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Abstract. Using nitric acid-perchloric acid wet digestion based FAAS method ten selected metals (Cd,
Co, Cr, Fe, K, Mn, Na, Ni, Pb and Zn) were determined in the scalp hair of male Pakistani and Libyan
donors (n = 62), between 3–54 years age and residing in typical urban areas. The study was taken up
to identify sources of metal distribution in two diverse population segments exposed to different en-
vironments. Sodium emerged with the highest mean hair concentration of 511.0 μg/g and 496.9 μg/g
for Libyan and Pakistani donors respectively, followed by K, at 266.2 μg/g and 242.4 μg/g for the two
donor categories. Cadmium showed the lowest mean hair concentration for both Pakistani (0.380 μg/g)
and Libyan (0.530 μg/g) donors. Levels of Na, K, Pb, Cr and Cd were higher in hair of Libyan donors
compared with Pakistani counterparts which showed higher comparative levels of Zn, Fe, Co, Ni and
Mn. Strong metal-to-metal correlations were found between Na–K (r = 0.638) and Cd–Co (r =
0.574) for Pakistani donors, while for Libyan donors, Na–K (r = 0.680) and Fe–Mn (r = 0.624) cor-
relations emerged as strongly significant. Only K was found to have a strong positive correlation (r =
0.611) with age for Pakistani donors while this correlation was significantly negative (r = −0.500) for
Libyan donors, probably arising from individual food habits. Other metals showed no viable relation-
ship with age. Principal Component Analysis (PCA) and Cluster Analysis (CA) of the data evidenced
food, industrial emissions and automobile emissions as possible sources of metal distribution. The re-
sults of the present study are compared with those reported for subjects from other regions of the world.
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1. Introduction

The determination of trace metals in human hair has been a subject of continual
interest in the biomedical and environmental sciences. Scalp hair has been increas-
ingly used as a bio-monitor for many elements, both toxic and essential, towards
assessing environmental exposures and body nutritional status, as well as diagnosis
of diseases (Hammer et al., 1971; Flynn et al., 1971; Krishna et al., 1987; Klevay
et al., 1987; Ohmori et al., 1989; Ahmed et al., 1990; Wang et al., 1990; Ashraf
et al., 1995a; MacPherson and Basco, 2000; Hintz, 2001). Hair trace metal analysis
has many advantages over the more conventional kinds of biological matrices such
as blood and urine, primarily because of the ease of sample collection, transport and
storage. Also, trace element concentrations in hair samples represent an integrated
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response over a long time compared with blood and urine levels, which can rapidly
fluctuate in response to changing physiological and environmental conditions (Katz
and Chatt, 1988; US-EPA, 1979; Laker, 1982). The fact that concentrations of many
trace elements in hair are relatively high also facilitates the analysis, with better
accuracy (Schroeder et al., 1969; Briggs et al., 1972; Hoffmann, et al., 2000).

Normally, the metal concentration in hair reflects a balanced mineral content of
the body reservoir of an individual over a long period of time, only to be signif-
icantly changed under conditions of exposure or intake of high amounts of toxic
trace metals (Jervis et al., 1977; Golow and Kwaansa-Ansah, 1994; Rivai, 2001;
Vishwanathan et al., 2002). Atmospheric exposures originating from specific loca-
tions and dietary habits are therefore, responsible for variations in the levels of trace
metals in hair (Ashraf et al., 1994; Wilhelm et al., 2002; Khalique et al., 2005).
Thus, hair metal analysis becomes important to study the dependence of metal
levels on such variates, and that too on a comparative basis so that the contribu-
tions from different geographic locations and relevant sources could be correlated
(Ashraf et al., 1995b).

Accordingly, the present study envisaged a comparative distribution of selected
metals (Cd, Co, Cr, Fe, K, Mn, Na, Ni, Pb and Zn) in the hair of a segment of
Pakistani and Libyan population. Male donors from both countries, with matched
age groups and belonging to a matched typical urban residence, were selected
for the study. Standard multivariate techniques like Principal Component Analysis
(PCA) and Cluster Analysis (CA) were used to trace the sources of the metals in
hair. The metal levels were examined for a possible mutual correlation also, and
were compared with reported metal levels for donors from other regions of the
world. It was anticipated that the comparative metal levels in hair of Pakistani and
Libyan population segments would bring out distinct sources responsible for the
distribution of selected metals to help assess the nutritional status and environmental
exposure of the two categories of subjects compared with those from other nations
where different environmental and living conditions prevail.

2. Materials and Methods

The study was completed in two phases. Phase 1 was completed during January to
April 2002 and phase 2 during April to August 2002. For a comparative outlook,
equal number of samples (n = 62) were collected during each phase. The sampling
locations were Islamabad, Pakistan and Tripoli, Libya. The donor ages ranged
between 3–54 years from each location. Only healthy male persons were selected
as donors for the study. The details related to a donor’s identity, residence, food
habits, health status, socio-economic status, and education were recorded on a
regular proforma at the time of sampling. Hair samples (∼2 g) were cut from the
nape of the neck close to the scalp, as strands 3–5 cm long, with a pair of plastic
scissors and directly stored in coded zip-locked polythene bags (9 cm ×15 cm).
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In order to remove any exogenous matter, the hair samples were soaked in
5% (w/v) detergent solution for about 1 hour, with occasional stirring, and were
then thoroughly rinsed with distilled water (Yang et al., 2002; Hirano et al., 2001;
Williams et al., 2000; Dombovari and Papp, 1998). Subsequently, the washed sam-
ples were dried overnight at 50 ◦C in an electric oven, and later cooled to room
temperature in a desiccator having silica gel as the desiccant. For digestion, accu-
rately weighed portion (∼0.5000 g) of the hair sample was treated with 10.0 mL of
nitric acid (Suprapure, A.A. Grade, 65%), heated at 80 ◦C for about 10 minutes and
then cooled to room temperature, followed by addition of perchloric acid (5 mL,
70%). The digest was heated again until white fumes evolved, marking the com-
pletion of the digestion process (Ashraf et al., 1995b). Blanks, without hair sample,
were prepared the same way. All reagents used were of ultrahigh purity (certified
>99.9%) procured from E-Merck, Germany, or BDH, UK. The Shimadzu Atomic
Absorption Spectrophotometer (AA-670) was used for the determination of Cd, Co,
Cr, Fe, K, Mn, Na, Ni, Pb, and Zn under optimum analytical conditions in automatic
background compensation mode. Triplicate sub-samples of each sample were run
separately in order to record average metal concentrations. A parallel comparative
check on the accuracy of quantified results was made through the use of standard
reference material (NIST SRM 1573a, Tomato Leaves) obtained from the National
Institute of Health (NIH), Islamabad, where inter-laboratory comparison of data
was also exercised. Table I lists the detection limits and estimated SRM values of
selected metals along with certified values. For routine comparative check, two par-
allel sub-samples of a given sample, processed under similar analytical conditions,
were subjected to analysis at the NIH and our laboratory. The two sets of data were

TABLE I
Minimum detection limits of the selected metals and their estimated values in SRM

NIST SRM 1573a

Metal
Minimum detection
limit (ppm)

Certified value
(mg/kg)

Estimated value
(mg/kg)

Cd 0.02 1.52 1.503

Co 0.02 0.57 0.578

Cr 0.09 1.99 2.020

Fe 0.1 368 363.6

K 0.04 2.70% 2.73%

Mn 0.05 246 243.5

Na 0.02 136 133.9

Ni 0.1 1.59 1.614

Pb 0.2 – 0.210

Zn 0.02 30.9 31.30
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found to agree, with a maximum variation of ±1.5%. STATISTICA software was
used to conduct the statistical analyses of the data (StatSoft, 1999).

3. Results

Average metal concentrations (μg/g, dry weight) along with some basic statisti-
cal parameters pertaining to the distribution of the selected metals in scalp hair of
Pakistani and Libyan donors are given in Tables II and III respectively. For both cat-
egories of donors, Na and K showed the highest metal levels in hair. Sodium showed
the maximum level of 971.8 μg/g and 937.7 μg/g, for Pakistani and Libyan donors,
with an average of 496.9 μg/g, and 511.0 μg/g, respectively. Potassium peaked at
450.3 μg/g and 529.8 μg/g, with average levels of 242.4 μg/g and 266.2 μg/g,
respectively for the two categories of donors. For Pakistani donors, amongst the
heavy trace metals (Cd, Co, Cr, Ni, and Pb), the maximum average levels were
recorded for Pb at 15.97 μg/g, followed by Co, Cr, Ni and Cd at 3.944, 3.300,
2.456 and 0.380 μg/g, respectively. In comparison, for Libyan donors the average
levels for Pb, Cr, Co, Ni and Cd were 24.95, 3.935, 3.753, 1.988, and 0.530 μg/g,
in that order. The overall average metal concentration distribution pattern in hair
of Pakistani donors was: Na > K > Zn > Fe > Pb > Co > Cr > Ni > Mn > Cd,
while that for Libyan donors it was: Na > K > Zn > Pb > Fe > Cr > Co > Ni >

Mn > Cd. This showed an exchange of Fe–Pb and Co–Cr in the ranking of metal
concentrations in the hair of the two classes of donors (Figure 1).

The linear metal-to-metal correlations between metal pairs in individual hair
samples were mathematically examined in terms of Pearson correlation coefficient

TABLE II
Basic statistical distribution parameters for age (years)a and selected metals (μg/g, dry weight)a

in scalp hair of Pakistani male donors (n = 62)

Min Max Mean Median SD SE Skewness

Age 3 48 20 17 13 2 1

Cd 0.060 0.719 0.380 0.392 0.186 0.033 −0.012

Co 0.230 9.799 3.944 3.939 2.871 0.516 0.611

Cr 0.130 9.547 3.300 2.684 2.549 0.458 0.936

Fe 8.086 44.20 21.42 18.87 8.648 1.553 1.147

K 119.1 450.3 242.4 225.0 84.05 15.10 0.733

Mn 0.661 5.084 1.933 1.678 0.940 0.169 1.424

Na 221.4 971.8 496.9 486.9 198.3 35.62 0.501

Ni 0.161 8.363 2.456 2.111 1.949 0.350 1.009

Pb 2.454 27.09 15.97 13.74 5.559 0.998 −0.451

Zn 94.0 309.4 226.1 231.5 53.67 9.640 −0.605

aWhere applicable.
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TABLE III
Basic statistical distribution parameters for age (years)a and selected metals (μg/g, dry weight)a

in scalp hair of Libyan male donors (n = 62)

Min Max Mean Median SD SE Skewness

Age 4 54 24 20 14 3 0

Cd 0.083 1.003 0.530 0.546 0.259 0.047 −0.010

Co 0.177 9.843 3.753 3.09 3.195 0.574 0.877

Cr 0.882 11.01 3.935 3.095 2.461 0.442 1.158

Fe 7.031 38.44 18.62 16.41 7.520 1.351 1.147

K 122.4 529.8 266.2 260.1 120.7 21.68 0.065

Mn 0.537 5.980 1.729 1.405 1.095 0.197 2.348

Na 147.9 937.7 511.0 572.1 282.8 50.79 −0.228

Ni 0.124 6.433 1.988 1.624 1.644 0.295 0.973

Pb 3.834 42.33 24.95 21.46 8.686 1.560 −0.451

Zn 137.5 251.6 190.3 188.2 34.03 6.112 0.080

aWhere applicable.

Figure 1. Comparative average metal levels (±SD) in the scalp hair of two donor categories.

‘r’ which defines the mutual dependence of a pair of variables, metal concentra-
tions in the present study. For hair samples from Pakistani donors strong positive
correlations (Table IV, upper diagonal) were found between Na–K (r = 0.658),
Co–Cd (r = 0.574) and Zn–Fe (r = 0.528). The counterpart data for Libyan
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donors (Table IV, lower diagonal), showed strong positive correlations between Na–
K (r = 0.680) and Fe–Mn (r = 0.624). In addition, significant correlations also
emerged between Cd, Cr, Fe, Pb, Mn and Zn, and other metals, with r > 0.300. This
situation evidenced a strong interdependence of various metal concentrations in the
hair matrix. The linear correlation data on the dependence of selected metals on the
age of two categories of donors (Table IV) showed mostly negative or insignificant
relationship. Only K exhibited a strong correlation with age (r = 0.611) of Pakistani
donors while it exhibited significant inverse correlation with age (r = −0.500) of
Libyan donors.

An important aspect of the present study was to employ the standard multivari-
ate techniques to find out the possible sources of the metals in the scalp hair. The
‘Principal Component Analysis’ and ‘Cluster Analysis’ were used to this effect for
source identification of the selected metals. The Principal Component Loadings,
using varimax normalized rotation, on metal distribution in the hair of Pakistani
donors indicated five factors extracted with eigen values >1, commutatively ex-
plaining more than 71% of total variance (Table V). The counterpart data for the
Libyan donors yielded four factors with eigen values >1, contributing more than
75% of total variance (Table V). Clustering behaviour of the selected metals is
presented in the form of a dendrogram in Figure 2 for the two donor categories.
The concentrations of selected metals in the hair of donors belonging to the present
study were compared with counterpart data from other parts of the world, as shown
in Table VI.

4. Discussion

The present study brings out data related to the metal distribution in hair in terms of
parameters such as spread around mean metal concentrations, possible correlations,
origin identification and comparative evaluation of the two classes of donors.

Tables II and III present basic distribution parameters pertaining to selected
metals in hair samples of Pakistani and Libyan male donors, respectively. The
macronutrient Na recorded the highest average concentration in the hair of the two
donor categories, followed by K. On a comparative scale, the mean concentration
level of Zn remained close to that of K. It, therefore, indicated that Na, K, and
Zn constituted a major quantitative proportion of metals in the hair of both donor
categories.

Almost all of the metals exhibited substantial spread around the mean concen-
tration levels, duly indicated by notably high standard deviation and standard error
values in the case of Na, K, Zn, Fe and Pb. These metals, therefore, showed random
distribution, and as such did not expectedly follow the normal Gaussian distribu-
tion, as reflected by the skewness factor reported in the tables. The study, therefore,
evidenced that the individual hair samples from the two donor categories were quite
specific in terms of their metal contents that varied quite randomly.
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Figure 2. Dendrogram of the metals showing the clustering behaviour of metals in the scalp hair of
(a) Pakistani and (b) Libyan male donors.

For Pakistani donors, the mean hair metal concentration levels followed the
distribution pattern: Na > K > Zn > Fe > Pb > Co > Cr > Ni > Mn > Cd,
while for Libyan donors the pattern changed to: Na > K > Zn > Pb > Fe >

Cr > Co > Ni > Mn > Cd. As reported earlier, Na, K, and Zn are considered
to play consistent and vital metabolic roles in human body (Fierke, 2000; Goyer,
1997; Food and Nutrition Board, 1989). Therefore, their pattern of distribution
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TABLE VI
Comparison of mean hair metal levels (μg/g, dry weight) from the present study with those reported
for other regions of the world

Location Cd Co Cr Fe K Mn Na Ni Pb Zn

Islamabad, Pakistana 0.380 3.944 3.300 21.42 242.4 1.933 496.9 2.456 15.97 226.1

Tripoli, Libyaa 0.530 3.753 3.935 18.62 266.2 1.729 511.0 1.988 24.95 190.3

Chakwal, Pakistanb 1.154 1.247 2.085 82.66 – 4.015 – 2.374 – 207.9

Bombay and 0.32 0.051 1.02 36.0 14.1 2.23 17.3 0.35 13.2 211
New Delhi, Indiac

Fukui, Japanc 0.28 0.18 0.23 15.0 12.9 2.4 153 2.70 3.62 114

Moncton, Canadac 0.503 0.043 0.35 18.8 9.7 3.2 32.6 0.26 5.38 248

Scranton, USAc 0.97 0.047 0.234 13.6 4.84 7.32 31.9 1.01 5.35 124

Poznan, Polandc 0.31 0.022 0.27 22.1 1.46 0.82 3.08 0.52 2.52 160

Czech Republicd 0.23 – 0.40 – – – – – 2.05 128

Sindh, Pakistane 1.1 – 4.9 32.0 108.0 2.4 1099.3 3.5 15.4 183.5

Italyf 0.21 – – 17.87 – 0.41 – 0.70 8.10 144.2

Irian Jaya, Indonesiag 0.6 – – 242 – – – 6.4 15.7 228

aPresent study; bKhalique et al. (2005); cTakagi et al. (1986); dBenes et al. (2003); eKazi et al. (2000);
fCaroli et al. (1992); gPonzetta et al. (1998).

matches with the two donor categories. As far as trace elements such as Pb, Cr,
and Cd were concerned, their levels were relatively higher in the hair of Libyan
donors, while Co, Mn and Ni were found at elevated levels in the hair of Pakistani
donors (Figure 1). The case of Pb needs special mention since its enhanced levels
were recorded for both donor categories, specifically so for Libyan donors. This
finding indicated some major source of Pb in the area which could not be any
other than vehicular emission since leaded gasoline fuel is still in use in Tripoli,
Libya. In Pakistan, although Pb free gasoline was introduced in the year 2000,
with implementation of some measures of quality by the EPA, Pakistan (Qadir,
2002), a proper legislative control is still awaited. The status of atmospheric quality
is thus being threatened by Pb, posing health hazard to the local inhabitants. A
similar threatening situation emerged for other toxic metals which showed elevated
ambient levels in the atmosphere, frequently exceeding the stipulated safe limits
laid down by world health agencies (Shah et al., 2004a,b).

Table IV summarizes the correlation data relating to the relevant pairs of vari-
ables. Strong positive correlation between the age of Pakistani donors and K was
noted. This kind of behaviour could originate on cumulative basis from their dietary
habits, especially through the use of rock salt as table salt for everyday use. On the
other hand, the inverse correlation between K and the age of Libyan donors showed
the lack of such a dietary source. The data also revealed strong positive correlation
between Na–K and significant correlation between Cr–Pb for the two donor groups.
These two sets of positive correlations, pertaining to macronutrient pair Na–K and
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the toxic metal pair Cr–Pb, could be attributed to different origins. The first pair
could be traced in the dietary input and the specific internal metabolism of the
body, while the second one could be assigned to some external sources affecting
the body with Cr and Pb, the latter necessarily were not derived from regular food
or water. It is, therefore, inferred that both Pb and Cr emerged from ambient air
rich in automotive exhaust (Shah et al., 2004a).

For Pakistani donors, some strong correlations were also shown by other pairs
of metals, such as, Co–Cd, and Zn–Fe. These metals could originate from the
industrial/metallurgical emissions. The role of food in this regard is too naive,
even in the case of Fe or Zn. A similar correlation situation existed for the metal
pair, Zn–Mn (r > 0.40) for the two groups. The origin of Fe–Zn and Mn–Zn
could be traced again to the dietary habits of the donors. However, these ob-
served attributes to food chain or atmospheric exposure needed proper quantita-
tive source identification to label some specific origin for the observed significant
correlations.

Accordingly, source identification of the metals was conducted using the Princi-
pal Component Analysis (PCA) and Cluster Analysis (CA) (Hopke, 1992; Jobson,
1991). The PCA is a powerful tool for evolving better mutual relationships among
the existing variables in a given system and for revealing groups or clusters within
the data that have common origin. It reduces dimensionality of the linearly cor-
related data-set by using a smaller number of linearly independent, but new vari-
ables. These new variables are principal components/factors, each of which is a
linear combination of the originally correlated variables. The CA classifies a set
of observations into two or more mutually exclusive unknown groups, based on
combination of internal variables. The purpose to use CA in the present work was
to discover a system of observations where number of groups/variables shared
properties in common. It was thus cognitively easier to predict properties based
on group membership when they all shared common origin. The findings of CA
are displayed in Figure 2(a and b), which show strong interaction between Na–K,
Pb–Cr, Cd–Co, Fe–Mn–Zn, for both categories. Therefore, the CA was in good
agreement with the linear correlation study described above and was quite help-
ful in identifying the origin of these interlinked metals distributed in the scalp
hair.

Additional confirmation on source apportionment of selected metal data was
exercised through Principal Component Loadings, employing varimax normalized
rotation (Table V). Accordingly, five factors were extracted as groups of various
metals, with eigen values >1 against the cumulative total variance of more than
71% for Pakistani donors. Here Cd and Co formed a common factor (Factor 1), with
significant contribution of Mn, at a total variance of 19.50% finding their origin
from the industrial/metallurgical units. Sodium and K at a total variance of 16.67%
contributed to Factor 2, which could be attributed to the internal macronutrient
reservoir of the body. Factor 3 incorporated a viable 13.40% of total variance in
favour of Pb and Cr, which were assigned to automotive exhaust, duly supported by
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correlation and cluster analysis. Factor 4 had higher loadings for Fe, Zn and Mn at
12.03% of total variance, which showed the contribution of essential metals finding
their way in the dietary habits of donors, mainly taken as a function of food chain.
Factor 5 described an isolated case of Ni having 10.21% of the total variance, again
stemming from the dietary habits of donors, specially the continued consumption
of hydrogenated oil used as a cooking medium in almost all Pakistani homes. The
hydrogenated oil was reported earlier as having high residual Ni content (Yaqub
et al., 2000). In comparison, for Libyan donors, four factors were extracted by
Principal Component loadings using varimax normalized rotation on the data set
with a cumulative variance of more than 75%. Factor 1 with the total variance of
27.76% showed the higher loadings for K, Na and Zn which could be attributed to
the internal macronutrient reservoir of the body. Lead and Cr along with significant
contribution of Cd at 21.51% of total variance accounted for factor 2 originating
from the automotive exhaust, as discussed above for the other group. Factor 3
exhibited the higher loadings for Fe, Mn and significant contribution from Zn at
14.31% total variance originated from the dietary habits of the donors. The last
factor (Factor 4) at 11.57% of total variance revealed higher loadings in favour
of Cd, Co, and Ni with significant contribution from Cr and Mn, and could be
attributed to the industrial and metallurgical emissions in Tripoli, Libya. These
findings were also supported by the cluster analysis shown in Figure 2a and b, in
total agreement with the results of PCA. Moreover, the correlation results too were
in good agreement individually with PCA and CA.

The overall metal distribution data of the present study on bi-national donors
were compared with the counterpart data from other regions of the world (Table VI).
Data in the table showed higher hair metal concentrations with the only exception
of Mn, for the present study subjects as compared with the corresponding subjects
listed in the table. The hair Cd levels found in the present study were compa-
rable to those reported for donors from Bombay and New Delhi (India), Fukui
(Japan), Moncton (Canada), Poznan (Poland) (Takagi et al., 1986), Czech Re-
public (Benes et al., 2003), Italy (Caroli et al., 1992) and Irian Jaya (Indonesia)
(Ponzetta et al., 1998), but lower than those reported for Scranton (USA) (Takagi
et al., 1986), Sindh (Pakistan) (Kazi et al., 2000) and Chakwal (Pakistan) (Khalique
et al., 2005). The present study based Co and Cr levels were several-fold higher
in comparison with the reported levels. The current levels of these metals were
found lower than the corresponding levels from within Pakistan (Kazi et al., 2000).
Further, the Fe levels were found to be comparable with those listed in Table VI ex-
cept those pertaining to Irian Jaya, Indonesia (Ponzetta et al., 1998) and Chakwal,
Pakistan (Khalique et al., 2005) which showed enhanced levels. The Na and K
hair contents of the present study groups were far higher than those reported in
literature, with the only exception of those for Sindh, Pakistan (Kazi et al., 2000).
The observed differences could have emerged due to variation in food habits or
levels of these elements in drinking water. The estimated Mn levels were lower by
1.2 to 4-fold than for the other reported groups, except those for Poznan, Poland
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(Takagi et al., 1986) and Italy (Caroli et al., 1992). Comparable Ni levels were
found in relation to Chakwal, Pakistan (Khalique et al., 2005), Sindh, Pakistan
(Kazi et al., 2000) and Fukui, Japan (Takagi et al., 1986). However, these levels re-
mained higher than other groups. Enhanced Pb levels were observed in the present
study groups than other reported groups except for Irian Jaya, Indonesia (Ponzetta
et al., 1998), Sindh, Pakistan (Kazi et al., 2000) and Bombay and New Delhi,
India (Takagi et al., 1986), while the Zn levels were comparable with all other
reported groups. The observed higher concentrations of toxic trace metals could
be attributed to long-term exposure of the industrial and automobile emissions, as
well as geographic locations of the subjects, compared with other subjects residing
in different geographic locations of the world. The present bi-national study, on the
whole, evidenced increased levels of Co, Cr, Na, K, Ni and Pb originating from
a diversity of environmental exposure, different food habits and geographic loca-
tions of various population segments residing in Islamabad, Pakistan and Tripoli,
Libya.

5. Conclusions

The present study showed a marked hair metal concentration dependence on ge-
ographic location, environmental exposure and dietary habits of the donors. The
observed variations in metal concentrations in hair of two donor groups reflected
different food habits and geographic location as causatives that collectively affected
individual variability and metabolic activity. In addition, environmental exposure
emerged as a critical covariate that was found to overload the city atmosphere of
Tripoli and Islamabad due to Pb pollution arising from automobile exhaust emis-
sions, as had been reported for other mega cities of the world. Multivariate tech-
niques of PCA and CA provided evidence to the acclaimed three distinctly different
sources of metals in the scalp hair of both donor categories: dietary habits or food;
industrial emissions and vehicular exhausts. Data from the present study showed
a currently substantial build-up in metal levels compared with the earlier reported
results, except Fe, Mn and Zn. The present data could act as baseline information
for a relevant futuristic environmental pollution abatement programme.
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