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Abstract

B

ackground: The study was planned to evaluate the deposition of some metals in the scalp hair of
the people working in the particular environment. Scalp hair samples were collected from
different industry workers including pharmaceutical, textile and paint industry and analyzed for
the determination of aluminum (Al), calcium (Ca), potassium (K) and sulfur (S). Hair analysis
provides a better assessment of light metals present in the surroundings, as well as monitoring of variation
of metals from place to place.
Methods: The hair samples were collected from 21-55 years old employees working in industry for more
than four years. Workers of the age less than 20 years and less than 4 years working experience were not
including in this study. Particle Induced X-ray Emission (PIXE) system was used to detect the light metals
from hair and probable matches were searched through National Institute of Standards and Technology
(NIST) library.
Results: The metals Al, S, K and Ca concentration was found maximum in the pharmaceutical industry
workers. i.e., 575.1 µg/g, 190.7 µg/g, 11.1 µg /g and 9.1 µg/g respectively. The minimum concentration so
these metals was found in paint industry workers i.e. 103.7 µg/g, 8.87 µg/g, 2.3 µg/g, and 1.7µg/g
respectively.
Conclusion: Light metal concentrations in hair samples showed a significant positive correlation. Our
findings can play vital role for health departments and industrial environmental management system
(EMS) authorities in policy making and implementation. Taken all together, the workers were facing
minor health implications in these industries and need immediate protective measures to remediate the
current situation.
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Introduction
Biological samples hair, blood and urine are the most
suitable tissues for diagnostic purposes and to measure
the light metal concentrations leading to the point that
the high exposure of toxic elements may be synergistic
with risk factors [1]. Each specimen provides absolute
information at elemental level [2].
Human biomonitoring is a well-recognized tool for
estimating the exposure of humans to environmental
pollutants [3]. With the repaid advancement in modern
laboratory technologies, like Atomic absorption
spectroscopy (AAS), Inductively Coupled Plasma
Spectrometry (ICPS), Inductively Coupled Plasma Mass
Spectrometry (ICP – MS) Inductively Coupled Plasma
Optical Emission Spectrometry (ICP–OES) and Particle
Induced X-ray Emission (PIXE) taking hair as a valuable
specimen it has become easy to find out information
about abuse drugs, toxic element exposure, important
bio physiological parameters and long term nutritional
status. Hair is a meaningful representative tissue
according to the environmental protection agency. The
toxic metals and as well as nutrients, including zinc,
arsenic, lead, cadmium, selenium, antimony, mercury
and copper etc. can be measured if proper washing and
analysis procedure are followed [4].
The elemental concentration of metals and trace
metals in different body organs is not identical but there
are certain changes of element concentration in specific
organs. Hair analysis evaluate the tissue storage and in
many cases it is best choice when chronic exposure
occurs. Hair is an excellent sample for metals analysis
because the structure of hair remains unchanged and the
level of trace and light metals are fixed [5].
The toxic trace metals in hair like mercury are stable
over the time if the life style of the donor is not changed
[6]. Long-term exposure to metals, including lead,
cadmium, arsenic, and mercury, can be readily
identified by hair analysis [7]. Although human
biological indicators have been widely utilized for
biomonitoring environmental pollutants in health
exposure assessment, the relationship between internal
and external exposure has not yet been adequately
established [8]. Such types of studies are conducted to
check the working environment and industrial hygiene
practices at the work place [9].

Methods
als

Sample collection and storage
The recommended length for the hair sample which,
required for the analysis, is about one inch closest to the
scalp, because of the entire hair length itself represent
the history of metals contents over a period as long as 6
– 18 months. Three industries were selected to include
in the research; Pacific Pharmaceutical Industry (Pvt.
Ltd) 10 Km Multan road, far away from the Lahore city,
Lutf Commercial Textile (Pvt. Ltd) and Brighto Paint
Industry (Pvt. Ltd), Lahore.
The 5 gm scalp hair samples were collected for the
PIXE analysis from 60 industrial workers working in
pharmaceutical industries, textile industries and paint
industries and 5 samples were collected as reference
samples from the students of The University of Lahore.
Before a day, all the donors were educated to wash his or
her head with the Johnson baby shampoo to clean all the
unnecessariness dust particles and other industrial
contaminations.
The scalp hair samples were collected according to the
standard protocol the hair were cut near the scalp with
stainless steel scissor and stored in the air tight sterile
plastic bags while paper bags were used to carry all the
samples to laboratory for the further analysis, all the
samples were stored in dry and cool atmosphere.
Inclusion criteria
The individuals having age from 21 – 55 years and
actively working for more than four years were included
in this research.
Exclusion criteria
The individuals excluded from this research were the
one having age from 01 – 20 years and working in
industry less than 4 years.
Particle induce x-ray emission (PIXE)
Particle Induce X-ray Emission (PIXE) system
developed in 1970 by Sven Johansson of Lund
University, Sweden, PIXE is more suitable analytical
technique than other techniques involving the
measurement of the optical radiations. Particle induce
x-rays emission (PIXE) technique belong to Ion Beam
Analysis, in which the specimen is used to analyze the
target for a beam of accelerated particles [10].
Sample preparation for PIXE analysis
Each sample was washed to remove the external
contaminants, to make pellet the samples were charred
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at 180oC for about 1 hour, every sample was converted
into the fine powder in aluminum carbide mortar [11].
The pellet of hair samples and standard were prepared
and placed on 35 nm slide for preservation until
analysis.
Procedure of Particle induce X – rays Emission
The samples having pellet were irradiated with the 3.0
MeV proton beam from the 5MV Pelletron Tandem
Accelerator installed at Experimental Physics
Laboratory, National Center of Physics, Islamabad. The
standardization and calibration of PIXE chamber for
both thin (SRM2783) and thick (TiV/Fe alloy) target was
carried out using NIST standard reference materials
[12].
This technique has been used in forensic analysis
which can measure the minute amount of sample
obtained from crime scene like it can be used for
segmental hair analysis, which help to distinguish that
whether this exposure is exogenous or endogenous [13].

following increasing order of metals level existed in
employees of pacific pharmaceutical Ca˂ K˂ S˂AL.
DATA GROUP 2: Lutf Commercial Textile (Pvt. Ltd)
For the donors from the Lutf Commercial Textile, the
highest concentration of aluminum was 239.7 µg/g and
the lowest 30.4 µg/g, calcium 3.7 µg/g to 0 µg/g,
potassium 10.1 µg/g to 0 µg/g and sulfur had the
uppermost value 26.1 µg/g while lowermost value 1.1
µg/g. The arithmetic mean for the aluminum (Fig. 1) was
116.9 which shows the non-significant difference
between all data groups and the P value was (p>0.05).
For sulfur it was 17.7 (Fig. 2) with non-significant
difference, similarly for Potassium (Fig. 3) 3.2 but for the
calcium the mean value was 1.7 (Fig. 4) with the
significant difference and P value (p < 0.01), the
increasing order for the above metals in the textile
industry was Ca˂ K˂S˂AL.
Aluminum

Results
The metal analysis data was classified into three different
groups i.e. Pharmaceutical, Textile, and Paint industry.
All the data was analyzed for the occupational exposure
industry workers to metals. The average metals contents,
along with statistical parameters for donors selected
from different industries are divided into three groups.
Obtained data was analyzed on SPSS 21 computer bases
software program.
DATA GROUP 1: Pacific Pharmaceutical Industry
(Pvt. Ltd)
The level of selected metals and relevant statistical
parameters for the scalp hair of male donor from the
Pacific Pharmaceuticals are examined and evaluated in
this study the highest value for aluminum was 969.8µg/g
and the lowest 65 µg/g, calcium was 12.8 µg/g to1.4 µg/g,
potassium17.1 µg/g to 1.8 µg/g and sulfur 335.4 µg/g to
6.2 µg/g. The mean for aluminum was 575.1 which
shows the significant difference and having P value
(p<0.05) (Fig.1), sulfur mean value was 190.7 (Fig. 2)
showing the significant difference with P value (p<0.01),
potassium mean value was 11.1 (Fig. 3) showing nonsignificant difference and P value (p>0.05) and calcium
mean value was 9.1 (Fig. 4) that shows the nonsignificant difference and the P value (p>0.05). The
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Figure 1: Aluminum concentration in the hair samples of above three
industries workers. The aluminum was present in higher
concentration in Pharmaceutical industry and lower concentration in
textile and paint industry, which shows that aluminum metal have
much more exposure to the employee of the pharmaceutical industry
as compare to textile and paint industry.

DATA GROUP 3: Brighto Paint Industry (Pvt. Ltd)
For the workers of the paint industry, the highest
concentration of aluminum was 117.4 µg/g and lowest
47.6 µg/g, calcium 3.7 µg/g to1.1 µg/g, potassium 2.9
µg/g to 1.7 µg/g and sulfur 11.9 µg/g to 5 µg/g. The
arithmetic mean for the aluminum was 103.7 (Fig.1)
with non-significant differences and the P value
(P>0.05), for sulfur it was 8.87 (Fig. 2) with nonsignificant difference and the P value (P>0.05),
potassium was 2.3 (Fig. 3) with non-significant
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Which shows the good variations in metal concentration
between all the employees working in Brighto Paint
Industry.

Sulfur

Concentration µg/g

250.0000
200.0000

Discussion

150.0000

The pharmaceutical industry contains high aluminum
contents (575.1 ± 124) as compare to the other
industries and lower aluminum contents (103.7 ± 8.1) in
paint industry was observed. As the aluminum metals is
used in the production of different medicine [14].
Having more aluminum metal exposure to the
employees in pharmaceutical industries, there were
significant difference observed in aluminum level in all
industries as p<0.05. The pharmaceutical industry
contains high sulfur contents, (190.7 ± 37.6) as compare
to the other industries because sulfur is used as active
ingredients in many pharmaceutical processing [15].
But at the opposite side the sulfur concentration is lower
in paint industry, (8.87 ± .87), which show that there is
significant differences observed in sulfur level in all
industries as p < 0.05.
The potassium level (11.1 ± 4.55) in pharmaceutical
industry was high than other industries but potassium
level in paint industry was lower, (2.3 ± .242) than all
three industries. Because potassium was in highly
amount in the processing area indicating that the
individuals working in pharmaceutical industry persist
potassium in their hair [16]. Significant difference was
observed in potassium level in all industries as p < 0.05.
The high calcium level (9.1 ± .972) was observed in
pharmaceutical industry as compare to paint and textile
industry and lower level was in the paint industry (1.7 ±
.289) because calcium is being used as an active
ingredient in the pharmaceutical products, the calcium
metal was observed high in amount in the hair samples
of employees of the pharmaceutical industry, significant
difference was observed in calcium level in all three
industries as p<0.05 [17].
These results indicate that the industrial activities
primarily contribute to the metal pollution and indirect
metals accumulation in hair [18]. The high exposure of
toxic elements is synergistic with risk factors associated
with hypertension [1]. Simillar type of the research was
conducted in Ningbo, China in order to find out the
status of metal pollutionand a significant positive
correlation was found in the heavy metal concentrations
in biological matrices and dust samples [19,20]. The
results show the need for immediate improvements in
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Figure 2: Sulfur concentration in the hair samples of above three
industries workers. Maximum amount of sulfur was there in
pharmaceutical industry workers’ hair samples.
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Figure 3: Potassium concentration in the hair samples of above three
industries workers.
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Figure 4: Calcium concentration in the hair samples of above three
industries workers.

difference and the P value (p >0.05) but on the other
hand the calcium (Fig. 4) had the arithmetic mean value
1.7 and significant difference with the P value (p<0.01).
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workplace, ventilation, and industrial hygiene practices
[9]. The deregulated metal concentrations can be a
consequence of the degenerative body processes [21].
Although the metals selected in the study play
important role as cofactors of different enzymes
function in vital processes of the human body but after
analyzing all the data from three manufacturing
industries it is concluded that the workers are facing
serious health implications and need immediate
protective measures. Our findings are in agreement with
the already conducted research on other metals and
industries.
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