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Abstract

Background: Occupational workers especially those working in industries associated with metal and
mining activities are excessively exposed to many toxic metals, which affect them. This study was
conducted to determine the metal concentrations in body fluids of blacksmiths exposed to metals.
Methods: The present study was conducted on a total of 140 male blacksmiths and 120 male controls in
Kano Metropolis, Nigeria. All information related to working conditions such as duration of engagement
and use of personal protective equipment (PPE), health history, life style, etc. were obtained using an
interview questionnaire. Blood samples were also collected, digested, and subsequently, subjected to
flame atomic absorption spectrometric (FAAS) analysis to determine the heavy metals concentration
in the samples.

Results: Exposure to heavy metals led to various degrees of health complications including headache
(68%), fever (52%), chest pain (44%), itching (43%), irritation (35%), shortness of breath (31%), and
coughing (27%). Meanwhile, the concentration of blood heavy metals of Pb, Cd, Cr, and Zn was 0.17,
0.076, 0.24, 4.50 ug/mL, respectively. The values were above the permissible limits of the American
Conference of Governmental Industrial Hygienists (ACGIH) and significantly differ from those in
controls (P<0.05), which was directly proportional to age and exposure rates.

Conclusion: According to the results, blacksmithing is an occupation with health hazards, which affect
blood metals levels, and subsequently, lead to serious health complications.
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Introduction of occupations such as carpentry, dyeing, blacksmithing,

Modern industrialization has led to various types of
environmental pollution including air, soil and water
pollution, which has adverse health effects on living
organisms such as humans. The major human health
risks are caused by exposure to heavy metals such as lead
(Pb), cadmium (Cd), arsenic (As), and mercury (Hg) are
increasing in some parts of the world. However, compared
to less-developed countries, industrial processes have
declined in most developed countries over the last 100
years (1). Male and female workers especially adults
working in industries such as metal and mining industries
are excessively exposed to many toxic metals and affected
by them through inhalation.

Kano is the second most populated state in Nigeria with
a population about 14 million people. It is known as the
centre of commerce because of the major commercial
activities in the state. Some of the manufactured goods
are produced locally by artisans who constitute a variety

weaving, etc. Blacksmithing is one of the traditional
industries which thrive on the discovery and mining of
iron ore as well as on its local metal-smelting process. Iron
technology was imbedded in the ways of life of ancient
Africans (2). Blacksmithing is a common activity and seen
to be a family-based occupation. It is mainly transforming
metals through heat. The process includes welding,
cutting, grinding, shaping, bending, painting, and forging
(3).

Most individuals engaged are exposed to different types of
undue stress caused by noise, high heat, muscle cramps,
heavy metals exposure, metallic sparks, etc. Not only
occupational workers but also non-occupational workers
may be exposed to high metals in the environment.
Exposure to such heavy metals is a great global concern
for workers health because it has drastically increased over
the past decades as a result of high demand for different
industrial products which are produced through dyeing,
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metal refining, and plastic moulding. Occupational
exposure to heavy metals such as Cd, Cr, and Pb has
been associated with the development of cancer, poor
reproductive health, neurological disorders, etc.
Generally, polluted environment has probably had a
significant impact on the levels of heavy metals in blood of
Nigerians. However, there is no definitive risk factor that
can be presented (4).

Alli reported that the blood levels of Cd and Pb in
occupationally exposed and non-exposed subjects were
above the permissible range of 0.03-0.12 pg/dL for Cd
and 0-10 pg/dL for Pb, which could be a potential health
hazard (5). Another study by Musa et al indicated that
the concentrations of Cd and Zn in the population in
Zaria, North-western Nigeria, was within the permissible
limit. However, occupationally exposed individuals had
significantly higher concentrations of the metals (6).
Tilako et al also reported that individuals who were
occupationally and environmentally exposed to zinc
had mean blood-Pb levels of 42.30 and 28.67 ug/dL,
respectively, which were significantly higher than those in
control group (P<0.0001) (7).

Most importantly, occupational health in Kano has been
given little or no attention by stakeholders. As such
many diseases and disorders might be due to exposure
to toxic compounds in occupational environment. These
exposures might pose and increase the occupational health
risks, which can be manifested in the levels of metals in
the body’s systems. Hence, it is important to determine the
metals concentrations in the body of industrial workers to
monitor and assess their impact on their health (8,9).
The present study was conducted to determine the metals
concentrations in the blood of blacksmiths working in
Kano Metropolis, Nigeria.

Materials and Methods

Reagents and chemicals

Nitric acid of analytical grade (65%, Sigma Aldrich) and
perchloric acid (70%, Sigma Aldrich) were used for sample
preparation. Standard solutions for calibration of Pb, Cr,
Cd, and Zn were prepared from 1000 mg/L standard stock
solution of GFS Fishers’ AAS Reference Standard. All the
solutions were prepared in deionized water. A dilution
correction was applied for samples diluted or concentrated
during analysis (10).

Subjects and study design

The sampling sites were Gabasawa and Nassarawa, which
are located in Kano State, Nigeria. In this cross-sectional
study, a total of 260 blood samples were collected. After
obtaining the consent of participants, 140 blood samples
were obtained from blacksmiths randomly from the
sampling sites. However, 120 blood samples were collected
from control groups that have no records or history of
involvement in blacksmithing or blacksmithing-related
occupations. All blacksmiths were included irrespective

of age or gender as inclusion criteria and those who had
occupations other than blacksmithing were excluded. The
study was conducted from April to August 2018 (11).

A structured and standard interview was conducted
to obtain information including age, gender, life style
(smoking and alcohol intake), qualification, duration and
extent of engagement in the occupation, daily working
hours, use of personal protective equipment (PPE),
medical complications etc, from the blacksmiths and
controls (12).

Ethical approval for the study was obtained from the Kano
State Ministry of Health. Consent of the participants was
equally obtained ensuring them about confidentiality of
data and privacy of individuals (MOH/Off/797/T.1./90).

Measurements of heavy metals

Blood samples (5 mL) were collected from the respondents

through venipuncture using a phlebotomy needle into

an EDTA container by a certified technician in the field
and stored at 4°'C. Glassware and plastics were washed,

rinsed many times with tap water, and then, soaked in 5%

HNO, solution for 24 hours. They were then rinsed with

deionized water. Afterwards, 5 mL of the sample and the

mixture of nitric acid (65%) and perchloric acid (70%) at
the ratio of 4:1 were transferred into a 125 mL pressure-
resistant bottle. The samples were digested for 4 minutes
at 300 W. The digestion was stopped when a colourless
solution was obtained, and then, it was evaporated
to dryness. The solution was diluted to 25.0 ml with
deionised water. The solutions were cooled, filtered by

Whatman No. 42 filter into a 100-mL calibrated flask, and

diluted up to the mark. The sample solution was analyzed

for Cd, Cr, Pb, and Zn using flame atomic absorption
spectrophotometer (210 VGP Atomic Absorption

Spectrophotometer, BUCK SCIENTIFIC, East Norwalk,

USA) (10). The working conditions and parameters of the

instruments are presented in Table 1.

Stock solutions were serially diluted to give concentrations

as shown below:

e Cd: A calibration curve with different cadmium
concentrations (0, 0.1, 0.3, and 0.5 mg/L) was
prepared.

e Cr: A calibration curve with different chromium
concentrations (0, 0.03, 0.05, and 0.1 mg/L) was
prepared.

e DPb: A calibration curve with different lead
concentrations (0, 0.1, 0.2, and 0.3 mg/L) was
prepared.

e Zn: A calibration curve with different zinc
concentrations (0, 2, 4, and 6 mg/L) was prepared.

Data quality assurance/quality control (QA/QC)

Method validation was performed by assessing several
analytical figures of merit namely: linearity and range,
precision, limit of detection, limit of quantification, and
accuracy (13-15).
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Table 1. Working conditions for determining the concentration of some heavy metals using atomic absorption spectrophotometer

Metals Wavelength (nm) Slit Width (hnm)  Detection Limit (mg/L) Lamp Current (mA) Linear Range (mg/L) Flame Type (Color)
Zn 213.9 0.7 0.05 6.5 2.50 A-A, lean/blue
Cd 228.80 0.7 0.01 2 2.00 A-A, lean/blue
Cr 357.90 0.7 0.04 2 5.00 A-A, rich/yellow
Pb 283.30 0.7 0.08 5 20.00 A-A, lean/blue

The precision was measured as relative standard deviation
of the concentration in the study (14). The measurements
were done under conditions of repeatability and
intermediate precision (13).

The accuracy was determined by calculating recoveries of
Cd, Cr, Pb, and Zn. According to ICH, the recoveries were
determined by spiking technique (13). All analytical steps
were performed in three replicates with three different
concentrations of Cd, Cr, Pb, and Zn (15).

Statistical analysis

Data were analyzed using SigmaStat 3.5 statistical
software. The results were expressed as a mean + standard
error. The differences between groups were determined
using ANOVA considering significance level of 5%.

Results

Table 2 showsthe demographicinformation of blacksmiths.
Subjects who did not report alcohol consumption but had
a history of cigarette smoking were included in control
group.

The respondents reported health complications including
headache, fever, chest pain, itching, dizziness, irritation,
shortness of breath, and coughing with high number of
reported cases in decreasing order of frequency (Table
3). However, eye problems, haematuria, and anxiety were
reported to a lesser extent and only 11% reported no
symptom at all. Control group did not report any related
symptoms at all.

The concentrations of all the metals analyzed (Table 4)
were above the limit reported by the American Conference
of Governmental Industrial Hygienists (ACGIH).
Similarly, the concentrations of metals increased with
age, in other words, the higher the age of individuals, the
higher the concentrations of metals. Moreover, there was
a statistically significant difference in the concentration of
Cd and Pb between the age groups (P<0.05). However,
there was no significant difference in the concentration of
Cr and Zn between the age groups (P> 0.05).

The concentrations of all the metals analyzed (Table
5) were above the limit of the ACGIH. Similarly, the
concentrations of metals increased with age, in other
words, the higher the age of individuals, the higher the
concentrations of metals. Additionally, there was a
statistically significant difference in the concentration of
Cd, Pb,and Zn between the age groups (P < 0.05). However,

there was no significant difference in the concentration of
Cr between the age groups (P>0.05).

The concentrations of all the metals analyzed (Table 6)
were above the limit reported by the ACGIH. Moreover,

Table 2. Demographic information of blacksmiths in Kano Metropolis

Characteristics Blacksmiths Controls
(n=140) (n=120)
Age (y) 455 +16.2 40.2+11.8
Exposure (y) 26.3+2.8 -
Gender Male (100%) Male (100%)
Daily contact (h) 543 -
PPE
Used 6% -
Not used 94% -
Educational qualification
Primary 64% 55%
Secondary 33% 25%
Tertiary 3% 20%
Awareness of health hazards
Yes 39% -
No 52% -
Maybe 9% -
Life style
Alcohol consumption 0% 0%
Cigarette smoking 57% 46%

Table 3. Health complications and hazards experienced by blacksmiths in
Kano Metropolis (N = 140)

Medical Complications Frequency (%)
Shortness of breath 31
Headache 68
Itching 43
Haematuria 10
Fever 52
Irritation 35
Cough 27
Chest pain 44
Dizziness 39
Anxiety 9
Eye problems 13
Asymptomatic 11
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Table 4. Mean blood concentration (ug/mL) of heavy metals among various age groups of blacksmiths in Kano Metropolis, 2018

Age Group (y) Cd (ug/mL) Cr (pg/mL) Pb (ug/mL) Zn (ug/mL)
15-25 (n=30) 0.086 +0.009 0.066 +0.008 0.198 +0.023 4.289+0.521
26-35 (n=43) 0.105 +0.103 0.075 +0.005 0.231+0.029 4.33+0.524
36-45 (n=48) 0.203 +0.004 0.074 +0.009 0.253 +0.031 4.432+0.517
>45 (n=19) 0.285 +0.005 0.089 +0.006 0.261+0.010 4.945 +£0.526
ACGIH (2008) 0.005 0.0025 0.05 -
P value <0.05 >0.05 <0.05 >0.05
*Values are expressed as mean = SEM, N = 140
Table 5. Mean blood concentration (ug/mL) of heavy metals among blacksmiths at different exposure rates in Kano Metropolis, 2018.
Exposure Duration (y) Cd (ug/mL) Cr (ug/mL) Pb (ug/mL) Zn (pg/mL)
5-10 (n=26) 0.085 +0.008 0.069 +0.007 0.177 £0.082 3.45+0.587
11-20 (n=49) 0.140 +0.007 0.072 +0.005 0.208 £0.129 3.76 £ 0.446
21-30 (n=42) 0.192 +0.009 0.072+0.011 0.229 £0.027 4.09 +0.687
31-40 (n=23) 0.276 +0.009 0.08 +0.007 0.255 +0.006 4.51+0.875
ACGIH (2008) 0.005 0.0025 0.05 -
P value <0.05 >0.05 <0.05 <0.05
*Values are expressed as mean = SEM, N = 140
Table 6. Mean blood concentration (ug/mL) of heavy metals among various age groups of control groups in Kano Metropolis, 2018
Age Group (y) Cd (pug/mL) Cr (pg/mL) Pb (ug/mL) Zn (pg/mL)
15-25(n=20) 0.067 +£0.003 0.062 +0.004 0.144 £ 0.009 2.09+0.22
26-35(n=54) 0.065 +0.008 0.067 +0.007 0.139+0.01 1.35+0.42
36-45(n=33) 0.088 +0.006 0.061 +0.006 0.149 £0.02 1.83+0.36
>45 (n=13) 0.134 +0.005 0.077 +0.005 0.135+0.01 1.95+0.50
ACGIH (2008) 0.005 0.0025 0.05 -
P value >0.05 >0.05 >0.05 >0.05

*Values are expressed as mean = SEM, N = 120

there was no statistically significant difference in the
concentration of all metals between the age groups
(P>0.05).

Discussion

Demographic information of the respondents presented
in Table 2 shows that the majority of blacksmiths in
Kano Metropolis, spend considerable proportion of their
lifetime in the occupation and do not use any form of PPE.
Long-time exposure of blacksmiths to heavy metals
recorded in the present study makes them prone and
exposed to all kinds of risks, which may arise from
extensive participation in the occupation. Such problems
coupled with the fact that many of them are unaware of the
risks and potential dangers associated with the occupation,
which subsequently, increases health risk among them.
Lack of profound knowledge and awareness is obvious
which might have been a contributing factor in excessive
exposure regimes. Poor knowledge of the adverse health
hazards related to such occupations has been found to
be related to the low level of education. Probably because

education makes people aware of the various health
hazards and their associated causes as stated by Agbana
et al (16). Similarly, there were elevated blood levels of
Hg and Pb among the artisans. This could possibly be
attributed to work environment, harmful effects of Hg and
Pb, lack of awareness of workplace safety and the need to
use PPEs (17). Furthermore, implementation of regular
vocational training could reduce the burden of the disease
associated with metal work apprentices (18).

The effects of such exposure to metals have been observed
in some related health complication as presented in
Table 3. Such problems include headache, chest pain,
itching, and fever were observed among other symptoms
compared to the control group that reported no related
symptom. Some studies have reported adverse health
effects among workers which were primarily recognized
in various forms of neuropsychological disorders (19-
21). Some studies also reported reduced olfactory and
visionary capabilities (22-24). Similarly, other symptoms
such as coughing, breathing difficulties, chest tightness,
and wheezing were reported by Bepko and Mansalis, as
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occupational health hazards-related symptoms, which
are among the signs observed among blacksmiths in the
present study (25).

The concentrations of all four metals (Zn, Pb, Cd, and Cr)
analyzed in this study are presented in Tables 4 to 6. Among
metals, Zn has the highest concentration while Cr has the
least one. The metals concentrations had a descending
order of concentration as follows: Zn>Pb>Cd>Cr.
Similarly, in a study by Sani and Abdullahi, the order of
heavy metals concentrations in blood was reported as
Pb > Cr > Cd (12). The concentrations of all metals were
higher than the limit reported by the ACGIH (26). The
metals concentration increased with increase in age and
exposure rates and were found to be statistically different
between blacksmiths and control (P<0.05). Furthermore,
the concentrations of all metals in control group were
lower than those in blacksmiths (Table 6). This might be
related to the working conditions and exposure regimes,
which coupled with reported symptoms give more chance
for metals poisoning. There was no significant relationship
between cigarette smoking and alcohol consumption with
metals concentration in blacksmiths (P>0.05).

The mean levels of the metals in workers exposed to metals
were higher than those in the control group, which is
consistent with the results of several studies (27-31).High
concentrations of Pb and Mn (1100 and 1938 pg/mL) were
found in the blood samples of E-scavenger workers, while
the concentrations of Zn and Cu (12615 and 3385 pug/m)
was low (32). The geometric mean of blood levels of Mn
was higher than the suggested normal range of 80100-
99800 pg/mL in an Italian population. E-waste scavengers
had high levels of Mn in their blood, therefore, they might
be affected by neuro-generative disorders and diseases as
observed in a study by Crossgrove and Zheng (33).

In addition, samples of toenails were reported to have
significantly higher levels of Mn (median 5.8 pug/g) and Pb
(median 0.98 pg/g) than those reported in more developed
countries, which are comparable to those in other low-
middle income countries. The extent of exposure to
environmental disasters has caused an increased risks for
many diseases previously associated with heavy metals
exposure (34).

Blood Pb levels in children were reported as >1000 or
>2000 pg/mL and 4850 + 908 pg/mL in other studies
(35,36). Blood Pb levels in male auto mechanics (aged
18-45 years) exposed to metals in Abeokuta, Southwest
Nigeria, were reported 2700-4890 pg/mL by Ademuyiwa
et al and 3900 + 400 pg/mL by Orisakwe et al (37,38).
The Pb levels reported were lower than those reported
in this study for blacksmiths, and possibly because the
occupation handles and generates metals.

However, blood Pb levels for the same age groups of non-
exposed male control subjects was reported 5000 ug/mL
by Babalola et al, 1578 ug/mL by Ademuyiwa et al, and
17.00 * 4.00 pg/dL by Orisakwe et al (36-38).

Blood Pb levels in traffic wardens and police officers

from Oshodi, Dopemu, and Ojota in Southwest Nigeria
were 152.42, 148.56, and 122.6 pg/mL, respectively (39).
Higher blood Mn levels can result in the Parkinson-like
diseases. However, blood Mn levels are not usually reliable
indicators of toxicity because they are quickly metabolized
in the body. The concentrations of heavy metals in the
present study indicate that continuous exposure could
lead to high-risk of neurological disorders. The low blood
Zn level found in the blood of E-scavengers could result in
growth retardation, anorexia, delayed sexual maturation,
mental retardation, and impaired immunological function
(32).

In addition, higher Pb and Ni concentrations were found
in blood and urine samples of welders compared to the
control workers, which are consistent with the results of
other studies that reported higher concentrations of Cd,
Co, Ni, and Pb in the blood of welders compared to those
in the control group (40,41).

Similarly, Sani and Abdullahi, reported higher
concentrations of Pb and Cr in blood samples of metal
workers. The concentrations of Cd and Pb in blood
samples were found to be slightly above the recommended
limits and associated with the exposure period (12). This
shows that the inhalation of metal fumes in industrial
settings can cause various adverse health problems (42). It
has been reported that the long-term exposure of workers
to metals can influence the concentrations of Cd and Pb
in blood and their accumulation in the body could also
be due to inadequate and poor practices and preventive
mechanisms of exposure (43). Sani and Abdullahi stated
that the metalworkers in urban Kano have various
metals concentrations in their urine and blood, which
also exceeded the minimum biological limits set by the
ACGIH. They also found that age and exposure duration
had an important role in metal contamination (12,26).
These results were confirmed by the present study,
as higher concentrations of metals were observed at
higher exposure rates when compared to controls and
associated with improper protective measures. Workers
in the chromium-related places of work could be exposed
to Cr in 2 orders of magnitude higher than the general
population (44). Detrimental impacts of such exposure
may be respiratory, immunological, gastrointestinal,
haematological, reproductive, and developmental.
Similarly, direct contact can lead to dermal and eyes
irritation. In the present study, blacksmiths depict higher
levels of Cr and symptoms such as itching and irritation as
reported by the workers during the course of the interview.
In addition, exposure to Cr has also been associated with
increased risk of respiratory system cancers, primarily
lung and nasal cancer (44).

Conclusion

According to the results, blacksmiths are prone to health
risks and hazards associated with the occupation based
on the duration of engagement and working conditions
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which could include the absence of structural occupational
hygiene measures. These practices led to various degrees
of health complications including headache, fever, itching,
irritation, coughing, chest pain, and dizziness to a large
extent in blacksmiths when compared to controls. The
blood levels of metals (Pb, Cd, Cr, and Zn) were above
the permissible limits and those in the control, which was
directly proportional to age and exposure rates. These
facts demonstrate that blacksmithing is an occupation
associated with adverse health hazards which affect
blood metals levels, and subsequently, lead to serious
health problems. Therefore, raising public awareness on
the importance of the use of PPE in all occupations and
regulation of the extent of engagement in occupations are
recommended.
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