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There is increasing global concern over the public health impacts attributed to heavy metal exposure. The 
analysis of  human hair has been valuable in screening for such exposures. This research was conducted to 
determine residues of  Pb, Cd and As in hair samples of  residents around scrap metal recycling factories in 
Odonguyan, Ikorodu, Lagos state. The study area was divided into three units P1, P2 and P3, each having an 

active recycling factory located ≤50 metres to a populated area. Control samples were collected from a remotely 
located area (approximately 2 km) from study area (P4). Samples were collected three times from 20 volunteers 
per location at 4 weeks interval. Volunteers were non-smoking adult males (18-35 years) with at least 7 years 
residency history in each sample area. Collected hair samples from each location were bulked, recut, thoroughly 
mixed and taken in 5 replicates for laboratory analysis. Sample preparation was conducted using standard 
procedures. Concentration of  heavy metals in samples was determined using the Atomic Absorption 
Spectrophotometer (AAS; UNICAM 929 London). Data obtained were analysed using ANOVA. Mean 

separation was by LSD (p≤0.01). Results showed that mean concentrations of  Pb, Cd and As were significantly 

higher (p≥0.01) in all exposed groups compared to the control group. Mean concentration (mg/kg) ranges were: 
-2 -2 -4 -42.25 (P2) - 3.93 (P1) for Pb, 1.18x10 (P2) -7.10x10  (P1) for Cd and 6.00 x10  (P1, P2,) - 7.40x10  (P3) for As.  

-3 -4Mean values (mg/kg) for control group were 0.49, 6.40x10  and 2.00x10  for Pb, Cd and As respectively. All 
parameters were lower than maximum permissible limits for England, Italy and Japan except for Pb whose mean 
values were higher than safe limits for Japan in all study locations except the control. Thus, residents in the study 
area are exposed to toxic heavy metals resulting from poorly regulated activities of  recycling industries. 
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INTRODUCTION
Rapid and unorganized industrialization and 
urbanization have contributed to the elevated 
levels of  heavy metals in the urban environment in 
developing countries (Wong et al., 2003). Scrap 
metal recycling industries are among a number of  
industries that may contribute to the increasing 
amount of  heavy metals in the environment 
(Sanyaolu and Adeniran, 2014). Many important 
metals have been recovered and recycled including 
iron and steel, copper, brass and aluminium 
(Norgate et al., 2007; Onwughara et al., 2010). 
However, improper recycling activities ranging 
from poor storage facilities to improper disposal 
of  waste generated or accumulated during and 
after recycling activities can lead to heavy metal 
pollution of  the environment. Heavy metal 
exposure occur significantly by occupational 
exposures as workers of  the mining, production 
and processing of  these metals have been so 

exposed (Ogwuegbu and Muhanga, 2005). Also, 
inhabitants around industrial sites are exposed 
through air by suspended particulate matters 
(USDOL, 2004; Ogwuegbu and Muhanga, 2005). 
Heavy metal enters into the body through 
ingestion and inhalation (Onwughara et al., 2010). 
Heavy metal residues have been reported in 
drinking water (Sanyaolu and Adeniran, 2014), 
cultivated soil and edible vegetables (Sanyaolu et 
al., 2011).

Some heavy metals are known to pose threat to 
humans on entering the body, as they become 
accumulated and impair various physiological 
functions, inducing multiple organ damage. 
Examples include Lead (Yedjou and Tchounwou, 
2007), Cadmium (Tchounwou et al., 2001), 
Chromium (Tchounwou et al., 2001), Mercury 
(Sutton et al., 2002), Arsenic (Tchounwou et al., 
2004). According to the United States 
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Environmental Protection Agency (U.S. EPA), 
and the International Agency for Research on 
Cancer (IARC), these metals are also classified as 
either known or probable human carcinogens 
based on epidemiological and experimental 
studies (  et al., 2012). Thus, their 
biological monitoring is essential for assessing 
damage to the body. Hair tissue analysis has been 
found to be an excellent tool for monitoring 
general health, nutritional status and toxic heavy 
metal exposure, for both animals and humans 
(Bhattacharya et al., 2004).
The use of  human hair for monitoring heavy 
metals has been recommended by many 
researchers (Wenning, 2000; Seidel et al., 2001; 
Harkins and Susten, 2003; Pereira et al., 2004)

In general, the amount of  element that is 
irreversibly incorporated into growing hair is 
proportional to the level of  the element in other 
body tissues (Kaslow, 2011). Thus, loads of  metals 
in hair correlate positively with body burden and 
with past or chronic ingestion of  the elements 
(Kaslow, 2011). Clinical research indicates that 
hair levels of  specific elements, particularly 
potentially toxic elements such as cadmium, 
mercury, lead and arsenic are highly positively 

Tchounwou

correlated with pathological disorders in human 
(Jung et al., 2001). Quantitative analysis of  lead in 
scalp hair has been explored as an aid in clinical 
diagnosis of  chronic and acute lead poisoning 
(Chattopadhyay et al., 1977; Fergusson et al., 1981). 
The exposure level of  lead and zinc in human 
scalp hair in occupationally exposed workers has 
been found to increase with the number of  years 
an individual spent at the work place (Koranteng-
Addo et al., 2010). 

This study is aimed at assessing the lead, cadmium 
and arsenic burden in scalp hair of  residents 
around metal recycling factories in Odonguyan, 
Ikorodu – Lagos, Nigeria. Odogunyan axis of  
Ikorodu appears to be a safe haven for poorly 
regulated metal recycling factories. Here, metal 
recycling factories are located within residential 
and commercial areas. Workers and residents in 
this area are exposed to fumes from metal 
recycling processes, which are released directly 
into the environment (Plate 1a). There is also the 
problem of  exposed scrap metal heaps in 
dumpsites (Plate 1b) prone to releasing leachate 
into the environment, as well as direct effluent 
discharge into the environment (Plate 1c).

Fumes from metal recycling 
processes released directly into the 
environment

Plate 1a

Exposed scrap metal heaps in a 
recycling factory

Plate 1b
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MATERIALS AND METHODS
Site Description 
This work was carried out in Odonguyan area of  
Ikorodu, Lagos State. The sample area was 
subdivided into three units, each located at close 
proximity (0 – 400 meters) to an operative scrap 
metal recycling factory. Each of  the sample unit 
identified had a sample collection points denoted 

0 1
P1, P2 and P3 with coordinates N06 68.083 , 

0 1 0 1 0 1  E003 51.135 ; N06 66.085 , E003 52.138 ; and 
0 1 0 1N06 67.084 , E003 51.136  respectively. Control 

samples were also collected from volunteers who 
were students of  Lagos State Polytechnic, Ikorodu 

0 ICampus (P4) with coordinates N06 24.015 , E 
0 I

003 21.111  about 2,000 meters from Odonguyan.

Collection of  Samples  
Hair samples were collected from male volunteers 
between the ages of  18-35 years, who have stayed 
at least 7 years in this industrial area either as 
workers or as residents. The volunteers were those 
with undyed hair and with no smoking history to 
eliminate or reduce other probable routes of  
exposure to heavy metals. Volunteers were 
selected based on information obtained from 
questionnaires previously circulated. The control 
group was of  similar criteria but comprised of  
people that have not resided in any industrial area. 
Samples were taken randomly from thirty (30) 
volunteers from each of  the study units three 
times at 2 weeks interval between August and 
October, 2014. At the end of  the sampling period, 
collected samples from each unit were bulked, re-
cut into smaller pieces to achieve homogeneity 
and proper-mixing. Five samples were taken from 

each of  the bulked samples and kept in plastic 
bags, labeled and taken to the laboratory for 
analysis

Sample Preparation
Collected hair samples were treated according to 
the procedure recommended by International 
Atomic Energy Agency (Eltayeb and Van 
Grieken, 1989). Hair samples were first washed in 
acetone, then three times in distilled water and 
then once again in acetone to remove external 
contaminants. These were dried in an oven at 110 
o
C for 1 hour and then ashed in muffle furnace. 

They were then placed in a desiccator pending 
digestion and analysis.

Digestion of  Hair Samples
Exactly 0.2 g of  the ashed sample was weighed 
into a pre-cleaned borosilicate 250 ml capacity 
beaker. Then 30 ml of  digestion solvent (nitric 
acid) was added to the weighed sample. The 
sample with the digestion solvent was placed on 
the hot plate for digestion in the fume cupboard. 
After digestion, the beaker and its contents were 
allowed to cool. Another 20 ml of  the digestion 
solvent was added and digested further in the 
fume cupboard and the mixture was allowed to 
cool to room temperature. The mixture was 
filtered into a 250 ml volumetric capacity 
borosilicate container. The filtrate was made up to 
the mark with de-ionized water. All the digested 
samples were sub sampled into pre-cleaned 
borosilicate glass containers for Atomic 
Absorption Spectrophotometer Analysis.

Untreated effluent discharge into the 
drainage from a recycling factory

Plate 1c
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Analysis of  Samples
Standard solutions of  arsenic, cadmium and lead 
solutions of    0.2, 0.4, 0.6, 0.8 and 1.0 mg/L were 
made from each respective metal solution of  1000 
mg/L stock solution of  the analytes.  The set of  
standard solutions and the filtrate of  the digested 
samples were then analysed using the Atomic 
Absorption Spectrophotometer (AAS). The 
detection limit of  the metals in the samples was 
0.000l mg/L by means of  this model powered by 
SOLAAR software. Lead, cadmium and arsenic 
cathode lamps were used for the analysis of  the 
respective heavy metal ions in the standards and 
filtrate of  the samples. Gas mixtures were used in 
the generation of  the flame.

Analysis of  Data
Data collected were subjected to Analysis of  
Variance (ANOVA) using the complete 
randomized design (CRD). Mean separation was 
carried out using Least Significant Difference 
(LSD).

RESULTS
Results obtained from laboratory analysis of  hair 
samples are presented in table 1. Results revealed 
that in all three heavy metals studied, the control 
group recorded the least concentration of  metal in 
scalp hair. Details of  results obtained are 
explained below: 

Lead (Pb) 
Results obtained for mean lead concentration in 
the study groups were 3.93 mg/kg, 2.25 mg/kg 
3.49 mg/kg and 0.49 mg/kg respectively for P1, 
P2 and P3 and P4 (control) (Table 1). There were 

significant differences (p≥ 0.01) between all the 
exposed groups and between the exposed groups 

and the control group. Significantly highest (P≥
0.01) lead concentration (3.93 mg/kg) was 
observed at study unit P1.

Cadmium (Cd) 
-2 Highest mean cadmium 0.012 mg/kg (1.20 x 10

mg/kg) was observed among study unit P3 
-3

whereas the lowest mean value for same (6.40x10  
mg/kg) was among the control group. No 

significant difference (P≤  0.01) was observed 
between the exposed groups, but a significant 

difference (P≥  0.01) occurred between the 
exposed groups and the control group (Table1). 

Arsenic (As) 
The results show that mean arsenic concentration 

(mg/kg) for group 3 was significantly higher (P≥
0.01) than those in P2 and P3 which showed no 

significant differences (P≤  0.01) between them. 
However, mean As was significantly lower than in 
the control group compared to all three exposed 
groups. 

Table1. Mean Concentration of  Heavy Metals (Mg/Kg) in Hair Samples of  Volunteers in Study Sites

 
Sample  
points  

Heavy metals  (mg/kg)  
 

Lead (Pb)  Cadmium (Cd)  Arsenic (As)  
1  3.93d

 0.0071b

 0.0006b

 
2  2.25b

 0.0118b

 0.0006b

 
3

 
3.49c

 
0.0120b

 
0.0074c

 4 (control)
 

0.49a

 
0.0064a

 
0.0002a

 

Mean values having same superscript along a column are not significantly different (p≤0.01) LSD
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DISCUSSION
Elevated levels of  toxic heavy metal residues as 
observed in the exposed group in this study shows 
that scrap metal recycling factories contribute to 
the increasing amount of  heavy metals in the 
environment. This agrees with earlier report by 
Sanyaolu and Adeniran (2014) who stated that this 
occurs as a direct consequence of  improper and 
poorly regulated recycling activities of  these 
factories. In the present study, higher levels of  
toxic heavy metals were observed among residents 
at close proximity to recycling metal factories. 
This agrees with earlier report that occupational 
exposures (Ogwuegbu and Muhanga, 2005) as 
well as residing at close proximity to metal 
recycling sites (USDOL, 2004; Ogwuegbu and 
Muhanga, 2005) are probable causes of  exposure 
to toxic heavy metals. According to Vahter et al. 
(1991) and Kim and Fergusson (1993) uptake of  
heavy metals occurs through ingestion and 
inhalation, although percentage uptake is higher 
for inhaled metals than for ingested metals. Routes 
of  exposure in the study area are probably through 
inhalation of  contaminated smoke laden air 
usually common around the factories and also 
through intake of  contaminated food and water.

Earlier reports had shown that hair levels of  
metals correlate positively with body burden, past 
or chronic ingestion of  the elements and highly 
with pathological disorders (Jung et al., 2001). 
Higher levels of  lead in the exposed group 
especially among study groups P1 and P3 
therefore mean higher levels of  this metal in the 
body of  individuals in these study groups. 
Furthermore, Mean Pb concentration (mg/kg) in 
all three study units were above safe limit of  0.03 
for Italy (Buchancova et al, 1993) and 1.4 for Japan 
(Turnland, 1988). This further suggests that 
population at this study units may suffer some 
health risk of  lead toxicity. Low levels of  lead in 
blood have been associated with increase blood 
pressure, decreased creatinine clearance, subtle 
decrements in cognitive performance and iron 
deficiency (ATSDR, 2000). 

Accumulated lead in human is mostly sequestered 
in the bones and teeth and this leads to brittle 
bones and weakness in the wrists and fingers. This 
finally enters the blood stream during the periods 
of  increased bone mineral recycling namely 

pregnancy, lactation, menopause, advancing age, 
etc (Todd, 1996). Mobilized lead can be re-
deposited in the soft tissues of  the body and can 
cause  muscu loske le ta l ,  r ena l ,  ocu la r,  
immunological, neurological, reproductive, and 
developmental effects (ATSDR, 1999). Kidney 
diseases including interstitial nephritis, tubular 
damage, hyperuricemia, decline in glomerular 
filtration rate, chronic renal failure have been 
observed in adults as a result of  lead poison 
(Rubin, 1998).

Furthermore, higher levels of  cadmium and 
arsenic in the exposed population compared to the 
control group suggest their pollution probably in 
lower concentrations in the study area. Moreover, 
mean concentrations of  cadmium in scalp hair in 
all exposed groups were below permissible levels 
of  0.11 for England (IOSHIC, 1999); 0.03 for Italy 
(Buchancova et al, 1993), and 0.05 for Japan 
(Turnland, 1988)). Mean concentration of  arsenic 
in all groups examined were also lower than the 
permissible limit of  0.02 mg/kg for England 
(IOSHIC, 1999) These values therefore indicate 
that there is no immediate risk to the exposed 
groups. However, these metals may become 
elevated in the future due to the chronic ingestion 
and bioaccumulation.

CONCLUSION AND 
RECOMMENDATION
Based on the result obtained from this study, it is 
obvious that workers and residents are exposed to 
toxic heavy metals due largely to indiscriminate 
and poorly regulated activities of  recycling 
industries in the study area. This may be due to the 
fact that they are generally ignorant of  potential 
danger posed by heavy metals to human and the 
environment. Hence, the following are 
recommended:

1. Relevant agencies should enlighten 
concerned population of  the dangers of  
exposure to these pollutions.

2. Government should enforce strict 
compliance by industries to world 
standards for all recycling procedures.
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