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THE LEVELS AND IMPACT OF OCCUPATIONAL MERCURY EXPOSURE ON THE ANTIOXIDANT STATUS OF ELECTRONIC WORKERS IN IBADAN


ABSTRACT 
Background: The rapid increase in electronic waste (e-waste) poses serious environmental, economic, and health challenges globally, with a particularly profound impact on low- and middle-income countries, making it a pressing public health concern. This study compared the levels of mercury (Hg), total antioxidant capacity (TAC), total plasma peroxide (TPP), and oxidative stress index (OSI) among occupationally exposed electronic workers and non-exposed participants in Ibadan. 
Method: This cross-sectional study recruited 57 participants (25 occupationally exposed workers and 32 non-exposed controls) aged 25 - 45 years. Relevant demographic and anthropometric information were collected on a structured questionnaire and blood samples were collected for biochemical analyses. Mercury was estimated using the principle of Cold Vapour-Atomic Absorption Spectrometry (CV-AAS) while total antioxidant capacity (TAC), total plasma peroxides (TPP), and Oxidative Stress Index (OSI) were estimated spectrophotometrically.
Result: Result showed a significantly higher levels of mercury, total plasma peroxide, and oxidative stress index among occupationally exposed group when compared to the control group (p=0.00, 0.001, and 0.021 respectively). Oxidative stress index was positively correlated to total plasma peroxide (r =0.848, p= 0.000) and negatively correlated to total antioxidant capacity (r = -0.688, p = 0.000). There is a significant difference between the total antioxidant capacity of workers based on their years of work exposure (p=0.015).
Conclusion: Findings from this study suggest that electronic workers are prone to increase oxidative stress due to occupational mercury exposure which increases based on years of exposure, which can potentiate significant health implications. 
Keywords: Electronic waste, Oxidative stress, Mercury, Total antioxidant capacity, and Total plasma peroxide.
INTRODUCTION 
[bookmark: _Hlk79554451]The marked increase in the usage of electronic devices has led to a global increase in electronic waste, with global e-waste recorded at about 53.6 million tonnes in 2019 and projected to increase to 74.7 million tonnes by 2030 (Awasthi et al., 2022). The emission of toxic chemicals into the environment are often seen in facilities that engage in the refurbishing, dismantling, or recycling of e-waste to retrieve valuable elements with very little technology or protective equipment to minimise exposure (Awasthi et al., 2022; Tsydenova, 2009). Electronic devices often contain a different hazardous substance, such as mercury, brominated flame retardants (BFRs), polychlorinated biphenyls, and heavy metals including lead, tin, copper, silicon, beryllium, carbon, iron, chromium, cobalt, indium, aluminium, cadmium, nickel, and thallium (Tsydenova, 2009). Mercury  is one of the most toxic chemicals to public health that is ubiquitously distributed across the globe and has toxic effects on several systems of the body, including the nervous, renal, cardiovascular, immune, and endocrine systems (Bjørklund et al., 2017; Kim et al., 2016). Although widely used by humans in several activities such as agriculture, industry, and medicine, it is considered a major environmental pollutant (Jackson, 2018; Kimakova et al., 2018). The US Government Agency for Toxic Substances and Disease Registry (ATSDR) ranked mercury as the third most toxic element with deleterious effects on organ systems with arsenic and lead ranking second and first respectively (Rice et al., 2014). Mercury is found in electronic components such as cold cathode fluorescent lamps, sensors, printed circuit boards, batteries/cells, tilt switches (mechanical doorbells, thermostats), and flat-screen monitors (Grant et al., 2013). 
[bookmark: _Hlk79554472]Case-control studies have demonstrated that the chronic inhalation of even low concentrations of mercury (0.7 to 42 μg/m3) can produce different health complications including tremors, headache, weight loss, drowsiness, insomnia, depression, paranoia, extreme irritability, hallucinations, and impaired cognitive skills (Mutter et al., 2007).  Also, mercury has been shown to have various deleterious effects on the sensory systems which can result in blindness, retinopathy, optic neuropathy, hearing loss, reduced sense of smell, and abnormal touch sensation (Rice et al., 2014). Toxicity from mercury is associated with the generation of reactive oxygen species (ROS) which alters the antioxidant defence system of cells and induces oxidative cell damage (Silva de Paula et al., 2016). Given that the generation of reactive oxygen species is one of key drivers of diseases like cancer, arthritis, and asthma, it is no surprise that mercury toxicity is associated with different ailments. Mercury is thought to increase ROS production by acting as a catalyst for Fenton-type reactions. These mercury-induced ROS production can alter cell macromolecular structures, affect membrane permeability and cause DNA damage (Silva de Paula et al., 2016). 
Few studies have examined the health effects of occupational mercury exposure among electronic workers in Nigeria, especially its impact on antioxidant status and blood plasma level. Given the unregulated and unsafe handling of electronic waste and the lack of standardized safety measures in this sector, it is important to investigate how mercury exposure affects individuals at higher risk. Therefore, this study assessed blood mercury levels in exposed electronic workers compared to an unexposed population and examined its influence on total antioxidant capacity, total plasma peroxide, and oxidative stress index
MATERIALS AND METHODS
Study settings 
This is a descriptive cross-sectional study carried out in the department of chemical pathology in the University of Ibadan, Oyo state, Nigeria. Study participants were recruited from two electronic workshops in Ibadan North-East and North-West Local Government Area North-West LGA in South-western Nigeria. Age-matched participants who do not work in electronic-workshop (controls) were also recruited from the same area. 
Study sampling
Two electronic workshops (for occupationally exposed electronic workers) were chosen by purposive sampling for this study. The same sampling technique was used to recruit age-matched non-exposed participants. Sample size was determined using methods described by (Charan and Biswas, 2013). The sample size was calculated with an expected margin error of 5% and a confidence interval of 95%. The minimum sample size needed for this study at the ratio of 1:1 for exposed and non-exposed participants was 30. However, a sample size of 57 (25 occupationally exposed and 32 non-exposed) was used for this study. Participants were also matched for age across exposed and non-exposed groups.


Recruitment of study participants
Fifty-seven (57) men aged 25 to 45 years were recruited from two local government areas in Ibadan, Oyo state in southwestern Nigeria. Twenty-five (25) electronic workers with at least three years of working experience were randomly selected from two electronic workshops in known commercial hubs for private-owned electronic businesses. Thirty-two (32) participants who do not work in electronic workshops were also recruited from the same areas.
Inclusion and exclusion criteria 
Occupationally exposed electronic workers with at least three years of working experience, and healthy, non-exposed individuals in the same region as the exposed groups were included. All participants that fall outside the age group of 25 and 45 years were excluded from the study. Participants with hypertension, chronic tobacco smokers and alcoholics, hard drugs (e.g., cannabis) and supplement users were all excluded from this study.
Data collection
[bookmark: _Hlk79556097]Information on the use of personal protective equipment (PPE), demographic indices, job duration, personal hygiene, diet, lifestyle factors, demographic and medical history were collected using a structured questionnaire adapted from the World Health Organization’s Guidance for identifying populations at risk from mercury exposure (WHO, 2008). The final questionnaire used in this study is provided as Supplementary File 1. The questionnaires were cross-checked for consistency and the use of correct codes daily, and then retrieved from the participants. On completion, the blood samples of all participants were collected. 
Blood sample collection
Five millilitres (5 mL) of venous blood samples were collected using a tourniquet from the ante-cubital vein of participants. 3 mL of the blood samples were separated and spun at 4000rpm for 5 minutes to obtain plasma samples. The plasma samples were aliquoted into plain sterile cryo-precipitate tubes and used for the analysis of selected antioxidant status parameters, while the remaining volume of blood samples was used for mercury analysis. All samples were stored at 200C until time for analysis.

Determination of blood mercury, total antioxidant capacity (TAC), total plasma peroxide (TPP), and oxidative stress index (OSI).
Blood mercury level was determined using the principle of cold vapour-atomic absorption spectrometry (CV-AAS). Frozen plasma samples were thawed, brought to room temperature, and thoroughly mixed. A 0.5 mL aliquot of the blood sample was pipetted into a screw-top glass vial and diluted with 1 mL of the digestion solution. 100 µL of the potassium permanganate solution was added to the digested sample. The sample is then made up to 5 mL with de-ionized water and homogenized on a vortex-mixer. The digested samples were aspirated directly into the CV-AAS for analyses at a wavelength of 253.65. Total antioxidant capacity (TAC) was determined using the ferric reducing antioxidant power (FRAP) described in Benzie and Strain (1999)(Benzie & Strain, 1999). Total plasma peroxide (TPP) was measured using the ferrous oxidation (FOX2) techniques described by Miyazawa (1989)(Miyazawa, 1989) with modification demonstrated by Hamar et al, (2005)(M. Harma et al., 2005). Oxidation stress index was measured using methods described by Hamar et al, (2003) (M. , Harma et al., 2003).  
 
Statistical analysis
Data were analysed statistically using SPSS version 21.0. Independent T-test was used for mean comparison and Pearson’s correlation was used for correlation respectively. Values are considered significant at p<0.05.
Results
Table 1: The occupational, lifestyle, and clinical history of exposed electronics workers. 
	Variable
	Category
	Frequency (n)
	Percentage (%)

	Work experience
	3-5 years
	4
	16.0

	
	6-8 years
> 8 years
	6
15
	24.0
60.0

	Daily work duration
	8 hours
	16
	64.0

	
	10 hours
	6
	24.0

	
	12 hours
	3
	12.0

	Exercise
	Yes
	12
	48.0

	
	No
	13
	52.0

	Chest pain
	Yes
	3
	12.0

	
	No
	22
	88.0

	Abdominal pain
	Yes
	2
	8.0

	
	No
	23
	92.0

	Diarrhoea
	Yes
	0
	0.0

	
	No
	25
	100.0

	Cough
	Yes
	3
	12.0

	
	No
	22
	88.0

	Multivitamin
	Yes
	8
	32.0

	
Alcohol consumption


PPE

 Cross ventilation  
	No
No
≤ 5bottles
> 5bottles
Yes
No
Yes
No

	17
15
6
4
3
22
3
22
	68.0
60.0
24.0
16.0
12.0
88.0
12.0
88.0


Table 1 shows that 60% of workers had up to more than 8 years working experience, 24% had worked for 6-8years, and 16% had worked for 3-5 years. Up to 48% of workers engaged in regular exercise, and 32% reported to consume multivitamin. Chest pain, abdominal pain, and cough were at 12%, 8%, and 12% respectively. The majority (64%) of the electronic workers spend up to 8 hours at work daily, 24% worked for 10hours, and 12% worked for 12 hours.

Table 2: The mean age, anthropometry, and biochemical parameters between exposed and unexposed participants.

	Parameters
	Exposed
                        
	Unexposed

	P-value

	Age (year)
	30.00±6.06
	32.50±5.40
	0.106

	Height (m)
	1.72±0.09
	1.73±0.06
	0.426

	Weight (kg)
	68.20±10.40
	72.97±10.49
	0.093

	BMI (kg/m2)
	23.12±3.16
	24.28±3.26
	0.183

	SBP (mmHg)
	115.36±24.68
	117.22±14.44
	0.684

	DBP (mmHg)
	74.80±15.01
	76±12.91
	0.108

	HR (bpm)
	80.80±12.62
	77.22±11.17
	0.261

	Hg (µg/L)
	0.49±0.11
	0.11±0.02
	0.000*

	TPP (µmol/L)
	96.64±31.04
	69.81±13.02
	0.000*

	TAC (µmol/L)
	1591.08±392.99
	1791.06±782.30
	0.248

	OSI (%)
	6.55±3.01
	4.79±2.57
	0.021*


Data were presented as mean ± standard deviation, and analysed using students’ t-test. Values are considered significant at p<0.05*. Hg: Mercury, TPP: Total Plasma Peroxide, TAC: Total Antioxidant Capacity, OSI: Oxidative Stress Index
Table 2 shows that, among the evaluated parameters, only blood mercury level, total plasma peroxide level, and oxidative stress index were significantly higher in the occupationally exposed groups compared to the unexposed group (p = 0.000, 0.000, and 0.021, respectively).
Table 3: The biochemical parameters of exposed electronic workers with different work experience.

	Work experience
	3-5 years
	6-8 years
	>8 years
	P-value

	Hg (µg/L)
	0.44±0.07
	0.57±0.12
	0.47±0.11
	0.128

	TPP (µmol/L)
	98.25±47.56
	101.50±33.58
	94.27±27.33
	0.893

	TAC (µmol/L)

	1444.25±93.08
	1261.33±279.69
	1762.13±383.60
	0.015*

	OSI (%)
	6.67±2.85
	8.65±4.01
	5.68±2.31
	0.122


Data were presented as mean ± standard deviation, and analysed using one-way ANOVA. Values are considered significant at p<0.05*. Hg: Mercury, TPP: Total Plasma Peroxide, TAC: Total Antioxidant Capacity, OSI: Oxidative Stress Index.
Table 3 shows a significant difference in TAC levels among exposed electronics workers (p = 0.015), with those having over 8 years of work experience showing higher TAC levels (1762.13 ± 383.60) compared to those with 6–8 years (1261.33 ± 279.69) and 3–5 years (1444.25 ± 93.08) of experience. No significant differences were observed in Hg, TPP, and OSI levels.
Table 4: The relationship between the different biochemical parameters in exposed and unexposed participants.

	Correlating pair
	Exposed

	Unexposed

	Hg (µg/L)
	TPP
	-0.033, 0.876
	-0.074, 0.686

	
	TAC
	-0.387, 0.056
	0.051, 0.782

	
	OSI
	0.159, 0.447
	-0.026, 0.888

	TPP (µmol/L)
	TAC
	-0.248, 0.231
	-0.198, 0.277

	
	OSI
	0.848, 0.000*
	0.606, 0.000*

	TAC (µmol/L)
	OSI
	-0.688, 0.000*
	-0.823, 0.000*


Data were analysed using correlation test, and values are considered significant at p<0.05*Hg: Mercury, TPP: Total Plasma Peroxide, TAC: Total Antioxidant Capacity, OSI: Oxidative Stress Index.
Table 4 shows a significant positive correlation between total plasma peroxide (TPP) and oxidative stress index (OSI) (r = 0.848, p = 0.000), as well as a significant negative correlation between total antioxidant capacity (TAC) and OSI (r = -0.688, p = 0.000) across both exposed and unexposed groups.
[bookmark: _Hlk79440894]DISCUSSION
Electronic waste (e-waste) recycling and repair activities are a growing source of livelihood for many individuals in developing countries, including Nigeria (Maes & Preston-Whyte, 2022). However, these informal practices are often conducted under unsafe conditions, exposing workers to hazardous substances such as heavy metals (Annamalai, 2015). Mercury is commonly found in various electronic components, and improper handling during dismantling, burning, or recycling can lead to significant occupational exposure (Ankit et al., 2021). Chronic mercury exposure has been linked to oxidative stress, which plays a central role in its toxicological effects (Schereider et al., 2021). In light of this, the present study evaluated and compared the levels of mercury (Hg), total antioxidant capacity (TAC), total plasma peroxide (TPP), and oxidative stress index (OSI) in occupationally exposed electronic workers and non-occupationally exposed participants in Ibadan. 
The mean level of mercury was significantly elevated in occupationally exposed electronic workers when compared to control (p<0.001) (Table 2). This finding corroborates previous studies by Igharo et al. (2014) and Xu et al. (2020) who reported metal poisoning from electronic waste recycling area (Igharo et al., 2014; Xu et al., 2020). The increased levels of mercury seen among the exposed group could be largely due to unsafe handling of electronic equipment. As seen in this study, 88% of the workers worked without PPE in facilities that have no cross-ventilation. This absence of standard safety practice could lead to an increased environmental mercury concentration, therefore increasing the likelihood for mercury toxicity via the inhalation of outgassed vapour (90%), ingestion (9%), and skin contact (Silva de Paula et al., 2016). Similar to our observation, studies conducted by Igharo and colleagues, also reported that 88.9% of the e-waste workers worked without basic protective equipment (Igharo et al., 2014). 
Occupationally exposed participants showed significantly higher levels of total plasma peroxide when compared to the control group (p<0.001). The increased total plasma level could indicate elevated production of free radicals, since total plasma peroxide refers to the total physiologically derived plasma peroxides in the body (Koracevic et al., 2001). Increased production of free radicals exposes the cells to lipid peroxidation which could alter normal cell function by disrupting membrane permeability, ion transport, and metabolic processes (Li et al., 2015). These mercury-induces cell alteration could ultimately lead to cell mutagenicity or carcinogenicity.
In this study, the TAC in the occupationally exposed group was slightly (p>0.05) lower than that observed in the control group. This finding is different from previous study by Akinosun (2017), which observed significantly decreased total antioxidant capacity following chronic exposure to heavy metals (Akinosun, 2017). 
Interestingly, a similar study investigating oxidative stress indices as markers of lead and cadmium toxicity in auto technicians also found a lower TAC in the exposed group compared to controls, although this difference was likewise not statistically significant (P = 0.056), aligning with the current study’s finding (Omotosho, 2019). However, there was a significant difference in the TAC within the mercury-exposed subjects in this study when assessed based on the years of work experience (p=0.015). Notably, when the total antioxidant capacity (TAC) of electronic workers was compared based on years of work experience, those with 3–5 years had lower TAC levels than those with 6–8 years of experience. Furthermore, workers with more than 8 years of experience had the highest TAC levels among all groups (Table 2). The total antioxidant capacity is a measure of the cumulative effect of all antioxidants present in the blood and body fluids (Bartosz, 2010); (Marques et al., 2014). Therefore, the increased TAC observed among workers with more work experience could be due to the likely exemption from duty (exposure) that is reported (data not shown) by the electronic workers as they have increased experience. 
The oxidative stress index in exposed electronic workers was significantly higher when compared to the unexposed controls (p=0.021) (table 2). The higher oxidative stress levels among workers exposed to mercury is not surprising giving the reported oxidative effect associated with prolonged exposure to mercury (Silva de Paula et al., 2016). Interestingly, however, analysis found no significant correlation between exposure to mercury and oxidative stress index, total plasma peroxide, and antioxidant capacity. This finding is quite unexpected and is different from the findings of Öztoprak et al (2020) who reported a negative correlation between total antioxidant capacity and mercury exposure (Öztoprak et al., 2020). The lack of adequate multivitamin intake reported among the exposed workers in this study (table 1) could be another possible explanation for the increased oxidative stress index, given that multivitamins are well known to support normal cell functions and reduce risks of oxidative-related diseases (Dickinson et al., 2009; Han et al., 2017).
This study revealed significantly increased blood mercury and oxidative stress levels among electronic workers when compared to the rest of the age-matched population. Although no significant correlation between blood mercury levels and oxidative parameters as observed in this study, the findings suggest a potential relationship between sustained exposure to mercury in work place and oxidative stress damage. This underscores the need for greater awareness and preventive measures in environments where electronic waste is handled without adequate safety protocols.
Strengths, Weaknesses and Limitations
The main strengths of the present study lie in its focus on an important yet understudied occupational health concern in Nigeria which is the impact of mercury exposure on oxidative stress among electronic workers in Ibadan. To the best of our knowledge, this research is among the few in the region to simultaneously assess mercury levels alongside key oxidative stress biomarkers, including total antioxidant capacity (TAC), total plasma peroxide (TPP), and the oxidative stress index (OSI). By incorporating both biochemical markers and occupational characteristics, the study provides a more comprehensive understanding of how informal electronic work environments contribute to heavy-metal exposure and oxidative imbalance. Another notable strength is the inclusion of a control group matched by age, which enhances the validity of comparisons and strengthens the interpretation of the physiological differences observed. The study also shows real-life workplace practices, such as lack of personal protective equipment and poor ventilation, that provide valuable contextual insights into modifiable risk factors affecting this vulnerable population.
Despite these strengths, the study has certain limitations that should be acknowledged. First, its cross-sectional design prevents the establishment of causal relationships between mercury exposure and oxidative stress outcomes, limiting the ability to determine whether prolonged exposure directly drives the biochemical changes observed. Additionally, relying on self-reported occupational histories, such as duration of work, adherence to safety practices, and multivitamin intake, may introduce recall bias. The study was also conducted in a single geographic location (Ibadan), within an informal and relatively small population of electronic workers, which may restrict the generalizability of the findings to other regions or different e-waste settings in Nigeria. Moreso, although a significant elevation in mercury and oxidative stress levels was observed, the absence of significant correlations among some parameters suggests the influence of unmeasured confounders, such as dietary patterns, genetic factors, or varying exposure intensities.
Conclusion and recommendation
This study highlights that electronic workers in Ibadan are at risk of oxidative stress likely due to sustained occupational exposure to mercury. These findings raise public health concerns and emphasize the need for regulatory enforcement of safety practices, including the use of personal protective equipment and proper ventilation in electronic waste handling facilities. Further longitudinal studies with larger sample sizes are recommended to better understand the long-term health consequences of mercury exposure in this vulnerable population.
[bookmark: _GoBack]AVAILABILITY OF DATA AND MATERIALS 
The data presented in this study are available on request from the first author (kingsley.eboh49@gmail.com)
DECLARATIONS 
Ethics approval and consent to participate 
The entire study procedure was carried out in accordance with the Helsinki declaration and the Nation Health Research Ethics Committee (NHREC) guidelines on the use of human subjects. Participation was voluntary, and consent could be terminated at any time. All participants were informed about the aim, objectives and entire data collection process in line with the IRB guidelines for anthropometric studies. The study protocol was approved by the University College Hospital / University of Ibadan Joint Ethics Review Committee (UI/UCH EC: UI/EC/21/0088).  
Consent for publication 
Not applicable. 
Competing interests 
The authors declare no competing interests.

REFERENCES
Akinosun, O. M. (2017). Occupational Exposure to Toxic Metals Induced Oxidative Stress in Automechanics in Ibadan, Nigeria-Risk of Developing Chronic Kidney Disease. Archives of Basic and Applied Medicine, 5(1), 23–27.
Ankit, Saha, L., Kumar, V., Tiwari, J., Sweta, Rawat, S., Singh, J., & Bauddh, K. (2021). Electronic waste and their leachates impact on human health and environment: Global ecological threat and management. Environmental Technology & Innovation, 24, 102049. https://doi.org/https://doi.org/10.1016/j.eti.2021.102049
Annamalai, J. (2015). Occupational health hazards related to informal recycling of E-waste in India: An overview. Indian Journal of Occupational and Environmental Medicine, 19(1), 61–65. https://doi.org/10.4103/0019-5278.157013
Awasthi, A. K., Awasthi, M. K., Mishra, S., Sarsaiya, S., & Pandey, A. K. (2022). Evaluation of E-waste materials linked potential consequences to environment in India. Environmental Technology & Innovation, 28, 102477. https://doi.org/https://doi.org/10.1016/j.eti.2022.102477
Bartosz, G. (2010). Non-enzymatic antioxidant capacity assays: limitations of use in biomedicine. Free Radical Research, 44(7), 711–720.
Benzie, I. F. F., & Strain, J. J. (1999). [2] Ferric reducing/antioxidant power assay: Direct measure of total antioxidant activity of biological fluids and modified version for simultaneous measurement of total antioxidant power and ascorbic acid concentration. In Methods in Enzymology (Vol. 299, pp. 15–27). Academic Press. https://doi.org/https://doi.org/10.1016/S0076-6879(99)99005-5
Bjørklund, G., Dadar, M., Mutter, J., & Aaseth, J. (2017). The toxicology of mercury: Current research and emerging trends. Environmental Research, 159, 545–554. https://doi.org/https://doi.org/10.1016/j.envres.2017.08.051
Dickinson, A., Boyon, N., & Shao, A. (2009). Physicians and nurses use and recommend dietary supplements: Report of a survey. Nutrition Journal, 8, 29. https://doi.org/10.1186/1475-2891-8-29
Grant, K., Goldizen, F. C., Sly, P. D., Brune, M.-N., Neira, M., van den Berg, M., & Norman, R. E. (2013). Health consequences of exposure to e-waste: a systematic review. The Lancet Global Health, 1(6), e350–e361.
Han, L., Eggett, D., & Parker, T. (2017). Evaluation of the Health Benefits of a Multivitamin, Multimineral, Herbal, Essential Oil–Infused Supplement: A Pilot Trial. Journal of Dietary Supplements, 15, 1–8. https://doi.org/10.1080/19390211.2017.1331943
Harma, M. , Harma, M. , & Erel, O. (2003). Increased oxidative stress in patients with hydatidiform mole. Swiss Med Wkly., 133, 563–566.
Harma, M., Harma, M., & Erel, O. (2005). Measurement of the total antioxidant response in preeclampsia with a novel automated method. . Eur J Obstet Gynaecol Reprod Biol, 10, 47–51.
Igharo, G., Anetor, J., Osibanjo, O., Osadolor, H. B., & Dike, K. (2014). Toxic metal levels in Nigerian electronic waste workers indicates occupational metal toxicity associated with crude electronic waste management practices. 26, 107–113.
Jackson, A. C. (2018). Chronic neurological disease due to methylmercury poisoning. Canadian Journal of Neurological Sciences, 45(6), 620–623.
Kim, K.-H., Kabir, E., & Jahan, S. (2016). A review on the distribution of Hg in the environment and its human health impacts. Journal of Hazardous Materials, 306, 376–385. https://doi.org/10.1016/j.jhazmat.2015.11.031
Kimakova, T., Kuzmová, L., Nevolná, Z., & Bencko, V. (2018). Fish and fish products as risk factors of mercury exposure. Annals of Agricultural and Environmental Medicine, 25(3), 488–493.
Koracevic, D., Koracevic, G., Djordjević, V., Andrejevic, S., & Cosic, V. (2001). Method for the measurement of antioxidant activity in human. Journal of Clinical Pathology, 54, 356–361. https://doi.org/10.1136/jcp.54.5.356
Li, J., Chen, M., Ogunseitan, O., & Stevels, A. (2015). “Control-Alt-Delete”: Rebooting Solutions for the E-Waste Problem. Environmental Science & Technology, 49, 7095–7108. https://doi.org/10.1021/acs.est.5b00449
Maes, T., & Preston-Whyte, F. (2022). E-waste it wisely: lessons from Africa. SN Applied Sciences, 4(3), 72. https://doi.org/10.1007/s42452-022-04962-9
Marques, S. S., Magalhães, L. M., Tóth, I. V, & Segundo, M. A. (2014). Insights on antioxidant assays for biological samples based on the reduction of copper complexes—The importance of analytical conditions. International Journal of Molecular Sciences, 15(7), 11387–11402.
Miyazawa, T. (1989). Determination of phospholipid hydroperoxides in human blood plasma by a chemiluminescence-HPLC assay. Free RadicBiol Med, 7, 209–217.
Mutter, J., Naumann, J., & Guethlin, C. (2007). Comments on the Article “The Toxicology of Mercury and Its Chemical Compounds” by Clarkson and Magos (2006). Critical Reviews in Toxicology, 37(6), 537–549. https://doi.org/10.1080/10408440701385770
Omotosho, I. O. (2019). Oxidative Stress Indices as Markers of Lead and Cadmium Exposure Toxicity in Auto Technicians in Ibadan, Nigeria. Oxidative Medicine and Cellular Longevity, 2019. https://doi.org/10.1155/2019/3030614
Öztoprak, F., Rençber, S., Ceylan, A., Arıca, E., Ipek, D., KURT, M., & Yetiz, P. (2020). Assessment of lead, mercury, cadmium, chromium and total antioxidant capacity levels of employees exposed to exhaust gases in closed parking lots. International Journal of Environmental Analytical Chemistry, 1–13. https://doi.org/10.1080/03067319.2020.1760857
Rice, K. M., Walker  Jr, E. M., Wu, M., Gillette, C., & Blough, E. R. (2014). Environmental mercury and its toxic effects. Journal of Preventive Medicine and Public Health = Yebang Uihakhoe Chi, 47(2), 74–83. https://doi.org/10.3961/jpmph.2014.47.2.74
Schereider, I. R. G., Vassallo, D. V., & Simões, M. R. (2021). Chronic mercury exposure induces oxidative stress in female rats by endothelial nitric oxide synthase uncoupling and cyclooxygenase-2 activation, without affecting oestrogen receptor function. Basic & Clinical Pharmacology & Toxicology, 129(6), 470–485. https://doi.org/https://doi.org/10.1111/bcpt.13655
Silva de Paula, E., Carneiro, M. F. H., Grotto, D., Hernandes, L. C., Antunes, L. M. G., & Barbosa Jr, F. (2016). Protective effects of niacin against methylmercury-induced genotoxicity and alterations in antioxidant status in rats. Journal of Toxicology and Environmental Health, Part A, 79(4), 174–183.
Tsydenova, O. (2009). Environmental and Human Health Risks Associated with the End-of-Life Treatment of Electrical and Electronic Equipment. https://www.researchgate.net/publication/281368370
Xu, L., Huo, X., Liu, Y., Zhang, Y., Qin, Q., & Xu, X. (2020). Hearing loss risk and DNA methylation signatures in preschool children following lead and cadmium exposure from an electronic waste recycling area. Chemosphere, 246, 125829. https://doi.org/https://doi.org/10.1016/j.chemosphere.2020.125829
 



