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ABSTRACT

Background: This work studied the occupational exposure of battery chargers and goldsmiths in Ibadan metropolis, South-west, Nigeria, to heavy metals and their possible health implications. The set-out objectives include evaluation of the health status, knowledge/attitude of artisans with respect to heavy metals. Also, to determine the levels of some heavy metals and aluminium in soil and blood samples of the artisans as indices of probable toxicosis. It is hoped that outcome of this study will increase the awareness of the artisans to the risk of heavy metals poisoning associated with their work and the need
to take precautionary measures.







Materials and Methods: Questionnaire was administered to artisans to garner information on demographic parameters, use of protective gears and assessment of health status. Blood samples were collected from volunteered battery chargers and goldsmith for heavy metal analysis. Soil samples were collected from surrounding of the artisans' workshop and analysed for heavy metals.

Results: The concentration of heavy metals in the collected samples was determined using Atomic Absorption Spectrophotometer. Results showed that the concentration of the soil around the workshop of battery chargers and goldsmiths were as follows. Lead (Pb) 74.63-195mg/kg, Cadmium (Cd) 6.38-5.75mg/kg, Chromium (Cr) 35.18-117.4mg/kg, Nickel (Ni) 36.5-31.5mg/kg, Copper (Cu) 92.05-37mg/kg. Heavy metals concentration in the blood of battery chargers and goldsmiths ranges were: Lead (Pb) 0-1.86mg/L, Cadmium (Cd) 0.03-0.032mg/L, Chromium (Cr) 0.105-2.221mg/L, Nickel (Ni) 0.13-0.124mg/L, Copper (Cu) 0.053-5.34mg/L.

Conclusion: The goldsmiths had higher exposure to heavy metals and this can pose toxicological risk to them. It is suggested that goldsmiths and battery chargers should take safety precautions.

Keywords: Blood, Goldsmith, Battery charger, Metals, Soil, Toxicity.
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INTRODUCTION
Heavy metals are considered pollutants when the amount in the soil or any media exceeds the upper allowable limit thereby constituting potential hazards to biological life at a certain time and place. The toxicity of these elements in these instances is due to their non-degradable nature leading to persistence in any environmental media.1, 2. 3. 4.5
Forensic toxicology which started as study of drugs/poisoning in biological media has grown to encompass investigation on homicide/suicide resulting from ingestion of other xenobiotic like heavy metals. Exposure of biological systems (for example human) to heavy metals may cause defects in the cardiovascular, immune, blood and neuro-hormonal systems. They also predispose to diseases like cancer and Alzheimer’s disease. Human risk assessment and exposure levels can be determined by quantification of the analytes in blood and other biological matrices.   
Environmental pollution and occupational exposure to toxicants are some of the demerits of industrial advancements. Sources and factors enhancing heavy metal pollution are diverse.  Mining activities have in no small measure contributed to seeding of soil, water and air with heavy metals with grievous health implications on the miners, the locals and relatives of the miners. 
Some studies conducted regarding soil pollution by heavy metals have been reported by several authors.6, 7, 8, 9, 10. In his study on fractionation of metals in soil profiles, Iwegbue (2007)7 concluded that the relative mobility of the metals studied was less in the subsurface than the surface soil. According to this study, Cr moved faster at lower depth, being an exception to the observed faster relative mobility in the surface soil. The study ranked six metals in order of decreasing mobility. Cadmium was ranked the fastest, followed by Zn, Pb, Cu, Cr, and Ni, the least. In their study, 9 revealed that topsoil heavy metal pollution and of neighbourhood by spread of the metals was due to sub-standard environmental management of sites reclaimed from some artisans.
Lead, Cadmium and Chromium are used as alloys in fashion, jewellery and automobile products. As an alloy, Pb enhances the weight, colour and stability of jewellery products. However, the non-biodegradable property leading to bioaccumulation in biological systems, including humans, increases the toxicity of Pb. When used in small quantity as an alloy, Cd enhances the function and technical attributes of other metals. It is also used in pigment production, electroplating and to stabilize components that are non-metals.11 This made demands for this metal to soar until environmental and health issues reduced the demands. A recent demand for cadmium is as alloy in batteries (nickel-cadmium).12 Its lustre property when polished and protective/decorative property make Cr valuable as car parts coatings. Others include uses as furniture parts and plumbing fixtures.13   
A goldsmith is an artisan who deals in and fashions objects of gold. Battery chargers fix automobile batteries. The activities of these two artisans involve handling heavy metals in various forms.  Occupational exposures by workers who engage in vocations involving heavy metals, in industries, have been documented. 14 Artisans like goldsmith and battery chargers routinely seed the environmental media with heavy metals, in addition to direct exposure to heavy metals via inhalation and skin absorption.15In these instances, the heavy metals in the environmental media pose a grave health risk to the artisans, neighbourhood and close relations.  
This work was designed to study the occupational exposure of battery chargers and goldsmiths in Ibadan metropolis, South-west, Nigeria, to heavy metals and possible health risks. The set-out objectives include evaluation of the health status, knowledge and attitude of artisans with respect to heavy metals. Also, to determine the levels of some heavy metals and aluminium in soil and blood samples of the artisans as indices of probable toxicosis. It is hoped that the outcome of this study will increase the awareness of the artisans to the risk of heavy metals poisoning associated with their work and the need to take precautionary measures.
MATERIALS AND METHOD
Study Design and Sample 
This study was carried out in six (6) Local Government areas in Ibadan, South-west Nigeria.  Questionnaire administration was carried out in each local government area while composite soil and blood samples collection was from randomly selected battery chargers and goldsmiths in each Local Government area. Ethical approval was granted by the Institution Review Board. 
The occupationally exposed subjects, consisting of battery chargers and goldsmiths who volunteered to participate in this study were included. A structured, tested and validated questionnaire was used to obtain information from informed-consented artisans.  Blood samples were also obtained from the consented artisans. 
Soil Samples Collection and Heavy Metals Analyses
The top-soil samples (0-15 cm depth) were collected from battery chargers’ and goldsmiths’ workshops in the areas mentioned above and put in tightly sealed polythene bags. The samples were air-dried in the laboratory for a period of 2 weeks. Afterwards, the soil samples were finely-pulverized smooth and then sieved. A portion, 1 g of sample, was taken from the sieved sample and put in a beaker. A volume of 20 mL of nitric/per chloric acid, ratio 3:1 was added to the sample and the mixture was then heated for a period of 5 hours. Next, 10 mL of HCl was added to the heated mixture and was further heated till the mixture gave a clear solution. The digested left to cool to room temperature. The cooled digested solution was strained into a standard volumetric flask (25 mL) and was made up to 25 mL with distilled water. Absorption Spectrophotometer (AAS) was used to determine the concentration of heavy metals in the samples. 
Blood Sampling and Analysis for Heavy Metals
Venepuncture was done on each volunteered artisan. A volume of 5 mL of blood, each, was collected into potassium ethylene diamine tetra-acetic acid (K-EDTA) bottles that were pre-labelled. Decontamination of the venepuncture site was carried out by cleaning with methylated spirit to prevent false-positive results by any trace of heavy metals on the skin. Wet acid digestion was used for the blood samples by method described by.16 A mixture of 10 mL concentrated HNO3 and 1 mL blood sample was heated until it turned colourless, cooled and de-ionised water added to make 25 mL. Analysis for the metals was done with AAS Buck 205 (Perkin-Elmer, HGA-2100).

Statistical Analysis
The data obtained in this study were analysed with SPSS (20)
RESULTS 
Sociodemographic characteristics (Educational status, age and marital status of respondents)
It was observed (Figure 1), that 41.7% of goldsmiths did not have formal education while another 41.7% had secondary education. The highest percentage of battery chargers (41%) had secondary education while 33.3%, 7.7 % and 2.6% of battery chargers had primary, technical and tertiary education, respectively. This study further showed that a high percentage, 41.7% of the goldsmiths were within the age of ≥40yrs while 38.5% of battery chargers were within the age range of ≥40yrs (figure 3). 
The results of marital status showed that 84.6% of battery chargers were married.  However, it was observed that 91.2% of goldsmiths were widowed.


Figure 1: Sociodemographic characteristics (Educational status, age and marital status of respondents)
Protective and social habits (The use of protective wears, intake of alcohol and cigarette smoking by the respondents) 
Results (Figure 2) showed that a high percentage (98%) of the goldsmith smoke cigarette. This could be another source of exposure to some heavy metals. 
Figure 2 shows that a range of 68.2-87.2% of battery chargers did not use protective gears like gloves, footwear and nose cover when working. It was observed that 66.7-83.3% of goldsmiths did not make use of protective gears. 


 Figure 2: Protective and social habits (The use of protective wears, intake of alcohol and cigarette smoking by the respondents)
Perception of hospital visit of the respondents
It was observed (Figure 3) that 56.4% of the battery chargers and 62.5 % of goldsmiths did not visit hospitals for medical check-up. Weekly visits to hospitals was carried out by 2.6% and 10.4% of battery chargers and goldsmiths respectively while a larger proportion of battery chargers and goldsmiths only visited hospitals monthly (41% and 27.1% respectively).
[image: ]



Figure 3: Hospital visits of the respondents
Heavy metals levels in soil samples from battery chargers and goldsmiths workshops
The level of Pb in the soil around the workshop of goldsmiths was higher than that of the battery charger. It was observed that the concentration of lead, which was 195 mg/kg and 74.63 mg/kg in soil of goldsmiths’ and battery chargers’ workshops, respectively exceeded the allowable limits of 10 to 50 mg/kg (Figure 4). Cadmium permissible range in soil is 0.4 – 2.0 mg/kg. Comparing this with the result of this study, Cd level was slightly higher in the soil samples from battery charger (6.38 mg/kg) than soil samples from goldsmith workshop area (5.75 mg/kg). These values were higher than the limit by 17 which is 5 μg/m3. The level of Chromium in the soil around the workshop of battery charger (35.18 mg/kg) and goldsmith (117.4 mg/kg) workshops was within the permissible level of 30 – 150 mg/kg. Nickel was observed to be present in soil samples from workshop areas of both battery chargers (36.50 mg/kg) and goldsmiths (31.50 mg/kg), which exceeded the permissible limit of 30 mg/kg. 17 
It was observed that the soil samples obtained from battery chargers and goldsmith workshops had Cu concentrations of 92.05 mg/kg and 37.00 mg/kg, respectively.

Figure 4: Heavy metal levels in soil samples from battery chargers and goldsmiths’ workshops.
Heavy metal levels in blood samples from battery chargers and goldsmiths. In this study, Pb was below detectable level in blood samples of battery chargers while the average level was 1.86 mg/L in the blood samples of goldsmiths. This level is above WHO permissible limit, which put them at risk. Cadmium levels in the samples of blood from battery chargers and goldsmith were 0.03 mg/L and 0.032 mg/L, respectively, which were within the WHO, 2007 allowable limit of 0.3 – 1.2 mg/L.18 
The concentrations of Chromium in the blood samples collected from battery chargers and goldsmith were 0.105 mg/L and 2.221 mg/L, respectively. These are above the allowable Cr level of 0.1 mg/L18, 19 The mean concentration of Ni in the blood samples collected from battery chargers and goldsmith were 0.130 mg/L and 0.124 mg/L, respectively, which is slightly higher than the average allowable body concentration of 0.1 mg/kg. 
In this study, Cu blood concentration was observed to be 0.053 mg/L for the battery chargers and 5.34 mg/L for the goldsmiths. 

Figure 5: Heavy metal levels in blood samples from battery chargers and goldsmiths




Aluminium levels in blood samples of battery chargers and goldsmiths. 
The aluminium levels of blood samples collected from both battery charger (0.149 mg/L) and goldsmiths (0.307 mg/L) were above the permissible limits (Figure 6) an indication of possible exposure to high concentration of Al, which poses health hazards. 

Figure 6: Aluminium levels in blood samples of battery chargers and goldsmiths

DISCUSSION
From the questionnaires administered, it was observed that the lack of formal education in a percentage of the artisans may be a hindrance in accessing information on inherent dangers in exposure to heavy metals in the course of their vocation and how to prevent these. Furthermore, when such instructions are written on any of the materials used, it may be ignored since they may not be able to read it.
 Of exposure to heavy metals. The high percentage of widowed goldsmith is worrisome. A further study may be necessary to investigate the cause of death of the spouses. This may be necessary given the high levels of Pb, Cr and Ni observed in the blood samples of goldsmiths in this study. 
According to Galazyn-Sidorczuk et al, (2008), 20 some heavy metals (Cd, Cr, Pb, Ni) in tobacco may accumulate in biological matrices during smoking. Studies have implicated smoking as the primary Cd exposure source.21,22,23,24  Moreover, tobacco (Nicotiana tabacum) plant has been revealed to accumulate certain heavy metals, particularly cadmium, in its leaves during growth.23, 24 Hence, use of tobacco orally (smokeless) or by inhalation (smoking) put users at a risk of exposure to the toxic components.25,26 Lack of use of protective gears by the artisans makes them vulnerable to heavy metals exposure with attendant adverse effects on health. Their relations and close associates especially the high risk groups (pregnant women and children) also stand the risk of exposure from the inhalation of heavy metals on artisans’ clothing. 
Children playing around the workshops too are prone to this toxic metal contamination. It is very dangerous to take or consume lead, which is why having a very high concentration of lead in soil would readily expose children between ages 2 – 3 years to risk of lead poisoning, by sucking dirty fingers and toys. Also a number of problems in development and behaviour of children was linked to exposure to minute quantities of lead from contaminated soil.27 These include reduced IQ, hyperactivity, retarded growth, learning disabilities and insomnia.
Soil containing high level of Cd is said not to be suitable for agricultural purpose. The Cd can enter food chain and food is the main source of exposure to human. Accumulation of Cd in the body leads to cell injury. 
However, continuous exposure to this toxic metal will result in its accumulation in the body, which may pose a great health risk. High intake of Cr may cause respiratory problems, increased vulnerability to infectious agents and tumour formation.28 
The concentration of Cu would be favourable in the soil because it is an essential element, which can be taken in by plant.
Sawyerr et al. (2016)29 conducted study on heavy metals in soils around workshops of battery chargers in Ilorin, Nigeria and obtained Cr contents ranged from 1.12-3.9 mg/kg, Cu from 1.00-30 mg/kg, Cd from 0.00-0.50 mg/kg and Pb from 0.60-2.10 mg/kg, which were lower than the values obtain from this study. Another study of urine sample of gold jewellery workers also indicated exposure to Cd and Cu in goldsmith of Meerut city in India.30
Apart from direct exposure to the heavy metals by the artisans and close associates, there could be indirect exposure. The metals may seep into shallow wells. Also, they may be washed off into nearby streams by rain. Wash-offs is a source of exposure for aquatic organism, which may bio-accumulate in them. When they are consumed by humans they serve as a source of heavy metals toxicity. Humans drinking from well are also exposed to heavy metals toxicity. 
High level of lead in blood affects the development of brain and nervous system in children. In adult, is implicated in blood pressure and nephropathy.22 Report also showed that lead at low concentration in the body could also pose a danger to human well-being. Exposure to high level of Pb during pregnancy may cause termination of the pregnancy at any point of the trimester leading to premature/still birth and miscarriage.  High concentration of Pb adversely affects the brain and central nervous system. Although smoking tobacco is not a major source of exposure to and uptake of lead into the human system, the role played by tobacco in increasing lead bio-burden cannot be overlooked. This makes research in this regard increasingly relevant. The Pb content of a cigarette is around 1.2 mg, and about 6% passes over to mainstream smoke, which is inhaled by smokers.31
Accumulation of Cd in the nephron damages filtering mechanisms, which causes high level excretion of sugar and essential proteins from the human system. Although the levels of this heavy metal in the blood samples in the present study were within allowable limits of 0.2 mg/L in adults, continued exposure could overwhelm the body’s metabolism and excretion machinery leading to organs failure. 
Chromium is known to bio-accumulate in the tissues, particularly in human lungs. Classified as group I carcinogen, hexavalent Chromium compounds as hydroxyl radicals can cause single strand break of DNA.28 This potential cell change ability is the basis of its carcinogenic effect. Asides its carcinogenicity, Chromium adversely affects the respiratory system leading to emphysema, lung dysfunction, pharyngitis and chronic rhinitis.32
In small quantity, Nickel is needed for body functions. However, high consumption causes health hazards including dysfunctions of the heart, respiratory system and birth defects.  Furthermore, it has been observed that Nickel can be a respiratory tract mutagen. 
The observed levels of Cu in the blood samples of these artisans can pose risk to their health. Copper is an essential element but in excess it can become an irritant to the eyes, mouth and nose. Also, it causes stomach aches, headaches, dizziness and diarrhoea. The recommended limit of copper in the body is 0.05 mg/L. 17
Exposure to high level of aluminium causes serious health problems including lung problems, brain disorder and anaemia. Aluminium limit in blood is 50 μg /L.17 Aluminium level of about 0.03 μg/L causes spontaneous nervous discharge, thereby reducing nervous activity, osteomalacia and encephalopathy. Also, aluminium toxicity could lead to renal dysfunction.


CONCLUSION
The blood samples of the artisans and the soil around their workshops contained the metals analysed. The concentrations of all the metals (Ni, Cd and Pb) were above the allowable limits except that of Cadmium in the blood. The presence of these heavy metals poses a toxicological risk to these workers and their family and continued exposure could overwhelm the body’s metabolism and excretion machinery leading to organs failure. It is therefore recommended based on the result of this study that workers should use protective gears. There is also the need to frequently decontaminate the top soil around the workshops. Regular enlightenment by the relevant agencies and medical check-up is recommended for the artisans and close relations. 
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Battery charger	Pb	Cd	Cr	Ni	Cu	74.63	6.38	35.18	36.5	92.05	Goldsmith	Pb	Cd	Cr	Ni	Cu	195	5.75	117.4	31.5	37	
Concentration  (mg/kg)



Battery charger	Pb	Cd	Cr	Ni	Cu	0	0.03	0.105	0.13	0.053	Goldsmith	Pb	Cd	Cr	Ni	Cu	1.86	0.032	2.221	0.124	5.34	
Concentration (mg/L)




Battery charger	Goldsmith	0.149	0.307	
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