 -0.022 0.149 0.418 0.048 0.052 0.104 0.383 1.000        

Li 0.051 -0.276 0.408 0.127 0.167 -0.008 0.159 0.173 0.319 1.000       

Co -0.057 -0.061 0.090 0.097 0.019 0.247 0.051 0.111 0.098 0.278 1.000      

Mn -0.136 -0.032 -0.039 -0.013 0.199 0.166 0.001 -0.037 -0.112 0.172 0.293 1.000     

Ni 0.044 0.284 0.112 0.147 -0.240 -0.222 -0.082 0.112 0.048 0.135 -0.052 0.066 1.000    

Cr -0.074 0.035 -0.092 0.135 -0.079 -0.011 -0.080 0.162 -0.010 0.199 0.227 0.116 0.116 1.000   

Cd -0.034 -0.151 0.228 0.289 -0.055 -0.021 0.021 0.377 0.374 0.173 0.197 0.000 0.328 -0.078 1.000  

Pb 0.344 -0.172 0.385 0.090 0.221 0.130 0.170 0.074 0.465 0.520 0.091 0.085 0.236 -0.098 0.183 1.000 

Bold r-values are significant at p < 0.05 
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Some negative correlations were also noted but they were insignificant. The results 

of the correlation study, therefore, evidenced mutual dependence of some of the metals in 

the blood of prostate cancer patients. However, some of the metals (Ca and Cu) showed 

unviable relationships with other metals and therefore, behaved independently in the blood 

of patients. These findings suggested that multiple metals may be involved in prostate 

cancer aetiology and may play different roles throughout the course of the disease. The 

complexity of the close associations among the metals in blood of prostate cancer would 

be further investigated by multivariate methods in forthcoming section. 

 

3.6.24  Correlation Study of Selected Metals in Blood of Healthy Subjects 
The correlation coefficient matrix of selected metals pertaining to the blood of 

healthy donors is shown in Table 96, in which bold r-values are significant at p < 0.05. 

The data for healthy donors showed significant relationships between Pb-Li (r = 0.520), 

Pb-Sr (r = 0.465), Sr-Na (r = 0.418), Li-Mg (r = 0.408), Pb-Mg (r = 0.385), Sr-Cu (r = 

0.383), Cd-Cu (r = 0.377), Cd-Sr (r = 0.374) and Co-Sr (r = 0.373), indicating close 

associations between these metals and they may share common origin. A significant 

negative correlation was noted for K-Na (r = –0.465), indicating their opposing variations. 

Some of the metals revealed inverse relationships but these were not significant. Age of 

the healthy donors exhibited insignificant positive/negative correlations with selected 

metals. Among the metals Ca, Fe, Zn, Mn, Ni and Cr were not significantly correlated 

with any other metal and therefore exhibited independent variations in their 

concentrations. Overall, the co-variations of selected metals in the blood of prostate cancer 

patients and healthy donors were appreciably dissimilar, which may be attributed to the 

imbalances of the selected metals in the patients.  

 

3.6.25  Multivariate Analysis of Selected Metals in Blood of Prostate 

Cancer Patients 
The PCA of selected metals in the blood of prostate cancer patients, extracted by 

varimax-normalized rotation on the data-set, is presented in Table 97, which yielded four 

PCs of the metals with eigen values greater than 1 commutatively explaining more than 

70% of total variance of the data. The corresponding CA is depicted in Figure 163. The 

CA of metal data in the blood of patients revealed very strong clusters of Co-Cu, Cd-Cr-

Mn, Ni-Na, Zn-Fe-K, Pb-Li-Mg and Sr-Ca. In the blood of prostate cancer patients, PC1 
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showed dominant loadings of Cd, Cr, Mn, Pb, Li and Mg duly evidenced by CA. These 

metals originated from common sources including anthropogenic contamination 

(automobile emissions, fuel combustion, mining & metal processing operations) and 

nutritional habits of the subjects (Pathak and Lokhande, 2014). PC 2 evidenced higher 

loadings of Zn, Fe, Li and Ca, which was in fairly good agreement with CA. These metals 

were mainly regulated by internal body metabolism and also associated with nutritional 

source/dietary intake of the donors. Similarly, PC 3 for the patient data indicated elevated 

loadings of Cu & Co and loading of these metals may be related to environmental 

contamination. The last PC showed higher loadings for Na, Ni and K and these metals 

were regulated by internal body metabolism and mainly attributed to the dietary intake.  

 

Table 97.  Principal component analysis of selected metals in the blood of prostate cancer 

patients  

 PC 1 PC 2 PC 3 PC 4 

Eigen value 4.720 2.481 2.056 1.321 

Total Variance (%) 31.47 16.54 13.71 8.804 

Cumulative Eigen value 4.720 7.201 9.257 10.58 

Cumulative Variance (%) 31.47 48.01 61.71 70.52 

Ca 0.386 0.523 -0.114 -0.017 

Mg 0.623 0.466 -0.144 -0.020 

Na 0.145 0.349 -0.262 0.763 

K -0.232 -0.397 -0.302 0.735 

Fe 0.115 0.773 -0.342 0.032 

Zn -0.06 0.802 0.156 -0.153 

Cu -0.328 0.130 0.820 -0.136 

Sr 0.322 0.456 0.412 0.287 

Li 0.643 0.587 -0.002 -0.163 

Co 0.171 -0.236 0.738 -0.097 

Mn 0.691 -0.396 0.037 0.214 

Ni 0.146 -0.296 0.407 0.638 

Cr 0.868 0.005 0.132 0.090 

Cd 0.882 0.112 -0.052 -0.069 

Pb 0.760 0.356 -0.026 0.072 
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Figure 163.  Cluster analysis of selected metals in the blood of prostate cancer patients 

 

 

3.6.26  Multivariate Analysis of Selected Metals in Blood of Healthy 

Subjects 
The PCA of selected metals in the blood of healthy donors, extracted by varimax 

normalized rotation on the data-set is shown in Table 98, which contains six PCs with 

eigen values more than 1, together explaining greater than 81% variance of the data. The 

corresponding CA of selected metals is depicted in the form of dendrogram in Figure 164. 

The CA of the metal data in the blood of healthy subjects revealed very strong clusters of 

Cu-Cd-Sr, Fe-K, Cr-Co-Na, Mg-Li-Pb, Mn-Zn and Ni-Ca. In the case of healthy donors, 

PC 1 demonstrated higher loadings of Mg, Li and Pb supported by a strong cluster in CA. 

PC 2 consisted of Fe, K and Mn, with similar strong cluster in CA (except Mn). These two 

PCs were chiefly contributed by environmental contaminations (traffic emissions) and 

dietary practices of the subjects. Similarly, PC 3 represented by elevated loadings for Cu, 

Cd and Sr duly evidenced by strong cluster in CA. Elevated loadings of Cr & Co were 

observed in PC 4, which also revealed a strong cluster in CA. Both PCs were mainly 

associated with anthropogenic activities and dietary sources. PC 5 for the blood of healthy 

donors evidenced higher loadings of Ca, Ni & Zn and the last PC was composed of Na 

which was mainly associated with the internal body metabolism and linked with 

nutritional sources of the donors. Hence, the PCA and CA showed significantly diverse 

apportionment of the metals in the blood of prostate cancer patients and healthy subjects. 
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Table 98.  Principal component analysis of selected metals in the blood of healthy subjects 

 PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 

Eigen value 3.601 2.289 2.039 1.732 1.396 1.101 

Total Variance (%) 24.01 15.26 13.59 11.55 9.306 7.341 

Cumulative Eigen value 3.601 5.89 7.929 9.661 11.06 12.16 

Cumulative Variance (%) 24.01 39.26 52.86 64.4 73.71 81.05 

Ca -0.159 -0.066 0.025 0.014 0.896 0.159 

Mg 0.913 -0.154 0.031 -0.017 -0.095 0.265 

Na 0.118 -0.148 0.085 0.096 0.051 0.877 

K 0.126 0.662 0.078 -0.027 -0.215 -0.410 

Fe -0.145 0.806 0.164 -0.032 -0.119 -0.060 

Zn 0.480 0.304 -0.268 -0.040 0.578 0.220 

Cu 0.090 0.170 0.843 0.034 0.033 -0.171 

Sr 0.059 -0.158 0.783 0.109 -0.135 0.183 

Li 0.867 0.087 0.187 0.357 -0.078 0.011 

Co 0.139 0.446 -0.020 0.653 0.061 0.381 

Mn 0.226 0.563 -0.399 0.143 0.218 0.063 

Ni 0.351 -0.394 0.028 -0.013 0.759 -0.276 

Cr 0.126 -0.110 0.029 0.942 -0.02 -0.011 

Cd 0.323 0.259 0.632 -0.291 0.264 0.249 

Pb 0.890 0.098 0.126 0.041 0.299 -0.126 
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Figure 164.  Cluster analysis of selected metals in the blood of healthy subjects  
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3.6.27  Comparison of Metal Levels in Blood Based on Demographic 

Characteristics of the Subjects 
3.6.27.1  Habitat-Based Comparison of Metal Levels in the Blood of Prostate Cancer 

Patients and Healthy Subjects  

Average metal levels (±SE) in the blood of prostate cancer patients and healthy 

subjects inhabiting in urban and rural localities are displayed in Figure 165, for 

comparative evaluation. Almost comparable mean levels of Mg, Na, Mn, and Cr were 

observed in the blood of urban/rural patients, while average contents of the rest of the 

metals (except Ni, Co and Cu) were markedly higher in the blood of urban patients 

compared with rural patients. This significance rise of trace and toxic metals in the blood 

of patients may be representing their adverse role in the development of prostate cancer 

(Jomova and Valko, 2011). Likewise, in the case of healthy donors, mean contents of Ca, 

Fe, Mn, Cr, Co and Cd were determined at appreciably higher levels in the blood of rural 

healthy donors, whereas mean levels of Mg, Zn, Sr, Li and Pb were noticeably higher in 

the blood of urban healthy donors. Nonetheless, some metals (Na, K, Cu and Ni) exhibited 

almost equivalent levels in both healthy donor groups.  
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Figure 165.  Habitat-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the blood of prostate cancer patients and healthy subjects  
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The average concentrations of Zn, Sr, Li and Pb depicted marginally elevated 

levels in urban patients and healthy donors compared to their respective counterparts; 

mean levels of Co, Ni and Cr were comparatively higher in the blood of rural patients and 

healthy donors compared to their respective counterparts. Accordingly, noticeable 

variations in the metal levels of two groups from urban and rural locations evidenced the 

imbalance of these metals in the blood of prostate cancer patients. 

 

3.6.27.2  Dietary-Based Comparison of Metal Levels in the Blood of Prostate Cancer 

Patients and Healthy Subjects 

Comparison of average concentrations of metals (±SE) in the blood of prostate 

cancer patients and healthy subjects with vegetarian and non-vegetarian food habits are 

portrayed in Figure 166. Average levels of Ni, Co and Zn were appreciably higher in the 

blood of both non-vegetarian subjects compared to their respective vegetarian 

counterparts. Mean contents of Pb, Cr, Ni, Li, Co and Cu were highest in vegetarian 

patients, while average concentrations of Mn and Cd were significantly elevated in the 

blood of non-vegetarian patients. Furthermore, average concentrations of Sr, Fe, Na and 

Mg were nearly comparable in vegetarian and non-vegetarian patients.  
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Figure 166.  Dietary-based comparison of average concentrations (µg/g ± SE) of selected 

metals in the blood of prostate cancer patients and healthy subjects 
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In the case of healthy donors, average concentrations of Pb, Cd, Li, Sr and Mg 

were considerably higher in non-vegetarian healthy donors, while mean levels of Fe, Zn, 

Co, Mn and Ni were noticeably higher in the blood of vegetarian healthy donors. The rest 

of the metals exhibited insignificant differences in the blood of vegetarian and non-

vegetarian healthy subjects. However, mean contents of Cu, Li and Pb were determined at 

marginally higher levels in the blood of vegetarian patients and non-vegetarian healthy 

donors compared with non-vegetarian patients and vegetarian healthy donors, respectively. 

Nonetheless, only Mn was found to be significantly elevated in the blood of non-

vegetarian patients and vegetarian healthy donors compared to their respective 

counterparts. Finally, it can be concluded that the dietary attitude had some noticeable 

effects on metal levels which was supported by several past studies (Allen et al., 2008; 

Wolk, 2005). 

 

 

3.6.27.3  Smoking-Based Comparison of Metal Levels in the Blood of Prostate 

Cancer Patients and Healthy Subjects  

Comparison of selected metal levels (±SE) in the blood of prostate cancer patients 

and healthy subjects based on smoking and non-smoking habits is presented in Figure 167. 

Average concentrations of Pb, Cd, Cr, Li, Sr, Zn, Fe and K were found to be significantly 

higher in the blood of smoking patients compared with non-smoking patients. Mean levels 

of Ca, Co and Ni were recorded higher in the blood of patients with non-smoking habit. 

Nonetheless, average levels of Mg, Na, Cu and Mn revealed comparable contribution in 

the blood of patients irrespective of a smoking or non-smoking habit. The comparative 

proportions of these metals in the blood of prostate cancer patients with smoking/non-

smoking habits were significantly different which suggested that trace metal distribution 

was affected by tobacco-use (Anetor et al., 2008; Plaskon et al., 2003). Similarly, mean 

levels of Cd, Cr, Ni, Mn, Li, Mg, Co and Ca were considerably higher in the blood of non-

smoking healthy donors compared with smoking healthy donors, whereas average levels 

of Fe, Cu and Sr were somewhat higher in the blood of smoking healthy donors. Mean 

concentrations of Pb, Zn, K and Na exhibited comparable contributions in the blood of 

both groups of healthy subjects. Interestingly, relatively higher concentrations of Ni and 

Co were found in the blood of subjects with non-smoking habit in both categories whereas 

mean content of Fe was relatively higher in the blood of subjects with smoking habit. 
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Figure 167.   Smoking-based comparison of average concentrations (µg/g ± SE) of 

selected metals in the blood of prostate cancer patients and healthy subjects  

 

3.6.28  Comparison of Metal Levels in the Blood Based on Types and 

Stages of Prostate Cancer Patients 
3.6.28.1  Comparison of Metal Levels in the Blood Based on Types of Prostate 

Cancer Patients  

Comparative evaluation of mean metal concentrations (±SE) in the blood of 

different types of prostate cancer patients (i.e., adenocarcinoma, squamous cell carcinoma, 

transitional cell carcinoma and small cell carcinoma) is shown in Figure 168. In the case 

of small cell carcinoma patients, Zn, Cu, Sr, Mn and Cd exhibited comparatively higher 

average concentrations, while mean levels of Fe and Ni were appreciably higher in the 

blood of transitional cell carcinoma patients. However, Pb, Co, Li, Mg and Cr showed 

relatively higher concentrations in the blood of squamous cell carcinoma patients. In the 

blood of adenocarcinoma patients, lowest metal levels were noticed for Ca, Ni and Cr 

compared with other types of prostate cancer. However, mean levels of Pb, Cd, Mn, Co, 

Li, Sr, Cu and Mg were found to be lowest in the blood of transitional cell carcinoma 

patients. Average concentrations of Ca, Na, K and Cr were not appreciably different in the 

blood of transitional cell carcinoma patients and small cell carcinoma patients. However, 
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Mg, Na, K, Sr and Mn exhibited almost equivalent levels in the blood of adenocarcinoma 

patients and squamous cell carcinoma patients. 
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Figure 168.  Comparative average concentrations (µg/g ± SE) of selected metals in the 

blood of different types of prostate cancer patients 

 

3.6.28.2  Comparison of Metal Levels in the Blood Based on Stages of Prostate 

Cancer Patients 

Average concentrations of selected metals (±SE) in the blood of prostate cancer 

patients at different stages are shown in Figure 169, for comparative evaluation. Mean 

blood concentrations of Pb, Cr, Mn, Sr, Mg and Cu were considerably higher at stage-IV, 

while average concentration of Ni in the blood was relatively higher at stage-III of prostate 

cancer patients. However, mean concentration of Fe was considerably higher at stage-II 

and average levels of Ca, Co and Cd in the blood were found elevated at stage-I of 

prostate cancer patients. It was noted that mean content of Na in the blood was almost 

equivalent at all four stages of prostate cancer patients. Average concentrations of Pb, Sr 

and Zn increased in the following order: stage-III > stage-II > stage-I > stage-IV. Mean 

concentrations of Cu, Mn and Ni were comparable at stage-I and stage-II whereas Li, K, 

Fe, Zn and Cr concentrations in the blood were almost equivalent at stage-I and stage-IV 
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of prostate cancer patients. Some of the metals (Pb, Cd, Cu, Zn and Fe) exhibited lowest 

concentrations at stage-III of prostate cancer patients. 
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Figure 169.  Comparative average concentrations (µg/g ± SE) of selected metals in the 

blood of prostate cancer patients at different stages 

 

 

3.6.29  Comparison of Metal Levels in Scalp Hair, Nails and Blood of 

Prostate Cancer Patients  
Average concentrations of selected metals (± SE) in the scalp hair, nails and blood 

of prostate cancer patients are shown in Figure 170, for comparative evaluation. Mean 

concentrations of Zn, Sr and Pb were found to be highest in the scalp hair compared with 

those of nails and blood. Nevertheless, average levels of Mg, Cu, Li, Co, Mn, Ni, Cr and 

Cd were highest in the nails in comparison with the scalp hair and blood samples. 

However, highest contributions of Na, K and Fe were observed in the blood compared 

with the scalp hair and nails samples. 
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Figure 170.  Comparative average concentrations (µg/g ± SE) of selected metals in the 

scalp hair, nails and blood of prostate cancer patients 

 

 

 



Results and Discussion 

 336

SECTION  VI 
 

3.7 Comparison of the Metal Levels in Scalp Hair, Nails and 

Blood among Various Types of Cancer Patients 
Simultaneous determination of selected metal levels in the scalp hair, nails and 

blood of different types of cancer subjects (lung, lymphoma, oral, ovarian and prostate) 

seemed to hold particular promise. The individual metal levels evaluated in scalp hair, 

nails and blood samples of the cancer patients are compared in this section on the average 

basis. To begin with, comparative mean metal levels in the scalp hair of five types of 

cancer donors are discussed followed by evaluation of average metal levels in the nails of 

all cancer patients and thereafter, mean metal concentrations measured in the blood of five 

types of cancer subjects are compared. The pictorial comparisons of average metal levels 

(±SE) for each matrix in different types of cancer patients are shown in Figures 171-173. 

 

3.7.1 Comparison of Metal Levels in the Scalp Hair of Different Cancer 

Patients 
Comparative average selected metal levels (± SE) in the scalp hair of five types of 

cancer patients included in the present study are shown in Figure 171. Among the selected 

types of cancer patients, highest mean level of Ca was observed in the scalp hair of lung 

cancer patients, followed by, oral cancer patients, while almost comparable levels were 

noted for prostate cancer patients and ovarian cancer patients. Overall, average levels of 

Ca showed following decreasing order in various types of cancerous patients: lung cancer 

patients > oral cancer patients > lymphoma patients > prostate cancer patients > ovarian 

cancer patients. Mean levels of Mg in the scalp hair of oral cancer patients and ovarian 

cancer patients exhibited comparable contributions. Likewise, there were no substantial 

differences in the scalp hair Mg contents of lung cancer patients and prostate cancer 

patients. However, lowest Mg concentration was found in the scalp hair of lymphoma 

patients (Figure 171). Highest mean concentration of Na was found in the scalp hair of 

lung cancer patients, followed by, oral cancer patients, while prostate cancer patients 

revealed lowest Na content. On the average, decreasing order of Na levels in different 

patient categories was: lung cancer patients > oral cancer patients > ovarian cancer 

patients > lymphoma patients > prostate cancer patients.  



Results and Discussion 

 337

Ca

0

500

1000

1500

2000

2500

Lung
Cancer 

Lymphoma Oral
Cancer 

Ovary
Cancer 

Prostate
Cancer 

A
ve

ra
ge

 L
ev

el
 (µ

g/
g)

 in
 S

ca
lp

 H
ai

r

    

Mg

0

50

100

150

200

250

Lung
Cancer 

Lymphoma Oral
Cancer 

Ovary
Cancer 

Prostate
Cancer 

A
ve

ra
ge

 L
ev

el
 (µ

g/
g)

 in
 S

ca
lp

 H
ai

r

 

Na

0

100

200

300

400

500

Lung
Cancer 

Lymphoma Oral
Cancer 

Ovary
Cancer 

Prostate
Cancer 

A
ve

ra
ge

 L
ev

el
 (µ

g/
g)

 in
 S

ca
lp

 H
ai

r

    

K

0

15

30

45

60

Lung
Cancer 

Lymphoma Oral
Cancer 

Ovary
Cancer 

Prostate
Cancer 

A
ve

ra
ge

 L
ev

el
 (µ

g/
g)

 in
 S

ca
lp

 H
ai

r

 

Fe

0

25

50

75

100

Lung
Cancer 

Lymphoma Oral
Cancer 

Ovary
Cancer 

Prostate
Cancer 

A
ve

ra
ge

 L
ev

el
 (µ

g/
g)

 in
 S

ca
lp

 H
ai

r

    

Zn

0

50

100

150

200

250

Lung
Cancer 

Lymphoma Oral
Cancer 

Ovary
Cancer 

Prostate
Cancer 

A
ve

ag
e 

Le
ve

l (
µg

/g
) i

n 
Sc

al
p 

H
ai

r

 

Cu

0

5

10

15

Lung
Cancer 

Lymphoma Oral
Cancer 

Ovary
Cancer 

Prostate
Cancer 

A
ve

ra
ge

 L
ev

el
 (µ

g/
g)

 in
 S

ca
lp

 H
ai

r

    

Sr

0

40

80

120

Lung
Cancer 

Lymphoma Oral
Cancer 

Ovary
Cancer 

Prostate
Cancer 

A
ve

ra
ge

 L
ev

el
 (µ

g/
g)

 in
 S

ca
lp

 H
ai

r

 

Figure 171.  

 

(continued……..) 
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Figure 171. Comparative average concentrations (µg/g ± SE) of selected metals in the 

scalp hair of different classes of cancer patients 
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Average concentration of K in the scalp hair of lung cancer patients was highest 

among the patients, followed by oral cancer patients, while minimum level of K was found 

in the scalp hair of lymphoma patients as shown in Figure 171. In addition, almost 

equivalent average levels of K were observed in scalp hair of ovarian cancer patients and 

prostate cancer patients. Mean level of Fe was found to be highest in the scalp hair of 

prostate cancer patients, followed by, lung cancer patients. Scalp hair contents of Fe 

exhibited insignificant differences for lymphoma patients and ovarian cancer patients. 

Mean levels of Zn in the scalp hair of lymphoma patients and ovarian cancer patients were 

nearly comparable while the highest average level was found in lung cancer patients 

(Figure 171). However, oral cancer patients manifested lowest average Zn level in their 

scalp hair among all donor categories. Mean level of Cu in the scalp hair of prostate cancer 

patients exhibited highest contribution, while minimum level was found in lung cancer 

patients as shown in Figure 171. However, there were no appreciable differences in the 

mean concentrations of Cu in the scalp hair of lymphoma, ovarian and oral cancers 

patients.  

In the scalp hair, elevated mean concentration of Sr was recorded for ovarian 

cancer patients, followed by, lymphoma patients and prostate cancer patients, while lowest 

average level was observed in the scalp hair of oral cancer patients. Average concentration 

of Li in the scalp hair was dominant for lung cancer patients, followed by oral cancer 

patients and ovarian cancer patients. In contrast, lymphoma patients revealed lowest mean 

level of Li in their scalp hair. Mean level of Co in the scalp hair of prostate cancer patients 

was noted to be highest, whereas the lowest concentration was observed in the scalp hair 

of ovarian cancer patients. Scalp hair contents of Co in different types of the patients 

followed the decreasing order: prostate cancer patients > oral cancer patients > lung cancer 

patients > lymphoma patients > ovarian cancer patients. Average variations in the scalp 

hair Mn levels were recoded to be more or less similar in prostate, oral and lung cancers 

patients while highest in ovarian cancer patients as displayed in Figure 171. Highest 

average content of Ni was found in the scalp hair of prostate cancer patients among all 

categories of patients (Figure 171). However, more or less comparable concentrations of 

Ni were noted in the scalp hair of lung, lymphoma and ovarian cancer patients.  

Chromium contents in the scalp hair of oral cancer patients were found to be 

highest, while minimum level of Cr was observed in the scalp hair of ovarian cancer 

patients, on the average. In the present study, lung cancer patients and lymphoma patients 

exhibited comparable mean concentrations of Cr levels in their scalp hair. Overall, on the 
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average basis, the data revealed following pattern of Cr concentration in the patients: oral 

cancer patients > prostate cancer patients > lung cancer patients ~ lymphoma patients > 

ovarian cancer patients. The highest level of Cd was noticed in the scalp hair of oral 

cancer patients, while lowest Cd concentration was found in the scalp hair of lymphoma 

patients (Figure 171). On the average basis, the increasing trend of the Cd level in the 

scalp hair of various types of cancers patients revealed following order: lymphoma 

patients < ovarian cancer patients < lung cancer patients ~ prostate cancer patients < oral 

cancer patients. Similarly, average level of Pb was predominant in the scalp hair of 

prostate cancer patients followed by, lung cancer patients and ovarian cancer patients. The 

scalp hair Pb level was found to be lowest for lymphoma patients. On the whole, 

decreasing order of Pb in the scalp hair of different patients was as follows: prostate 

cancer patients > lung cancer patients > ovarian cancer patients > oral cancer patients > 

lymphoma patients. 

 

3.7.2 Comparison of Metal Levels in the Nails of Different Cancer 

Patients 
Comparative average metal levels (±SE) in the nails of different cancer patients are 

shown in Figure 172. Highest level of Ca in the nails was shown by ovarian cancer 

patients, followed by, lymphoma patients whereas the lowest level was recorded in the 

nails of lung cancer patients. Mean level of Ca in the nails of different types of cancer 

patients revealed following decreasing order: ovarian cancer patients > lymphoma patients 

> oral cancer patients > prostate cancer patients > lung cancer patients. Lowest average 

concentration of Mg was found in the nails of ovarian cancer patients but the highest 

content was noted for prostate cancer patients, followed by, oral cancer patients. 

Maximum level of Na was recorded in the nails of oral cancer patients, followed by, lung 

cancer patients, while the lowest level was observed in the nails of prostate cancer 

patients, and the next-lowest in the nails of ovarian cancer patients (Figure 172). In the 

present study, mean K level in the nails of lung cancer patients was maximum. However, 

almost comparable concentrations of K were observed for lymphoma patients and ovarian 

cancer patients. Similarly, there were more or less comparable contributions of K in the 

nails of oral cancer patients and prostate cancer patients. Generally, mean levels of K in 

the nails of different patients followed the decreasing order: lung cancer patients < prostate 

cancer patients < oral cancer patients < ovarian cancer patients ~ lymphoma patients.  
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Figure 172.  

 

(continued……..) 
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Figure 172. Comparative average concentrations (µg/g ± SE) of selected metals in the 

nails of various classes of cancer patients 
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Average level of Fe was recorded highest in the nails of prostate cancer patients, 

while ovarian cancer patients revealed lowest concentration of Fe in their nails. However, 

insignificant difference in Fe levels of nails was observed for lung cancer patients and 

lymphoma patients. Highest average level of Zn was found in the nails of lung cancer 

patients, followed by, prostate cancer patients and oral cancer patients while the lowest 

level was observed in the nails of ovarian cancer patients. Overall, on average basis, Zn 

levels revealed following decreasing order in different categories of patients: lung cancer 

patients > prostate cancer patients > oral cancer patients > lymphoma patients > ovarian 

cancer patients. Concentration of Cu in the nails of prostate cancer patients was found 

maximum, however relatively lower Cu level was observed in the nails of lung cancer 

patients, followed by, oral cancer patients and lymphoma patients. Mean content of Cu 

was lowest in the nails of ovarian cancer patients. The average level of Sr in the nails of 

lymphoma patients was almost comparable with that of ovarian cancer patients, though 

highest level was observed in the nails of lung cancer patients, followed by prostate cancer 

patients. Likewise, average content of Li was predominant in the nails of oral cancer 

patients, followed by, ovarian cancer patients, while mean Li contents for prostate cancer 

patients and lung cancer patients were noted to be more or less comparable. In contrast, 

average concentration of Li was lowest in the nails of lymphoma patients (Figure 172). 

Highest mean level of Co was found in the nails of lung cancer patients, followed 

by, prostate cancer patients, whereas the metal level in the nails of lymphoma patients was 

lowest. The following decreasing order of Co levels was noted in the nail of different 

patient groups: lung cancer patients > prostate cancer patients > oral cancer patients > 

ovarian cancer patients ~ lymphoma patients. Average content of Mn in the nails was 

found at the highest level for prostate cancer patients, followed by, oral cancer patients 

and lung cancer patients. However, mean concentration of Mn in the nails of lymphoma 

patients was lowest among the patient groups. The measured content of Ni in the nails was 

observed to be lowest for oral cancer patients and relatively higher for ovarian cancer 

patients and lymphoma patients; maximum Ni level was noted in the nails of prostate 

cancer patients, and the next-highest in the nails of the lung cancer patients.  

Highest average level of Cr was recorded in the nails of ovarian cancer patients, 

followed by, prostate cancer patients and lung cancer patients (Figure 172). In addition, 

lowest level of Cr was found in the nails of lymphoma patients, while a relatively higher 

level was determined in oral cancer patients. An average nail content of Cd was highest 

for oral cancer patients; however, there were insignificant differences in the nails contents 
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of lung cancer patients and lymphoma patients. Mean concentration of Cd in the nails 

revealed lowest contribution for ovarian cancer patients. Mean level of Pb showed highest 

variation in the nails of lung cancer patients. There were more or less similar levels of Pb 

in the nails of lymphoma patients and ovarian cancer patients. Prostate cancer patients 

possessed lowest Pb concentration in the nails. Overall, Pb contents in the nails of patients 

revealed following decreasing order: lung cancer patients > oral cancer patients > 

lymphoma patients ~ ovarian cancer patients > prostate cancer patients (Figure 172).  

 

3.7.3 Comparison of Metal Levels in the Blood of Different Cancer 

Patients 
Comparison of average metal levels (±SE) in the blood of different cancer patient 

groups is displayed in Figure 173. Mean concentrations of Ca were almost comparable in 

the blood of lung cancer patients and prostate cancer patients. Similarly, no significant 

difference was observed in Ca levels in the blood of oral cancer patients and ovarian 

cancer patients, whereas mean Ca level was relatively higher in nails of lymphoma 

patients. Concentration of Mg was found to be highest in the blood of lung cancer patients, 

followed by ovarian cancer patients and oral cancer patients. Almost equal concentrations 

of Mg levels were observed in the blood of lymphoma patients and prostate cancer 

patients. The relatively highest level of Na was recorded in the blood of ovarian cancer 

patients, whereas least concentration of Na was observed in the blood of lymphoma 

patients. Moreover, mean contents of Na exhibited insignificant difference in the blood of 

oral cancer patients and lung cancer patients. Highest K level was found in the blood of 

lung cancer patients, followed by oral cancer patients while minimum level was noted in 

the blood of prostate cancer patients. The corresponding order of mean level of K in the 

blood of different patients was: lung cancer patients > oral cancer patients > ovarian 

cancer patients ~ lymphoma patients > prostate cancer patients. 

Mean level of Fe was recorded highest in the blood of prostate cancer patients; 

relatively lower concentration was observed for lymphoma patients, followed by lung 

cancer patients and oral cancer patients as shown in Figure 173. Minimum Fe 

concentration was found in the blood of ovarian cancer patients. Average levels in the 

blood Zn levels were found to be approximately similar for lung cancer patients, 

lymphoma patients and ovarian cancer patients, while slightly higher Zn level was 

observed in the blood of oral cancer patients and the lowest level in the blood of prostate 
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cancer patients. Average concentration of Cu in the blood of prostate cancer patients was 

recorded distinctively higher, followed by lung cancer patients and oral cancer patients. 

Moreover, lowest mean Cu level was recorded in the blood of ovarian cancer patients 

(Figure 173). Average concentration of Sr in the blood was predominantly highest for 

lymphoma patients; almost equivalent levels were noted for oral cancer patients and 

ovarian cancer patients. Similarly, comparable results were noted for Sr levels in the blood 

of prostate cancer patients and lung cancer patients. Mean concentration Li was highest for 

the prostate cancer patients, followed by lung cancer patients, whereas nearly equivalent 

levels were found in the blood of ovarian cancer patients and lymphoma patients. In the 

case of Co, highest average level was recorded in the blood of prostate cancer patients, 

followed by the lung cancer patients and ovarian cancer patients. In addition, lowest 

concentration of Co was found in the blood of lymphoma patients, while a relatively 

higher level was determined in oral cancer patients. 

Elevated mean level of Mn was found in the blood of prostate cancer patients, 

while nearly similar concentrations were observed for lymphoma patients and ovarian 

cancer patients. Overall, Mn exhibited following decreasing order in different patients: 

prostate cancer patients > oral cancer patients > lung cancer patients > lymphoma patients 

~ovarian cancer patients. Highest level of Ni was noted in the blood of lung cancer 

patients, followed by oral cancer patients and ovarian cancer patients, whereas least level 

was found in the blood of lymphoma patients. Average levels in the blood Cr levels were 

found to be comparable for oral cancer patients and ovarian cancer patients. There were 

insignificant differences in the average concentration of Cr levels in the blood of prostate 

cancer patients and lung cancer patients, while lymphoma patients exhibited lowest Cr 

level in the blood. Mean concentration of blood Cd was dominant for prostate cancer 

patients; lowest Cd level was recorded in the blood of ovarian cancer patients. Average 

levels of Cd revealed following decreasing order in the blood of different patients: prostate 

cancer patients > oral cancer patients > lymphoma patients > lung cancer patients > 

ovarian cancer patients. In the present study, lowest average level of Pb was observed in 

the blood of lymphoma patients, approximately comparable mean Pb levels were found for 

lung cancer patients and oral cancer patients. Relatively lower mean levels of Pb were 

noted in the nails of prostate cancer patients and ovarian cancer patients. Average levels of 

Pb in the blood of different patients revealed following decreasing order: lung cancer 

patients > oral cancer patients > prostate cancer patients > ovarian cancer patients > 

lymphoma patients (Figure 173).  
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Figure 173.  

 

(continued……..) 
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Figure 173. Comparative average concentrations (µg/g ± SE) of selected metals in the 

blood of various classes of cancer patients  
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SECTION  VII 
 

3.8 International Comparison of Metal Data 
Another important aspect of the present study is based on comparative evaluation 

of average metal levels in the scalp hair, nails and blood of different cancer patients and 

healthy subjects included in this study with the counterpart reported data from other 

regions of the world, as summarized in Tables 99-104. The comparison of metal levels 

with other studies is often complicated due to number of factors, such as sample 

collection, sample preparations, measurement units, different geographical locations, 

diverse cultural ethnic values and employment of analytical techniques for the analysis. 

Such kinds of comparative assessment generally provided a data-base for the judgment of 

health status of the patients and general population. Moreover, the relative study also 

elaborated the role of metal imbalances in the development of cancer.  

 

3.8.1 Comparison of Present Metal Levels in Scalp Hair of Cancer 

Patients with the Reported Levels  
Comparison of the present scalp hair metal levels of lung cancer, lymphoma, oral 

cancer, ovarian cancer and prostate cancer patients with the reported levels from other 

regions of the world is summarized in Tables 99. It is noteworthy that limited data are 

available in relation to the metal levels in the scalp hair of different types of cancer 

patients around the world. In the case of lung cancer patients average concentrations of Ca 

and Mg were several fold higher compared with those reported for lung cancer patients 

from Kayseri, Turkey (Cihan and Yıldırım, 2011), Szczecin, Poland (Czerny et al., 2014) 

and Changchun, China (Ren et al., 1997). Similarly, elevated Na and K levels were 

observed for lung cancer patients compared to the levels reported from Kayseri, Turkey 

(Cihan and Yıldırım, 2011), nonetheless, the metal levels were considerably lower than 

those of the patients of Szczecin, Poland (Czerny et al., 2014). Present concentrations of 

Fe and Zn in the scalp hair were also higher in comparison with the reported levels from 

Kayseri, Turkey (Cihan and Yıldırım, 2011), Szczecin, Poland (Czerny et al., 2014) and 

Changchun, China (Ren et al., 1997) for lung cancer patients. The current Cu level was 

found to be lower than the reported level for the patients from Kayseri, Turkey (Cihan and 

Yıldırım, 2011), but higher than that of Szczecin, Poland (Czerny et al., 2014) and 
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Changchun, China (Ren et al., 1997). Present average levels of Sr, Co, Mn and Ni were 

found to be higher compared with the reported levels from Kayseri, Turkey (Cihan and 

Yıldırım, 2011), Szczecin, Poland (Czerny et al., 2014) and Changchun, China (Ren et al., 

1997). In addition, the present scalp hair concentrations of Li and Cr were observed to 

higher than the reported levels from Kayseri, Turkey (Cihan and Yıldırım, 2011) and 

Szczecin, Poland (Czerny et al., 2014). Elevated Cd level in the scalp hair of lung cancer 

patients was observed in the present study compared to those reported from Kayseri, 

Turkey (Cihan and Yıldırım, 2011), Szczecin, Poland (Czerny et al., 2014) and 

Changchun, China (Ren et al., 1997), yet the present metal level was lower than the 

reported level from Jamshoro, Pakistan (Kazi et al., 2008c). Similarly, higher hair Pb level 

was found in the present study compared with the reported level for lung cancer patients 

from Kayseri, Turkey (Cihan and Yıldırım, 2011), Szczecin, Poland (Czerny et al., 2014) 

and Changchun, China (Ren et al., 1997). 

In the case of lymphoma patients, the scalp hair Ca level found in the present study 

was higher than the reported level from Szczecin, Poland (Czerny et al., 2014), whereas 

mean Na and K levels were lower compared with the patients from Szczecin, Poland 

(Czerny et al., 2014), as depicted in Table 99. Similarly, present mean Fe and Cu levels 

were relatively lower than the reported concentration from Peshawar, Pakistan (Ahmad et 

al., 2011), however, these levels were higher than those of the patients from Szczecin, 

Poland (Czerny et al., 2014). The current Mg level was found to be higher than the 

reported levels for the patients from Ankara, Turkey (Sahin et al., 2000; Cavdar, 2009), 

Peshawar, Pakistan (Ahmad et al., 2011) and Szczecin, Poland (Czerny et al., 2014). 

Additionally, mean level of Zn in the scalp hair revealed higher contents than those 

reported for lymphoma patients from Ankara, Turkey (Sahin et al., 2000; Cavdar, 2009), 

Peshawar, Pakistan (Ahmad et a., 2011) and Szczecin, Poland (Czerny et al., 2014). The 

present levels of Sr, Li, Co, Mn, Cr and Cd in the scalp hair of lymphoma patients were 

found to be higher than those of the patients from Szczecin, Poland (Czerny et al., 2014). 

Likewise, considerably higher concentrations of Ni and Pb were found in the present study 

compared with the reported levels from Peshawar, Pakistan (Ahmad et al., 2011) and 

Szczecin, Poland (Czerny et al., 2014) (Table 99). 

Oral cancer patients included in the present study revealed relatively lower mean 

level of Zn than the reported level for oral cancer patients from Larkana, Pakistan 

(Wadhwa et al., 2015), however, the metal level remained lower than other reports from 

Larkana, Pakistan (Arain et al., 2015). The observed Cd level in the scalp hair was also 
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lower than other reported studies conducted in Larkana, Pakistan (Wadhwa et al., 2015; 

Kazi et al., 2010) for oral cancer patients (Table 99). 

In the case of ovarian cancer patients, present Ca and Mg levels in the scalp hair 

were higher than the reported levels from Szczecin, Poland (Czerny et al., 2014), which 

showed elevated levels for Na, K and Fe compared to the present study. Elevated average 

level of Zn in the scalp hair was found compared with those reported for patients from 

Szczecin, Poland (Czerny et al., 2014) and Larkana, Pakistan (Wadhwa et al., 2015) but 

lower than that of Jamshoro, Pakistan (Memon et al., 2007) for ovarian cancer patients. 

The present scalp hair levels of Cu, Sr, Li, Co, Mn and Cr were found to be higher than the 

reported levels from Szczecin, Poland (Czerny et al., 2014). Similarly, mean levels of Ni 

was higher than that of the ovarian cancer patients from Larkana, Pakistan (Arain et al., 

2015), while Cd level in the scalp hair of ovarian cancer patients from Larkana, Pakistan 

(Wadhwa et al., 2015) was higher than the present level, which were considerably higher 

compared with the reported level from Szczecin, Poland (Czerny et al., 2014). 

Prostate cancer patients showed relatively higher Ca and Mg levels in the scalp 

hair compared with that reported for the patients from Shanghai, China (Guo et al., 2007) 

and Yibin, China (Tan and Chen, 2011) as shown in Table 99. Present mean levels of Na 

and K were lower in comparison with those of the patients from Shanghai, China (Guo et 

al., 2007) and Yibin, China (Tan and Chen, 2011). Additionally, the hair level for Fe was 

higher in the patients compared with the donors of Kuala Lumpur, Malaysia (Karimi et al., 

2012), but current level was lower than the results from Shanghai, China (Guo et al., 

2007) and Yibin, China (Tan and Chen, 2011). Likewise, mean content of Zn in prostate 

cancer patients in the present study was lower compared with the patients from Shanghai, 

China (Guo et al., 2007) while the opposite was the case in comparison with the reported 

levels from Kuala Lumpur, Malaysia (Karimi et al., 2012) and Yibin, China (Tan and 

Chen, 2011). Present Cu level for prostate cancer patients was lower than that of patients 

from Shanghai, China (Guo et al., 2007) and Yibin, China (Tan and Chen, 2011) but 

higher than those of Kuala Lumpur, Malaysia (Karimi et al., 2012). Similarly, current 

levels of Sr, Co and Ni were found higher compared with other reported levels listed in 

Table 99. Present level of Mn in the scalp hair of prostate cancer patients was higher than 

the results of Kuala Lumpur, Malaysia (Karimi et al., 2012), Shanghai, China (Guo et al., 

2007) and Yibin, China (Tan and Chen, 2011). Additionally, the hair level for Cr found in 

the present study was higher than the reported levels for prostate cancer patients from 

Shanghai, China (Guo et al., 2007) and Yibin, China (Tan and Chen, 2011).  
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Table 99. Comparison of present mean metal levels (µg/g) in the scalp hair of different types of cancer patients with the reported levels  

City, Country Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb References 
Islamabad, Pakistan (LC) 1880 201.9 392.5 47.09 40.52 222.4 10.11 28.19 3.265 10.77 4.447 8.550 3.213 1.534 27.98 Present study 
Kayseri, Turkey (LC) 68.25 28.92 23.32 15.32 9.652 53.23 24.45 1.91 0.595 3.131 1.819 1.126 2.492 0.209 8.577 Cihan and Yıldırım, 2011
Szczecin, Poland (LC) 689.4 15.77 403.1 221.4 10.31 74.55 11.45 1.89 0.04 0.03 0.95 1.35 0.38 0.05 1.19 Czerny et al., 2014 
Jamshoro, Pakistan (LC) − − − − − − − − − − − − − 3.72 − Kazi et al., 2008c 
Changchun, China (LC) 923.1 73.65 − − 22 151.4 9.827 3.037 − 0.033 2.523 0.117 − 0.049 2.364 Ren et al., 1997 
Islamabad, Pakistan (Lm) 1050 191.2 243.2 3.236 15.05 205.6 10.99 88.45 0.356 8.532 2.038 9.314 3.013 0.615 5.160 Present study 
Ankara, Turkey (Lm) − 28.9 − − − 91.1 − − − − − − − − − Sahin et al., 2000 
Peshawar, Pakistan (Lm) − 67.46 − − 120.3 167.8 21.64 − − − − 5.92 − − 26.31 Ahmad et al., 2011 
Ankara, Turkey (Lm) − − − − − 114.5 − − − − − − − − − Cavdar, 2009 
Szczecin, Poland (Lm) 275.8 9.58 361.8 243.8 9.69 125.1 7.99 2.57 0.03 0.02 0.88 1.25 0.39 0.07 1.18 Czerny et al., 2014 
Islamabad, Pakistan (OrC) 1177 209.9 289.6 14.66 12.88 141.2 11.06 14.64 1.647 13.48 4.603 16.98 8.093 2.765 9.495 Present study 
Larkana, Pakistan (OrC) − − − − − 161 − − − − − 2.92 − 6.73 − Wadhwa et al., 2015 
Larkana, Pakistan (O C) − − − − − 171 − − − − − − − 4.24 − Kazi et al., 2010 
Larkana, Pakistan (OrC) − − − − − − − − − − − 16.9 − − − Arain et al., 2015 
Islamabad, Pakistan (OvC) 881.9 210.2 252.3 10.10 15.45 205.9 10.88 96.45 1.321 3.399 4.821 9.192 2.717 1.202 23.56 Present study 
Szczecin, Poland (OvC) 800.1 20.53 365.7 232.7 8.83 130.6 6.87 2.17 0.04 0.03 0.78 1.13 0.3 0.04 − Czerny et al., 2014 
Larkana, Pakistan (OvC) − − − − − 125 − − − − − 1.25 − 5.34 − Wadhwa et al., 2015 
Jamshoro, Pakistan (OvC) − − − − − 245.6 − − − − − − − − − Memon et al., 2007 
Islamabad, Pakistan (PC) 890.6 201.5 154.4 9.190 76.85 160.7 14.10 75.04 0.791 28.83 4.653 37.21 4.276 1.629 35.87 Present sudy 
Kuala Lumpur, Malaysia (PC) − − − − 1.23 3.29 0.09 − − − 0.07 − − − − Karimi et al., 2012 
Shanghai, China (PC) 426.4 54.99 379.1 148.4 120.3 181.7 16.50 − − 0.13 1.45 1.46 3.14 3.10 200.8 Guo et al., 2007 
Yibin, China (PC) 430.0 54.24 359.8 147.7 97.59 171.9 16.15 0.46 − 0.11 1.27 1.38 2.67 2.7 160.8 Tan and Chen, 2011 
(LC)-Lung Cancer; (Lm)-Lymphoma; (OrC)-Oral Cancer; (OvC)-Ovarian Cancer; (PC)-Prostate Cancer 
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Table 100. Comparison of present mean metal levels (µg/g) in the scalp hair of healthy subjects with the reported levels 

City, Country Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb References 
Islamabad, Pakistan 1375 235.3 197.9 11.23 26.62 329.4 11.43 48.11 0.716 6.932 2.728 9.365 3.156 0.804 10.39 Present study 
Umea and Lulea,Sweden 750 46 147 81 9.6 142 25 1.2 0.017 0.013 0.56 0.43 0.167 0.058 0.96 Rodushkin and Axelsson, 2000
Uttar Kalyanpur, India − − − − 69.5 152.4 14.75 − − − 15.48 1.59 − 0.4 8.03 Samanta et al., 2004 
Rawalpindi, Pakistan 556 153 97.4 8.14 81.7 177 22.3 8.6 3.79 5.89 1.68 − 2.61 2.13 14.6 Pasha et al., 2008a 
Arizona, USA 491 51 98 47 16 147 33.4 2.51 0.053 0.04 0.33 − 0.45 0.14 0.81 Adams et al., 2006 
Shanghai, China 1571 101 258 92.2 38.2 230 14.2 − − 0.76 1.54 − 4.65 0.59 12.6 Gou et al., 2007 
Suwon, Korea 1591 116 158 101 9.15 163 57.2 − − − 0.44 − 0.41 0.02 1.12 Joo et al., 2009 
Kayseri, Turkey 34.37 41 28.64 11.01 28.19 63.7 11.93 0.499 0.503 0.269 0.863 0.688 0.991 0.175 6.196 Cihan et al., 2011 
Madrid, Spain 565 30.2 28.7 7.9 10.2 222 12.2 1.4 − 0.3 0.13  0.35 0.03 0.81 Rodenas et al., 2011 
Kayseri, Turkey 30.81 31.92 21.37 10.7 25.05 109.8 15.75 1.455 0.571 0.392 1.144 0.58 0.934 0.316 5.09 Cihan and Yildirum, 2011 
Taipei, Taiwan 1045 130 295 33.1 66.2 − 28.5 − − − − − − − − Wang et al., 2009 
Visakhapatnam, India 121 − − 10.47 131 42.49 6.3 − − 3.91 13.44 − − − − Pradeep et al., 2014 
Warsaw, Poland 329 21 − − 8 173 10 − − − − − 0.12 0.09 0.9 Dlugaszek et al., 2008 
Bilbao, Spain 638 16.5 110 168 17.4 261 13.9 118 − − 0.71 − − − 0.54 Raposo et al., 2014 
Sevilla, Spain − − − − 27.24 − 39.07 − − − 0.36 0.47 0.36 − − Martín-Cameán et al., 2014 
Palermo,Italy − − − − − 189.2 22.87 6.55 0.11 0.19 0.31 0.55 0.11 0.04 1.01 Dongarra et al., 2011 
Szczecin, Poland 425.3 27.16 229.8 109.0 14.83 141.2 13.15 1.89 0.03 0.03 0.86 1.22 0.39 0.031 0.85 Czerny et al., 2014 
Brazil, Thailand − 52.6 170 127 75.6 207 12.9 4.5 1.18 0.23 0.98 12.9 1.92 0.405 0.38 Dressler et al., 2010 
Lahore, Pakistan − − − − − − − − − − − − 0.6 0.61 10.6 Salman et al., 2012 
Wuhan, China − − − − 50.65 112.9 6.188 − − − − − 0.476 0.077 − Tang et al., 2003 
Peshawar, Pakistan − 120.3 − − 22.85 175.0 18 − − − − 5.37 − − 15.91 Ahmad et a., 2011 
Ankara, Turkey − − − − − 184 − − − − − − − − − Cavdar, 2009 
Ribeirao Preto, Brazil − − − − − − 5.7 1.6 − − 1.3 − − − 2.5 Rodrigues et al., 2008 
Modena, Italy − − − − − 174.6 15.4 − − −  − − − − Piccinini et al., 1996 
Kayseri, Turkey 308.1 31.92 21.38 10.70 25.05 109.8 15.75 1.455 0.571 0.392 1.144 0.58 0.934 0.316 5.09 Cihan and Yıldırımet, 2011 
Kuala Lumpur, Malaysia − − − − 1.21 4.29 − − − − 0.055 − − − − Karimi et al., 2012 
Yibin, China 1570 99.3 257.8 92.21 38.2 229.8 14.21 1.67 − 0.76 1.54 1.02 4.64 0.58 12.58 Tan and Chen, 2011 
Islamabad, Pakistan 1830 347 566 43.1 33.6 260 12.5 14 − − 3.54 − 2.22 0.86 10.3 Ilyas et al., 2015b 
 
 



Results and Discussion 

 353

3.8.2 Comparison of Present Metal Levels in the Scalp Hair of Healthy 

Subjects with the Reported Levels  
Average levels of selected metals in the scalp hair of healthy subjects were also 

compared with the literature reported levels around the world, as shown in Table 100. 

Mean level of Ca found in the scalp hair of healthy subjects in the present study was 

higher than the reported levels for the healthy donors from Umea/Lulea, Sweden 

(Rodushkin and Axelsson, 2000), Rawalpindi, Pakistan (Pasha et al., 2008a), Arizona, 

USA (Adams et al., 2006), Kayseri, Turkey (Cihan et al., 2011), Madrid, Spain (Rodenas 

et al., 2011), Taipei, Taiwan (Wang et al., 2009), Visakhapatnam, India (Pradeep et al., 

2014), Warsaw, Poland (Dlugaszek et al., 2008), Bilbao, Spain (Raposo et al., 2014), 

Changchun, China (Ren et al., 1997) and Szczecin, Poland (Czerny et al., 2014). 

However, scalp hair Ca level was lower compared to those reported from Shanghai, China 

(Gou et al., 2007), Suwon, Korea (Joo et al., 2009), Yibin, China (Tan and Chen, 2011) 

and Islamabad, Pakistan (Ilyas et al., 2015b). Present average level of Mg was elevated in 

the scalp hair of healthy subjects compared to other reported studies in Table 100 except 

one study (Ilyas et al., 2015b) on similar subjects from Islamabad, Pakistan.  

Mean level of Na measured in the scalp hair of healthy subjects in the present 

study was higher than those reported for the healthy donors from Umea/Lulea, Sweden 

(Rodushkin and Axelsson, 2000), Rawalpindi, Pakistan (Pasha et al., 2008a), Arizona, 

USA (Adams et al., 2006), Suwon, Korea (Joo et al., 2009), Kayseri, Turkey (Cihan et al., 

2011), Madrid, Spain (Rodenas et al., 2011), Bilbao, Spain (Raposo et al., 2014) and 

Santa Maria, Brazil (Dressler et al., 2010), while present Na level was lower compared 

with the reported levels from Shanghai, China (Gou et al., 2007), Taipei, Taiwan (Wang et 

al., 2009), Szczecin, Poland (Czerny et al., 2014), Yibin, China (Tan and Chen, 2011) and 

Islamabad, Pakistan (Ilyas et al., 2015b). Present K level in the scalp hair of healthy 

subjects was lower by several fold than the reported studies as shown in Table 100, except 

those for Madrid, Spain (Rodenas et al., 2011) and Visakhapatnam, India (Pradeep et al., 

2014), Yibin, China (Tan and Chen, 2011) and Islamabad, Pakistan (Ilyas et al., 2015b).  

Average content of Fe in the present study was higher than those reported for the 

inhabitants of Umea/Lulea, Sweden (Rodushkin and Axelsson, 2000), Rome, Itlay (Caroli 

et al., 1992), Arizona, USA (Adams et al., 2006), Suwon, Korea (Joo et al., 2009), 

Madrid, Spain (Rodenas et al., 2011), Bilbao, Spain (Raposo et al., 2014), Changchun, 

China (Ren et al., 1997), Szczecin, Poland (Czerny et al., 2014), Peshawar, Pakistan 
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(Ahmad et al., 2011) and Kuala Lumpur, Malaysia (Karimi et al., 2012). Similarly, 

average Zn, Co and Cd levels in the scalp hair of healthy subjects were found to be higher 

compared with the other reported levels in Table 100. Present Cu level in the scalp hair of 

healthy subjects was almost comparable with the reported level from Kayseri, Turkey 

(Cihan et al., 2011) and Changchun, China (Ren et al., 1997), however, the metal level 

was found to be higher in the present study than the regions of Warsaw, Poland 

(Dlugaszek et al., 2008), Wuhan, China (Tang et al., 2003) and Kuala Lumpur, Malaysia 

(Karimi et al., 2012). Elevated mean level of Sr was observed in the scalp hair of healthy 

subjects compared to those in other reported studies except for Bilbao, Spain (Raposo et 

al., 2014) as shown in Table 100. In addition, present scalp hair average level of Li was 

found to be higher than those listed in Table 100 except that from Rawalpindi, Pakistan 

(Pasha et al., 2008a), which showed considerably higher level in healthy subjects. 

In the present study, mean content of Mn in the scalp hair of healthy donors was 

lower compared with those of the inhabitants of Uttar Kalyanpur, India (Samanta et al., 

2004), Visakhapatnam, India (Pradeep et al., 2014) and Islamabad, Pakistan (Ilyas et al., 

2015b). However, average content of Ni in the scalp hair of healthy subjects remained 

higher than other investigations except for Santa Maria, Brazil (Dressler et al., 2010) as 

shown in Table 100. Present Cr level was several-fold higher than most of the reported 

levels but the current level was found to be lower than the corresponding level from 

Shanghai, China (Gou et al., 2007) and Yibin, China (Tan and Chen, 2011). The current 

scalp hair mean level of Pb in healthy subjects was appreciably higher than those reported 

for the inhabitants of Lahore, Pakistan (Salman et al., 2012) and Rawalpindi, Pakistan 

(Pasha et al., 2008a) but almost comparable to those reported from Peshawar/Islamabad, 

Pakistan (Ahmad et al., 2011; Ilyas et al., 2015b).  

 

3.8.3  Comparison of Present Metal Levels in the Nails of Cancer 

Patients with the Reported Levels  
Average levels of selected metals in the nails of different cancer patients in 

comparison with the reported levels around the world are presented in Table 101. One of 

the limitations of comparative study is that clinical/epidemiological studies related to 

metal levels in the nails of different cancer patients are scarcely available. Only a few 

studies are available for lymphoma patients and prostate cancer patients. In the case of 

prostate cancer patients, lower average content of Zn in the nails was observed in the 
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present study compared with the reported levels from Baltimore, USA (Platz et al., 2002), 

while current mean Cd level in the nails was found to be appreciably higher than the 

patients from Bari/Modena, Italy (Vinceti, 2007) and Baltimore, USA (Platz et al., 2002). 

On the other hand, for lymphoma patients, average concentrations of Mg, Fe, Zn, Cu and 

Ni in the nails were appreciably higher in the present study compared with the reported 

study from Peshawar, Pakistan (Ahmad et al., 2011). Metal imbalances in the nails of lung 

cancer patients, oral cancer patients and ovarian cancer patients were investigated for the 

first time in present study and detailed scrutiny of available literature revealed no reported 

study for the metal levels in the nails of these patients. 

 

3.8.4 Comparison of Present Metal Levels in the Nails of Healthy 

Subjects with the Reported Levels  
Average metal levels in the nails of healthy subjects found in present study were 

compared with the counterpart data from other regions of the world as shown in Table 

102. Present average level of Ca estimated in the nails of healthy subjects was higher than 

those reported for the healthy donors from Umea/Lulea, Sweden (Rodushkin and 

Axelsson, 2000) and Krakow, Poland (Golasik et al., 2015) but lower compared with those 

reported for healthy subjects from IleIfe, Nigeria (Olabanji et al., 2005) and Islamabad, 

Pakistan (Ilyas et al., 2015b). Likewise, relatively higher Mg level was observed in the 

nails of healthy subjects than in the donors of Umea/Lulea, Sweden (Rodushkin and 

Axelsson, 2000), Peshawar, Pakistan (Ahmad et al., 2011) and Krakow, Poland (Golasik 

et al., 2015); however, levels were lower than those reported for IleIfe, Nigeria (Olabanji 

et al., 2005), Tamil Nadu, India (Priya and Geetha, 2011) and Islamabad, Pakistan (Ilyas 

et al., 2015b). Present level of Na in the nails was elevated compared to those reported for 

healthy donors from Umea/Lulea, Sweden (Rodushkin and Axelsson, 2000) while lower 

than those of the inhabitants of Islamabad, Pakistan (Ilyas et al., 2015b). In addition, 

current K levels in the nails of healthy subjects were considerably lower than other 

reported studies as shown in Table 102.  

Present mean level of Fe in the nails of healthy subjects was found to be higher 

than the reported levels from Umea/Lulea, Sweden (Rodushkin and Axelsson, 2000), 

Wista, Poland (Nowak and Chmielnicka, 2000), Lexington, USA (Vance et al., 1988), Ile 

Ife, Nigeria (Olabanji et al., 2005), Kuala Lumpur, Malaysia (Karimi et al., 2012), Wuhan, 

China (Tang et al., 2003), Peshawar/Islamabad, Pakistan (Ahmad et al., 2011; Ilyas et al., 
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2015b) and Krakow, Poland (Golasik et al., 2015); nevertheless, the average level was 

lower than those reported for Uttar Kalyanpur, India (Samanta et al., 2004). Similarly, 

present Zn level in the nails was several-fold higher in comparison with the reported levels 

from Umea/Lulea, Sweden (Rodushkin and Axelsson, 2000), Faridkot, India (Blaurock-

Busch et al., 2014) and Krakow, Poland (Golasik et al., 2015) but substantially lower than 

the inhabitants of Tamil Nadu, India (Priya and Geetha, 2011) and Islamabad, Pakistan 

(Ilyas et al., 2015b). Average concentration of Cu in the present study was lower than the 

reported levels from Uttar Kalyanpur, India (Samanta et al., 2004), IleIfe, Nigeria 

(Olabanji et al., 2005), Islamabad, Pakistan (Ilyas et al., 2015b) and Krakow, Poland 

(Golasik et al., 2015). It showed higher level in the nails than in those of the donors from 

Umea/Lulea, Sweden (Rodushkin and Axelsson, 2000), Wista, Poland (Nowak and 

Chmielnicka, 2000), Doha, Qatar (Kuiper et al., 2014), Kuala Lumpur, Malaysia (Karimi 

et al., 2012) Wuhan, China (Tang et al., 2003) Peshawar, Pakistan (Ahmad et al., 2011) 

and Tamil Nadu, India (Priya and Geetha, 2011).  

Present study results also exhibited lower concentration of Sr compared with the 

reports from Islamabad, Pakistan (Ilyas et al., 2015b). Average levels of Sr, Li and Co in 

the nails were considerably higher than the reported levels in Table 102. Measured level of 

Mn in the nails of healthy subjects in the present study was found to be higher than those 

in the donors from Umea/Lulea, Sweden (Samanta et al., 2004), IleIfe, Nigeria (Olabanji 

et al., 2005), Doha, Qatar (Kuiper et al., 2014), Kuala Lumpur, Malaysia (Karimi et al., 

2012) and Krakow, Poland (Golasik et al., 2015), while the metal level was several times 

lower than the reported levels from Uttar Kalyanpur, India (Samanta et al., 2004) and 

Wista, Poland (Nowak and Chmielnicka, 2000) as shown in Table 102. Additionally, 

mean level of Ni in the nails of healthy subjects was found to be higher compared with 

those listed in the Table. Similarly, average Cr level in the nails was found to be higher 

than other reported levels except those pertaining to Lahore, Pakistan (Salman et al., 

2012). Mean content of Cd in the nails found in the present study was lower than those 

reported for healthy donors from New Delhi, India (Sukumar and Subramanian, 2007) and 

Islamabad, Pakistan (Ilyas et al., 2015b), nonetheless, the metal level was higher than all 

reported levels in the Table. Similarly, the measured level of Pb in the nails of healthy 

subjects was higher compared with the reported levels in the Table, except in the case of 

the healthy subjects from Lahore/Islamabad, Pakistan (Salman et al., 2012; Ilyas et al., 

2015b). 
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Table 101. Comparison of present mean metal levels (µg/g) in the nails of different types of cancers patients with the reported levels 

City, Country Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb References 

Islamabad, Pakistan (LC) 409.4 131.0 158.2 96.39 186.5 150.3 9.259 32.93 4.272 51.36 7.630 85.28 20.62 5.251 68.36 Present study 

Islamabad, Pakistan (Lm) 1137 147.9 106.0 44.37 184.9 91.09 7.549 22.31 2.391 12.31 4.653 39.97 13.20 5.201 31.38 Present study 

Peshawar, Pakistan (Lm) − 15.84 − − 12.63 12.63 7.78 − − − − 9.03 − − 21.31 Ahmad et al., 2011

Islamabad, Pakistan (OrC) 1064 186.6 246.8 53.50 169.8 106.3 8.148 23.69 10.37 20.01 8.109 35.45 15.64 8.775 34.18 Present study 

Islamabad, Pakistan (OvC) 1264 120.8 66.74 47.50 92.94 85.86 2.696 22.33 8.049 14.18 6.504 37.70 25.83 2.850 30.04 Present study 

Islamabad, Pakistan (PC) 915.2 239.4 49.87 56.38 226.2 114.2 23.48 30.58 5.170 40.47 11.98 101.1 23.88 5.655 24.49 Present study 

Kuala Lumpur, Malaysia (PC) −  −  −  −  1.58 2.7 0.07 −  −  −  0.1 −  −  −  −  Karimi et al., 2012 

Baltimore, USA (PC) −  −  −  −  −  155.3 −  −  −  −  −  −  −  0.050 −  Platz et al., 2002 

Bari/Modena, Italy (PC) −  −  −  −  −  − −  −  −  −  −  −  −  0.249 −  Vinceti, 2007 

(LC)-Lung Cancer; (Lm)-Lymphoma; (OrC)-Oral Cancer; (OvC)-Ovarian Cancer; (PC)-Prostate Cancer 
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Table 102. Comparison of present selected metal levels (µg/g) in the nails of healthy subjects with the reported levels 

City, Country Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb References 
Islamabad, Pakistan 1174 185.9 76.39 62.53 185.2 121.8 10.44 21.39 3.84 22.68 6.018 38.12 12.45 3.108 29.64 Present study 
Umea and Lulea,Sweden 670 100 240 210 42 0.43 8.4 0.43 0.073 0.035 0.9 1.65 1.16 0.114 1.38 Rodushkin and Axelsson, 2000 
Uttar Kalyanpur, India − − − − 664.9 − 11.1 − − − 28.26 3.89 − 0.32 10.99 Samanta et al., 2004 
New Delhi, India − − − − − − 18.5 − − − 2.7 3.5 − 1.000 18.9 Sukumar and Subramanian, 1992 
Lie-lfe, Nigeria − − − − − − 50.56 − − − − − − − − Oluwole et al., 1994 
Wista, Poland − − − − 143.7 − 7.000 − − − 13.6 2.1 − 2.1 8.7 Nowak and Chmielnicka, 2000 
Japan − − − − − − − − − − − − − 0.13 12.1 Hayashi et al., 1993 
IleIfe, Nigeria 2312 570.8 − 831.9 128.6 − 20.8 − − − 4.58 5.1 4.6 − − Olabanji et al., 2005 
Doha,Qatar − − − − − − 4.43 − − − 2.48 − − 0.03 0.51 Kuiper et al., 2014 
New Delhi, India − − − − − − 14.8 − − − − 2.2 1.7 3.3 11.1 Sukumar and Subramanian, 2007 
Faridkot, India − − − − 301 10.0 − 10.0 − − 7.00 4.00 − 0.06 6.00 Blaurock-Busch et al.,2014 
Lahore, Pakistan − − − −  − − − − − − − 102.6 1.11 49.86 Salman et al., 2012 
Wuhan, China − − − − 64.6 − 8.7 − − − − − 6.3 0.08 − Tang et al., 2003 
Peshawar, Pakistan − 31.08 − − 14.46 − 5.52 − − − − 5.82 − − 15.63 Ahmad et al., 2011 
Dizajabaad, Iran − − − − − − − − − − − 18.22 − 1.18 15.15 Parizanganeh et al., 2014 
Kuala Lumpur, Malaysia − − − − 0.92 − 0.06 − − − 0.05 − − − − Karimi et al., 2012 
Baltimore, USA − − − − − − − − − − − − − 0.055 − Platz et al., 2002 
Bari/Modena, Italy − − − − − − − − − − − − − 0.031 − Vinceti, 2007 
Krakow, Poland 3.42 0.98 − − 0.400 0.16 41.8 − − − 5.03 − − − − Golasik et al., 2015 
Tamil Nadu, India − 454.4 − − − 194.0 9.62 − − − − − − − 16.2 Priya and Geetha, 2011 
Islamabad, Pakistan 2040 247 750 135 112 141 12 22.2 −  −  6.8  − 10.5 8 39.6 Ilyas et al., 2015b 
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Table 103. Comparison of present selected metal levels (µg/g) in the blood of different types of cancer patients with the reported levels 

City, Country Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb References 
Islamabad, Pakistan (LC) 54.31 36.59 1662 708.7 353.9 6.501 1.647 1.267 0.604 2.737 0.278 8.967 1.080 0.425 5.275 Present study 
Xiamen, China  (LC) 70.03 17.92 − − − 0.41 1.31 − − − − − − − − Chen et al., 2011 
Jamshoro, Pakistan  (LC) − − − − − − − − − − − − − 0.015 − Kazi et al., 2008c 
Islamabad, Pakistan (Lm) 49.83 29.18 1145 260.2 454.6 6.518 1.150 3.028 0.109 1.332 0.169 2.733 0.630 0.530 0.552 Present study 
Peshawar, Pakistan (Lm) − 29.42 − − − 4.23 1.65 − − − − 1.63 − − 1.17 Ahmad et al., 2011 
Islamabad, Pakistan (OrC) 37.57 30.80 1684 490.1 299.7 7.020 1.445 1.943 0.266 1.562 0.617 6.703 2.400 0.646 5.168 Present study 
Larkana, Pakistan (OrC) − − − − − 6.45 − − − − − − − 9.87 − Kazi et al., 2010 
Changhua,Taiwan (OrC) − − − − − − − − − − − − 0.795 − − Chiang et al., 2011 
Sfax, Tunisia (Or C) − − − − − − − − − − − 0.106 0.05 − − Khlifi et al., 2013a 
Changhua,Taiwan (OrC) − − − − − 6.73 0.88 − − − − 1.61 0.83 1.000 3.34 Yuan et al., 2011 
Kolkata, India (OrC) − − − − − 6.495 7.805 − − − 3.16 − − − − Swain and Ray, 2011 
Larkana, Pakistan (OrC) − − − − − − − − − − − 18.8 − − − Arain et al., 2015 
Islamabad, Pakistan (OvC) 35.63 33.46 1822 277.5 184.6 6.318 1.029 1.957 0.119 2.383 0.156 5.618 2.200 0.301 2.735 Present study 
Jamshoro, Pakistan (OvC) − − − − − 5.46 − − − − − − − − − Memon et al., 2007 
Islamabad, Pakistan (PC) 36.22 29.43 1529 165.2 850.8 4.283 1.903 1.301 0.720 2.190 1.524 4.335 1.230 1.084 3.658 Present study 
Otago, New Zealand (PC) − − − − − 6.58 − − − − − − − 1.03 − Gray et al., 2005 
Badajoz, Spain (PC) − − − − − 0.695 − − − − − − − − − Moreno et al., 1999 
Taiwan (PC) − − − − − − − − − − − − − 0.88 − Chen et al., 2009  
Taichung, Taiwan (PC) − − − − − − − − − − − − − 1.18 − Wu et al., 2011 
Elazig, Turkey (PC) − − − − 623 4.375 0.456 − − − − 0.426 − − − Ozmen et al., 2006 
Ankara, Turkey (PC) − − − − − 5.76 − − − − −  − − − − Aydin et al., 2006 

(LC)-Lung Cancer; (Lm)-Lymphoma; (OrC)-Oral Cancer; (OvC)-Ovarian Cancer; (PC)-Prostate Cancer 
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Table 104. Comparison of present selected metal levels (µg/g) in the blood of healthy subjects with the reported levels 

City, Country Ca Mg Na K Fe Zn Cu Sr Li Co Mn Ni Cr Cd Pb References 
Islamabad, Pakistan 78.63 31.77 1329 997.3 359.6 7.636 1.285 1.549 0.364 4.269 0.557 2.827 1.304 0.367 2.532 Present study 
Hyderabad, Pakistan 55.5 83.2 1494 2007 − − − − − − − − − − − Afridi et al., 2008 
Sfax, Tunisia − − − − − − − − − − − 2.973 3.4 0.8 − Khlifi et al., 2014 
Islamabad, Pakistan 353 43.9 − − 321 3.1 1.24 − − 1.21 0.54 − 1.45 0.31 2.99 Hashmi and Shah, 2012 
Jamshoro, Pakistan − − − − − 9.52 − − − − − − − 4.66 − Kolachi et al., 2012 
Sichuan, China 66.7 37 − − − 6.06 1.04 − − − − − − − − Liu et al., 2010 
Sao Paulo, Barazil − − − − − − − − − − − 2.31 − 0.08 − Kummrow et al.,2008 
Bremen, Germany − − − − − − 0.97 − − − 0.008 − − 0.001 0.02 Heitland and Koster, 2006
Rawalpindi, Pakistan 27 23.4 1437 387 221 8.38 0.85 − 0.09 0.55 0.16 − 0.35 0.09 1.86 Saghir et al., 2011 
Ribeirao Preto, Brazil − − − − − − 1.185 0.031 − − 0.089 − − − 1.152 Rodrigues et al., 2008 
Benesov, Czech Republic − − − − − − − − − − − − − 0.001 0.03 Batariova et al., 2006 
Hyderabad, Pakistan − − − − 633 8.48 1.35 − − − 0.05 − 0.06 − − Kazi et al., 2008b 
Incheon, South Korea − − − − − − − − − − − − − − 0.03 Choi and Kim, 2005 
Oslo, Norway − − − − − 6.15 0.89 − − 0.001 0.012 − − 0.001 0.02 Meltzer et al., 2010 
Irbid, Jordan − − − − − 6.47 1.06 − − − − − − 0.004 0.16 Massadeh et al., 2010 
Benesov, Czech Republic − − − − − − − − − − − − − 0.001 0.09 Cerna et al., 2012 
Hyderabad, Pakistan 51.9 79.3 1409 1886 − − − − − − − − − − − Panhwar et al., 2014 
Granada, Spain − − − − − − − − − − 0.008 − 0.001 0.001 0.04 Gil et al., 2011 
Hyderabad, Pakistan − − − − 675 9.9 1.33 − − − − − − − − Kazi et al., 2008a 
Lucknow, India − − − − − − − − 3.33 − − − − − − Gupta et al., 2013 
Jamshoro, Pakistan − − − − − − − − − − − − − 5.42 − Kazi et al., 2008c 
Kuwait city, Kuwait − − − − − 3.6 1.47 − − − − − − 3.81 − Saleh et al., 2011 
Noyelles-Godault, Auby, France − − − − − − − − − − − − − 0.64 0.07 de Burbure et al., 2003 
Erzurum, Turkey 15.3 − − − − 0.27 0.4 − − − − − − − − Sahin et al., 2000 
Changhua,Taiwan − − − − − 6.08 0.8 − − − − 1 0.61 0.91 2.86 Yuan et al., 2011 
Wahcantt, Pakistan − − − − − 2.714 6.36 − − 2.185 3.027 − 1.37 0.201 2.95 Arif et al., 2013 
Saint Petersburg,Russia − − − − − 5.305 0.765 − − 0.788 0.013 0.151 6.65 0.002 2.84 Ivanenko et al., 2012 
Yibin, China 53.51 15.99 − − − − 0.975 − − − − − − − − Chen et al., 2011 
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3.8.5 Comparison of Present Metal Levels in the Blood of Cancer 

Patients with the Reported Levels  
Average levels of selected metals in the blood of cancer patients included in the 

present study were compared with the counterpart data reported around the world as 

illustrated in Table 103. Current blood mean level of Ca was lower in lung cancer patients 

compared with other studies, while Mg, Zn and Cu revealed elevated levels in lung cancer 

patients in the present study in comparison with the inhabitants of Xiamen, China (Chen et 

al., 2011). Average level of Cd reported in the present study was higher than the reported 

level from Jamshoro, Pakistan (Kazi et al., 2008c). For lymphoma patients, the blood Mg 

level found in the present study was nearly comparable to that reported from Peshawar, 

Pakistan (Ahmad et al., 2011) (Table 103). Present levels of Fe, Zn, Cu and Ni in the 

blood of lymphoma patients revealed higher contributions than those in the patients of 

Peshawar, Pakistan (Ahmad et al., 2011), while opposite pattern was observed for Pb. 

In the case of ovarian cancer patients, average concentration of Zn in the blood was 

comparable with that reported level from Larkana, Pakistan (Kazi et al., 2010), but 

relatively lower level of Cd was found in the present study as shown in Table 103. 

Moreover, average blood Cr level for oral cancer patients was lower compared with the 

patients from Changhua, Taiwan (Chiang et al., 2011). Likewise, current mean Ni and Cr 

blood levels were reported to be markedly higher in comparison with those of the patients 

from Sfax, Tunisia (Khlifi et al., 2013a). Patients from Changhua, Taiwan (Yuan et al., 

2011) exhibited almost comparable blood Zn level in comparison with the present study, 

whereas average levels of Cu, Ni, Cr and Cd were lower in the present study than the 

study conducted in Changhua,Taiwan (Yuan et al., 2011). Present mean level of Zn was 

comparable to the reported levels for the donors from Kolkata, India (Swain and Ray, 

2011), Larkana, Pakistan (Arain et al., 2015) and Changhua, Taiwan (Yuan et al., 2011). 

Higher level of Cu and lower level of Mn compared to the present Cu and Mn 

levels were observed, respectively, in a study conducted in Kolkata, India (Swain and Ray, 

2011) as listed in Table 103. In addition, study from Larkana, Pakistan (Arain et al., 2015) 

reported an elevated blood Ni level in comparison with the present oral cancer patient 

results. Average Zn blood level measured during the present study of ovarian cancer 

patients was appreciably higher than the reported level from Jamshoro, Pakistan (Memon 

et al., 2007). In the blood of prostate cancer patients, average levels of Zn were higher for 

the inhabitants of Otago, New Zealand (Gray et al., 2005) and Ankara, Turkey (Aydin et 
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al., 2006) compared with the present study. Nonetheless, average level of Zn was higher in 

the present study compared with other listed studies (Moreno et al., 1999). Almost 

comparable Zn levels were found in relation to those reported for donors from Elazig, 

Turkey (Ozmen et al., 2006). Mean Cu and Ni levels were higher in the blood of prostate 

cancer patients than shown by other investigations (Table 103). 

 

3.8.6 Comparison of Present Metal Levels in the Blood of Healthy 

Subjects with the Reported Levels  
Average metal levels in the blood of healthy subjects measured in the present study 

were compared with the counterpart data from other regions of world as revealed in Table 

104. Present blood Ca level of healthy subjects was higher than other reported groups, 

except for Islamabad, Pakistan (Hashmi and Shah, 2012). Mean level of Mg in the blood 

was lower than those reported for other healthy donors from Rawalpindi, Pakistan (Saghir 

et al., 2011). Similarly, mean level of Na in the blood of healthy subjects was lower than 

the reported levels in the Table. The blood K level for healthy subjects found in the 

present study was higher than those reported from Hyderabad, Pakistan (Panhwar et al., 

2014); however, the level was lower than that of the inhabitants of Rawalpindi, Pakistan 

(Saghir et al., 2011). Despite the higher blood Fe level in present study in comparison with 

other reports, blood average Fe levels in the Pakistani population (Saghir et al., 2011; 

Hashmi and Shah, 2012) were elevated compared to the present level in healthy subjects. 

However, present concentration of Zn in the blood of healthy subjects was higher than 

those reported for healthy donors from Islamabad, Pakistan (Hashmi and Shah, 2012), 

Sichuan, China (Liu et al., 2010), Oslo, Norway (Meltzer et al., 2010), Irbid, Jordan 

(Massadeh et al., 2010), Kuwait City, Kuwait (Saleh et al., 2011), Erzurum, Turkey (Sahin 

et al., 2000), Changhua, Taiwan (Yuan et al., 2011), Wahcantt, Pakistan (Arif et al., 2013) 

and Saint Petersburg, Russia (Ivanenko et al., 2012). 

In the present study, average Cu level in the blood of healthy subjects was found 

comparable to that reported from Islamabad, Pakistan (Hashmi and Shah, 2012). However, 

mean Cu level was lower than those reported from Hyderabad & Wahcantt, Pakistan (Kazi 

et al., 2008a; Arif et al., 2013) and Kuwait City, Kuwait (Saleh et al., 2011). The average 

Cu content was higher than in other reported studies. Elevated mean levels of Sr, Li and 

Co were observed in the blood of healthy donors in the present study compared to those in 

other reported studies as shown in Table 104. In addition, mean level of Mn in the blood 
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of healthy subjects was found to be comparable with that of Islamabad, Pakistan (Hashmi 

and Shah, 2012), while the level remained higher than other listed groups in the Table 

except for Wahcantt, Pakistan (Arif et al., 2013). Mean level of Ni found in the present 

study was almost comparable to those reported from Sfax, Tunisia (Khlifi et al., 2014). 

Similarly, average Cr level in the present study was comparable to those reported for 

normal donors from Islamabad & Wahcantt, Pakistan (Hashmi and Shah, 2012; Arif et al., 

2013), while two other groups reported considerably higher levels of Cr in the blood of 

healthy donors, four groups reported considerably lower levels (Saghir et al., 2011; Kazi 

et al., 2008b; Gil et al., 2011; Yuan et al., 2011) than were found in the present study.  

Present blood Cd level was noticeably higher than those reported from Sfax, 

Tunisia (Khlifi et al., 2014), Rawalpindi/Islamabad/Hyderabad, Pakistan (Saghir et al., 

2011; Hashmi and Shah, 2012; Kazi et al., 2008c), Sao Paulo, Barazil (Kummrow et al., 

2008), Bremen, Germany (Heitland and Koster, 2006), Benesov, Czech Republic (Cerna 

et al., 2012), Oslo, Norway (Meltzer et al., 2010), Irbid, Jordan (Massadeh et al., 2010), 

Granada, Spain (Gil et al., 2011), Changhua, Taiwan (Yuan et al., 2011), Wahcantt, 

Pakistan (Arif et al., 2013) and Saint Petersburg, Russia (Ivanenko et al., 2012). Similarly, 

mean level of Pb in the blood measured in the present study was higher than those 

reported from Hyderabad/Rawalpindi, Pakistan (Afridi et al., 2008; Saghir et al., 2011) 

Bremen, Germany (Heitland and Koster, 2006), Ribeirao Preto, Brazil (Rodrigues et al., 

2008), Benesov, Czech Republic (Cerna et al., 2012), Incheon, South Korea (Choi and 

Kim, 2005) and Oslo, Norway (Meltzer et al., 2010). Nevertheless, average concentration 

of Pb was lower in the blood of healthy subjects compared with those reported from 

Changhua, Taiwan (Yuan et al., 2011), Wahcantt, Pakistan (Arif et al., 2013) and Saint 

Petersburg, Russia (Ivanenko et al., 2012), as shown in Table 104. 

Comparison of the present metal data with those reported by other researchers is 

not straightforward because there is lack of coherence in the levels of metals reported by 

various laboratories. These variations may be attributed to the exogenous variables, 

including long term exposure, geographic locations of the subjects, season of the year, 

cultural origins, life style and source/pattern of food as well as endogenous variables, such 

as gender/race, genetics, age, etc. (Angerer et al., 2007). Additionally, even subtle 

procedural differences may yield results that varied from laboratory to laboratory 

(Sukumar and Subramanian, 2007).  
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3.9 Salient Findings of the Present Study 
Based on the discussion and deliberations in the foregoing sections, following 

salient findings emerged from the present study. 

 Major Conclusions for Lung Cancer Patients 

• Mean levels of Cu, Cd and Pb were significantly higher in the scalp hair, nails and 

blood of lung cancer patients, while healthy subjects revealed higher levels of Mg 

and Cr in all matrices. 

• Most of the metals were randomly distributed but randomness was comparatively 

higher in the lung cancer patients compared with healthy subjects. 

• Relative concentration order of metals was significantly different in the scalp hair, 

nails and blood of lung cancer patients and healthy subjects.  

• The correlation study showed significantly divergent mutual association among the 

metals in the scalp hair, nails and blood of lung cancer patients and controls. 

• PCA and CA revealed dissimilar apportionment of the metals in lung cancer patients 

compared with healthy subjects, thus evidencing interferences of toxic/trace metals 

with essential metals in the scalp hair, nails and blood of lung cancer patients. 

• In gender-based study, mean concentrations of K, Li, Ni and Cd were significantly 

higher in the scalp hair, nails and blood of male patients than male controls, while 

mean levels of Na, Fe, Cu, Ni and Pb were noticeably higher in female patients than 

female controls. 

• Average blood levels of Ca, K, Fe, Cu, Li, Ni and Cd were markedly higher for 

urban and rural patients than urban and rural healthy subjects. In scalp hair, average 

concentrations of Na, K, Cu, Li, Co, Mn, Cd and Pb were relatively higher in urban 

and rural patients than counterpart healthy subjects.  

• Mean contents of Ca, K, Fe, Cu, Ni and Cd were appreciably higher in the blood of 

vegetarian/non-vegetarian patients than their counterpart healthy subjects. However, 

average levels of Na, K and Cd revealed elevated levels in the scalp hair and nails of 

the patients than controls. Nonetheless, mean concentration of Pb was appreciably 

higher in the scalp hair, nails and blood of non-vegetarian patients compared with 

matching healthy subjects.  

• In smoking-based comparison, average concentrations of Cu, Co, Li, Cd and Pb were 

found at markedly higher levels in the scalp hair, nails and blood of smoking lung 

cancer patients than smoking healthy subjects. However, mean levels of Cr revealed 
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higher contributions in the blood and hair of non-smoking healthy subjects. 

• In type-based comparison, mean level of Ni was highest in the scalp hair, nails and 

blood of small cell lung cancer patients, while average concentration of Pb was 

significantly higher in the blood and nails of adenocarcinoma lung cancer patients.  

• On the basis of cancer stages, mean concentrations of Zn, Co and Cd in the scalp hair 

and nails were highest at stage-I, while mean Fe levels were highest at stage-II.  

 Major Conclusions for Lymphoma Patients 

• Comparative distribution of selected metal levels in the scalp hair, nails and blood of 

lymphoma patients was significantly different than the healthy subjects.  

• Average contents of Sr, Ni, Cr and Cd were found to be markedly higher in the scalp 

hair, nails and blood of lymphoma patients compared with the healthy subjects. 

• In the scalp hair of lymphoma patients, Sr-Ca & Ni-Co manifested significant mutual 

correlations, while in the blood significant correlations were observed for K-Mg, Na-

Ca, Cd-Sr, Mg-Ca & Cd-Mg. In nails, significant relationships were examined 

between K-Na only. 

• Mean levels of Ca, Na and Cd were noticeably higher in the scalp hair, nails and 

blood of female patients than female controls, while mean concentrations of Co and 

Pb were appreciably elevated in the nails of male patients than male controls. 

• Relatively higher mean levels of Cd and Co were noted in the scalp hair, nails and 

blood of rural lymphoma patients than the rural controls. 

• Average concentrations of Cu, Sr, Cr and Cd were higher in the scalp hair, nails and 

blood of non-vegetarian patients than non-vegetarian controls while higher levels of 

Co and Ni were observed for vegetarian patients than non-vegetarian patients. 

• Elevated mean blood levels of Cu, Sr, Cr and Cd were observed in smoking patients 

than smoking controls while average concentrations of Cr and Cd were significantly 

higher in the scalp hair, nails and blood of non-smoking patients than non-smoking 

healthy donors. 

• In the case of non-Hodgkin lymphoma patients, Ni exhibited highest concentrations 

in scalp hair, nails and blood, while mean levels of Fe, Sr and Pb manifested 

relatively higher levels in the scalp hair, nails and blood of Hodgkin lymphoma 

patients. 

• Highest Li, Mn and Sr concentrations were found in the blood, while mean contents 

of Na, Fe, Cu & Li were found maximum in the scalp hair and only Pb exhibited 
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highest concentration in nails of diffuse large B-cell lymphoma patients. Mean 

concentrations of Cd were highest in blood, scalp hair and nails of follicular 

lymphoma patients, while mean levels of Pb were highest in the blood and scalp hair 

of peripheral T-cell lymphoma patients. 

• Average level of Ni was highest in blood, while mean concentrations of Zn, Sr, Cd & 

Pb were maximum in the scalp hair of mixed cellularity lymphoma patients. Average 

levels of Cu and Ni were highest in the scalp hair/nails of nodular lymphocyte 

predominant lymphoma patients, whereas average contents of Mn, Na, K and Cr 

levels were highest in the scalp hair of nodular sclerosing lymphoma patients. 

• Mean concentrations of Cu in the nails and blood were highest at stage-I, while mean 

levels of Fe and Mn in the scalp hair and nails were maximum at stage-II of 

lymphoma patients. In addition, average levels of Sr, Co, Mn and Cd in the blood 

were highest at stage-IV of lymphoma patients. 

 Major Conclusions for Oral Cancer Patients 

• Relative distribution/variations in the concentrations of selected metals were diverse 

in the scalp hair, nails and blood of oral cancer patients and healthy subjects. 

• Average concentrations of Cd, Mn, Ni and Pb were significantly higher in the scalp 

hair, nails and blood of oral cancer patients compared with the healthy subjects. 

• The correlation study in the scalp hair of oral cancer patients revealed strong 

associations between Cd-Ni & Sr-Mg, whereas in the nails, strong relationships were 

observed among Li-Sr, Li-Cu, Mn-Co, Cd-Li, Zn-Na, K-Mg & Mn-Li. In the blood, 

Cd-Sr, Pb-Cd, Pb-Sr & Cr-Mn exhibited very strong mutual correlations. 

• The multivariate apportionment of selected metals in the scalp hair, nails and blood 

was significantly different in the two donor groups. 

• In gender-based study, Cd, Co, Cr and Ni were appreciably higher in the scalp hair 

and blood of male patients than female patients, while Li contents were markedly 

higher in the blood, scalp hair and nails of female patients than male patients. 

• Average concentrations of Mn, Ni, Cd and Pb were considerably elevated in the 

scalp hair, nails and blood of urban patients than urban healthy subjects. However, 

mean levels of Mn, Ni, Cd and Pb revealed higher levels in nails of rural patients 

than rural healthy subjects.  

• Average levels of Na, Li, Co, Mn, Ni, Cr, Cd and Pb were markedly higher in the 

scalp hair and nails of non-vegetarian patients than non-vegetarian healthy donors, 
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however, mean concentrations of Cu, Sr, Ni, Cr, Cd and Pb were relatively higher in 

the blood of vegetarian patients than vegetarian controls.  

• Average levels of Cu, Co, Mn, Ni, Cr, Cd and Pb were noticeably higher in the scalp 

hair, nails and blood of smoking oral cancer patients than counterpart controls. 

• In the case of adenocarcinoma patients, average concentrations of Cu were highest in 

the scalp hair and blood while Sr and Li exhibited highest levels in scalp hair and 

nails. Similarly, Cr showed maximum concentrations in the blood and nails of 

squamous cell carcinoma patients. 

• In stage-based study, mean levels of Sr and Li in the scalp hair, nails and blood were 

highest at stage-III of patients, while mean level of Pb was maximum in the blood of 

oral cancer patients at stage-IV. 

 Major Conclusions for Ovarian Cancer Patients 

• Most of the metals showed random distribution but relative variations in the metal 

levels were considerably divergent in the scalp hair, nails and blood of ovarian 

cancer patients than counterpart healthy subjects. 

• Mean contents of Li, Mn and Pb were found to be significantly higher in the scalp 

hair, nails and blood of ovarian cancer patients compared with the healthy subjects. 

• In blood of ovarian cancer patients, Fe-K, Fe-Mg & K-Mg manifested very strong 

correlations, while in healthy subjects, Cr-Na, Ni-Na, K-Na & Zn-K showed strong 

mutual associations. Strong positive correlations were found between Li-Mn & Mn-

Cd in the nails of cancer patients, whereas K-Na, Cr-Mn, Mg-Ca and Mn-Ni showed 

strong relationships in the nails of healthy subjects. 

• PCA and CA revealed divergent apportionment of selected metals in the scalp hair, 

nails and blood of ovarian cancer patients and healthy subjects. 

• Average concentrations of Mg, Na, Zn and Cu were almost comparable in the scalp 

hair and blood of urban and rural patients, while mean levels of Co, Mn, Ni, Cr, Cd 

and Pb showed significant increase in the blood, scalp hair and nails of urban 

patients than urban controls.  

• Mean levels of Pb were markedly higher in the scalp hair, nails and blood of 

vegetarian patients than non-vegetarian patients, while opposite pattern was noted 

for Li levels. 

• In smoking-based comparison, average levels of Ni, Cr, Cd and Pb were markedly 

higher in the scalp hair, nails and blood of smoking ovarian cancer patients than 
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smoking controls, while concentrations of Li, Co, Mn, Cr and Cd were higher in the 

nails of non-smoking patients than non-smoking healthy subjects. 

• Highest average concentrations of Co and Sr were found in the blood and nails of 

germ cell tumour patients, while average levels of Cr revealed highest contribution 

in scalp hair and nails of stromal tumour patients. Moreover, average concentrations 

of Ca and Zn were highest in the nails of epithelial cancer patients. 

• Measured levels of Ca and Sr were highest in the scalp hair, nails/blood of ovarian 

cancer patients at stage-I while highest contributions of Cu were found in the scalp 

hair and blood of the patients at stage-IV.  

 Major Conclusions for Prostate Cancer Patients 

• Comparative distribution of selected metals in the scalp hair, nails and blood of 

prostate cancer patients and healthy subjects were significantly diverse.  

• Mean contents of Mn, Ni, Cr and Cd were significantly higher while mean levels of 

Zn were significantly lower in the scalp hair, nails and blood of prostate cancer 

patients than healthy subjects. 

• The correlation study in blood of prostate cancer patients showed strong associations 

between Pb-Li, Li-Mg, Cd-Mn, Cr-Li and Cd-Cr, while strong relationships were 

noted between Fe-Mg, Na-Ca, Mn-Li and Sr-Na in the nails of patients. 

• PCA and CA revealed considerably diverse apportionment among selected metals in 

the scalp hair, nails and blood of the patients and controls; the multivariate methods 

may be used as additional biomarkers for the diagnosis and prognosis of the disease.  

• Average concentrations of Sr, Co, Mn, Ni, Cr, Cd and Pb were considerably higher 

in urban & rural patients compared with counterpart healthy subjects.  

• Mean contents of Cr, Ni and Pb were noticeably higher in the scalp hair and blood of 

vegetarian patients than non-vegetarian patients, while average levels of Cd were 

significantly higher in non-vegetarian patients. In addition, average concentrations of 

Co, Mn, Ni, Cr and Cd were markedly higher in the scalp hair, nails and blood of 

vegetarian patients than vegetarian controls. 

• Measured levels of Fe, Co, Mn, Ni, Cr, Cd and Pb were notably higher in the scalp 

hair, nails and blood of smoking prostate cancer patients than smoking controls, 

while elevated average levels of Co, Mn, Ni and Cd were found in the scalp hair, 

nails and blood of non-smoking patients than non-smoking controls.  

• In type based study, average concentrations of Li, Mg and Cr were higher in the 
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blood and nails of squamous cell carcinoma patients while mean levels of Cu and Pb 

in the scalp hair and nails were highest in the case of transitional cell carcinoma 

patients. 

• Highest concentrations of Cu were found in the scalp hair and nails of prostate 

cancer patients at stage-I, while average levels of Ni were highest in the blood and 

scalp hair of the patients at stage-III and mean contributions of Pb and Sr were 

highest in the blood, scalp hair and nails of the patients at stage-IV. 

• Overall, comparison of average metal contents among the blood, scalp hair and nails 

of cancer patients revealed that mean level of Zn was noticeably higher in the scalp 

hair, while average concentrations of Fe, K and Na were significantly higher in the 

blood. However, average levels of Cd, Co, Cr, Li, Mn and Ni were considerably 

higher in the nails compared with the scalp hair and blood of the patients. 

 Major Conclusions for Comparative Studies 

• Among different types of cancer patients, mean levels of Ca, Na, K and Li were 

highest in the scalp hair of lung cancer patients, while average contents of Cr and Cd 

were highest in the scalp hair of oral cancer patients. Mean levels of Mg, Sr and Mn 

were elevated in the scalp hair of ovarian cancer patients, whereas average levels of 

Fe, Co and Pb were highest in the scalp hair of prostate cancer patients. 

• Mean levels of K, Zn, Sr, Co and Pb were highest in the nails of lung cancer patients 

while average concentrations of Na, Li and Cd depicted markedly elevated levels in 

the nails of oral cancer patients. Average levels of Mg, Fe, Cu, Mn and Ni were 

distinctly higher in the nails of prostate cancer patients.  

• Measured levels of Ca, Fe, Cu, Li, Co, Mn and Cd depicted maximum accumulation 

in the blood of prostate cancer patients, while mean contents of Sr were highest in 

lymphoma patients. In addition, Zn and Cr revealed elevated levels in the blood of 

oral cancer patients, whereas maximum levels of Mg, K, Ni, and Pb were measured 

in the blood of lung cancer patients.  

• Comparison of the present metal data in the scalp hair of different types of cancer 

patients with the reported levels showed that mean levels of Ca, Mg, Zn, Sr, Li, Co, 

Mn, Ni, Cr and Pb were considerably higher in lung cancer and lymphoma patients 

than the reported levels, while mean contents of Na, K and Cu were lower in the 

scalp hair of these patients compared with other region of the world.  

• In the present study, most of the metals exhibited higher levels in the scalp hair of 
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ovarian cancer patients compared with other reported levels except Na, K and Zn. In 

the scalp hair of prostate cancer patients mean concentrations Sr, Co, Mn and Ni 

were comparatively higher in the present study than the reported levels. 

• Comparative evaluation of selected metals in the blood revealed that present mean 

contents of Mg, Zn and Cu in the lung cancer patients were lower than the reported 

studies while mean levels of Mg and Zn were comparable to the reported levels of 

lymphoma patients and oral cancer patients, respectively.  

• Average levels of Cu, Mn and Ni depicted higher concentrations and Pb revealed 

lower concentration in blood of the reported oral cancer patients compared with the 

present study. Elevated levels of Zn were noticed in the blood of ovarian cancer 

patients and prostate cancer patients in the current investigation.  

• Significantly higher metal levels wee found in the nails of prostate cancer patients in 

the present study compared with the reported levels, except Zn. In the case of 

lymphoma patients, average concentrations of Mg, Fe, Zn, Cu and Ni were 

considerably higher in the present study than the reported levels around the world.  

 

3.10  Future Prospects of the study 
Based on the present study related to toxic, trace and essential metals associations 

with cancer patients, various suggestions/recommendations are deliberated below:  

• Body burden of other essential and toxic metals should be explored with different 

biological specimen as indicator for the onset/development of cancers. 

• Regular monitoring of toxic metals could play an important role in identifying the 

possible sources of contamination/intoxication and preventing them.  

• Large scale clinical studies should be conducted especially considering long-term 

exposures of the metals with different histological types/stages of cancer from other 

geographical regions with greater precision and accuracy.  

• Population-based studies should be able to identify knowledge deficits with regard to 

diagnostic procedures and risk factors in connection with specific socioeconomic 

scenarios. Therefore, occupational and educational awareness of the frightful effects 

of the metals on cancer risk factors should also be emphasized. 

• Considering the risk assessment of metal toxicity, future research should be focused 

on the relevance of mechanisms in experimental animals and exposed humans.  
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Annexure-I 
Department of Chemistry 
Quaid-i-Azam University 

Islamabad 
 

Blood, Hair and Nails Sampling Proforma 
 
Sample No:_________       Date:__________ 

Sample:  Hair  Nails  Blood  
 
A. Particulars of Donor 

1. Status:   Patient    Normal 

2. Name: ___________________________________________________________________ 

3. Age: ___________________ 4. Sex:  Male   Female   

5. Education: _________________ 6. Residence:  Rural   Urban   

7. Address: _________________________________________________________________ 

8. Nature of Ailment (if any): _____________________ 9. Duration: _________________ 

10. Medication: ______________________________________________________________ 

11. Diet: ___________________________________________________________________ 

12. Smoking Habits: Non-Smoker  Casual-Smoker Chain-Smoker  

13. Any Hereditary Disease: ___________________________________________________ 

14. Services: Government  Semi-Govt.  Private   None 

15. Occupation: _______________________ 16. Experience: ____________________ 

17. Hobbies: ________________________________________________________________ 
 

B. Hair Treatment 

18. Hair Colour: __________________  19. Hair Type: ____________________ 

20. Hair treatment:  Soap  Shampoo  Dye  

21. Frequency of treatment _______ per week. 22. Last time of treatment: ___________ 

23. Comments: ______________________________________________________________ 
 
C. Disease History 

24. Type: ___________________________________________________________________ 

25. How long diagnosed: ______________________________________________________ 

26. Stage of disease (if any): ___________________________________________________ 

27. Recent Treatment (if any): __________________________________________________ 

28. Treatment Time: __________________________________________________________ 

29. Any other disease: ________________________________________________________ 

30. Blood Transfusion (if ever experienced): _______________________________________ 

31. Surgery (if any): __________________________________________________________ 

 
Analyst: ____________________________  Date of analysis: ___________________ 


