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Abstract: The primary aim of the present study is to screen individuals exposed to lead (Pb) and copper 
(Cu) in the workplace. An effort has also been made to document human exposure to these two elements 
in the environment.  The concentrations of lead (Pb) and copper (Cu) have been determined in human 
scalp hair (HSH) from 355 individuals. The samples comprised individuals of three occupational 
groups, namely, motor mechanics, leather tannery workers and printers (compositors and machine 
men). Samples were also collected from their respective controls and from individuals from a rural 
agricultural population. The hair samples have been initially washed and acid-digested. Flame atomic 
absorption spectrophotometry (Flame-AAS) has been used to determine the elemental content. Known 
factors influencing trace element concentrations in HSH have been controlled. The main statistical 
tests included one way analysis of variance and Tukey test. Elevated concentrations of both Pb and 
Cu have been obtained in the scalp hair of individuals comprising the three occupational groups as 
compared with their respective controls. There were also statistically significant differences between 
the control samples. It can be concluded that there has been exposure to Pb in both the occupational 
sector and the environmental sector. This exposure to Pb can be attributed to the usage of Pb-based 
compounds by these individuals at the place of work in the first case and to environmental-Pb in 
the second. Since Cu is a metabolically essential element, the diet and the nutritional status of the 
individuals assume great importance.
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INTRODUCTION

Anthropological research in different areas of public health has gained interest over 
the years. In fact, according to  Goodenough (1963), It is quite prudent to assume 
that anthropology has long-standing interests in human biocultural development 
generally, and particular interests in public health and medicine. Human exposure 
to different toxic trace elements (e.g., lead, arsenic, mercury and cadmium) and 
pollutants have been a significant public health concern over the years (e.g.,  Sanna et 
al. 2003; Paoliello and De Capitani, 2005;  Hussein et al. 2008; Obeng-Gyasi 2019;  
Goswami et al. 2020). There has been also significant contributions by biological 
anthropologists in this field, both from India and abroad (e.g., Sen and Chaudhuri, 
1996;  Sen and Das Chaudhuri, 1996a; Fitzgerald  et al., 1998; Sen, 1998; Denham 
et al. 2005; Sen and Chaudhuri, 2007; Sen and Chaudhuri, 2008;  Sen, 2008, Schell 
and Gallo, 2010;  Schell et al. 2006, 2010, 2016;  Schell, 2020; Sen et al. 2021). As 
a matter of fact, a definition of environmental pollution has also been advanced by 
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a biological anthropologist. According to this definition, pollution is “a material or 
a form of energy that is unwanted, usually because it is believed to be detrimental 
to health and well-being” (Schell et al. 2006).

The toxic trace element lead (Pb) has been very widely studied in humans 
mainly due to its widespread deleterious effects (Jarup, 2003; Moreira and Moreira, 
2004; Papanikolaou et al. 2005; Wani et al. 2015).  This element is incorporated 
into bone and teeth where it can remain for years (Rabinowitz, 1991). It affects 
metal transport, gene regulation and energy metabolism in the cellular and sub-
cellular level (Sarkar et al. 2005). It is also a potential inhibitor of many important 
enzymes and is strongly toxic to the peripheral and central nervous system (Bressler 
and Goldstein, 1991; Zawadzki et al. 2006; Scinicariello et al. 2007). The essential 
trace element copper (Cu) is a redox active metal and is an essential nutrient for all 
species studied to date (Uriu-Adams and Keen, 2005). It plays a significant role 
in the normal metabolic functioning of the human body and is a major constituent 
of many enzymes and proteins (Schumann et al. 2002; Mercer and Llanos, 2003). 
This element is also required for a wide variety of enzymatic and other processes 
within the developing foetus ? However, high concentrations of copper can also 
cause deleterious effects (e.g., Turnlund  et al. 2004; Kasperczyk et al. 2016). 

Human scalp hair (HSH) is a biological material that can be easily collected by 
a non-invasive technique, easily stored and transported. Given these attributes, HSH 
appears to be an attractive material for the purpose of biomonitoring populations and 
individuals (Chen et al. 2005; Mandal et al. 2003; Wilhelm and Idel, 1996), even 
though there is an extensive ongoing debate about its limitations as a biomarker of 
elemental exposure (Barbosa et al.2005). Studies have successfully utilized HSH as 
an important tool for the assessment of Pb body burden and have reported elevated 
concentrations of this element in the scalp hair of individuals working in different 
occupations (Strumylaite et al. 2004; Babalola et al. 2005; Cespón-Romero and 
Yebra-Biurrun, 2007; Soleo et al. 2012; Vinnikov  et al. 2018). HSH has also been 
used to document environmental exposure to Pb with the residents of industrial/
urban areas exhibiting elevated HSH Pb levels over those from agricultural/rural 
areas (Buononato et al. 2016; Sanna et al. 2008; Zaida et al. 2007; Hasan et al. 2004).  

Although researchers have continued to lay emphasis on anthropometric 
measurements and indices to assess the nutritional status of populations (Mondal and 
Sen, 2010; Tigga et al. 2015; Roy and Sen, 2021)), recent nutritional studies have 
focussed on the determination of essential trace elements in selected body tissues. 
Efforts have now been made to determine the status of different essential trace 
elements among populations (Takyi, 2004).  Studies have subsequently indicated 
that the determination of HSH Cu concentrations can be utilized as a measure of 
Cu content (Gibson et al. 1985; Sakai et al. 2000; Kaluza et al. 2001). 

There have been some studies from India in the broad field of trace elements 
in HSH, apart from those studies by Sen and Sen and Chaudhuri, cited earlier. . 
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The majority of these studies have been on the association of certain diseases with 
different trace elements (Bhattacharya  et al. 2016; Pradeep et al. 2014; Lakshmi 
Priya et al. 2011;  Sukumar and Subramanian, 2007; Srinivas et al. 2001). Given 
the recent widespread importance on biomonitoring studies, studies are now 
focusing on the assessment of occupational and environmental exposure to toxic 
trace elements using HSH (Ghosh, 2007; Vishwanathan et al. 2002; Majumdar 
et al. 1999). Although some occupational groups such as radiographers and auto 
drivers have been studied, there are many occupational groups in India that are 
potentially exposed to toxic elements among whom biomonitoring studies need to 
be initiated. Three such occupational groups that are potentially exposed to Pb are 
motor mechanics, leather tannery workers and printers. Studies dealing with human 
environmental exposure to Pb are also far lesser in number. There is a scarcity of 
studies that assess environmental exposure to Pb.

Biomonitoring of human exposure to trace elements reflects an individual’s 
current body burden to such elements. The body burden is a function of recent and/
or past exposure and this is where correct selection and measurement of biomarkers 
of trace element exposure is of prime significance. A biomarker basically is an 
objective biological measure that is utilized to assess health or make a diagnosis 
of disease. HSH has been successfully utilised as a biomarker to both Pb and Cu. 

With the above considerations in mind, the present study was undertaken with 
the following objectives: 

a) To determine occupational and environmental exposure to Pb using scalp 
hair from exposed and unexposed individuals

b) To determine the Cu status among the exposed and unexposed individuals 
using scalp hair 

c) To analyze the relationship between scalp hair Pb and Cu concentrations. 
d) To determine the reliability of HSH as a biomarker.

MATERIAL AND METHODS

Scalp hair samples were collected from 355 adult male individuals residing in 
three different regions of the state of West Bengal, India. The individuals belong 
to two occupational groups potentially exposed to Pb (motor mechanics, leather 
tannery workers and printers), their controls and from individuals engaged in 
agriculture. The individuals belonging to the three occupational groups were 
the residents of Cooch Behar, Budge Budge and Rajabazar respectively. The 
town of Cooch Behar is situated about 600 km north of Calcutta and individuals 
working as motor mechanics (N=75) was categorized as the exposed group. Those 
individuals who were not engaged as motor mechanics (N=25) were categorized as 
the control group. The leather tannery workers were classified as exposed (N=75) 
and those in the packaging work as controls (N=25). The printers were sampled 
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from the Rajabazar area of Calcutta and were further classified into those engaged 
as compositors (occupational group, N=35), machine men (occupational group, 
N=35) and binders (control group, N=35). All the individuals were working in 
the respective occupations for at least the last three years. The samples from the 
agricultural community (N=50), were collected from a village named Pipha, about 
60 km northeast of Calcutta. The detailed breakup of the number of samples in the 
present study is reported in Table 1.

TABLE-1: BREAKUP OF THE NUMBER OF INDIVIDUALS IN THE PRESENT 
STUDY

Nature of group/Area studied Number of 
individuals

Motor mechanics/Cooch Behar 75
Motor mechanic controls/Cooch Behar 25
Leather tannery workers/Batanagar 75
Leather tannery worker controls/Batanagar 25
Printer compositors/Rajabazar 35
Printer machinemen/Rajabazar 35
Printer binders/Rajabazar 35
Agriculturalists/Pipha 50
Total Number of individuals (Exposed and Control) 355
Total Number of individuals (Exposed) 220
Total Number of individuals (Control) 135

A number of variables have a strong influence on HSH elemental content. 
These are sex (Chlopicka et al. 1998; Senofonte et al. 2000; Dunicz-Sokolowska 
et al. 2007), age (Meng, 1998; Srogi, 2005), income (Sukumar and Subramanian, 
2003), family size (Agte et al. 2005) and ethnic group (Barbosa et al. 2005). To 
eliminate the effects of these variables, all the sampled individuals in the present 
study belong to the same sex (male), a narrow age group of 25 years ‒ 35 years, 
having an annual income <Rs.60, 000.00, a family size of <6 members and to the 
same ethnic group known as the Bengalee Hindu Caste Population (BHCP). The 
nature of the BHCP has been described earlier by Das Chaudhuri et al. (1993).

 During the collection of the hair samples in the present study, individuals 
using hair dyes and bleaches were excluded, as these treatments are known to alter 
hair trace element concentrations to appreciable degrees (Maes and Pate, 1977; 
McKenzie, 1978). The hair samples were collected from the nape of the neck of 
the subjects. Following Gregar et al. (1978), the proximal 5 cm of the hair was 
sampled, as new growth hair is preferred for elemental analysis. Each hair sample 
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weighed around 500 mg. The samples were cut with clean stainless-steel scissors 
and packed in small cellophane bags. 

In the laboratory, the samples were washed and oven dried following the method 
of Schrauzer et al. (1988). The samples were washed in a 1% solution of a non-
ionic detergent (Extran MA 01), distilled water and acetone. The dried hair samples 
were subsequently wet-digested using a 3:1 mixture nitric and perchloric acids at 
300oC following a standard method (Harrision et al., 1969). The estimations of Pb 
and Cu in the samples were done by flame atomic absorption spectrophotometry 
(Varian Techron: AAS-575-ABQ). Pure metal standards manufactured by Johnson 
Matthey Materials Technology have been used. Recovery studies have been done 
in the present study using standards obtained from the US National Institute of 
Standards and Technology (spinach #1570 and orchid #1571). For both Pb and Cu, 
the percentages of recoveries were over 90%. The detailed methodology has been 
described earlier (Sen and Das Chaudhuri, 2001).

The data obtained have been statistically analyzed using Minitab 6.1 and 
SPSS 15.0. The normality of the elemental distributions has been determined by 
using normal scores. The relationship between Pb and Cu concentrations has been 
assessed using Pearson’s correlation and linear regression analysis. The statistical 
differences in HSH Pb and Cu concentrations between the occupationally exposed 
and the respective control groups have been evaluated using one way analysis of 
variance (ANOVA).  The statistical differences in the elemental concentrations 
between the control groups and the agricultural group have been observed by using 
ANOVA and the Tukey test (post-hoc test).

RESULTS 

HSH Pb and Cu concentrations

From Table 2, it appears that there are differences in mean concentrations of Pb 
and Cu between occupationally exposed groups and their respective controls. With 
respect to Pb, the most affected occupational group is the printing group. However, 
the compositors have the higher levels of Pb (mean: 20.250 µg/g) in their scalp 
hair, compared with the machine men (mean: 8.289 µg/g). The motor mechanics 
and leather tannery workers have almost identical HSH Pb concentrations clustered 
around 3.000 µg/g.  However, HSH Cu concentrations do not show differences 
between the means of the three occupational groups, clustering around 11.000 µg/g. 
Among the control groups (Table: 2), the highest mean hair Pb concentration is 
from Rajabazar (5.607 µg/g), followed by Batanagar (3.098 µg/g), Cooch Behar 
(3.008 µg/g) and finally Pipha (2.498 µg/g). However, such a decreasing trend is not 
shown among these respective control groups with regards to HSH Cu concentration 
as all the means are clustered around 11.000 µg/g, except the Cu from Batanagar  
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(mean: 9.416 µg/g). The mean Pb and Cu concentrations among all the individuals, 
i.e., exposed and control (N=355), are 5.533 µg/g and 11.280 µg/g respectively, 
with the occupationally exposed individuals (N=220) expectedly showing higher 
means than their control counterparts (N=135). The data set also shows 4 outliers. 
The outliers have an abnormally high Cu content but low Pb content. The mean Pb 
and Cu concentrations of the outliers are 5.470 µg/g and 32.640 µg/g. The outliers 
have been removed from all subsequent analysis.

TABLE-2. LEAD (Pb) AND COPPER (Cu) CONCENTRATIONS IN SCALP 
HAIR FROM INDIVIDUALS OF OCCUPATIONAL, AGRICULTURALIST AND 

CONTROL GROUPS IN THE PRESENT STUDY (ACTUAL VALUES USED; 
VALUES IN Μg/g) 

Group N
Mean

Pb                     Cu
Mean

Pb                   Cu

Motor mechanics 75 3.330 (0.882)    11.956 (5.826) 2.500-7.760    5.000-38.980

Motor mechanic controls 25 3.008 (0.649)    11.384 (2.587) 2.500-5.400    7.700-16.500

Leather tannery workers 75 3.476 (0.729)    11.322 (2.945) 1.900-7.200   7.700-27.000

Leather tannery worker 
controls

25 3.098 (0.806)     9.416  (2.294) 2.100-4.900   6.500-15.100

Printer compositors 35 20.250 (4.510)   12.181 (1.730) 11.400-26.720 8.940-16.000

Printer machinemen 35 8.289 (3.570)    1.652  (1.826) 3.810-19.160 6.290-14.640

Printer controls 35 5.607 (1.881)   11.368  (1.508) 2.300-9.790    8.790-14.870

Agriculturalists 50 2.498 (0.544)   10.164  (2.291) 1.700-3.600    5.390-16.440

Total occupationally 
exposed

220 6.732 (6.608)    11.723 (3.930) 1.900-26.720  5.000-38.980

Total occupationally 
unexposed

135 3.580 (1.665)   10.564 (2.403) 1.700-9.769   5.390-16.500

Overall 355 5.533 (5.514)   11.280  (3.472) 1.700-26.720  5.000-38.980

(figures in parenthesis indicate standard deviation)

Normality tests for distribution of HSH Pb and Cu concentrations

Non-significant r values (rPb = 0.778, d.f. 353, p>0.05 and rCu = 0.890, d.f. 353, 
p>0.05) based on the actual values of Pb and Cu with their respective normal 
scores reveal non-normality of the distributions of Pb and Cu. However, significant 
correlations (rPb = 0.913, d.f. 353, p<0.05 and rCu = 0.978, d.f. 353, p<0.05) based on 
log values of Pb and Cu with their normal scores indicate the distributions of HSH 
Pb and Cu concentrations in the present study to be log normal. In all subsequent 
statistical analysis, log values have been used. The tests also showed the 4 outliers 
having very high Cu concentrations (mean: 32.640 µg/g). These outliers have been 
rejected in all the subsequent analysis.
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Relationship between HSH Pb and Cu concentrations

The correlation coefficient between Pb and Cu concentrations in HSH for both the 
exposed and control data in the present study is 0.307 which is statistically significant 
(d.f. 349, p<0.05). The regression equation for Pb on Cu is Pb = ‒ 0.226 + 0.822 Cu. 
The regression coefficient is 0.822 which is statistically significant (F = 36.35, d.f. 
1,349, p<0.05). When the data set is divided into unexposed (n=135) and exposed 
(n=216, excluding the outliers), the correlation coefficients between Pb and Cu 
are also statistically significant at p<0.05 (r = 0.306 and r = 0.285 respectively).

Occupational exposure 

The occupational exposure is determined by examining the differences in scalp 
hair Pb concentrations between the occupationally exposed and the respective 
control groups using ANOVA. The results are presented in Table 3. The F-ratios 
show significant statistical differences (p<0.05) in HSH Pb levels between all the 
occupational groups and their corresponding controls, barring the motor mechanics 
group. The F-ratio is 3.33 (d.f. 1,97; p>0.05) for motor mechanics versus their 
controls. The F-ratio is 7.42 (d.f. 1,97; p<0.05) for leather tannery workers and 
their respective controls. For printer compositors and their controls, it is 311.01 
(d.f. 1,68; p<0.05), while the F-ratio is 19.57 (d.f. 1,68; p<0.05) for printer machine 
men versus their controls.

TABLE-3. RESULTS OF ANOVA OF HAIR Pb CONCENTRATIONS BETWEEN 
INDIVIDUALS OF OCCUPATIONAL GROUPS AND CONTROL GROUPS 

Occupational group versus control group F-ratio d.f. Level of significance
Motor mechanics versus controls FPb= 3.33 1,95 >0.05

Leather tannery workers versus controls FPb= 7.42 1,97 <0.05

Printer compositors versus controls FPb=311.01 1,68 <0.05

Printer machine men versus controls FPb= 19.57 1,68 <0.05

Environmental exposure

The   environmental   exposure is estimated by   assessing   the differences between 
the concentrations of Pb in the scalp hair of the individuals forming the control 
groups and the agriculturalist group in the areas under study using ANOVA. The 
areas are Cooch Behar (motor mechanic control), Batanagar (leather tannery worker 
control), Rajabazar (printer control) and Pipha (agriculturalists). The results are 
shown in Table 4. The F-ratios are statistically significant (p<0.05) between all the 
four groups and also when two groups are taken at a time. The F-ratio between all 
the 4 areas is 58.61 (d.f. 3,131; p<0.05). The F-ratio for Cooch Behar and Batanagar 
is 5.26 (d.f. 1,48; p<0.05) while for Cooch Behar and Rajabazar it is 51.15 (d.f. 
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1,58; P,0.05). The F-ratio for Cooch Behar and Pipha is 13.39 (d.f. 1,73; p<0,05). 
The ratio is Batanagar and Rajabazar is 27.14 (d.f. 1,58; p<0.05). For Batanagar 
and Pipha, the F-ratio is 34.11 (d.f. 1,73; p<0.05). The F-ratio between Rajabazar 
and Pipha is 140.38 (d.f. 1,83; p<0.05). For a comprehensive understanding of 
the differences in hair Pb levels, the Tukey test which is a post-hoc test has been 
employed, whose results are shown in Table 5.

TABLE-4. RESULTS OF ANOVA OF HAIR Pb CONCENTRATIONS BETWEEN 
INDIVIDUALS OF THE CONTROL GROUPS AND THE AGRICULTURALIST  

GROUP

Control groups versus control/
agriculturalist groups F-ratio d.f. Level of 

significance

All four groups FPb= 58.61 3,131 <0.05

Motor mechanic control (Cooch Behar) versus 
leather tannery worker controls (Batanagar) FPb= 5.26 1,48 <0.05

Motor mechanic control(Cooch Behar) versus 
printer binders (Rajabazar) FPb= 51.15 1,58 <0.05

Motor mechanic control (Cooch Behar) versus 
agriculturalist group (Pipha) FPb= 13.39 1,73 <0.05

Leather tannery worker controls (Batanagar) 
versus printer binders (Rajabazar) FPb= 27.14 1,58 <0.05

Leather tannery worker controls (Batanagar) 
versus agriculturalist  group (Pipha) FPb= 34.11 1,73 <0.05

Printer binders (Rajabazar) versus agriculturalist  
group (Pipha) FPb=140.38 1,83 <0.05

TABLE-5. RESULTS OF TUKEY TEST OF HAIR Pb CONCENTRATIONS 
BETWEEN INDIVIDUALS OF THE CONTROL GROUPS AND THE 

AGRICULTURALIST GROUP

Control groups versus control/agriculturalist groups Standard 
error

Level of 
Significance

Motor mechanic controls versus leather tannery worker controls 0.033 0.275
Motor mechanic controls versus printer binders 0.030 0.000
Motor mechanic controls versus agriculturalist group 0.028 0.019
Leather tannery worker controls versus printer binders 0.030 0.000
Leather tannery worker controls versus agriculturalist group 0.028 0.000
Printer binders versus agriculturalist group 0.025 0.000

DISCUSSION

In the present study, samples were collected from individuals belonging to the 
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same socio-economic status (based on income and family size), thereby controlling 
the variations due to nutrition, diet and living conditions as far as practicable. To 
overcome the possible effects of ethnic influences on the elemental composition in 
HSH, the individuals sampled in the present study belonged to the BHCP. Individuals 
using hair dyes and hair treatments were also excluded.

Previous studies have indicated that the distributions of hair trace element 
concentrations were log normal (Baumslag et al. 1974; Boiteau et al. 1983; Ahmed 
and El-Mubarak, 1990a; Samanta et al. 2004). The results of the present study are 
in agreement with these earlier studies.  

The present study has observed statistically significant (p<0.05) correlations 
between HSH Pb and Cu concentrations. The regression coefficients of Pb on Cu 
are also statistically significant. The overall correlation coefficient value of 0.307 
obtained between hair Pb and Cu concentrations in course of the present study 
is not very dissimilar with those reported by Ahmed and El-Mubarak (1990b) 
and Baumslag et al. (1974) who observed it to be 0.240 and 0.284 respectively. 
However, Dunicz-Sokolowska et al. (2007) and Wilhelm and Ohnesorge (1990) 
have reported found a low correlation between these two variables (r = 0.090 and 
0.041 respectively) between HSH Pb and Cu levels. Positive correlations have also 
been reported by Zaborowska and Wierciński (1997) and Berzini and Ziakotiuk 
(1994). Hence, there is an evidence of a synergistic effect between Pb and Cu. 
Many variables such as duration of exposure and life style factors are responsible 
for this interaction between essential and toxic trace elements (Telisman, 1995).   

Although the overall mean Pb concentration of the unexposed individuals in 
the present study (3.580 µg/g) is well within the range of values shown in Table 
6 (0.200 µg/g - 44.900 µg/g), the documented high mean HSH Pb concentrations 
reported by Burguera et  al. (1987), Baumslag et al. (1974) and Petering et al. (1973) 
are difficult to explain.  The mean HSH Pb concentrations reported in the present 
study are lower than the values obtained by Sukumar and Subramanian  (1992a) 
on Indian farmers and labourers as far as the unexposed group is concerned (Table 
7). Probably the various confounding factors of age, sex, other attributes of the 
samples and the methods of analysis have lead to the high Pb values in the above-
mentioned studies. 

TABLE-6. MEAN SCALP HAIR Pb AND Cu CONCENTRATIONS IN DIFFERENT 
NON-INDIA RURAL/UNEXPOSED/CONTROL POPULATIONS (VALUES IN ΜG/G; 

A.M. OR AS STATED)

Authors Pb Cu Nature of sample
Bate and Dyer (1965) - 15.300 New Zealand
Harrison et al. (1969) - 14.5 US adults
Petering et al. (1973) 24.400 29.600 US adults
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Baumslag et al. (1974) 31.500 17.900 US mothers
Creason et al. (1975) 12.200 (G.M.) - US adults
Rendic et al. (1976) 1.400 4.700 Yugoslav adults

Chattopadhyay et al. (1977) 10.100 - Canadian adults
Gregar et al. (1978) - 31.000 Adolescent girls

Bergomi et al. (1985) 15.310 - Rural
Moon et al. (1986) 4.900 - Amerindian controls
Piccinini et al. 1986 10.700 - Italian children

Burguera et al. (1987) 17.200 - Venezuelan controls
Jamall and Jaffer (1987) - 11.300 Pakistani controls

Jones et al. (1987) 3.000 23.200 Papuan controls
Bergomi et al. (1989) 7.110 (G.M) - Italian children

Zaborowska et al. (1989) 4.200 - Polish

Ahmed and El-Mubarak (1990a) 9.200; 6.300; 
14.100; 7.600 - Students

Ahmed and El-Mubarak (1990b) 6.300 14.400 Saudi Arabian males
Attar et al. (1990) - 21.400 Saudi Arabian adults

Jamall and Allen (1990) 5.000  (G.M.) 30.700 Bangladeshi women
Leotsinidis and Kondakis (1990) 4.400 10.480 Greek males
Wilhelm and Ohnesorge (1990) 1.720 17.700 German adults

Bache et al. (1991) 1.620; 4.620 - US controls
Gonzalez-Reimers et al. (1991) 4.600 19.800 Gran Caneri adults

Schuhmacher et al. (1991) 7.800 - Spanish adults
Donma et al. (1993) - 8.400 Turkish children

Kozielec and Drybanska (1994) 0.200-9.500 
(Range) - Polish children

Sturaro et al. (1994) - 22.000 Italian adults
Wolfsperger et al. (1994) 3.420 - Italian adults

Esteban et al. (1999) 7.200 - Russian children
Wilhelm et al. (2002) 0.870  (G.M.) - German

Sanna et al. (2003) 4.030 - Italian boys rural
Hasan et al. (2004) 0.790 - UAE children rural

Strumylaite et al. (2004) 3.200 - Polish controls
Souad et al. (2006) 6.600 - Moroccan infants
Zaida et al. (2007) 6.600 - Moroccan infants
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TABLE-7. MEAN SCALP HAIR Pb AND Cu CONCENTRATIONS IN DIFFERENT 
INDIA POPULATIONS (VALUES IN ΜG/G; A.M.)

Authors Pb Cu Nature of sample
Sharda and Bhandari (1984) - 27.200 ICC controls
Misra et al. (1985) - 24.600 ICC controls
Quereshi et al. (1985) - 15.300 Adults
Sukumar and Subramanian 
(1992a) 13.700 54.500 New Delhi controls

Sukumar and Subramanian 
(1992b) 13.000; 13.900 6.500; 7.900 Farmers, workers

Sukumar and Subramanian 
(1992c)

6.800; 4.600
12.600; 4.700

13.100; 14.700;
14.200; 10.400

Farmers, laborers,
businessmen, officers

Sen and Chaudhuri  (1996) 4 .520 ;  6 .910 ; 
3.480

8.040;  11.340; 
9.380

BHCP adult males 
unexposed

Studies have reported occupational exposure to different elements using HSH 
(Stephen et al. 2000; Gerhardsson et al. 2002; Strumylaite et al. 2004; Martin et al. 
2005; Afridi et al. 2006; Cespon-Romero and Yebra-Biurrun, 2007). 

Burguera et al. (1987) found a very high scalp hair Pb mean concentration 
of 48.700 µg/g among individuals working in petrol stations. Mean HSH Pb 
concentrations among three different occupational groups exposed to Pb in Poland 
were 17.480 µg/g, 29.030 µg/g and 25.740 µg/g (Zaborowska et al. 1989). Man 
et al. (1996) reported significantly higher Pb concentrations (p<0.05) among 
professional drivers when compared with those in the teaching profession. In a study 
done in India, Viswanathan et al. (2002) reported very high Pb levels in the hair of 
autodrivers and further observed that such drivers are at risk. Babalola et al. (2005) 
obtained very high hair concentrations of Pb (17.750 µg/g) among auto mechanics 
in Nigeria as compared with their controls (14.300 µg/g). Traffic policemen have 
recorded elevated concentrations of Pb in hair due to exposure to automobile exhaust 
and the levels bear significant positive correlations with duration (Mortada et al., 
2001).  In just one documented study among leather tannery workers, Randall 
and Gibson (1989) reported elevated scalp hair chromium levels. No such studies 
are available in the literature among printers. The present study yielded elevated 
HSH Pb concentrations among individuals working as motor mechanics, leather 
tannery workers and printers, as compared with their controls (Table 2). It is a high 
possibility that exposure to Pb among the motor mechanics can be due to the fact 
that they use leaded petrol, solvents, metal cleaners and rust prevention paints in 
the course of repairing and cleaning vehicles. However, since this study, the use of 
leaded petrol has been phased out in India. Leather tannery workers use a number 
of solvents, adhesives and thinners, and this can be a possible source of exposure 
through direct contact and inhalation. The printer compositor group is the most 
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exposed as the printing blocks they use are made of Pb. The printing blocks are 
manually set up for composition and there is exposure due to direct contact with 
the skin. The printer machine men are less exposed primarily because they are not 
directly involved in the composing of the blocks. There is also a widespread habit 
of Indian workers rubbing their fingers on their clothes and their head.  Often while 
working, the individuals also rub their fingers on their lips and tongue. Doing this 
with a contaminated finger at the place of work is a significant route of exposure. 
The results, thus, agree these above studies as elevated hair Pb levels are obtained 
from individuals engaged in Pb exposed occupations.  

As this study indicated higher concentrations of Pb in the scalp hair of 
individuals engaged as motor mechanics, leather tannery workers and printers, 
compared with their respective controls, ANOVA was employed to find out the 
statistical differences, if any, in Pb concentrations between these groups and their 
respective controls.  The results are shown in Table 3.

In the case of motor mechanics with their controls, no significant statistical 
differences were found for Pb (p>0.05), although the concentrations of this element 
was elevated among the exposed group. On the other hand, a statistically significant 
F-ratio (p<0.05) is obtained for Pb when the leather tannery workers and their 
control group are analyzed.  A statistically significant F-ratio is also obtained for 
Pb concentrations in both the printer groups and their controls. 

Among the control groups, the highest Pb concentration (19.160 µg/g) was 
obtained from Rajabazar, as this area is more towards the heart of the city of 
Calcutta. Studies have indicated that the concentrations of Pb vary from area to area 
in Calcutta, and increases as one move into the city (Chakraborti et al., 1992; Das et 
al., 1993). Individuals residing in Rajabazar are more exposed to Pb, compared to 
the other groups of individuals from Cooch Behar, Batanagar and Pipha as Rajabazar 
is more towards the heart of the city. The differences in hair Pb concentrations 
between these four areas mentioned can be attributed to environmental exposure 
to Pb. A major source of this Pb is due to use of leaded petrol where Pb is emitted 
as particulates of oxides, halides and organo-Pb. This environmental Pb is a major 
concern in many developing countries, and it is pertinent to mention here that it is 
after the completion of the present study, India has recently completely phased out 
the production, sale and use of leaded petrol. A conclusion that is possible here is 
also that the agriculturalists represent a largely unexposed population to Pb.

It has been observed that the most important factor influencing Pb concentrations 
in hair is the location (Wibowo et al., 1986). During recent times, a series of studies 
have pointed out the use and importance of HSH in documenting environmental 
exposure to Pb (Seifert et al., 2000; Mortada et al., 2002). It has been reported 
by various authors that there are significant differences in hair Pb concentrations 
between individuals residing in the urban areas and those from the rural areas. 
Hammer et al. (1971) reported HSH Pb concentrations to be 80.200 µg/g when 
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individuals from Pb and zinc mining areas were studied, as compared to 8.200 µg/g 
when rural based individuals were sampled. A mean hair Pb concentration of 10.100 
µg/g   for individuals residing in a rural area, in comparison to a mean of 16.900 µg/g 
for those in an urban area in Canada has been reported (Chattopadhyay et al., 1977). 
Bergomi et al. (1985) also showed that hair Pb concentrations were significantly 
higher in the industrial area than the rural area in Italy, mean Pb concentration being 
25.110 µg/g and 15.310 µg/g respectively. Bertillo and Bonard (1989) observed 
that in Argentina, the maximum hair Pb concentration in the rural area is less than 
10.000 µg/g, while it is less than 20.000 µg/g in the urban area. Jamall and Allen 
(1990) also found elevated hair Pb concentrations among individuals from the 
city of Karachi, as compared to those from Bangladesh.  Similarly, Schuhmacher 
et al. (1991) also reported high hair Pb concentrations among children from an 
industrial area (mean: 9.380 µg/g) compared to that from those from a rural area 
(mean:  7.800 µg/g). It has been shown by Sukumar and Subramanian   (1992b) that 
persons employed in   Delhi as businessmen have elevated hair Pb concentrations 
(means: 12.600 µg/g) as compared to those residing in the same village, but 
engaged in agriculture (means: 7.900 µg/g). Diaz-Barriga et al. (1993) reported 
high HSH Pb concentrations among individuals near a hazardous waste disposal 
site. Differences in scalp hair Pb concentrations have also been found among three 
populations occupationally unexposed to Pb in Calcutta by the present authors (Sen 
and Chaudhuri, 1996). Elevated Pb concentrations were also reported from children 
residing in an industrial area by Chlopicka et al. (1998) (mean: 8.210 µg/g). In a 
significant study done in Istanbul, Furman and Laleli (2000) reported that children 
exposed to traffic had elevated levels of hair Pb (11.820 µg/g) as compared with 
their controls (2.700 µg/g). The same study has observed that street vendors in areas 
of higher traffic density had higher hair Pb concentrations (14.180 µg/g) than their 
counterparts from the low-density areas (9.860 µg/g). In an Italian study, Sanna et al. 
(2003) observed hair Pb levels among children from two towns, one being exposed 
to Pb and the other unexposed to Pb. Boys and girls from the exposed town had 
significantly more hair Pb concentrations (15.510 µg/g and 8.820 µg/g) than their 
unexposed counterparts (4.030 µg/g and 2.830 µg/g). In yet another study, Hasan 
et al. (2004) reported that children from rural areas had mean hair Pb levels (0.790 
µg/g) whereas children from urban area had higher hair Pb levels (3.470 µg/g). 
Recently, it has been observed that children living in central area of Lahore city had 
higher hair Pb concentrations than those living outside Lahore. This is suggestive 
of the fact that dust containing this heavy metal was attached to hair samples due 
to a typical urban environment with heavy traffic load, congested population and 
industrial activities (Anwar, 2005). 

Using ANOVA, it is seen that statistically significant F-ratios are obtained for 
Pb levels among the individuals comprising the control groups and the agriculturalist 
group. Statistically the ANOVA results further indicate that significant differences 
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exist with respect to Pb in all the cases when the areas are analyzed two at a 
time. Hence, there are differences due to exposure to Pb in the environment. The 
results are shown in Table 4. The Tukey test was also utilized for comparisons 
with respect to hair Pb concentrations (Table 5). In a single pair (motor mechanic 
controls versus leather tannery controls) ANOVA detected significant differences 
with respect to hair Pb concentrations, while the Tukey test failed to do so. Such 
an occurrence is usually not encountered, but it reflects the fact that the analysis of 
variance is a more powerful test than the multiple comparison tests such as Tukey. 
This anomaly can be rectified by using a larger sample size that would result in a 
multiple comparison analysis more capable of locating differences among means. 
It needs to be recalled here that HSH Pb levels from these two areas are almost 
identical (3.008 µg/g and 3.098 µg/g). 

The critical level for indicating high exposure to Pb is 20.000 µg/g for HSH 
Pb concentrations (Krause and Chutsch, 1987). The present study has shown that 
most of the printer compositors and some of the printer machine men have hair Pb 
concentrations higher than this critical value. These individuals should be put on a 
chelation therapy which is the conventional recommendation in such cases, using 2, 
3-dimercaprol (Kalia and Flora, 2005) or intravenous CaEDTA (Ogawa et al., 2008).

Mean HSH Cu levels are more difficult to assess and comprehend than Pb, 
primarily because the former is an essential element and the latter a toxic element. 
From Tables 6 and 7, it can be observed that there is a wide variation in HSH Cu 
levels.  Sukumar and Subramanian (1992b, 1992c) reported appreciably lower mean 
HSH Cu concentrations for farmers, workers and labourers from a village near 
Delhi and very high mean HSH Cu concentration among healthy Indian individuals 
from Delhi respectively. Jamall and Allen (1990) reported very high mean HSH Cu 
levels among women from Bangladesh that is in sharp contrast to the mean HSH 
Cu concentration obtained by Khan and Biswas (1985) on Bangladeshi adults.  
The mean HSH Cu concentrations obtained in the present study are 10.564 µg/g 
and 11.723 µg/g for the unexposed and exposed populations respectively. Wide 
variations in HSH Cu concentrations have also been reported in other studies. Given 
such wide variations in HSH Cu levels, the nature of the diet of the individuals 
needs to be explored. So, hair Cu levels do not appear to be the prime biomarker 
to screen populations for Cu exposure. 

Since it is widely recognized that the presence of essential elements such as 
Cu may contribute to the protection of individuals from the effects of toxic metal 
exposure, appropriate dietary manipulation may be valuable in the prevention and 
treatment of such metal toxicity. However, there are large variations in HSH Cu 
levels as reported in the literature. So the primary objective would be to select cut-off 
values for low, normal and high nutritional status based on HSH Cu concentrations.  
It needs to be mentioned here that Petering et al. (1978) had proposed that the 
toxicological investigations of Pb must be based on a definite consideration of the 
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nutritional status of the individuals.
The present study has thus, been successful in screening individuals who are 

highly exposed to Pb using HSH as the biomarker. The influence of nutritional status 
on susceptibility to the toxicity of lead bears importance as nutrition can be utilized 
as a component of intervention. It has been reported that the role of nutrition should 
be considered to be an adjunct to reduction of environmental Pb exposure, which 
is the primary means of reducing adverse health effects of Pb (Mahaffey, 1990; 
Ahamed and Siddiqui, 2007). Most food patterns that reduce susceptibility to Pb 
toxicity are consistent with recommendations for a healthy diet (Ros and Mwanri, 
2003). The relationship between nutritional status and Pb uptake and toxicity is 
most clearly established for irregular food intake. These issues need to be taken 
up in subsequent studies.

CONCLUSION

All the 3 occupational groups (motor mechanics, leather tannery workers and 
printers) are exposed to Pb. The agriculturalists represent a largely unexposed 
population to Pb. The present study has successfully screened different occupational 
groups for Pb exposure using HSH analysis and individuals tending to high risk 
have been identified. As far as HSH Cu is concerned, the diet and nutrition assumes 
great importance. The results of the present study support the hypothesis that hair Pb 
levels can be considered an indicator of exposure of populations to Pb. Measuring 
elemental concentration in HSH could be a useful method for studying exposure 
and assessing environmental pollution. The technique has the potential of being 
an effective tool for evaluating extent of pollution and identifying potentially toxic 
elements.

Interpretation of data on elemental content of hair analysis will still remain the 
subject of some controversy because of some areas of concern like endogenous 
and exogenous sources of an element in hair, washing or other pretreatment of 
hair, choice of statistical methods etc. In spite of these, conclusion may be drawn 
that evaluation of trace element levels in hair as a measure of occupational   and 
environmental exposures of a population notably to the toxic element Pb have been 
successfully accomplished in the present study. 

References
Afridi H.I., Kazi, T.G., Jamali, M.K., Kazi, G.H., Arain, M.B., Jalbani, N., Shar, G.Q., Sarfaraz, 

R.A., (2006). Evaluation of toxic metals in biological samples (scalp hair, blood and urine) 
of steel mill workers by electrothermal atomic absorption spectrometry. Toxicol. Ind. Health. 
22: 381-393.

Agte V.V., Chiplonkar, S.A., Tarwadi, K.V., (2005). Factors influencing zinc status of apparently 
healthy Indians. J. Am. Coll. Nutr. 24: 334-341,  

Ahamed M., Siddiqui, M.K., (2007). Environmental lead toxicity and nutritional factors. Clin, 



52 MAN IN INDIA

Nutr. 26: 400-408. 
Ahmed A.F., El-Mubarak, A.H. (1990a). Lead and cadmium in human hair: a comparison among 

four countries. Bull. Environ. Contam. Toxicol. 45: 139-148.
Ahmed A.F., El-Mubarak, A.H., (1990b). Assessment of trace elements in hair of a Saudi Arabian 

suburban adult male population. Environ. Tech. 12: 387-392. 
Anwar M., (2005). Arsenic, cadmium and lead levels in hair and toenail samples in Pakistan. 

Environ. Sci. 12: 71-86. 
Attar K.M., Abdel-Aal, M.A., Debayle, P., (1990). Distribution of trace elements in the lipid and 

nonlipid matter of hair. Clin. Chem. 36: 477-480.
Babalola O.O., Ojo, L.O., Aderemi, M.O., (2005). Lead levels in some biological samples of 

auto-mechanics in Abeokuta, Nigeria. Indian. J. Biochem. Biophys. 42: 401-403. 
Bache C.A., Lisk, D.J., Scarlett, J.M., Carbone, L.G., (1991). Epidemiological study of cadmium 

and lead in the hair of ceramists and dental personnel. J. Toxicol. Environ. Health. 34: 23-31.
Barbosa F., Tanus-Santos, J.E., Gerlach, R.F., Parsons, P.J., (2005). A critical review of biomarkers 

used for monitoring human exposure to lead: advantages, limitations, and future needs. 
Environ. Health. Perspect. 113: 1669-1674.

Bate L.C., Dyer, F.F., (1965). Trace elements in human hair. Nucleonics 23: 74-80.
Baumslag N., Yeager, D., Levin, L., Petering, H.G., (1974). Trace metal content of maternal and 

neonate hair: zinc, copper, iron, lead. Arch. Environ. Health. 29: 186.
Bergomi M., Borella, P., Fantuzzi, G., (1989). Sangue, denti e capelli: tre diverse matrici utilizzate 

per valutare l’esposizione al piombo e al cadmio in bambini residenti in zona industriale. 
Ann. Ig. 1: 1185-1196.

Bergomi M., Borella, P., Fantuzzi, G., Vivoli, G., (1985). Distribuzione del piombo nel sangue 
e nei capelli di una populazione infantile residente un’area industriale. Ann. 1st. Super. 
Sanita. 21: 43-51.

Bertillo L.F., Bonard, R.T., (1989). Determination of metals in hair. I. Lead. Acta. Bioquim. 
Clin. Latinoan. 23: 233-238. 

Berzini V.I., Ziakotiuk, L.N., (1994). K voprosu ob osobennostiakh nakopleniia nekotorykh 
metallov v volosokh detei. Vrach. Delo. May-June, 71-73. 

Bhattacharya P.T., Misra S.R., Hussain M., (2016). Nutritional Aspects of Essential Trace 
Elements in Oral Health and Disease: An Extensive Review. Scientifica (Cairo) 2016: 
5464373.

Boiteau H.L., Stoklov, M., Remond, D., Buffet, H., Metayer, C., Vincent, F., Corneteau, H., Faure, 
J., (1983). Taux de plombo, de cadmium et de mercure dans les cheveaux des habitants des 
regions de Nantes et de Grenoble. Toxicol. Eur. Res. 5: 281-291. 

Bressler, J.P., Goldstein, G.W., (1991). Mechanisms of lead neurotoxicity. Biochem. Pharmacol. 
41: 479-484.

Buononato E.V., De Luca D., Galeandro I.C., Congedo M.L., Cavone D., Intranuovo G., 
Guastadisegno C.M., Corrado V., Ferri G.M. (2016).  Assessment of environmental and 
occupational exposure to heavy metals in Taranto and other provinces of Southern Italy by 
means of scalp hair analysis. Environ Monit Assess. 188(6):337. 

Burguera J.L., Burguera, L., Rondon, C.E., Rivas, C., Burguera, J.A., (1987). Determination of 
lead in hair of exposed gas station workers and in unexposed adults by microwaveaided 
dissolution of samples and flow-injection/atomic absorption spectrometry. J. Trace. Elem. 



53HUMAN SCALP HAIR AS A BIOMARKER TO ASSESS LEAD...

Electrolytes. Health. Dis. 1: 21-26. 
Cespón-Romero R.M., Yebra-Biurrun, M.C., (2007). Flow injection determination of lead and 

cadmium in hair samples from workers exposed to welding fumes. Anal. Chim. Acta. 600: 
221-225.

Chakraborti D., Das, D., Chatterjee, A., Jin, Z., Jiang, S.G., (1992). Direct determination of some 
heavy metals in urban air particulates by electrothermal atomic absorption  using Zeeman 
background correction after simple acid decomposition. Part IV. Application to Calcutta 
air particulates. Environ. Tech. Lett. 13: 95-100.

Chattopadhyay A., Roberts, J.M., Jervis, R.E., (1977). Scalp hair as a monitor of community 
exposure to lead. Arch. Environ. Health. 32: 226-236.

Chen C.J., Hsu, L.I., Wang, C.H., Shih, W.L., Hsu, Y.H., Tseng, M.P., Lin, Y.C., Chou, 
W.L., Chen, C.Y., Lee, C.Y., Wang, L.H., Cheng, Y.C., Chen, C.L., Chen, S.Y., Wang, 
Y.H., Hsueh, Y.M., Chiou, H.Y., Wu, M.M., (2005). Biomarkers of exposure, effect, and 
susceptibility of arsenic-induced health hazards in Taiwan. Toxicol. Appl. Pharmacol. 206: 
198-206. 

Chlopicka, J., Zachwieja, Z., Zagrodzki, P., Frydrych, J., Slota, P., Krosniak, M., (1998). Lead 
and cadmium in the hair and blood of children from a highly industrial area in Poland. Biol. 
Trace. Elem. Res. 62: 229-234. 

Chowdhury B.A., Chandra, R.K., (1987). Biological and health implications of toxic heavy metal 
and essential trace element interactions. Prog. Food. Nutr. Sci. 11: 55-113. 

Creason J.P., Hinners, T.A., Bumgarner, J.E., Pinkerton, C., (1975). Trace elements in hair, as 
related to exposure in metropolitan New York city. Clin. Chem. 21: 603-612.

Dameron, C.T., Harrison, M.D., (1998). Mechanisms for protection against copper toxicity. Am. 
J. Clin. Nutr., 67: 1091S-1097S.

Das Chaudhuri A.B., Basu, S., Chakraborti, S., (1993). Twinning rate in the Muslim population 
of West Bengal. Acta. Genet. Med. Gemellol. 42: 35-39.

Das D., Chatterjee., A., Samanta, G., Chakraborti, D., (1993). Preliminary estimation of tetraalkyl 
lead compounds [TAL] in Calcutta city air. Chem. Environ. Res. 1: 279-287.

Denham M., Schell L.M., Deane G., Gallo M.V., Ravenscroft J., De Caprio A.P., Akwesasne 
Task Force on the Environment. (2005). Relationship of lead, mercury, mirex, 
dichlorodiphenyldichloroethylene, hexachlorobenzene, and polychlorinated biphenyls to 
timing of menarche among Akwesasne Mohawk girls. Pediatrics 115(2): e127-34. 

Diaz-Barriga F., Santos, M.A., Yanez, L., Cuellar, J.A., Ostrosky-Wegman, P., Montero, R., 
Perez, A., Ruiz, E., Garcia, A., Gomez, H., (1993). Biological monitoring of workers at a 
recently opened hazardous waste disposal site. J. Expo. Anal. Environ. Epidemiol. 1: 63-71.

Donma M.M., Donma, O., Tas, M.A., (1993). Hair zinc and copper concentrations and zinc-
copper ratios in pediatric malignancies and healthy children from southeastern Turkey. Biol. 
Trace. Elem. Res. 36: 51-63.

Dunicz-Sokolowska A., Wlaźlak, E., Surkont, G., Radomska, K., Długaszek, M., Graczyk, A., 
(2007). Contents of bioelements and toxic metals in the Polish population determined by 
hair analysis. Part IV. Adults aged 40 to 60 years. Magnes. Res. 20: 136-147.

Esteban E., Rubin, C.H., Jones, R.I., Noonan, G., (1999). Hair and blood as substrates for screening 
children for lead poisoning. Arch. Environ. Health. 54: 436-440.

Fitzgerald E.F., Schell L.M., Marshall E.G., Carpenter D.O., Suk W.A., Zejda J.E. (1998). 



54 MAN IN INDIA

Environmental pollution and child health in central and Eastern Europe. Environ Health 
Perspect. 106(6):307-11. 

Furman A., Laleli, M., (2000). Semi-occupational exposure to lead: a case study of child and 
adolescent street vendors in Istanbul. Environ. Res. 83: 41-45. 

Gerhardsson L., Englyst, V., Lundstrom, N.G., Sandberg, S., Nordberg, G., (2002). Cadmium, 
copper and zinc in tissues of deceased copper smelter workers. J. Trace. Elem. Med. Biol. 
16: 261-266.

Ghosh P., Banerjee, M., De Chaudhuri, S., Chowdhury, R., Das, J.K., Mukherjee, A., Sarkar, 
A.K., Mondal, L., Baidya, K., Sau, T.J., Banerjee, A., Basu, A., Chaudhuri, K., Ray, K., 
Giri, A.K., (2007). Comparison of health effects between individuals with and without skin 
lesions in the population exposed to arsenic through drinking water in West Bengal, India. 
J. Expo. Sci. Environ. Epidemiol. 17: 215-223.

Gibson R.S., Martinez, O.B., MacDonald, A.C., (1985). The zinc, copper, and selenium status 
of a selected sample of Canadian elderly women. J. Gerontol. 40: 296-302.

Gonzalez-Reimers E., Arnay-de-la-Rosa., Castro-Aleman, V., Galindo-Martin, L., (1991). Trace 
elements in prehispanic hair samples of Gran Canaria. Hum. Evol. 6: 159-163.

Goswami R., Kumar M., Biyani N., Shea P.J. (2020).  Arsenic exposure and perception of health 
risk due to groundwater contamination in Majuli (river island), Assam, India. Environ 
Geochem Health. 42(2):443-460.

Gregar J.L., Higgins, M.M., Abernathy, R.P., Kirksey, A., De Corso, M.B., Baligar, P., (1978). 
Nutritional status of adolescent girls in regard to zinc, copper and iron. Am. J. Clin. Nutr. 
31: 269-275.

Hammer D.I., Finklea, J.F., Hendricks, R.H., Shy, C.M., (1971). Hair trace metals and 
environmental exposure. Am. J. Epidemiol. 93: 84-92.

Harrison W.W., Yurachek, J.P., Benson, C.A., (1969). The determination of trace elements in 
human hair by atomic absorption spectroscopy. Clin. Chim. Acta. 23: 83-91.

Hasan M.Y., Kosanovic, M., Fahim, M.A., Adem, A., Petroianu, G., (2004). Trace metal profiles 
in hair samples from children in urban and rural regions of the United Arab Emirates. Vet. 
Hum. Toxicol., 46: 119-121.

Hussein W.F., Njue W., Murungi J., Wanjau R. (2008). Use of human nails as bio-indicators 
of heavy metals environmental exposure among school age children in Kenya. Sci Total 
Environ. 393: 376-84. 

Jamall I.S., Allen, P.V., (1990). Use of hair as an indicator of environmental lead pollution in 
women of child bearing age in Karachi, Pakistan and Bangladesh. Bull. Environ. Contam. 
Toxicol. 44: 350-356.

Jamall I.S., Jaffer, R.A., (1987). Elevated iron levels in hair from steel mill workers in Karachi, 
Pakistan. Bull. Environ. Contam. Toxicol. 39: 608-614.

Järup L., (2003). Hazards of heavy metal contamination. Br. Med. Bull. 68: 167-182.
Jones G.L., Willy, D., Lumsden, B., Taufa, T., Lourie, J., (1987). Trace metals in the hair of 

inhabitants of the Ok Tedi region, Papua New Guinea. Environ. Pollut. 48: 101-115.
Kalia K., Flora, S.J., (2005). Strategies for safe and effective therapeutic measures for chronic 

arsenic and lead poisoning. J. Occup. Health. 47: 1-21.
Kaluza J., Jeruszka, M., Brzozowska, A., (2001). Iron, zinc and copper status in the elderly 

living in Warsaw district determined by hair analysis. Rocz. Panstw. Zakl. Hig. 52: 111-118. 
Kasperczyk A., Dobrakowski M., Czuba Z.P., Kapka-Skrzypczak L., Kasperczyk S. (2016). 



55HUMAN SCALP HAIR AS A BIOMARKER TO ASSESS LEAD...

Environmental exposure to zinc and copper influences sperm quality in fertile males. Ann 
Agric Environ Med. 23(1): 138-43. 

Kozielec T., Drybanska-Kalita, A., (1994). Zawartosc oLowiu i kadmu we wLosach u dzieci 
populacji szczecinskiej. Wiad. Lek. 47: 114-117.

Krause C., Chutsch, M., (1987). Haare als indikator fur die erfassung von Pb- und Cd-belastungen. 
Schriftner. Ver. Wasser. Boden. Lufthyg. 71: 101-109.

Lakshmi Priya M.D., Geetha A. (2011). Level of trace elements (copper, zinc, magnesium and 
selenium) and toxic elements (lead and mercury) in the hair and nail of children with autism. 
Biol Trace Elem Res. 142(2):148-58. 

Leotsinidis M., Kondakis, X., (1990). Trace metals in scalp hair of Greek agricultural workers. 
Sci. Tot. Environ. 95: 149-156.

Maes D., Pate, B.D., (1977). The spatial distribution of zinc and cobalt in single human head 
hairs. J. Forensic. Sci. 22: 75-88. 

Mahaffey K.R., (1990). Environmental lead toxicity: nutrition as a component of intervention. 
Environ. Health. Perspect. 89: 75-78.

Majumdar S., Chatterjee, J., Chaudhuri, K., (1999). Ultrastructural and trace metal studies on 
radiographers’ hair and nails. Biol. Trace. Elem. Res. 67: 127-138. 

Man A.C., Zheng, Y.H., Mak, P.K., (1996). Trace elements in scalp hair of professional drivers 
and university teachers in Hong Kong. Biol. Trace. Elem. Res. 53: 241-247.

Mandal B.K., Ogra, Y., Suzuki, K.T., (2003). Speciation of arsenic in human nail and hair from 
arsenic-affected area by HPLC-inductively coupled argon plasma mass spectrometry. 
Toxicol. Appl. Pharmacol. 189: 73-83.

Martin R.R., Kempson, I.M., Naftel, S.J., Skinner, W.M., (2005). Preliminary synchrotron analysis 
of lead in hair from a lead smelter worker. Chemosphere. 58: 1385-1390.

McKenzie J.M., (1978). Alterations of the zinc and copper concentration of hair. Am. J. Clin. 
Nutr. 31: 470-476.

Meng Z., (1998). Age and sex-related differences in zinc and lead levels in human hair. Biol. 
Trace. Elem. Res. 61: 79-87.

Mercer J.F., Llanos, R.M., (2003). Molecular and cellular aspects of copper transport in developing 
mammals. J. Nutr. 133: 1481S-1484S.

Misra P.K., Chawla, A.C., Srivastava, K.L., Wakhlu, I., Mehrotra, R., (1985). Hair copper in 
Indian childhood cirrhosis. Ind. Pediatr. 22: 117-119.

Mondal N., Sen J. (2010). Prevalence of undernutrition among children (5-12 years) belonging 
to three communities residing in a similar habitat in North Bengal, India. Ann Hum Biol. 
37(2):198-216. 

Moon J., Smith, T.J., Tamaro, S., Enarson, D., Fadl, S., Davison, A.J., Weldon, L., (1986). 
Trace metals in scalp hair of children and adults in three Alberta Indian villages. Sci. Tot. 
Environ. 54: 107-125.

Moreira F.R., Moreira, J.C., (2004). Effects of lead exposure on the human body and health 
implications. Rev. Panam. Salud. Publica. 15: 119-129.

Mortada W.I., Sobh, M.A., El-Defrawy, M.M., Farahat, S.E., (2002). Reference intervals of 
cadmium, lead, and mercury in blood, urine, hair and nails among residents in Mansoura 
city, Nile Delta, Egypt. Environ. Res. 90: 104-110.

Mortada W.I., Sobh, M.A., El-Defrawy, M.M., Farahat, S.E., (2001). Study of lead exposure 



56 MAN IN INDIA

from automobile exhaust as a risk for nephrotoxicity among traffic policemen. Am. J. 
Nephrol. 21: 274-279.

Obeng-Gyasi E. Sources of lead exposure in various countries. (2019). Rev Environ Health. 
34:25-34. 

Ogawa M., Nakajima, Y., Kubota, R., Endo, Y., (2008). Two cases of acute lead poisoning due 
to occupational exposure to lead. Clin. Toxicol. (Phila). 46: 332-335. 

Paoliello M.M., De Capitani E.M. (2005). Environmental contamination and human exposure 
to lead in Brazil. Rev Environ Contam Toxicol. 184: 59-96. 

Papanikolaou N.C., Hatzidaki, E.G., Belivanis, S., Tzanakakis, G.N., Tsatsakis, A.M., (2005). 
Lead toxicity update. A brief review. Med. Sci. Monit. 11: RA329-RA336.

Petering H.G., (1978). Some observations on the interaction of zinc, copper, and iron metabolism 
in lead and cadmium toxicity. Environ. Health. Perspect. 25: 141-145.

Petering H.G., Yeager, D.W., Witherup, S.O., (1973). Trace metal content of hair. II. Cadmium 
and lead of human hair in relation to age and sex. Arch. Environ. Health. 27: 327-330. 

Piccinini R., Candela, S., Messori, M., Viappiani, F., (1986). Blood and hair lead levels in 6-year 
children according to their parents’ occupation. G. Ital. Med. Lav. 8: 65-68.

Pradeep A.S., Naga Raju G.J., Sattar S.A., Sarita P., Prasada Rao A.D., Ray D.K., Reddy B.S., 
Reddy S.B. (2014). Trace elemental distribution in the scalp hair of bipolars using PIXE 
technique. Med Hypotheses. 82(4): 470-7.

Rabinowitz M.B., (1991). Toxicokinetics of bone lead. Environ. Health. Perspect. 91: 33-37.
Randall J.A., Gibson, R.S., (1989). Hair chromium as an index of chromium exposure of tannery 

workers. Br. J. Industrial. Med. 46: 171-175. 
Rendic D., Holjevic, S., Valkovic, V., Zabal, T.H., Phillips, G.C., (1976). Trace element 

concentrations in human hair measured by proton-induced X-ray emission. J. Invest. 
Dermatol. 66: 371-375.

Ros C., Mwanri, L., (2003). Lead exposure, interactions and toxicity: food for thought. Asia. 
Pac. J. Clin. Nutr. 12: 388-395. 

Roy S.,  Sen, J. (2021). Association of Tri-Ponderal Mass Index vs Body Mass Index With 
Mid-Upper Arm Circumference Among Adolescent Girls. Journal of Nepal Paediatric 
Society 41(1):11-16.

Sakai T., Wariishi, M., Nishiyama, K., (2000). Changes in trace element concentrations in hair 
of growing children. Biol. Trace. Elem. Res. 77: 43-51. 

Samanta G., Sharma, R., Roychowdhury, T., Chakraborti, D., (2004). Arsenic and other elements 
in hair, nails, and skin-scales of arsenic victims in West Bengal, India. Sci. Total. Environ. 
326: 33-47.

Sanna E., Floris, G., Vallascas, E., (2008). Town and gender effects on hair lead levels in children 
from three Sardinian towns (Italy) with different environmental backgrounds. Biol. Trace. 
Elem. Res. 124: 52-59.

Sanna E., Liguori, A., Palmas, L., Soro, M.R., Floris. G., (2003). Blood and hair lead levels in 
boys and girls living in two Sardinian towns at different risks of lead pollution. Ecotoxicol. 
Environ. Saf. 55: 293-299. 

Sarkar A., Kulkarni, A., Chattopadhyay. S., Mogare, D., Sharma, K.K., Singh, K., Pal, J.K., 
(2005). Lead-induced upregulation of the heme-regulated eukaryotic initiation factor 2alpha 
kinase is compromised by hemin in human K562 cells. Biochim. Biophys. Acta. 1732: 15-22.



57HUMAN SCALP HAIR AS A BIOMARKER TO ASSESS LEAD...

Schell L.M. (2020). Modern water: A biocultural approach to water pollution at the Akwesasne 
Mohawk Nation. Am J Hum Biol. 32(1): e23348.

Schell L.M., Gallo M.V. (2010). Relationships of putative endocrine disruptors to human sexual 
maturation and thyroid activity in youth. Physiol Behav. 99(2): 246-53.

Schell L.M., Burnitz K.K., Lathrop P.W. (2010). Pollution and human biology. Ann Hum Biol. 
37(3): 347-66. 

Schell L.M., Gallo M.V., Horton H.D. (2016). Power and pollutant exposure in the context of 
American Indian health and survival. Ann Hum Biol. 43(2): 107-14. 

Schell L.M., Gallo M.V., Denham M., Ravenscroft J. (2006). Effects of pollution on human 
growth and development: an introduction. J Physiol Anthropol 25: 103-12. 

Schuhmacher M., Domingo, J.L., Llobet, J.M., Corbella, J., (1991). Lead in children’s hair, as 
related to exposure in Tarragona Province, Spain. Sci. Tot. Environ. 104: 167-173.

Schümann K., Classen, H.G., Dieter, H.H., König, J., Multhaup, G., Rükgauer, M., Summer, 
K.H., Bernhardt, J., Biesalski, H.K., (2002). Hohenheim consensus workshop: copper. Eur. 
J. Clin. Nutr. 56: 469-483.

Scinicariello F., Murray, H.E., Moffett, D.B., Abadin, H.G., Sexton, M.J., Fowler, B.A., (2007). 
Lead and delta-aminolevulinic acid dehydratase polymorphism: where does it lead? A meta-
analysis. Environ. Health. Perspect. 115: 35-41.

Seifert B., Becker, K., Hoffman, K., Krause, C., Schulz, C., (2000). The German Environmental 
Survey 1990/1992 (GerESII): a representative population study. J. Expo. Anal. Environ. 
Epidemiol. 10: 103-114. 

Sen J. Determination of essential and toxic trace element concentrations in scalp hair of the 
Bengalee population, West Bengal. (1998). Ph.D Thesis, Unpublished, University of Calcutta.

Sen J., Chaudhuri, A.B.D., (1996). Human hair lead and copper levels in three occupationally 
unexposed population groups in Calcutta. Bull. Environ. Contam. Toxicol. 57: 312-326. 

Sen J., Chaudhuri A.B. (2007). Effect of arsenic on the onset of menarcheal age. Bull Environ 
Contam Toxicol. 79(3): 293-6.

Sen J., Chaudhuri A.B. (2008). Arsenic exposure through drinking water and its effect on 
pregnancy outcome in Bengali women. Arh Hig Rada Toksikol. 59(4): 271-5. 

Sen, J., Barry B., Mondal  N., Dey S., Roy S. (2021). Groundwater arsenic contamination in 
the Bengal Delta Plain is an important public health issue: A Review. Human Biology and 
Public Health. (In press)

Sen, Jaydip, (1996). Human scalp hair as an indicator of environmental lead pollution and lead 
exposure. Journal of Human Ecology. 7(2): 133-141. 

Sen Jaydip (2008). Assessment of human exposure to toxic elements in India: An Anthropological 
approach. South Asian Anthropologist. 8(2): 103-110.

Sen Jaydip, Das Chaudhuri A.B. (1996a). Hair trace element concentrations in the Bengalee 
Population. Journal of Ecotoxicology and Environmental Monitoring 6: 237-242. 

Sen Jaydip, Das Chaudhuri, A.B., (2001). Brief Communication: Choice of washing method of 
hair samples for trace element analysis in environmental studies. Am. J. Phys. Anthropol. 
115: 289-291.

Senofonte, O., Violante, N., Caroli, S., (2000). Assessment of reference values for elements in 
human hair of urban schoolboys. J. Trace. Elem. Med. Biol. 14: 6-13. 

Sharda B., Bhandari, B., (1984). Copper concentrations in plasma, cells, liver, urine, hair and 



58 MAN IN INDIA

nails in hepatobiliary disorders in children. Ind. Pediatr. 21: 167-171.
Soleo L., Lovreglio P., Panuzzo L., D’Errico M.N., Basso A., Gilberti M.E., Drago I., Tomasi C., 

Apostoli P. (2012). Valutazione del rischio per la salute do esposizione a elementi metallici 
nei lavoratori del siderurgico e nella popolazione generale di Taranto (Italia). G Ital Med 
Lav Ergon. 34(4): 381-91. 

Souad C., Farida, Z., Nadra, L., François, B., Bougle, D., Azeddine, S., (2006). Trace element 
level in infant hair and diet, and in the local environment of the Moroccan city of Marrakech. 
Sci. Total. Environ. 370: 337-342.

Srinivas M., Gupta, D.K., Rathi, S.S., Grover, J.K., Vats, V., Sharma, J.D., Mitra, D.K., (2001). 
Association between lower hair zinc level and neural tube defects. Ind. J. Pediatr. 68: 
519-522. 

Srogi K., (2005). Assessment of zinc and copper contents in the hair as the test of environmental 
pollution of Gliwice.  Rocz. Panstw. Zakl. Hig. 56: 189-198.

Stephen M., Levin, M.D., Goldberg, M., (2000). Clinical evaluation and management of lead-
exposed construction workers. Am. J. Ind. Med. 37: 23-43.

Strumylaite L., Ryselis, S., Kregzdyte, R., (2004). Content of lead in human hair from people 
with various exposure levels in Lithuania. Int. J. Hyg. Environ. Health. 207: 345-351.

Sturaro A., Parvoli, G., Doretti, L., Allegri, G., Costa, C., (1994). The influence of color, age 
and sex on the content of zinc, copper, nickel, manganese and lead in human hair. Biol. 
Trace. Elem. Res. 40: 1-8.

Sukumar A., Subramanian, R., (1992a). Trace elements in scalp hair of manufacturers of fireworks 
from Sivakasi, Tamil Nadu. Sci. Tot. Environ. 114: 161-168.

Sukumar A., Subramanian, R., (1992b). Elements in hair and nails of residents from a village 
adjacent to New Delhi. Influence of place of occupation and smoking habits. Biol. Trace. 
Elem. Res. 34: 99-105.

Sukumar A., Subramanian, R., (1992c). Elements in hair and nails of urban residents of New 
Delhi. CHD, hypertensive and diabetic cases. Biol. Trace. Elem. Res. 34: 89-97.

Sukumar A., Subramanian, R., (2003). Elements in the hair of non-mining workers of a lignite 
open mine in Neyveli. Ind. Health. 41: 63-68.

Sukumar A., Subramanian, R., 2007. Relative element levels in the paired samples of scalp hair 
and fingernails of patients from New Delhi. Sci. Total. Environ. 372, 474-479.

Telisman S., (1995). Interactions of essential and/or toxic metals and metalloid regarding 
interindividual differences in susceptibility to various toxicants and chronic diseases in 
man. Arh. Hig. Rada. Toksikol. 46: 459-476.

Tigga P.L, Sen J., Mondal N. (2015). Association of some socio-economic and socio-demographic 
variables with wasting among pre-school children of North Bengal, India. Ethiop J Health 
Sci. 25(1): 63-72.

Turnlund J.R., Jacob R.A., Keen C.L., Strain J.J., Kelley D.S., Domek J.M., Keyes W.R., Ensunsa 
J.L., Lykkesfeldt J., Coulter J. (2004). Long-term high copper intake: effects on indexes 
of copper status, antioxidant status, and immune function in young men. Am J Clin Nutr. 
79(6): 1037-44.  

Vinnikov D, Semizhon S, Rybina T, Zaitsev V, Pleshkova A, Rybina A. (2018). Occupational 
exposure to metals and other elements in the tractor production. PLoS One. 13(12): e0208932. 

Vishwanathan H., Hema, A., Edwin, D., Rani, M.V., (2002). Trace metal concentration in scalp 
hair of occupationally exposed autodrivers. Environ. Monit. Assess. 77: 149-154. 



59HUMAN SCALP HAIR AS A BIOMARKER TO ASSESS LEAD...

Wani A.L., Ara A., Usmani J.A. (2015). Lead toxicity: a review. Interdiscip Toxicol. 8(2): 55-64. 
Wibowo A.A., Herber, R.F., Das, H.A., Roeleveld, N., Zielhuis, R.L., (1986). Levels of metals in 

hair of young children as an indicator of environmental pollution. Environ. Res. 40: 346-356.
Wilhelm M., Idel, H., (1996). Hair analysis in environmental medicine. Zentralbl. Hyg. 

Umweltmed. 198: 485-501. 
Wilhelm M., Ohnesorge, F.K., (1990). Cadmium, copper, lead and zinc concentrations in human 

scalp and pubic hair. Sci. Tot. Environ. 92: 199-206.
Wilhelm M., Pesch, A., Rostek, U., Begerow, J., Schmitz, N., Idel, H., Ranft, U., (2002). 

Concentrations of lead in blood, hair and saliva of German children living in three different 
areas of traffic density. Sci. Tot. Environ. 297: 109-118.

Wolfsperger M., Hauser, G., Gossler, W., Schlagemhaufen, C., (1994). Heavy metals in human 
hair samples from Austria and Italy: influence of sex and smoking habits. Sci. Tot. Environ. 
156: 235-242.

Zaborowska W., Wierciński, J., (1997). Content of lead, cadmium,copper and zinc in hair of school 
children from selected rural areas in greater Lublin. Rocz. Panstw. Zakl. Hig. 48: 337-342. 

Zaborowska W., Wiercinski, J., Maciefewsk-Kozak, H., (1989). Zawartosc oluwiie we wlosach 
u osob nara .ANG. zonychzawadowo z wybranch zakladow pracy. Med. Pr. 40: 38-43.

Zaida F., Chadrame, S., Sedki, A., Lekouch, N., Bureau, F., Arhan, P., Bouglé, D., (2007). Lead 
and aluminium levels in infants’ hair, diet, and the local environment in the Moroccan city 
of Marrakech. Sci. Total. Environ. 377: 152-158.

Zawadzki M., Poreba, R., Gać, P., (2006). Mechanisms and toxic effects of lead on the 
cardiovascular system. Med. Pr. 57: 543-549.  


