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Evaluation of Iron Levels, Lead Concentration and Selected Haematological Parameters among Blood Donors in a Tertiary Healthcare Centre in Ibadan, Oyo State
 
Abstract
Introduction: Repeated blood donation may reduce iron stores and increase lead exposure, yet their combined hematological effects remain understudied; this study evaluates these relationships among donors to inform evidence-based donor safety and monitoring.
Aim and Objectives: To determine serum iron and blood lead concentrations, describe hematological indices including hemoglobin, packed cell volume, red blood cells, white blood cells, mean corpuscular volume, and mean corpuscular hemoglobin, and evaluate correlations between iron/lead and hematological parameters.
Materials and Methods: A cross-sectional study of 175 consenting blood donors was conducted at University College Hospital. Approximately 10 milliliters of venous blood was collected; serum iron was measured using a ferrozine-based colorimetric method (TECO Diagnostics, Anaheim, California, USA), and blood lead was determined by atomic absorption spectrometry. Complete blood counts were performed using a Sysmex XN-1000 automated hematology analyzer. Data analysis utilized Statistical Package for the Social Sciences version 20, including t-tests, analysis of variance, and Pearson correlation, with statistical significance set at p < 0.05. Ethical approval and informed consent were obtained.
Results: Mean blood lead concentrations were 7.7 ± 4.7 micrograms per deciliter in occasional donors and 9.5 ± 4.0 micrograms per deciliter in frequent donors (p = 0.143). Mean serum iron was 111.9 ± 24.9 micrograms per deciliter in occasional donors and 104.1 ± 20.8 micrograms per deciliter in frequent donors (p = 0.204). Hematological parameters (hemoglobin, packed cell volume, red blood cells, white blood cells, mean corpuscular volume, mean corpuscular hemoglobin) were within normal clinical ranges, with no significant differences between occasional and frequent donors. Pearson correlations showed no significant relationships between blood lead or serum iron and hematological indices (all p > 0.05). A slight trend toward lower serum iron in frequent donors was observed but was not statistically significant.
Conclusion: Voluntary blood donation at University College Hospital was not associated with toxic blood lead accumulation or clinically significant hematological impairment. However, trends toward lower serum iron in frequent donors highlight the importance of routine monitoring of iron status, dietary counseling, and donor education to protect donor health.
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1.0 Introduction
Blood donation is essential to safe clinical care worldwide, but donor welfare must be protected alongside recipient safety (Societies, 2010). Repeated phlebotomy removes iron — an essential micronutrient for erythropoiesis — and can precipitate iron deficiency if losses are not replenished (Mast et al., 2016). Conversely, environmental or occupational exposure to heavy metals such as lead remains a public health concern in many low- and middle-income countries; lead interferes with heme biosynthesis and other biological pathways, and even subclinical exposure can have adverse effects. Assessing iron stores and lead burden in donors therefore addresses a dual objective: preserving donor health and ensuring transfusion safety (Słota et al., 2021; Spencer & Mast, 2022).
Iron deficiency in donors is frequently subclinical and may not be detected by haemoglobin screening alone. Serum iron is a readily available biochemical marker (though ferritin is a more sensitive measure of iron stores), while complete blood count (CBC) indices can reveal functional consequences of iron depletion (Iriarte‐Gahete et al., 2024). Lead exposure is detected by measuring blood lead concentration (AAS is a widely used method), and elevated levels can perturb red cell indices by inhibiting enzymes (ALAD, ferrochelatase) in the heme pathway. The interaction between iron status and lead absorption is biologically plausible: low iron status can increase intestinal lead uptake. Thus, concurrent assessment of iron and lead, with correlation to standard haematological indices, provides a comprehensive appraisal of donor hematologic health and potential environmental risks (Ramos, 2021).
In Nigeria and similar settings, routine donor screening commonly relies on haemoglobin or hematocrit thresholds; tests for micronutrients and toxic metals are not standard. There is therefore a need for local data to inform policy on donor monitoring, inter-donation intervals and targeted interventions (e.g., iron supplementation, dietary counselling) (Balogun et al., 2023; Nwabuko, 2021). This study sets out to fill that gap by evaluating serum iron, blood lead and selected haematological parameters among voluntary donors at University College Hospital, Ibadan. The study also explores whether donation frequency is associated with measurable differences in these markers.







2. Materials and Methods 
2.1 Study design and setting
This was a descriptive cross-sectional study conducted at the University College Hospital (UCH), Ibadan — a tertiary care and referral centre in Oyo State, South-West Nigeria. The study assessed donors at a single time point to determine concentrations of serum iron and blood lead, and to measure routine hematological parameters. 
2.2 Study population
The study population comprised consenting voluntary blood donors who presented to UCH blood transfusion services during the study period. Donors were categorized for comparative analyses; participant socio-demographic data (age, sex, occupation, education, lifestyle exposures) were collected via a structured questionnaire. A total of 175 donors participated. 
2.3 Inclusion and exclusion criteria
Inclusion criteria were: voluntary donors aged 18–65 years, haemotocrit/PCV above 40% (institutional eligibility), weight >50 kg, negative for transfusion-transmissible infections, and who provided informed consent. Exclusion criteria were: age <18 or >65, PCV <40%, positive screening for transfusion-transmissible infections, weight <50 kg or refusal to consent. These criteria align with local donor selection policies. 
2.4 Sample size determination
Sample size was determined using Taro Yamane’s formula for prevalence studies, incorporating an estimated prevalence (p) of 12% and a precision (d) of 5% (Arya et al., 2012). The calculation yielded n ≈ 174 (reported N = 173.52), and the final enrolled sample was 175 donors to ensure adequate power for comparisons. The sample size rationale considered variability in haematological parameters from prior studies and the need to detect clinically meaningful differences between donor groups (Mast et al., 2016). 


Sample size 
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Where: n= sample size 
Z2= normal standard deviation at 95% confidence interval = 1.962= 3.8416 
p= prevalence rate= 12.0% = 0.12. 
q= 1-p= 1- 0.059 = 0.941 
d= precision (allowable error) = 0.052= 0.0025
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N= 173.52
2.5 Sample collection and laboratory analysis
Blood collection
Approximately 10 mL of venous blood was collected from each participant following standard aseptic phlebotomy. Samples for serum analysis (iron and lead) were collected into appropriate tubes, specifically trace-element–free heparinized tubes, while ethylenediaminetetraacetic acid (EDTA) tubes were used for complete blood count (CBC) analysis.
Heparinized tubes were selected for trace element and heavy-metal estimation because heparin provides effective anticoagulation without chelating metal ions or introducing contaminating metals that could distort analytical results. This preserves iron and lead in their native form and ensures accurate quantification, in line with standard trace-element analytical techniques.
Samples were gently mixed and processed promptly, with serum/plasma separated by centrifugation within two hours of collection to prevent degradation and minimize pre-analytical variability prior to laboratory analysis.
Measurement of serum iron
Serum iron concentration was determined using a ferrozine-based colorimetric assay (TECO Diagnostics Iron/TIBC reagent set). In this method, serum is acidified to release transferrin-bound iron, and ferric iron (Fe³⁺) is reduced to ferrous iron (Fe²⁺). The Fe²⁺ then reacts with ferrozine to form a stable colored complex, the intensity of which was quantified, consistent with standard colorimetric analytical principles. Reference ranges applied were 65–176 µg/dL for men and 50–170 µg/dL for women, and all procedures were performed strictly in accordance with the manufacturer’s standard operating instructions.
Measurement of blood lead
Whole blood lead concentration was determined by Atomic Absorption Spectrometry (AAS) following established laboratory procedures. The AAS method using a lead hollow-cathode lamp measures absorption at lead-specific wavelengths; absorbance is proportional to lead concentration. Reference categories adopted in the thesis were: normal <5 µg/dL; elevated 5–9 µg/dL; high 10–19 µg/dL; very high ≥20 µg/dL (Andersen et al., 2023). 

Haematological parameters
CBC parameters (hemoglobin, packed cell volume/hematocrit, RBC, WBC, MCV, MCH, platelet count) were measured using a Sysmex XN-1000 haematology analyzer according to manufacturer protocols. Results were interpreted against established clinical reference ranges. 
2.6 Data management and statistical analysis
Data were recorded using structured forms and analyzed with SPSS version 20 (IBM). Continuous variables were summarized as means ± standard deviation, and categorical variables as counts and percentages. Comparisons between occasional and frequent donors used Student’s t-test for continuous data and chi-square test for categorical data, while ANOVA was applied for multi-group comparisons. Pearson correlation assessed relationships between serum iron, blood lead, and hematological indices. Statistical significance was considered at p < 0.05, with results reported as means, standard deviations, and p-values.
2.7 Ethical considerations
Ethical approval for this study was obtained from the Ethical Review Committee of the Ministry of Health, Department of Planning, Research and Statistics Division, Secretariat, Ibadan (NHREC/OYOSHRIEC/6/1/25). Permission to access the blood transfusion services was granted by the Head of Department, Blood Transfusion Services, University College Hospital, Ibadan. All participants provided informed consent; participation was voluntary, and confidentiality was ensured through coded data and secure storage. The informed consent form and ethical approval documents are included in the thesis appendices.
2.8 Limitations
This cross-sectional, single-center study has several limitations. First, cross-sectional design limits temporal or causal inference (e.g., direct effect of donation frequency on iron stores cannot be established without longitudinal follow-up). Second, serum ferritin — a more sensitive marker of iron stores — was not measured; reliance on serum iron can under- or overestimate iron status in certain physiologic or inflammatory states. Third, purposive sampling at a tertiary hospital may limit generalizability to other donor populations. Fourth, environmental exposure sources were assessed by occupation and questionnaire rather than direct environmental measures; thus, unmeasured confounding from diet, recent exposures or concurrent illnesses is possible. Finally, the study did not include post-donation follow-up to measure acute changes after phlebotomy. These limitations are important when interpreting the absence of strong associations between lead/iron and hematological indices. 











Results 
	 
Table 1: Demographic Information of the Study Participants
	Variables 
	
	Occasional Blood Donor 
	Frequent Blood donor 

	 
	 
	N 
	% 
	N 
	% 

	Age group 
	18-29 
	35 
	81.4 
	8 
	18.6 

	 
	30-39 
	56 
	98.2 
	1 
	1.8 

	 
	40-49 
	34 
	85.0 
	6 
	15.0 

	 
	≥50 
	32 
	91.4 
	3 
	8.6 

	Sex 
	Male 
	113 
	88.3 
	15 
	11.7 

	 
	Female 
	44 
	93.6 
	3 
	6.4 

	Marital Status 
	Single 
	89 
	89.9 
	10 
	10.1 

	 
	Married 
	57 
	87.7 
	8 
	12.3 

	 
	Divorced 
	6 
	100.0 
	0 
	0 

	 
	Widowed 
	5 
	100.0 
	0 
	0 

	Occupation 
	Artisan 
	32 
	84.2 
	6 
	15.8 

	 
	Civil 
Servant 
	30 
	96.8 
	1 
	3.2 

	 
	Health Worker 
	28 
	87.5 
	4 
	12.5 

	 
	Student 
	30 
	96.8 
	1 
	3.2 

	 
	Trader 
	20 
	90.9 
	2 
	9.1 

	 
	Unemployed 
	17 
	81.0 
	4 
	19.0 

	Educational Level 
	Primary 
	19 
	95.0 
	1 
	5.0 

	 
	Secondary 
	37 
	90.2 
	4 
	9.8 

	 
	Tertiary 
	74 
	86.0 
	12 
	14.0 

	 
	Postgraduate 
	27 
	96.4 
	1 
	3.6 

	Occupational 
Exposure 
	Low 
	89 
	88.1 
	12 
	11.9 

	
	
	
	
	
	

	Risk 
	
	
	
	
	

	 
	Medium 
	50 
	94.3 
	3 
	5.7 

	 
	High 
	18 
	85.7 
	3 
	14.3 

	Traditional Use of Drug 
	Yes 
	119 
	90.2 
	13 
	9.8 

	 
	No 
	38 
	88.4 
	5 
	11.6 

	Alcohol 
	Yes 
	36 
	92.3 
	3 
	7.7 

	 
	No 
	121 
	89.0 
	15 
	11.0 

	Smoking 
	Yes 
	19 
	90.5 
	2 
	9.5 

	 
	No 
	138 
	89.6 
	16 
	10.4 


 
Demographic Characteristics of Blood Donors 
This study included 175 blood donors from University College Hospital, Ibadan. Demographic distribution of the study population based on age group, sex, marital status, occupation, educational level occupational risk exposure, traditional drug use alcohol use and smoking (Table 1). Out of 175 blood donors, the age group 30-39 had the highest participants with 56(98.2%). Males have the highest participant with 113(88.3%) and 15(11.7%) occasional and frequent donors respectively. For marital status, most participants were single 89(89.9%). Artisan showed a relatively higher frequency donations with 32(84.2%) and 6(15.8%). Education levels of participants show tertiary educated individuals were the largest group, with 74(86%) and 12(14.0%) for occasional and frequent donors respectively. Participants with low occupational lead exposure had higher donation rates, accounting for 89 (88.1%) of donations, compared to 12 (11.9%) from those with higher exposure.
Traditional Drug Use, Alcohol, and Smoking: There were no significant differences in donation frequency between users and non-users of traditional drugs, alcohol, or tobacco. 





Table 2: Comparison of mean of blood lead and serum iron levels among blood donors 
	Variables 
	Blood 
(µg/dL) 
Mean±SD
	Lead P-value 
 
	Serum 
(µg/dL) 
Mean±SD 
	Iron P-value 

	Occasional Donors 
	7.7±4.7 
	0.143 
	111.9±24.9 
	0.204 

	Frequent Donors 	9.5±4.0 	 	104.1±20.8 	 


 
Comparison of Blood Lead Concentration and Serum Iron Levels. 
Table 2 shows comparison of lead concentration and serum iron level. The mean blood lead concentration was 7.7 ± 4.7 and 9.5±4.0 µg/dL. Blood lead levels showed no significant difference between occasional and frequent donors, ranging from 1.00 to 22.47 µg/dL.
The mean serum iron level among donors was 111.9 ± 24.9 and 104.1±20.8 µg/dL for occasional and frequent donors respectively, with a range from 50.00 to 179.02 µg/dL. However, these differences are not statistically significant (p > 0.05), suggesting that donation frequency does not significantly affect these values in this population.












 Table 3: Comparison of Hematological Parameters among the Donors 
	Parameter 
	Occasional (Mean 
± SD) 
	Frequent (Mean ± 
SD) 
	P-value 

	Hemoglobin (g/dL) 
	14.5 ± 1.5 
	14.7 ± 1.7 
	0.576 

	PCV (%) 
	43.2 ± 3.8 
	44.2 ± 4.1 
	0.279 

	WBC (x10[image: ]	/L) 
	6.5 ± 1.4 
	6.0 ± 1.6 
	0.143 

	RBC (x10¹²/L) 
	5.1 ± 0.5 
	5.1 ± 0.5 
	0.535 

	MCV (fL) 
	90.2 ± 5.5 
	88.3 ± 5.2 
	0.178 

	MCH (pg) 
	30.1 ± 2.0 
	30.7 ± 1.8 
	0.205 



 Comparison of Hematological Parameters among the Donors. 
Table 3 shows the comparison of hematological parameters among donors. Key hematological parameters for donors shows Hemoglobin (Hb): 14.5 ± 1.5 and 14.7 ± 1.7 g/dL for occasional and frequent donors respectively. Packed Cell Volume (PCV): 43.2 ± 3.8 and 44.2 ± 4.1% for occasional and frequent donors respectively. White Blood Cells (WBC): 6.5 ± 1.4 and 6.0 ± 1.6 ×10/L for occasional and frequent donors respectively. Red Blood Cells (RBC): 5.1 ± 0.5 and 5.1 ± 0.5×10¹²/L for occasional and frequent donors respectively. Mean Corpuscular Volume (MCV): 90.2 ± 5.5 and 88.3 ± 5.2fL for occasional and frequent donors respectively. Mean Corpuscular Hemoglobin (MCH): 30.15± 2.0 and 30.7 ± 1.8pg for occasional and frequent donors respectively.









Table 4: Correlation Between Blood Lead and Serum Iron and Hematological Parameters among Blood Donors. 
	Parameters                    Iron         Lead         Hb       PCV      WBC    RBC   MCV  MCH

	Serum Iron (µg/dL)
	R
	1
	.041
	.018
	.060
	-.012
	.086
	.028
	.123

	
	P
	
	.586
	.814
	.433
	.877
	.260
	.712
	.105

	Blood Lead 
(µg/dL)
	R
	.041
	1
	.074
	.070
	-.090
	.063
	-.057
	.012

	
	R
	.586
	
	.328
	.361
	.234
	.406
	.450
	.876



Correlation Analysis
Table 4 show the correlation between blood lead and serum iron and hematological parameters among the donor participants. There were no significant correlations between blood lead levels and hematological indices. Serum iron also showed no significant correlation with hematological indices. Correlation coefficients (R values) were all close to zero, and p-values were greater than 0.05, indicating no strong relationships. The absence of significant correlations implies that blood lead and serum iron levels have little to no measurable impact on hematological parameters within this donor group.




4. Discussion 
This study evaluated blood lead concentrations, serum iron levels, and hematological parameters among voluntary blood donors at University College Hospital, Ibadan, and compared findings between occasional and frequent donors. The mean blood lead concentrations were 7.7 ± 4.7 µg/dL for occasional donors and 9.5 ± 4.0 µg/dL for frequent donors, with values ranging from 1.00 to 22.47 µg/dL. Despite slightly higher mean lead levels in frequent donors, the difference was not statistically significant (p = 0.143). Similarly, serum iron levels were 111.9 ± 24.9 µg/dL for occasional donors and 104.1 ± 20.8 µg/dL for frequent donors, with no significant difference between the groups (p = 0.204). These results suggest that the frequency of donation does not significantly affect blood lead or serum iron concentrations in this cohort.
Hematological indices, including hemoglobin (14.5 ± 1.5 vs 14.7 ± 1.7 g/dL), packed cell volume (43.2 ± 3.8% vs 44.2 ± 4.1%), white blood cell count (6.5 ± 1.4 ×10⁹/L vs 6.0 ± 1.6 ×10⁹/L), red blood cell count (5.1 ± 0.5 ×10¹²/L in both groups), mean corpuscular volume (90.2 ± 5.5 fL vs 88.3 ± 5.2 fL), and mean corpuscular hemoglobin (30.1 ± 2.0 pg vs 30.7 ± 1.8 pg), were all within normal clinical ranges and did not differ significantly between occasional and frequent donors (p > 0.05 for all parameters).
Correlation analyses further revealed no significant relationships between blood lead or serum iron and hematological indices. Pearson correlation coefficients were generally near zero, with p-values exceeding 0.05, indicating negligible associations between these biochemical markers and routine hematologic measures. These findings suggest that variations in blood lead and serum iron concentrations within the observed ranges do not have measurable impacts on hematological parameters among healthy adult donors.
The results are consistent with prior studies indicating that low-to-moderate blood lead levels, above 5 µg/dL but below classical toxicity thresholds, do not necessarily impair hematologic function in healthy adults (He et al., 2024; Naibkhil et al., 2022; Nwokoro et al., 2023). Population-based surveys in West Africa and other regions similarly report low-to-moderate lead concentrations in donors without clear associations with hemoglobin levels, likely due to homeostatic iron regulation in adults and generally adequate iron stores (Segbefia et al., 2025; Spencer & Mast, 2022). The trend toward slightly lower serum iron in frequent donors is biologically plausible, as repeated whole-blood donations remove measurable amounts of iron; however, the absence of significant differences may reflect adequate iron intake or compensatory mechanisms. The use of serum iron, rather than ferritin or transferrin saturation, may have limited sensitivity for detecting early iron depletion (Kiss, 2014; Sab et al., 2021; Spencer & Mast, 2022).
Occupational patterns indicated higher lead exposure among artisans and other manual workers, suggesting that occupational risk may influence lead burden among donors and highlight the need for targeted education and preventive strategies (Chaurasia et al., 2023). Although mean blood lead concentrations were below thresholds associated with overt hematologic toxicity (e.g., ≥10 µg/dL), continuous exposure and the potential interaction with iron status justify routine public-health vigilance (Disalvo et al., 2023).
In conclusion, the study demonstrates that voluntary blood donation at UCH, Ibadan, does not result in clinically significant hematological impairment or toxic lead accumulation. Nevertheless, trends toward lower serum iron in frequent donors and observed occupational patterns of lead exposure underscore the importance of routine monitoring of iron status, donor education, and consideration of ferritin testing or iron supplementation strategies for frequent donors.

5. Conclusion 
In conclusion, this study suggests that routine blood donation among voluntary donors at University College Hospital, Ibadan is generally safe. There was no indication of hematological impairment or lead-related toxicity within the donor population, highlighting that current donation practices do not pose measurable health risks. These findings support the continued promotion of voluntary blood donation while emphasizing the importance of regular monitoring to ensure donor safety and maintain optimal hematological health.
However, the observed trend of slightly lower serum iron among frequent donors — though not statistically significant — is clinically relevant and consistent with known iron losses from phlebotomy. Given the known risk of progressive iron depletion with repeated donations and the public-health understanding that no level of lead exposure is entirely risk-free, the results support strategies to monitor donor iron status more closely, promote dietary iron intake, and identify donors at elevated risk of environmental lead exposure for further assessment. 

6. Recommendation 
Blood donation services should incorporate routine donor-focused interventions to protect donor health: implement periodic iron-status monitoring (ideally serum ferritin where resources allow), provide targeted education on iron-rich diets and iron supplementation options for frequent donors, and consider extending recommended inter-donation intervals for donors with marginal iron indices. Additionally, occupational and environmental exposure screening should be incorporated into donor questionnaires to flag individuals at risk of elevated heavy-metal burden; those identified should receive counselling and, when indicated, confirmatory testing and public health follow-up. Finally, multicentre longitudinal studies including ferritin and post-donation follow-up are recommended to refine donor care policies and to ensure sustainable, safe blood supplies. 

8. Declaration 
Ethics: Ethical approval was obtained from the Ethical Review Committee of the Ministry of Health, Department of Planning, Research and Statistics Division, Secretariat, Ibadan, and informed consent was obtained from all participants. Data are stored securely and reported in aggregate to preserve confidentiality. 
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