
ORIGINAL ARTICLE

Relationship between lead, cadmium, zinc, manganese

and iron in hair of environmentally exposed subjects

Rita Mehra *, Amit Singh Thakur

Environmental and Acoustic Laboratory, Department of Pure and Applied Chemistry, Maharshi Dayanand Saraswati University,
Ajmer 305 009, Rajasthan, India

Received 5 August 2011; accepted 31 January 2012

KEYWORDS

Hair;

Lead;

Cadmium;

Zinc;

Iron;

Manganese;

Pearson rank correlation

Abstract Trace level analysis of two toxic metals lead and cadmium and three essential metals zinc,

manganese and iron was examined in hair of 25 workers of metals finishing units and metal recy-

cling units of State of Rajasthan, India, as Exposed Group (EG). Twenty-five subjects as controls

were selected from the office staff of the same units Control Group A (CGA) and 25 subjects

selected from the population of State of Rajasthan, India, who were not exposed to metal pollution

at their work place were selected as another control group Control Group B (CGB). Head hair sam-

ples were collected, decontaminated and digested followed by analysis for trace levels of Pb, Cd, Zn,

Mn and Fe by Atomic Absorption Spectrophotometer (AAS), ECIL Model-AAS4141 using air

acetylene flame. The significant levels of metals in between EG, CGA and CGB have been com-

puted by Student’s ‘t’ test. The Pearson rank correlation of the data of five metals revealed signif-

icant positive correlation between Mn/Cd, Mn/Pb, Mn/Fe, Cd/Pb, Cd/Fe and Pb/Fe in hair of

Exposed Group (EG), Mn/Zn, Mn/Cd, Mn/Pb, Zn/Cd, Zn/Pb, Cd/Pb and Cd/Fe in hair of Control

Group A (CGA) and Mn/Cd in hair of Control Group B (CGB). Significant negative correlation

was observed between Pb/Fe in hair of CGB.
ª 2012 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.

1. Introduction

The hair, nails and teeth are tissues in which trace minerals are
sequestered and/or stored and canbeused tomonitor the highest

priority toxic trace elements (Barrett, 1985). Hair has several
ideal attributes for such use, it is easy to collect and store, and
many minor and trace elements can be determined in such spec-
imens with good precision and sensitivity by a variety of analyt-

ical techniques (Mehra et al., 2010a; Sela et al., 2007; Steely et al.,
2007; Goulle et al., 2005). In the present study totally 75 subjects
were included for metal concentration in hair, which were di-

vided into three groups of ‘Exposed Group’ (EG), ‘Control
GroupA’ (CGA) and ‘Control GroupB’ (CGB). Concentration
of two toxic metals lead (Pb) and cadmium (Cd) and three trace
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metalsmanganese (Mn), Zinc (Zn) and Iron (Fe) in hair samples
of all subjects was determined. It was also the main aim of this
study to determine the correlation, if any, between the concen-

trations ofMn, Zn, Pb, Cd and Fe in hair as all the metals under
this study are heavy metals. The main aim of this study was to
identify the population at risk to metals at work environment.

Study of such type will help in generating state specific, country
specific data of metal concentration in biological tissue.

2. Materials and methods

The present study was conducted in metal finishing units and
metal recycling units of State of Rajasthan, India. These units

recycle the waste metals like batteries, electric appliances, cable
wires, etc. and finishing of recycled metals for further use. Thus
25 male workers of these units were included as ‘Exposed

Group’ (EG). Twenty-five male subjects as controls were se-
lected from the office staff of the same units and included in
study as ‘Control Group A’ (CGA) and 25 male subjects se-
lected from the population of State of Rajasthan, India, who

were not exposed to metal pollution at their work place and in-
cluded as ‘Control Group B’ (CGB). All 75 subjects included in
the study were of 25–45 years of age. About 1 g of head hair

samples were collected from the nape region of all subjects with
1 cm. distance from the scalp using sterilized stainless steel scis-
sor washed with ethanol. All hair samples were sealed in a pre-

coated airtight plastic bag and brought to the laboratory for
quantitative analysis. A questionnaire as recommended by the
World Health Organization was used to obtain the personal
and medical details of all 75 subjects included in the study.

The hair samples were cut into pieces of 1 cm so as to insure fea-
sible and fast digestion. All samples are pretreated for the re-
moval of external contamination. Samples were washed using

nonionic detergent Triton X-100 and soaked in deionized water
for 10 min this was followed by washing with acetone and
deionized water. Subsequently hair samples were dried in oven

at 110 �C for 1 h and kept in desiccators. All decontaminated
samples were then digested using nitric acid and perchloric acid
in 6:1 ratio to get white residue which was dissolved in 0.1 N

nitric acid to get a clear colorless solution (Babu et al., 2009;
Mehra and Juneja, 2004; Mehra, 2002).

The concentration of manganese, zinc, lead, cadmium and
iron inhairwas determinedby usingAtomicAbsorptionSpectro-

photometer (AAS), ECIL Model-AAS4141 using air acetylene
flame. Themain instrumental parameters (like wave length, band
width, lamp current) were set up separately for the estimation of

specific metals by Atomic Absorption Spectrophotometer. All
reagents used in the present study were of Anal R grade and
measures were taken to avoid contamination of hair samples,

glasswares, instruments and chemicals. The value of metal con-
centrations in hair was expressed as the mean value in lg/g with
standard deviation. The statistical significance of mean values
between the three groups was determined by applying Student’s

‘t’ test with level of significance set at P< 0.005. Pearson rank
correlation was carried out to obtain the correlation of metals.

3. Results and discussion

The mean concentration of Mn in hair of EG was signifi-
cantly higher (P < 0.05) than both the Control Groups

CGA and CGB and Mn concentration in hair of CGA was

also significantly higher than CGB. No significant difference
(P < 0.05) of Zn concentration in hair of CGA and CGB
was found but Zn concentration in hair of subjects of both

CGA and CGB was significantly higher (P < 0.05) than the
Exposed Groups. Cadmium concentration in hair of Exposed
Groups and CGA was significantly higher (P < 0.05) than

CGB, but the difference in cadmium concentration in hair
of EG was not significantly different from CGA. The mean
concentration of Pb in hair of Exposed Group was signifi-

cantly higher (P < 0.05) than both the Control Groups A
and B and Pb concentration in hair of CGA was also signif-
icantly higher (P < 0.05) than CGB. Iron concentration in
hair of EG and CGA was significantly higher (P < 0.05) than

CGB, iron concentration in hair of EG was higher than CGA
this difference was not significant (P< 0.05).

Perusal of data in Table 1 shows the higher level of manga-

nese, lead, cadmium and iron in hair of subjects of Exposed
Group than CGA and CGB. The significant difference in the
values shows that this difference is not by chance but the sub-

jects of Exposed Group are actually exposed to these metals in
their work environment. Significantly higher values of manga-
nese, lead, cadmium and iron in hair of CGA as compared to

CGB suggest that office staff of metal finishing unit and metal
recycling unit is also exposed to these metals at their work-
place. Significantly low concentration of zinc in hair of subjects
of EG was obtained as compared to CGA and CGB. This low-

er value of Zn in hair of EG might be due to replacement of Zn
from its biological binding sites by other metals. These results
indicate that metal concentration in hair is a function of metal

in the work environment which is also supported by Buchan-
cova et al. (1993) and our earlier works (Mehra and Juneja,
2005; Mehra et al., 2010b).

Pearson rank correlation was calculated to study the inter-
action and correlation between metals under study in hair.
Table 2 summarizes the details of correlation between Mn,

Zn, Cd, Pb and Fe in hair of subjects of Exposed Group.
Strong positive significant correlation (P < 0.05) was observed
between Mn/Cd, Mn/Pb, Mn/Fe, Cd/Pb, Cd/Fe and Pb/Fe.
Positive correlation was also observed between Mn/Zn and

Zn/Cd but this correlation was not significant (P < 0.05).
Negative correlation was observed between Zn/Pb and Zn/Fe
but this correlation was also not significant (P < 0.05). Corre-

lation between all five metals under study in hair of Control
Group A is given in Table 3. Strong positive significant corre-
lation (P < 0.05) was observed between Mn/Zn, Mn/Cd, Mn/

Pb, Zn/Cd, Zn/Pb, Cd/Pb and Cd/Fe. Positive correlation was
also observed between Mn/Fe but this correlation was not sig-
nificant (P < 0.05). Negative correlation was observed be-
tween Zn/Fe and Pb/Fe but this correlation was also not

significant (P< 0.05).
Results of correlation between Mn, Zn, Cd, Pb and Fe in

hair of Control Group B are summarized in Table 4. Signifi-

cant positive correlation (P < 0.05) was observed between
Mn/Cd and significant negative correlation (P < 0.05) was
observed between Pb/Fe. Correlation between Mn/Zn, Mn/

Pb, Mn/Fe, Zn/Cd, Zn/Pb, Zn/Fe, Cd/Pb and Cd was not
significant (P < 0.05) in hair of Control Group B. The signif-
icant negative correlation between Pb/Fe in hair of Control

Group B is in support to the study carried by Nowak and
Chmielnicka (2000) that lead significantly influences the con-
centration of iron.
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