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ABSTRACT 
 
ABSTRACT 
Background 
The Niger Delta region of Nigeria has been plagued by decades of environmental pollution due to oil exploration and exploitation activities, as well as illegal artisanal oil refining. This has led to increased levels of heavy metals, including lead, in the soil, water, and air. Blood donors in this region may have elevated blood lead levels, posing a risk to recipients of their blood. This study aimed to determine the blood lead levels in blood donors at the University of Port Harcourt Teaching Hospital. 
Methodology 
A cross-sectional study was conducted among 246 male blood donors in the University of Port Harcourt Teaching Hospital using systematic random sampling. The blood samples were analyzed for lead using atomic spectrophotometry. A structured questionnaire was used to obtain socio-demographic data of the study participants. Descriptive and inferential statistics were employed to analyze the data. 
Results 
The mean blood lead level was 35.94 ± 19.09 μg/dL, with 94.7% of donors having levels above the recommended 5 μg/dL. Age and non-smoking status were significantly associated with blood lead concentration (p = 0.03 and p = 0.021, respectively).  
Conclusion 
The pervasive environmental pollution in the Niger Delta region likely contributes to the elevated blood lead levels in residents, including blood donors. This poses a significant public health risk, particularly for recipients of blood transfusions. The findings of this study highlight the need for regular monitoring of blood lead levels in blood donors and recipients, as well as implementation of strategies to reduce lead exposure in the Niger Delta region. 
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1. INTRODUCTION 
 
[ Human blood, a specialized connective tissue, comprises cellular components suspended in plasma. Plasma not only serves as a medium for nutrient and gas exchange but also acts as a carrier for exogenous substances, including environmental toxicants. In regions with high levels of industrial activity, such as oil exploration and exploitation, the risk of contamination by heavy metals—particularly lead—is increased. Lead, a naturally occurring element, has been extensively utilized in various industrial and domestic applications, leading to its widespread environmental presence. Exposure can occur through air, water, soil, food, and occupational contact (Fu & Zi, 2020), resulting in its bioaccumulation in human tissues, including the bloodstream. 
There is growing concern regarding the public health implications of lead exposure, as even low levels have been associated with adverse outcomes. The United States Environmental Protection Agency and other regulatory bodies have emphasized that there is no safe blood lead concentration, especially in children, with evidence suggesting neurotoxicity at levels below 5 µg/dL (US-EPA, 2006). In adults, levels exceeding 10 µg/dL (0.48 µmol/L) are considered elevated, while for children, the threshold is lower at 5 µg/dL (0.24 µmol/L). Chronic exposure has been shown to affect the central and peripheral nervous systems, hematopoietic pathways, and renal function (Aktepe et al., 2022; Ugwuja et al., 2020). 
Particularly at risk are vulnerable populations such as fetuses, neonates, and infants—especially those born preterm or with low birth weight. These groups can acquire lead through transplacental transfer, breastfeeding, and notably, blood transfusion (Agyemang et al., 2020). Given their developing organ systems and limited detoxification capacity, the effects of even minimal lead exposure can be profound and irreversible. 
In many low- and middle-income countries, including Nigeria, blood transfusion remains a critical therapeutic intervention in neonatal and pediatric care. However, limited infrastructure often means donor blood is not routinely screened for heavy metals. In Port Harcourt, a city with documented environmental pollution, most blood donors are under 50 years old, with a significant proportion below 30 (Ogar et al., 2022; Ugwu et al., 2019). This age group are likely to frequently engaged in occupations associated with increased lead exposure. Also, elevated blood lead levels have also been documented among individuals without known occupational exposure, suggesting possible environmental contamination, likely through polluted air, water, and food—especially seafood, which is widely consumed in the Niger Delta region (Umeoguaju et al., 2023; Orajiaka-Uchegbu et al., 2020; Nkwunonwo et al., 2020). 
Despite these findings, there is a paucity of research specifically investigating lead concentrations in donor blood used for transfusions in neonates, pregnant women, and young children. This represents a critical gap in current public health knowledge and transfusion safety protocols in high-risk environments. Existing literature has established the sources and systemic impacts of lead, but limited attention has been given to its potential transmission through transfused blood, especially in vulnerable populations. 
This study is therefore designed to assess blood lead concentrations among donors in Port Harcourt and evaluate the potential risks posed to recipients in sensitive demographic groups. By addressing this gap, the findings aim to inform blood screening policies and enhance transfusion safety. The outcomes have significant implications for maternal and child health, particularly in regions where environmental exposure to heavy metals is prevalent and transfusion services are a cornerstone of emergency and routine clinical care. 
 
2. MATERIAL AND METHODS 
 
This was a cross-sectional study conducted among eligible blood donors who presented to the Blood Bank of the haematology unit of the University of Port Harcourt Teaching Hospital, Rivers State. Informed consent was obtained from the study participants and all collected data were treated with utmost confidentiality. A total of 246 donors were recruited into the study using systematic sampling, and a semi-structured questionnaire was administered to each donor to obtain relevant data Routine aseptic measures were applied following collection of about 5mls of blood from the antecubital vein into a duly labelled tri-potassium ethylenediamine tetra-acetic acid bottle (K3EDTA), after tourniquet application. The specimens were pooled and transported in a cold chain for analysis using Solaar thermo elemental atomic absorption spectrophotometer. The results obtained from the analysis were entered on data extraction forms indicating the heavy metal analyzed, the methods used, data of analysis, concentrations of the heavy metal detected, and the detection limit. Data entry was done using Microsoft Excel and analyzed using the Statistical Package for Social Sciences (SPSS) version 21 (Ref) The socio-demographic variables were presented in tabular forms. The mean age, mean lead concentrations and their standard deviations for the study population were calculated. Chi square (X2) test was used to determine the association between socio-demographics and blood lead levels in the study population. The level of statistical significance was set at p<0.05. 
 
 
3. RESULTS 
 
A total of two hundred and forty-six (246) donors were sampled all of whom were males and had a form of formal education with 93.1% of donors either having or were enrolled in tertiary education. The most donors were aged 18 – 25 years, making a percentage of 65.4%; 25.2% of donors were aged 26 – 35 years, donors aged 36 – 45 years were 8.1%., while three (3) donors were aged between 46 – 55 years and made up 1.3%. 
 
Table 1. Sociodemographic characteristics of donors 
	Variables 
	Frequency (n=246) 
	Percentage 

	Age 
	  
	  

	18-25 years 
	161 
	65.4 

	26-35 years 
	62 
	25.2 

	36-45 years 
	20 
	8.1 

	46-55 years 
	3 
	1.3 

	Level of education 
	  
	  

	Primary 
	1 
	0.4 

	Secondary 
	16 
	6.5 

	Tertiary 
	229 
	93.1 

	Occupation 
	  
	  

	Civil servant 
	27 
	11.0 

	Electrician 
	3 
	1.2 

	Fisherman 
	1 
	0.4 

	Masonry laborer 
	1 
	0.4 

	Medical practitioner 
	1 
	0.4 

	Rig worker 
	3 
	1.2 

	Sailor 
	1 
	0.4 

	Self employed 
	17 
	6.9 

	Student 
	187 
	74.8 

	Trader 
	2 
	0.8 

	Transporter 
	1 
	0.4 

	Unemployed 
	4 
	1.6 

	Welder 
	1 
	0.4 

	Employment status 
	  
	  

	Unemployed/Student 
	188 
	76.4 

	Employed/Self employed 
	58 
	23.6 


  
Table 2: Association between sociodemographic characteristics and lead level of participants 
	Variables 
	 Lead Levels 
	Total 
	Chi square 
	P value 

	  
	<5µg/dl 
n(%) 
	>5µg/dl 
n(%) 
	N (%) 
	  
	  

	Age group 
	  
	  
	  
	  
	  

	18-25 years 
	6 (46.2) 
	155(66.5) 
	161 (65.4) 
	12.622 
	0.013* 

	26-35 years 
	3 (23.1) 
	59 (25.3) 
	62 (25.2) 
	  
	  

	36-45 years 
	3 (23.1) 
	17 (7.3) 
	20 (8.1) 
	  
	  

	46-55 years 
	1 (7.7) 
	1 (0.4) 
	2 (0.8) 
	  
	  

	Education level 
	  
	  
	  
	  
	  

	Primary 
	0 (0.0) 
	1 (0.4) 
	1 (0.4) 
	1.608 
	0.615 

	Secondary 
	1 (7.1) 
	15 (6.4) 
	16 (6.5) 
	  
	  

	Tertiary 
	12 (92.3) 
	217(93.1) 
	229 (93.1) 
	  
	  

	Occupation 
	  
	  
	  
	  
	  

	Civil servant 
	4 (30.8) 
	23 (9.9) 
	27 (11.0) 
	17.443 
	0.268 

	Electrician 
	0 (0.0) 
	3 (1.3) 
	3 (1.2) 
	  
	  

	Fisherman 
	0 (0.0) 
	1 (0.4) 
	1 (0.4) 
	  
	  

	Masonry laborer 
	0 (0.0) 
	1 (0.4) 
	1 (0.4) 
	  
	  

	Medical practitioner 
	0 (0.0) 
	1 (0.4) 
	1 (0.4) 
	  
	  

	Rig worker 
	0 (0.0) 
	3 (1.3) 
	(1.2) 
	  
	  

	Sailor 
	0 (0.0) 
	1 (0.4) 
	1 (0.4) 
	  
	  

	Self employed 
	1 (7.7) 
	16 (6.9) 
	17 (6.9) 
	  
	  

	Student 
	7 (53.8) 
	177(76.0) 
	184 (74.8) 
	  
	  

	Trader 
	0 (0.0) 
	2 (0.9) 
	2 (0.9) 
	  
	  

	Transporter 
	0 (0.0) 
	1 (0.4) 
	1 (0.4) 
	  
	  

	Unemployed 
	1 (7.7) 
	3 (1.3) 
	4 (1.6) 
	  
	  

	Welder 
	0 (0.0) 
	1 (0.4) 
	1 (0.4) 
	  
	  

	Employment status 
	  
	  
	  
	  
	  

	Unemployed/Student 
	8 (61.5) 
	180(77.3) 
	188 (76.4) 
	1.688 
	0.194 

	Employed/Self Employed 
	5 (38.5) 
	53 (22.7) 
	58 (23.6) 
	  
	  

	Address 
	  
	  
	  
	  
	  

	Alakahia 
	8 (6.15) 
	131(56.2) 
	139 (56.5) 
	3.299 
	0.803 

	Aluu 
	1 (7.7) 
	19 (8.2) 
	20 (8.1) 
	  
	  

	Choba 
	0 (0.0) 
	16 (6.9) 
	16 (6.5) 
	  
	  

	Rumokoro 
	1 (7.7) 
	9 (3.9) 
	10 (4.1) 
	  
	  

	Rumuosi 
	0 (0.0) 
	17 (7.3) 
	17 (6.9) 
	  
	  

	Town 
	1 (7.7) 
	23 (9.9) 
	24 (9.8) 
	  
	  

	Others 
	2 (15.4) 
	18 (7.7) 
	20 (8.1) 
	  
	  


  
Table 3. Summary of environmental information of donors 
	Variables 
	Frequency (n=246) 
	Percentage 

	Source of drinking water 
	  
	  

	Bottled/Sachet 
	16 
	6.5 

	Sachet 
	219 
	89.0 

	Sachet and bottled  
	10 
	4.1 

	Sachet/Borehole 
	1 
	0.4 

	Smoke 
	  
	  

	No 
	237 
	96.3 

	Yes 
	9 
	3.7 

	Proximity to refuse dump 
	  
	  

	No 
	222 
	90.2 

	Yes 
	24 
	9.8 

	Proximity to paint factory 
	  
	  

	No 
	235 
	95.5 

	Yes 
	11 
	4.5 

	Artisanal refining 
	  
	  

	No 
	241 
	98.0 

	Yes 
	5 
	2.0 

	Eating sea food 
	  
	  

	Yes 
	246 
	100.0 

	No 
	0 
	0.0 


  
Most donors (96.3%) did not smoke, nor lived close to places with paint manufacturing activities (95.5%) or refuse dump site (90.2%) and were not involved in artisanal refining activities (98%); however, 100% of donors identified sea foods as a major component of their meals. 
An overwhelming majority of the donors (94.7%) had blood lead levels >5µg/dl; this is higher than the acceptable value above which toxicity from poisoning is possible in adults; only 5.3% of donors had blood lead values of <5µg/dl. 
[image: ] 
Figure 1: Pie chart showing distribution of normal and toxic lead levels among study participants (<µg/dl denotes lead level within normal limits while >5µg/dl denotes toxic lead levels) 
  
The relationship between age and blood lead concentration was statistically significant with a p value of 0.013; smoking also showed significant relationship with blood lead levels with a p value of 0.021. 
  
  
Table 4 Association between Environmental characteristics and lead levels of donors:  
	Variables 
	 Lead Levels 
	Total 
	Chi square 
	P value 

	  
	<5µg/dl 
n(%) 
	>5µg/dl 
n(%) 
	N (%) 
	  
	  

	  
Source of drinking water 
	  
	  
	  
	  
	  

	Bottled/Sachet 
	1 (7.7) 
	15 (6.4) 
	16 (6.5) 
	5.587 
	0.144 

	Sachet 
	10 (76.9) 
	209 (89.7) 
	219 (89.0) 
	  
	  

	Sachet and bottled  
	2 (15.4) 
	8 (3.4) 
	10 (4.1) 
	  
	  

	Sachet/Borehole 
	0 (0.0) 
	1 (0.4) 
	1 (0.4) 
	  
	  

	Smoke 
	  
	  
	  
	  
	  

	No 
	11 (84.6) 
	226 (97.0) 
	237 (96.3) 
	5.354 
	0.021* 

	Yes 
	2 (15.4) 
	7 (3.0) 
	9 (3.7) 
	  
	  

	Proximity to refuse dump 
	  
	  
	  
	  
	  

	No 
	12 (92.3) 
	210 (90.1) 
	222 (90.2) 
	0.066 
	1.000 

	Yes 
	1 (7.7) 
	23 (9.9) 
	24 (9.8) 
	  
	  

	  
  
Proximity to paint factory 
	  
	  
	  
	  
	  

	No 
	12 (92.3) 
	223 (95.7) 
	235 (95.5) 
	0.333 
	1.000 

	Yes 
	1 (7.7) 
	10 (4.3) 
	11 (4.5) 
	  
	  

	Artisanal refining 
	  
	  
	  
	  
	  

	No 
	12 (92.3) 
	229 (98.3) 
	241 (98.0) 
	2.208 
	0.137 

	Yes 
	1 (7.7) 
	4 (1.7) 
	5 (2.0) 
	  
	  

	  
	  
	  
	  
	  
	  



 
4. DISCUSSION  
 
Blood Lead values (BLL) not higher than 3.5ug/dL is what is accepted as normal per CDC standards; the WHO and the agency for toxic substances and disease registry (ATSDR) recommend that normal BLL values should not be greater than 5ug/dL as higher values have been associated with lead toxicity, especially in vulnerable populations. Based on the recommendation of these regulatory agencies, this study found the mean BLL among blood donors in the UPTH blood bank is 35.94±19.09 ug/dL and a median value of 32 ug/dL. This is significantly higher than the maximum permissible level of 5 ug/dL above which toxicity is likely. 
The mean BLL of donors of 35.94±19.09 in this study is close to the value of 41.40±2.83 ug/dl reported for the control population in a study conducted in Port Harcourt by Alasia & Iyagba, 2019, in which they compared the BLLs in those who were occupationally exposed and those who were non-exposed. This trend seems to be the reverse for populations in the South Eastern parts of the country where a mean BLL of 35.94±19.09 is closer to BLLs for those who are occupationally exposed to lead rather than those who are non-exposed (Ibeh et al, 2016); in fact, this value obtained in index study is even higher than the mean levels for populations who had exposure to lead in another part of the South-East (Okpogba et al, 2020) which shows that the lead exposure is quite small in these parts of the country. Along the same line, the mean BLL obtained in the index study is also different from those which were obtained in Abuja, North Central Nigeria, in which the mean BLLs in occupationally non-exposed people were only slightly higher than 10ug/dL. (Alli, LA. 2015) In the Northwest state of Zamfara, very high levels of blood lead have been reported, especially in children; Ajumobi et al., 2014 captured this astronomically high blood lead when they conducted a study among under-5 children in the village of Bagega. Their findings were median BLL of 71ug/dL in these children, which is more than twice the median BLL of 32ug/d obtained in this study of blood donors in UPTH; the contributors to this higher median blood level in the children are likely to be the pervasive artisanal mining activities which are prevalent in Zamfara State, in addition to the fact that children have the habit of putting things in their mouths and are more likely to play in soil so that the chances of ingestion and absorption of lead via the skin is higher. And though the values obtained from children in Zamfara are double that obtained in the index study, it is clear that the BLL tend to be higher in parts of the country in which there is increased artisanal refining and industrial activities with the attendant risk of environmental pollution. 
All donors (100%) recruited into the study were males, a reflection of the fact that globally and locally, males donate more than do females. The WHO has estimated that about 33% of donors are females; (WHO 2022) though this percentage varies significantly among different countries, it is closer to donation rates in countries within Europe, with a few countries in Europe seeing female blood donation rates as high as 50%. (Bani & Giussani 2010)  In a survey conducted among about 30,000 respondents in the US to ascertain those who donated blood in the previous year, it was identified that about 5% of the surveyed population had donated blood the year before, of which males were only slightly higher at a percentage of 6.3% vs 5.1% (Patel et al. 2019) This significant percentage of female participation in blood donation is not the experience in Nigeria, and indeed other countries with poor healthcare situation. In economically advanced countries, voluntary non-remunerated donors make up over 90% of donors (while the overwhelming percentage of those who donate in low-income countries do so either because they are family or they are paid to donate or both. (Allain et al, 2012) Erhabor et al., in 2014 conducted a study on the prevalence of anaemia among blood donors in Sokoto, northern Nigeria. In this study, it was found that about 97% of the donors were males while just 2.6% were females; these figures are similar to another study in the North which showed that in a population of about 11,000 donors, 99.7% were males and only 0.3% were females. (Alla et al, 2019) Ugwu et al, in 2018 conducted a study in Enugu State among over 30000 donors who donated blood at the University of Nigeria Teaching Hospital, Enugu, and found that 89.2% of all donors were male; this value is similar to the 87.7% which were identified to be male donors by John et al, 2017 in Nnewi, Anambra state. In the South-South of Nigeria, male blood donation has also been reported to be very significantly higher than female donation. Inyang-Etoh et al, 2021 working on malaria parasitaemia among blood donors in Calabar, reported 94% of donors as male; while another study among 554 donors who donated in private laboratories in Port Harcourt showed 97.5% were male. (Ndukwu & Chinedu-Madu 2024) The high percentage of male blood donation relative to female in this part of the world could be due to cultural perceptions, social factors, and also religious concerns. Another critical factor which could explain this disparity would be the fact that males are more likely to be involved in donation for remuneration purposes; this is common in this part of the world, (Allain et al, 2012) and has been confirmed to be the situation based on the experiential evidence of blood donors who come to donate  blood at the blood bank of the University of Port Harcourt Teaching Hospital over the years.  
Donors within the age bracket of 18 – 25 years were the most to donate making about 65.4% of the total donor population; this is consistent with the study by Patel et al conducted in the US which showed that those who donated blood in the previous year were mostly from the age range of 18 – 24 years. This finding is different from the results of a study conducted in a university environment in the US (Sheykhsoltan et al, 2022) which showed that people older than 25 years made up the most population of donors, however, in this study, the cohort of donors aged 17 – 19 years had more deferrals on account of low blood levels, and the number of deferrals became smaller among the older aged group. This means if these lost donors are taken into consideration, those within the age range of 18 – 25 years would make the highest population. It should also be considered that the donors in this study were voluntary and non-remunerated donors as opposed to what obtains in our climes, and which was the likely scenario in the study conducted at the UPTH. Nnachi et al, 2024 found that 86.4% of voluntary donors in Abakaliki were those aged between 18 – 25 years; in the same vein, numerous other studies show that the highest density of blood donors is those who are less than 35 years of age. (Oyedeji et al, 2024; Nnachi et al, 2022) Index study showed a statistically significant (p=0.013) positive relation between high BLLs and donors aged 18 – 25 years. This may be because this population is a physically active one and is most likely to be involved in activities which are known to increase blood lead levels, (Ogele & Egobueze, 2020) however, this was not the case in this study as most of the donors happened to be either students or were unemployed (76.4%), neither were they involved in occupations which are known to increase blood lead concentrations and they did not reside in areas close to paint factories or refuse dumpsite. This positive association therefore points to the presence of factors which were not considered in the sociodemographic information of the donors as likely culprit in raising the BLLs. 
In index study, 96.3% of the total donor population identified as non-smokers, with only 3.7% of the population identifying as smokers; 97.0% of those with significant blood lead levels were non-smokers, and 84.6% of the 13 donors who had blood lead values <5µg/dl were also non-smoking. Only 3% of those with significant blood lead values, and 15.4% of those with insignificant values identified as smokers. This means that in both categories of those with high blood levels and those with normal blood levels, non-smokers were more in number, and the study showed a statistically significant and positive relation between non-smoking and blood lead levels (p=0.021). Ordinarily, this would mean that non-smoking increased the risk for high blood lead levels, however, the contrary which is the scientifically correct position and which is supported by numerous studies that have established positive causal relationship between smoking and elevated blood lead values (Repic et al, 2020; Matt et al, 2021) is the correct position. This anomaly in the index study can be clearly explained if it is interpreted in the light of possible confounding factors which are causing high blood lead even in those who do not smoke, and that are also not involved with jobs that cause elevations in BLLs. The most plausible culprit in the Niger Delta of Nigeria is the pervasive environmental pollution and contamination occasioned by the activities of oil multinationals and also the rampant illegal and artisanal refining of petroleum products which has caused massive pollution of water bodies, sea foods, soil, and also the air, causing the inevitable ingestion of this toxicant by those who live and work in these parts. (Abayomi et al, 2021; Onwuka et al, 2021; Henry et al, 2019) 
 
5. CONCLUSION 
 
The overwhelming majority of blood donors in the study showed higher blood lead concentrations despite the fact the donor populations were predominantly non-smokers, were not involved in activities which are known to increase blood lead levels, and do not reside close to paint manufacturing plants and to refuse dumpsites; these high blood lead levels in the blood are likely due to the presence of sources of lead exposure other than the occupation.  
In the Niger Delta, numerous studies have shown how the air, sea, and soil are polluted by hydrocarbons and indeed other toxicants such as lead. The donors who presented to the blood bank most likely have high BLLs because of the environmental contamination and the attendant ingestion of lead in their meals, and the air they breathe. 
This is another indication of the poor environmental situation in the Niger Delta region of the country, and re-emphasizes the need for concerted effort by all stakeholders in the oil exploration business to improve their work methods to meet global standards of best practices, while engaging in environmental remediation in order to directly improve on the health of the people in these areas. There is also need to adjust the policy on blood screening screen for blood that has been donated or is to donated to populations who have been identified to be most susceptible to lead toxicity so that the risk of this toxicity is reduced to the barest minimum. 
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