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ABSTRACT
This study examined the haematological profiles and oxidative stress biomarkers among welders occupationally exposed to heavy metals in Bauchi State, Nigeria. Venous blood samples were collected from exposed welders and matched non-exposed controls. Heavy metals such as lead (Pb), cadmium (Cd), and mercury (Hg) were quantified using Atomic Absorption Spectrophotometry (AAS). Malondialdehyde (MDA) and superoxide dismutase (SOD) were measured as oxidative stress indicators. Results revealed significantly higher concentrations of Pb, Cd, and Hg in welders compared with controls. Welders also showed decreased haemoglobin and red blood cell counts, increased white blood cell counts, elevated MDA, and reduced SOD activity. These findings indicate that occupational exposure to welding fumes may cause oxidative stress and haematological alterations. Routine medical monitoring, improved protective equipment, and occupational health awareness are recommended for welders to minimize heavy metal exposure and associated health risks.
Keywords: Haematological parameters, oxidative stress, heavy metals, welders, AAS, MDA, SOD.
INTRODUCTION
Welding is a common industrial and artisanal practice that plays a vital role in construction, automobile repair, manufacturing, and metal fabrication. However, welding fumes contain mixtures of fine particulate matter and toxic heavy metals such as lead (Pb), cadmium (Cd), and mercury (Hg), which pose serious health hazards to workers. Prolonged inhalation of these fumes results in systemic absorption of metals that are capable of disrupting hematopoietic function and inducing oxidative stress.
Heavy metals have been reported to interfere with the structure and function of red and white blood cells, suppress hemoglobin synthesis, and trigger the overproduction of reactive oxygen species (ROS). These alterations compromise oxygen transport, immunity, and overall blood health (Jaishankar et al., 2020). Since blood is a sensitive biomarker of toxic insult, hematological and oxidative stress parameters are important indices for assessing the health status of welders.
Occupational exposure to welding fumes is increasingly recognized as a public health issue in developing countries where welding activities are widespread and safety regulations are poorly enforced. Unlike environmental exposure, welders are directly and repeatedly exposed to concentrated fumes during daily work, often without adequate protective equipment. This increases their risk of developing anemia, immunosuppression, and oxidative damage.
STATEMENT OF THE PROBLEM
Despite the growing number of welders in Nigeria and other developing nations, little attention has been given to monitoring their hematological and oxidative health status. Most studies on heavy metal toxicity have focused on environmental contamination or mining communities, with relatively few addressing welders as an occupationally exposed group.
The specific problems this study seeks to address include:
The extent to which heavy metal exposure from welding alters hematological parameters such as hemoglobin levels, red blood cell (RBC) count, white blood cell (WBC) count, and platelets.
The role of oxidative stress in mediating the hematological effects of heavy metal exposure among welders.
The lack of comparative data on welders versus non-exposed individuals in Bauchi State.
 JUSTIFICATION OF THE STUDY
This research is justified due to its relevance to public health, scientific advancement, regulatory policy, and medical application. Welders, as a vulnerable occupational group, are exposed daily to toxic metal fumes, placing them at risk for hematological and systemic disorders; therefore, monitoring their blood health is essential for early detection and intervention. Scientifically, the study adds valuable data to the field of occupational toxicology by comparing exposed individuals with healthy controls, thereby enhancing understanding of heavy metal toxicity. The findings also have regulatory implications, offering evidence that can support the development of targeted occupational health guidelines aimed at protecting workers in high-risk environments. Medically, the results may inform surveillance programs and promote interventions such as antioxidant supplementation or chelation therapy to mitigate the adverse effects of metal exposure.
 MATERIALS AND METHODS
2.1 Cleaning and Sterilization of Glassware
All glassware used in sample collection and analysis were sterilized using an autoclave and hot air oven to eliminate microbial contamination.
2.2 Study Area
The study was conducted within Bauchi State, Nigeria, where welding is a common occupation. Laboratory analyses were carried out at the Biochemistry and Microbiology Laboratory, Federal Polytechnic Bauchi. Bauchi State lies in the Northeast geopolitical zone of Nigeria between latitude 10°16′30″–10°21′0″ North and longitude 9°48′0″–9°52′30″ East, covering an area of 45,837 km² (Bauchi State Government, n.d.).
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2.3 Research Design
A case-control design was adopted to compare hematological profiles and oxidative stress markers in welders occupationally exposed to heavy metals with those of a control group. The exposed group consisted of welders with at least five years of active practice, while the control group included non-welders with no known history of occupational exposure to heavy metals.
The study incorporated biochemical assays, hematological tests, and statistical analysis. Descriptive statistics (mean, standard deviation, range) were used to summarize the data. Independent t-tests compared mean values between the two groups, while chi-square tests were used for categorical variables.
2.4 Sample Collection
2.4.1 Inclusion and Exclusion Criteria
Inclusion criteria: Male and female welders aged 18–60 years, with ≥5 years of welding experience. Controls were age- and sex-matched non-welders without occupational exposure.
Exclusion criteria: Pregnant women, children, individuals with pre-existing hematological disorders, and those on chelation or antioxidant therapy.
2.4.2 Sample Size Determination
Using Cochran�s formula for prevalence studies with an assumed prevalence of 30% and a 95% confidence level, a total of ten participants were recruited: five welders (exposed) and five controls.
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2.4.3 Ethical Considerations
The study followed the guidelines of the World Medical Association Declaration of Helsinki (2019). Participants were informed of the study�s purpose, risks, and benefits. Written informed consent was obtained before sample collection. Ethical clearance was granted by the institutional ethics review board.
2.4.4 Blood Sample Collection and Processing
2.4.5 Collection of Blood Samples
5 mL of venous blood was collected from each participant using sterile syringes. Blood was divided into:
EDTA tubes for hematological analysis
Plain tubes for serum biochemical assays
Samples were transported in ice-cooled containers at 4°C to the laboratory (Chen et al., 2022).
2.4.6 Blood Fractionation
Whole blood samples were centrifuged at 3,000 rpm for 10 minutes to separate plasma, buffy coat, and erythrocytes. Plasma was used for oxidative stress and heavy metal analyses.
2.4.7 Heavy Metal Analysis
Heavy metals (Pb, Cd, Hg) in plasma samples were quantified using Atomic Absorption Spectrophotometry (AAS).
1. Sample Digestion: Plasma was digested with concentrated nitric acid and perchloric acid on a hot plate until clear.
2. Filtration and Dilution: The digested sample was filtered and diluted to 50 mL with deionized water.
3. Spectrophotometric Analysis: Samples were analyzed using AAS at specific wavelengths for Pb (~283.3 nm), Cd (~228.8 nm), and Hg (~253.7 nm). Calibration curves were prepared from standard solutions (Jaishankar et al., 2020).
2.4.8 Hematological Analysis
A Full Blood Count (FBC) was performed using an automated hematology analyzer to determine:
Hemoglobin concentration (Hb), Red Blood Cell Count (RBC), White Blood Cell Count (WBC), Platelet Count (PLT) Values were compared between welders and controls.
2.4.9 Oxidative Stress and Biomarker Analysis
2.5 Malondialdehyde (MDA) � Lipid Peroxidation
MDA levels were determined using the Thiobarbituric Acid Reactive Substances (TBARS) assay. The absorbance was read at 532 nm, and results expressed as nmol/mL plasma (Guzzi and La Porta, 2020).
2.5.1 Superoxide Dismutase (SOD) Activity
SOD activity was determined by the pyrogallol autooxidation method. Absorbance was read at 420 nm, and activity expressed in units/mL (Bolan et al., 2021).
2.5.2 Statistical Analysis
Data were analyzed using SPSS Version 25. Results were presented as mean ± standard deviation (SD).
Independent t-test: Used to compare exposed welders with controls.
ANOVA: Used where variations in heavy metal levels required multi-comparison.
p-value < 0.05: Considered statistically significant.
 RESULTS
3.1 Spectrophotometric Analysis Using AAS of Cadmium (Cd)
Table I Shows, cadmium (Cd) concentrations obtained through atomic absorption spectroscopy ranged from 0.024 mg/L to 0.448 mg/L across the analyzed samples. Absorbance values recorded during analysis varied from 0.000 to 0.045, reflecting varying optical densities based on cadmium content. The standard deviation (SD) values ranged between 0.004 and 0.078, indicating the degree of spread from the mean in each measurement series.
The Relative Standard Deviation (RSD) values ranged from 86.79 % to 145.4 %, indicating a high level of variability. Sample 0004 showed the highest concentration (0.448 mg/L) and the highest absorbance (0.045), with an SD of 0.078 and RSD of 113.2 %, indicating high cadmium presence but low precision. In contrast, Sample 0003 presented a concentration of 0.075 mg/L with an absorbance of 0.000. 
3.2 Spectrophotometric Analysis Using AAS of Lead (Pb)
Table II shows, the Atomic Absorption Spectroscopy (AAS) analysis for lead (Pb) revealed concentrations ranging from 0.003 mg/L to 0.059 mg/L. The corresponding absorbance (AA-BG) values fell between 0.000 and 0.009, while standard deviation (SD) values ranged from 0.000 to 0.009. The relative standard deviation (RSD) spanned a wide range, from 0.00% to 168.1%, indicating varying levels of precision across the samples.
In the exposed group, Sample 0001 recorded a concentration of 0.009 mg/L with an absorbance of 0.009 and an SD of 0.000, resulting in an RSD of 0.00%. Sample 0003 showed a concentration of 0.043 mg/L with an absorbance of 0.004, SD of 0.001, and the highest RSD value of 168.1%, flagging it as highly extreme. Other exposed samples such as 0002, 0004, and 0005 had concentrations between 0.032 mg/L and 0.059 mg/L, with absorbance values between 0.003 and 0.006, and RSD values above 86%. 
In the controlled group, lead concentrations ranged from 0.003 mg/L to 0.052 mg/L, with absorbance values of 0.000 to 0.005. Samples 0001 and 0002 had the lowest concentrations (0.003 mg/L) and zero absorbance, while Sample 0004 recorded the highest concentration in this group (0.052 mg/L) and the highest SD (0.009). RSD across most controlled samples remained high at 113.2%.. Sample 0005 had a moderate concentration of 0.008 mg/L, absorbance of 0.001, and RSD of 86.61%, consistent with the trend of variability.
The blank sample (BK) showed zero concentration, zero absorbance, and zero standard deviation, confirming that the analytical process was free from contamination and baseline interference.
3.3 Spectrophotometric Analysis Using AAS of Mercury (Hg)
Table III Shows, Mercury concentrations across all samples ranged from 0.008 mg/L to 0.046 mg/L. The absorbance values varied between 0.000 and 0.005, while the background readings were generally low, between 0.000 and 0.002, indicating minimal interference during measurement. The standard deviation (SD) values were within the range of 0.001 to 0.009, and the relative standard deviation (RSD) values were mostly above 170 %, with the exception of one sample that showed a relatively lower RSD of 96.17 %.
In the exposed group, Sample 0002 recorded the highest mercury concentration (0.046 mg/L), with a moderate absorbance and the highest SD. Other samples within the exposed group also presented detectable levels of mercury, ranging from 0.018 to 0.039 mg/L, and their absorbance values corresponded proportionally to the concentration levels. Sample 0003 displayed a relatively higher absorbance (0.005) with a concentration of 0.039 mg/L, indicating notable presence of the metal.
For the controlled group, mercury was also detected in all samples, though at generally lower concentrations. Sample 0002 recorded the highest mercury level in this group (0.026 mg/L), while Samples 0001, 0004, and 0005 each recorded 0.010 mg/L. Sample 0004 stood out with a better precision, having the lowest RSD (96.17%), indicating consistency in repeated measurements.
The blank sample confirmed the absence of mercury, with zero concentration, zero absorbance, and zero background, validating the integrity of the analysis and the cleanliness of the working environment.
3.4 Hematology Analysis 
Table IV shows, the hematological analysis revealed that the exposed group had significantly altered blood profiles when compared to the control group. Hemoglobin levels in the exposed individuals were consistently lower, ranging from 8.9 to 11.2 g/dL, indicating mild to severe anemia, while the control group maintained normal hemoglobin levels above 13.5 g/dL. Red blood cell (RBC) counts were also reduced among the exposed samples, with values between 3.40 and 4.10 ×10⁶/µL, in contrast to higher counts in the control group ranging from 4.85 to 5.20 ×10⁶/µL. White blood cell (WBC) counts were elevated in the exposed group, suggesting possible immune response or inflammation, with values reaching up to 12.0 ×10³/µL. Platelet counts were also lower in the exposed group, pointing toward potential bone marrow suppression or toxic effect on thrombopoiesis. In contrast, the control group showed normal hematological parameters across all individuals.
3.5 Oxidative Stress Biomarkers � MDA and SOD in Exposed vs Controlled      Groups
Table V shows, the oxidative stress biomarker results showed that malondialdehyde (MDA) levels, a marker of lipid peroxidation, were significantly higher in the exposed group compared to the control. The MDA concentrations in the exposed group ranged from 6.2 to 8.1 nmol/mL, indicating elevated oxidative damage, while the control group recorded much lower values between 2.8 and 3.3 nmol/mL. Superoxide dismutase (SOD) activity, an indicator of antioxidant defense, was markedly reduced in the exposed samples, ranging from 1.6 to 2.1 U/mL. In contrast, the control group exhibited higher SOD activity, between 3.6 and 4.1 U/mL. This inverse relationship between high MDA and low SOD in the exposed group confirmed a state of oxidative stress likely induced by toxic exposure.

3.6 Statistical Analysis
Table VI shows, the statistical analysis confirmed that the differences observed between the exposed and control groups were statistically significant. The exposed group had significantly lower hemoglobin and RBC counts (p < 0.001), affirming the presence of anemia. Platelet counts were also significantly reduced (p < 0.001), supporting the suspicion of hematotoxicity. Conversely, the WBC counts were significantly elevated (p < 0.01), which may have indicated a stress or immune response. The levels of MDA were significantly higher (p < 0.001), while SOD activity was notably lower (p < 0.001) in the exposed group compared to the control, confirming the presence of oxidative stress. These findings collectively demonstrated that the exposed individuals experienced hematological disruptions and oxidative imbalance likely resulting from environmental or occupational toxicant exposure.
Table I: Cadmium (Cd) Concentrations in Exposed vs Controlled Samples
	Group 
	Sample ID 
	Concentration
 (mg/L)
	Absorbance
(AA-BG)
	Standard Deviation (SD)
	Relative SD (RSD %)
	Status/Observation

	Exposed 
	0001
	0.130
	0.013
	0.013
	96.40
	High variability 

	
	0002
	0.103
	0.010
	0.015
	145.40
	Flagged: High RSD

	
	0003
	0.245
	0.025
	0.021
	86.79
	Elevated Cd

	
	0004
	0.448
	0.045
	0.078
	113.20
	Highest Cd

	
	0005
	0.041
	0.004
	0.007
	113.20
	

	Controlled
	0001
	0.054
	0.005
	0.009
	113.20
	

	
	0002
	0.028
	0.003
	0.005
	113.20
	Near LOD

	
	0003
	0.075
	0.000
	0.013
	113.20
	Anomaly: Zero Absorbance

	
	0004
	0.024
	0.002
	0.004
	113.20
	Lowest Cd

	
	0005
	0.055
	0.006
	0.010
	113.20
	

	Blank 
	BK
	0.000
	0.000
	0.000 
	-
	Valid Baseline 


Key
Cd � Cadmium
mg/L � Milligrams per Litre
AA-BG � Atomic Absorbance with Background correction
SD � Standard Deviation
RSD (%) � Relative Standard Deviation (percentage)
LOD � Limit of Detection
BK � Blank (baseline/control sample)
Table II: Lead (Pb) Concentrations in Exposed vs Controlled Samples
	Group 
	Sample ID 
	Concentration
 (mg/L)
	Absorbance
(AA-BG)
	Standard Deviation (SD)
	Relative SD (RSD %)
	Status/Observation

	Exposed 
	0001
	0.009
	0.009
	0.000
	0.00
	

	
	0002
	0.059
	0.006
	0.005
	86.60
	

	
	0003
	0.043
	0.004
	0.001
	168.1
	Flagged: Extreme RSD

	
	0004
	0.059
	0.006
	0.005
	86.76
	

	
	0005
	0.032
	0.003
	0.003
	87.38
	

	Controlled
	0001
	0.003
	0.000
	0.001
	113.2
	Near LOD

	
	0002
	0.003
	0.000
	0.001
	113.2
	Near LOD

	
	0003
	0.019
	0.002
	0.003
	113.2
	

	
	0004
	0.052
	0.005
	0.009
	113.2
	Highest in controls

	
	0005
	0.008
	0.001
	0.001
	86.61
	

	Blank 
	BK
	0.000
	0.000
	0.000 
	-
	Valid Baseline 


Key
Pb � Lead
AA-BG � Atomic Absorbance with Background correction
SD � Standard Deviation
RSD (%) � Relative Standard Deviation (percentage)
LOD � Limit of Detection
BK � Blank (baseline/control sample)
Table III: Mercury (Hg) Concentrations in Exposed vs Controlled Samples
	Group 
	Sample ID 
	Concentration
 (mg/L)
	Absorbance
(AA-BG)
	Standard Deviation (SD)
	Relative SD (RSD %)
	Status/Observation

	Exposed 
	0001
	0.018
	0.000
	0.003
	173.2
	high variability

	
	0002
	0.046
	0.003
	0.009
	173.2
	Highest Hg exposed 

	
	0003
	0.039
	0.005
	0.009
	173.2
	High variability

	
	0004
	0.036
	0.004
	0.007
	173.2
	moderate Hg

	
	0005
	0.035
	0.003
	0.006
	173.2
	Moderate value

	Controlled
	0001
	0.010
	0.001
	0.002
	173.2
	Trace Hg 

	
	0002
	0.026
	0.003
	0.005
	173.2
	Elevated trace

	
	0003
	0.008
	0.002
	0.004
	173.2
	high RSD

	
	0004
	0.010
	0.001
	0.001
	96.17
	

	
	0005
	0.010
	0.001
	0.002
	173.2
	Consistent trace

	Blank 
	BK
	0.000
	0.000
	0.000 
	-
	Valid Baseline 


Key

Hg � Mercury
mg/L – Milligrams per Litre
AA-BG – Atomic Absorbance with Background correction
SD – Standard Deviation
RSD (%) – Relative Standard Deviation 
Table IV: Hematological Parameters in Exposed vs Controlled Groups
	Group 
	Sample ID
	Hemoglobin (g/dL)
	RBC (×10⁶/µL)
	WBC (×103/µL)
	Platelets
(x103/µL) 
	Observation 

	Exposed
	0001
	11.2
	4.10
	8.90
	160
	Mild Anemia 

	
	0002
	10.5
	3.95
	10.20
	145
	Low Hb, hoghWBC

	
	0003
	9.8
	3.80
	11.50
	138
	Anemia, leukocytes 

	
	0004
	8.9
	3.40
	12.00
	130
	Severe anemia 

	
	0005
	10.2
	3.75
	9.80
	142
	Borderline low Hb

	Controlled
	0001
	13.8
	4.90
	6.50
	210
	Normal range

	
	0002
	14.0
	5.10
	6.20
	220
	Normal range

	
	0003
	13.5
	4.85
	6.70
	215
	Normal range

	
	0004
	14.2
	5.20
	6.10
	225
	Normal range

	
	0005
	13.7
	4.95
	6.40
	218
	Normal range 


Key
RBC � Red Blood Cell Count
WBC � White Blood Cell Count
PLT � Platelet Count
Table V: Oxidative Stress Biomarkers � MDA and SOD in Exposed vs Controlled      Groups
	Group 
	Sample ID
	MDA(nmop/mL)
	SOD Activity (U/mL)
	Observation 

	Exposed
	0001
	6.2
	2.1
	Elevated lipid peroxidation, lowSOD

	
	0002
	7.5
	1.8
	High oxidative stress

	
	0003
	6.8
	1.9
	Lipid peroxidation with SOD reduction

	
	0004
	8.1
	1.6
	Highest MDA, severe oxidative stress

	
	0005
	7.2
	1.7
	Consistent oxidative imbalance

	Controlled
	0001
	3.1
	3.8
	Baseline MDA, normal SOD

	
	0002
	2.8
	4.1
	Low oxidative stress

	
	0003
	3.3
	3.7
	Normal SOD, slight lipid activity

	
	0004
	3.0
	3.9
	Consistent with low stress

	
	0005
	3.2
	3.6
	Low MDA, balanced antioxidant defense 


Key
MDA � Malondialdehyde
SOD � Superoxide Dismutase
nmol/mL � Nanomoles per Millilitre
U/mL – Units per Millilitre
Table VI: Summary of Statistical Analysis
	Parameters 
	Mean
(Exposed)
	Mean
(Controlled)
	p-value 
	Significance 

	Hemoglobin (g/dL)
	10.12 ± 0.94
	13.84 ± 0.26
	p < 0.001
	Significantly decreased

	RBC (×10⁶/µL)
	3.80 ± 0.27
	5.00 ± 0.16
	p < 0.001
	Significantly decreased

	WBC (×103/µL)
	10.08 ± 1.21
	6.38 ± 0.21
	p < 0.01
	Significantly increased

	Platelet (×103/µL)
	143.0 ± 10.4
	217.6 ± 5.1
	p < 0.001
	Markedly reduced

	MDA (nmol/mL)
	7.16 ± 0.70
	3.08 ± 0.17
	p < 0.001
	Elevated oxidative damage

	SOD (U/mL)
	1..82 ± 0.19
	217.6 ± 5.1
	p < 0.001
	Decreased antioxidant capacity 


Key
Mean ± SD � Average value ± Standard Deviation
p-value � Probability Value (for statistical significance)
4..1 Discussion
Cadmium (Cd) Concentrations
Table I shows, the concentration of cadmium obtained using AAS. The values ranged from 0.02 mg/L to 0.448 mg/L across all analyzed samples (exposed and non-exposed). 
Sample 0004 showed evaluated values of 0.448 mg/L exceeding other values measured when compared to the levels of cadmium in non-exposed individuals. Jarup and Akesson (2009), who noted increased cadmium accumulation in populations near industrial sites, often associated with hematotoxic and nephrotoxic outcomes. Similarly, studies by Nawrot et al. (2010) emphasized that even low-level environmental cadmium exposure can result in systemic toxicity due to bioaccumulation.
Lead (Pb) Concentrations
Table II presents the concentrations of lead obtained from the analyzed samples. The exposed group recorded values ranging from 0.009 to 0.059 mg/L, with notable variability observed in Sample 0003, which exhibited the highest relative standard deviation (RSD) of 168.1%. This wide variation may suggest low precision at trace concentration levels or possible heterogeneity in sample composition. The control samples also contained detectable levels of lead, though these were consistently lower than in the exposed group. These findings align with the reports of Needleman (2004) and Flora et al. (2012), who documented measurable blood lead levels even among non-exposed populations due to the metal�s pervasive environmental distribution. Despite the relatively low concentrations observed, the toxicological relevance of lead remains critical, as chronic low-dose exposure is known to adversely affect both hematopoietic and nervous systems.
Mercury (Hg) Concentrations
Table III shows the mercury concentrations measured across all samples. In the exposed group, mercury levels ranged from 0.018 to 0.046 mg/L, with Sample 0002 recording the highest concentration. Although absorbance readings were low, the elevated RSDs (mostly above 170%) indicate possible analytical variation or volatilization of mercury compounds during analysis. Control samples also exhibited measurable but lower mercury levels, suggesting low-level environmental exposure. Comparable findings were reported by Clarkson and Magos (2006), who observed mercury presence even in non-occupationally exposed populations, often linked to dietary intake or industrial effluents. The persistence and bioavailability reflected in the current data are consistent with observations by Bjørklund et al. (2017), who highlighted that chronic mercury exposure may occur through cumulative environmental pathways.
Hematological Alterations
Table IV summarizes the hematological indices of both exposed and control participants. The data reveal that exposed individuals had reduced hemoglobin concentration, red blood cell (RBC), and platelet counts, indicating potential anemia and thrombocytopenia. Conversely, elevated white blood cell (WBC) counts suggest an immunological or inflammatory response to metal-induced stress. These patterns are comparable to the findings of Satarug et al. (2003), who reported that chronic heavy metal exposure disrupts hematopoiesis and reduces RBC lifespan. Furthermore, Iavicoli et al. (2009) documented similar hematological impairments in populations exposed to low-level cadmium and lead, supporting the present observations that both metals interfere with erythropoietic activity and overall hematologic stability.
Oxidative Stress Indicators (MDA and SOD)
Table V details the oxidative stress biomarkers in both groups. The exposed group demonstrated significantly elevated malondialdehyde (MDA) levels, indicating enhanced lipid peroxidation, while superoxide dismutase (SOD) activity was markedly reduced, suggesting weakened antioxidant defense mechanisms. This pattern reflects an oxidative imbalance, a hallmark of heavy metal toxicity. Comparable outcomes have been reported by Valko et al. (2005), who described how metals such as lead, cadmium, and mercury catalyze free radical generation and disrupt antioxidant enzymes. Patra et al. (2011) further confirmed these associations, showing similar increases in MDA and declines in SOD among workers exposed to heavy metals, reinforcing oxidative stress as a key pathophysiological mechanism.
Statistical Confirmation of Toxic Effects
Statistical analysis validated the biological significance of the observed alterations between exposed and control groups. Reductions in hemoglobin, RBC, and platelet counts were statistically significant (p < 0.001), confirming hematotoxic effects. Similarly, elevated WBC counts (p < 0.01) reflected systemic inflammatory responses, while high MDA and reduced SOD levels (both p < 0.001) substantiated oxidative stress involvement. These findings corroborate the mechanistic insights presented by Jomova and Valko (2011), who explained that heavy metals promote oxidative damage through Fenton-type reactions, lipid peroxidation, and depletion of antioxidant reserves. Collectively, the current data affirm the dual manifestation of hematological impairment and oxidative stress as primary indicators of heavy metal toxicity.
CONCLUSION AND RECOMMENDATION 
This study comparatively assessed the hematological profiles and oxidative stress status of welders occupationally exposed to heavy metals against non-exposed controls in Bauchi State. The findings revealed significant hematological and biochemical alterations among welders. Hemoglobin concentration, red blood cell count, and platelet count were markedly reduced in welders, pointing toward anemia and possible suppression of hematopoiesis. In contrast, white blood cell counts were elevated, suggesting an immune or inflammatory response to chronic exposure.
Furthermore, welders exhibited significantly higher malondialdehyde (MDA) levels alongside reduced superoxide dismutase (SOD) activity, indicating increased oxidative stress and impaired antioxidant defense mechanisms. These alterations are consistent with the toxic effects of heavy metals such as lead, cadmium, and mercury, which were detected at elevated levels in welders� blood.
Lastly, the study demonstrates that welders face substantial occupational health risks arising from chronic exposure to welding fumes. The observed hematological abnormalities and oxidative imbalance highlight the need for routine health monitoring, preventive measures, and improved workplace safety practices.
Welders should undergo regular medical examinations, including hematological and oxidative stress biomarker assessments, to ensure early detection and management of toxic effects.
Consistent use of protective masks, welding helmets with respirators, gloves, and overalls should be enforced to reduce direct inhalation and skin contact with welding fumes.
Welders should be sensitized on the health risks associated with welding fumes and trained on proper safety practices. Public health campaigns can reinforce compliance.
Diets rich in antioxidants (vitamins C and E, selenium, and polyphenols) should be encouraged among welders to counteract oxidative stress.
Larger-scale longitudinal studies should be conducted to evaluate the chronic effects of welding fume exposure on hematological and oxidative parameters, and to develop effective intervention strategies.
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