


 				  
A Study to Assess the Awareness Regarding Lead Poisoning Among Students of Selected Secondary Schools at Unguja, Zanzibar.


Abstract
Introduction: This study aimed to assess awareness of the element Lead and knowledge of lead poisoning across a diverse sample of young respondents (N=273) differing in age, sex, region, and educational level. Given the pervasive risk of lead exposure, understanding community knowledge gaps is critical for planning public health interventions.
Method: The study employed a cross-sectional design, surveying 273 participants categorized by age (12-14, 15-17, 18-20, and >21 years), sex (male/female), region (urban/rural), and educational level (Form 1-2, Form 3-4, and Form 5-6). Data analysis focused on descriptive statistics and tests for association between demographic variables and awareness/knowledge.
Results: Overall findings indicated critically low levels of health literacy regarding lead. Only 35.2% of respondents were aware of the element lead. Furthermore, awareness of the health risk, lead poisoning, was alarmingly low at 13.9%, with 86.1% unaware. The proportion demonstrating actual knowledge of lead poisoning was negligible, standing at just 5.9%. The analysis found no statistically significant association between awareness or knowledge of lead poisoning and any of the tested sociodemographic characteristics (age, sex, region, and educational level) (p>0.05). Despite the lack of statistical significance, slight trends were identified: the age 21-year-old group showed the highest awareness (20.0%) and knowledge (14.0%); females reported marginally higher awareness (15.6%) and knowledge (7.10%) than males; and the Forms 5–6 educational level group exhibited the highest awareness (18.2%) and knowledge (9.10%).
Conclusion:  The overall prevalence of awareness and knowledge regarding lead poisoning is extremely low across all demographic strata, indicating a significant public health gap. While slight differences in awareness and knowledge were observed, particularly favouring older age groups, females, and higher educational attainment, these differences were not statistically significant. These findings strongly suggest an urgent need for targeted, mandatory public health education campaigns, especially at the lower educational levels and among younger age cohorts, to increase community resilience against lead exposure risks.
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INTRODUCTION
Lead is one of the five toxic heavy metals, along with mercury, cadmium, arsenic, and chromium (1). “It is associated with lead poisoning.  Lead poisoning or plumbism has been in existence about 2000 years now and characterized with specific clinical effects such as atherosclerosis, gout and sundry symptoms such as fatigue, irritability, headache and intense colic with constipation” (2), “low haemoglobin levels, elevated blood pressure, renal insufficiency, toxicity associated with the immune systems and reproductive tissues” (3, 4), and in pregnant women can lead spontaneous abortion, premature or still births (5). Pathophysiological impacts of lead poisoning are well documented. 
“Lead poisoning is associated with complex interrelationships among the environment, physiological absorption, and disruptions to cellular organelles. It impacts negatively on several organs of the body, and children are prone to its neurotoxic effects. Moreover, the central nervous system may be especially susceptible to changes in metabolic and synaptic activity associated with a heavy metal such as lead” (6). “Lead is ubiquitous in nature, and its properties make it suitable for use in modern world applications. However, the discovery in the 20th century that it is toxic makes it a public health concern; yet, its beneficial and harmful attributes make it pertinent for science, industry, and policy decisions” (6). “The primary origin of lead toxicity is environmental, stemming from mining, manufacturing, smelting, and recycling operations. The use of lead products is evident in pigments, paints, ammunition, jewellery, toys, long-established cosmetics, and drugs” (1). 
“Currently, the contamination of drinking water with lead is well established, primarily due to the use of defective plumbing materials, including lead pipes, solders, and fittings” (7). A 2019 estimate of lead poisoning showed that deaths were about 6 million and attributed to cardiovascular effects (2). “Studies have reported that even at low levels, lead exposure can increase the incidence of hypertension, stroke, and other Cardiovascular diseases” (8). “Additionally, in 2021, guidelines on the clinical management of lead exposure were introduced, and legally binding controls on lead paint were established” (8).   “The toxicokinetics of lead involve its absorption, cellular distribution, and elimination from various tissues, including blood and bone. Inorganic lead can be absorbed through inhalation, oral, ophthalmic, and dermal routes” (6, 1). “The quantity of lead absorbed from the gastrointestinal tract following ingestion is influenced by age, diet, nutrition, and the physiological form of ingested lead” (9). 
“The maximum absorption of an oral hydrophobic lead dose is 1:5 between children and adults, with food in the gastrointestinal tract limiting absorption. Nutritional iron can affect lead absorption in children with iron deficiency, thereby elevating lead absorption” (10). “Compared with children, adults have a higher total body burden of lead in bones, at 94% and 73%, respectively. The red blood cells harbour a large quantity of lead, and factors such as pregnancy, lactation, menopause, and osteoporosis elevate bone resorption and plasma lead levels. Metabolism of organic lead compounds occurs in the liver via oxidative dealkylation by P-450 enzymes, with a blood elimination half-life of 7 days to 1 year, with age and exposure history as covariates” (11). “Metabolism of inorganic lead involves the formation of complexes with both protein and non-protein ligands. Elimination in bones has an obvious half-time not exceeding 20 years. The route of excretion is basically the urino-urine route, irrespective of the means of absorption. Other routes of excretion, though minimal, are through sweat, saliva, hair, nails, breast milk and seminal discharge” (12). “Various anatomical areas of the brain are being impacted negatively by lead poisoning, with the prefrontal cortex, hippocampus and cerebellum usually affected. The impacts are varied and affect memory, organization, decision-making, impulse control, emotional regulation, and social behavior” (13). “Significantly, the impact of lead poisoning on the pre-frontal cortex in children is linked to developmental delay, grave learning disability and limited ability for social interaction” (14). 
“This invariably leads to unproductive educational performance and challenges in interaction with peers and groups. The overall effect of this is a loss of independence and a sense of looking forward to receiving care from others. Spatial awareness and identification are challenging as well due to the impact on the hippocampus and similar associations when the cerebellum is affected, leading to balance and coordination concerns. Other considerations related to its negative impact on brain tissues include low intelligence quotient (IQ), attention deficits, and behavioural problems such as aggression and impulsivity” (6). “One of the internationally identified lead poisoning cases occurred in 2010 in Zamfara State, northern Nigeria, with human and animal lives lost to lead poisoning. In any case, lead exposure continues in that part of the country due to current income-earning associated with mining, even though educational and advocacy efforts have been advanced to safeguard lives and agricultural products” (15). 
“Lead poisoning has been identified in individuals who consume and are addicted to opium” (16).  “In mainland Tanzania, lead poisoning had been attributed to exposure to the recycling of batteries in most factories” (17). Suspending contact with the lead origin may therefore be an important therapeutic step to avoid exposure. Given that the negative impact of lead poisoning is on the increase, awareness may be low. In Tanzania, awareness studies on lead poisoning are lacking and not well-documented.  Therefore, this study aimed to determine awareness of lead poisoning among secondary school students in Unguja, Zanzibar, Tanzania, and could be a pioneering effort to assess the extent of lead poisoning in Tanzania among this population.


METHODS    
Study design
This was a cross-sectional and descriptive study.
Study Area
The study was carried out in selected secondary schools (urban and rural areas) in Unguja Island, Zanzibar, Tanzania. 
Study population 
This study was conducted among ordinary and advanced-level students from selected secondary schools in Unguja Island, Zanzibar, Tanzania.

Inclusion Criteria
All secondary school students from forms one to six and those who provided consent and signed the informed consent document were included in the study.  
Exclusion Criteria
 All the Students not enrolled in secondary school  
Those Students outside of the target grades  
Eligible students who did not provide informed consent, refused to sign the consent form or whose parent/guardian refused participation.

DATA COLLECTION.
Data from the study were collected by using self-assessment questionnaires, which were appropriately validated by a team of experts involved in the investigation. 
DATA ANALYSIS AND PROCESS
Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 20 and Epi Info, and presented as frequencies and percentages. Pearson’s correlation coefficient was used to compare the degree of association. Probability values less than 0.05 will be considered significant.


RESULTS and DISCUSSION:
Table 1 shows the sociodemographic characteristics of the respondents based on their differences in Age (12-14, 15-17, 18-20 and >21), Sex (male and female), Region (urban and rural) and Educational level (form1-2, form 3-4 and form 5-6).
Table 2 shows the respondents' awareness of lead and lead poisoning. Only 35.2% (96) of respondents are aware of element lead, and the remaining 64.8% (177) are not aware of the element lead. 13.9% (38) of respondents are aware of lead poisoning, while the remaining 86.1% (235) are not. The table also shows that only 5.9% (16) of the total respondents (100%; 273) have knowledge of lead poisoning, while the remaining 94.1% (257) do not.
Table 3 shows that among respondents aged 21 years or older, only 20% (10) of the total 100% (50) are aware of lead poisoning, while 80% (40) are not. Among respondents aged 12-14 years, only 12.2% (6) of 100% (49) are aware of lead poisoning, and the remaining 87.8% (43) are not.
At the age of 15-17 years, only 12.9% (11) among the total of 100% (85) are aware of lead poisoning, and the remaining 87.1% (74) are not aware of lead poisoning. In the 18-20-year-old age group, only 12.4% (11) of the total 100% (89) are aware of lead poisoning, and the remaining 87.6% (78) are not. Although the age group above 21 years had higher awareness (20.00%) than the other age groups (12.20%, 12.90%, 12.40%), there was no statistically significant association between awareness of lead poisoning and respondents' age group (p>0.05).  It also shows that 15.6% of the female respondents are aware of lead poisoning, compared to 12.1% of male respondents. There was no statistically significant association between the awareness of lead poisoning and the sex differences of respondents (p>0.05). However, there is a slight increase in awareness among females than among males, as shown in the table above. Also, 14.6% of respondents in rural areas are aware of lead poisoning, while the remaining 85.1% are not. This is similar to the urban respondents, where 13.2% are aware of lead poisoning. There was no statistically significant association between awareness of lead poisoning and regional differences among respondents (p>0.05).

Table 4 shows that 11.7%, 12.7%, and 18.2% of the respondents are aware of lead poisoning for forms 1-2, 3-4, and 5-6, respectively. There was no statistically significant association between awareness of lead poisoning and respondents' level of education (p>0.05). However, forms 5-6 have more awareness (18.2%) than the other classes, forms 3-4 and 1-2 (12.7%, 11.7%) respectively.
Table 5 shows that there was no statistically significant association between knowledge of lead poisoning and respondents' age group (p>0.05). However, people aged 21 and above have more knowledge (14.0%) than the other age groups: 18-20, 15-17, and 12-14 (4.5%, 3.5%, and 4.1%, respectively).

Table 6 shows no statistically significant association between the knowledge of lead poisoning and the sex group of respondents (p>0.05). However, females have more knowledge (7.10%) compared to males (4.5%). There was no statistically significant association between knowledge of lead poisoning and respondents’ region (p>0.05). It also shows no statistically significant association between knowledge of lead poisoning and respondents' level of education (p>0.05). However, forms 5-6 have more knowledge (9.10%) than the other classes, forms 3-4 and 1-2 (4.9% and 4.3%, respectively).




Table 1: SOCIODEMOGRAPHIC CHARACTERISTICS OF RESPONDENTS.
	Age
	Frequency
	Percentage (%)

	>21
	50
	18.3

	12-14
	49
	17.9

	15-17
	85
	31.1

	18-20
	89
	32.6

	Total
	273
	100.0

	
	
	

	Sex
	Frequency
	Percentage (%)

	Female
	141
	51.6

	Male
	132
	48.4

	Total
	273
	100.0




	Region
	Frequency
	Percentage (%)

	Rural
	114
	41.8

	Urban
	159
	58.2

	Total
	273
	100.0



	Education
	Frequency
	Percentage (%)

	form 1-2
	94
	34.4

	form 3-4
	102
	37.4

	form 5-6
	77
	28.2

	Total
	273
	100.0





TABLE 2: Respondents' Awareness and Knowledge of Lead and Lead Poisoning 
	Awareness of lead
	Frequency
	Percentage (%)

	Yes
	96
	35.2

	No
	177
	64.8

	Total
	273
	100.0

	Awareness of lead poisoning
	Frequency
	Percentage (%)

	No
	235
	86.1

	Yes
	38
	13.9

	Total
	273
	100.0

	Knowledge of lead poisoning
	Frequency
	Percentage (%)

	No
	257
	94.1

	Yes
	16
	5.9

	Total
	273
	100.0









TABLE  3: Awareness of lead poisoning and the demographic factors of age group, gender, and region
	
	Awareness of lead poisoning
	Total

	
	no
	yes
	

	Age
	>21
	
	40
	10
	50

	
	
	
	80.0%
	20.0%
	100.0%

	
	12-14
	
	43
	6
	49

	
	
	
	87.8%
	12.2%
	100.0%

	
	15-17
	
	74
	11
	85

	
	
	
	87.1%
	12.9%
	100.0%

	
	18-20
	
	78
	11
	89

	
	
	
	poisoning
	12.4%
	100.0%

	Total
	
	235
	38
	273

	
	
	86.1%
	13.9%
	100.0%

	Sex
	Female
	
	119
	22
	141

	
	
	
	84.4%
	15.6%
	100.0%

	
	Male
	
	116
	16
	132

	
	
	
	87.9%
	12.1%
	100.0%

	Total
	
	235
	38
	273

	
	
	86.1%
	13.9%
	100.0%

	Region
	Rural
	
	97
	17
	114

	
	
	
	85.1%
	14.9%
	100.0%

	
	Urban
	
	138
	21
	159

	
	
	
	86.8%
	13.2%
	100.0%

	Total
	
	235
	38
	273

	
	
	86.1%
	13.9%
	100.0%



Pearson Chi-Square for Age 	= 1.906,   p =0.592
Pearson Chi-Square for Gender = 0.690, p=0.406
Pearson Chi-Square for Region = 0.161, p=0.688







Table 4: Respondents’ Educational Level and Awareness of Lead Poison

	Education
	Awareness of lead poisoning
	Total

	
	no
	yes
	

	form 1-2
	83
	11
	94

	
	88.3%
	11.7%
	100.0%

	form 3-4
	89
	13
	102

	
	87.3%
	12.7%
	100.0%

	form 5-6
	63
	14
	77

	
	81.8%
	18.2%
	100.0%

	Total
	235
	38
	273

	
	86.1%
	13.9%
	100.0%


Pearson Chi-Square = 1.671, p=0.434


Table 5: Respondents’ Age group and Knowledge of lead poisoning

	
	Knowledge of lead poisoning
	Total

	
	no
	yes
	

	Age
	>21
	
	43
	7
	50

	
	
	
	86.0%
	14.0%
	100.0%

	
	12-14
	
	47
	2
	49

	
	
	
	95.9%
	4.1%
	100.0%

	
	15-17
	
	82
	3
	85

	
	
	
	96.5%
	3.5%
	100.0%

	
	18-20
	
	85
	4
	89

	
	
	
	95.5%
	4.5%
	100.0%

	Total
	
	257
	16
	273

	
	
	94.1%
	5.9%
	100.0%


Pearson Chi-Square = 7.423, p=0.060


Table 6: Knowledge of Lead Poisoning by Gender, Region and Educational Level 
	
	Knowledge of lead poisoning
	Total

	
	no
	yes
	

	Sex
	female
	
	131
	10
	141

	
	
	
	92.9%
	7.1%
	100.0%

	
	male
	
	126
	6
	132

	
	
	
	95.5%
	4.5%
	100.0%

	Total
	
	257
	16
	273

	
	
	94.1%
	5.9%
	100.0%

	Region
	Rural
	
	107
	7
	114

	
	
	
	93.9%
	6.1%
	100.0%

	
	Urban
	
	150
	9
	159

	
	
	
	94.3%
	5.7%
	100.0%

	Total
	
	257
	16
	273

	
	
	94.1%
	5.9%
	100.0%

	Education
	form 1-2
	
	90
	4
	94

	
	
	
	95.7%
	4.3%
	100.0%

	
	form 3-4
	
	97
	5
	102

	
	
	
	95.1%
	4.9%
	100.0%

	
	form 5-6
	
	70
	7
	77

	
	
	
	90.9%
	9.1%
	100.0%

	Total
	
	257
	16
	273

	
	
	94.1%
	5.9%
	100.0%



Pearson Chi-Square for Gender= 0.801, p=0.371
Pearson Chi-Square for Region = 0.028, p=0.868
Pearson Chi-Square for Educational Group = 2.065, p=0.356

The findings of this study reveal an urgent and systemic public health challenge: a pervasive and critical lack of awareness and knowledge regarding lead and lead poisoning among the studied youth cohort, essentially comprising secondary school students. The results demand immediate attention from educational and public health authorities.
The most alarming result is the extremely low level of awareness and knowledge observed. Only 35.2% of respondents were aware of the element lead, and awareness dropped sharply to just 13.9% for the health condition, lead poisoning. Furthermore, the proportion demonstrating actual comprehensive knowledge was nearly negligible at 5.9%. This indicates that for nearly all secondary school students surveyed, lead poisoning represents a "hidden threat"—a severe health risk for which the population has little to no protective knowledge.
This level of ignorance starkly contrasts with expectations for general public health literacy among youth regarding significant preventable health risks (18). “The findings suggest a fundamental failure in current information dissemination strategies, whether through the formal school curriculum or informal public health campaigns, to adequately address lead hazards. Lead poisoning is a major public health concern globally, and a lack of knowledge is a known precursor to high exposure risk, especially in communities where environmental sources like leaded paint or artisanal mining may be present” (19).
“A crucial finding for policy implementation is the absence of a statistically significant association between awareness/knowledge and any sociodemographic variable (age, sex, region, or educational level). This result is highly significant because it implies that the knowledge deficit is systemic and uniform across the entire population studied. Unlike studies on other health issues, where education level or urban residency often serve as strong predictors of knowledge” (19), the lack of awareness of lead poisoning is equally prevalent among older students, younger students, rural students, urban students, and those in higher forms (20). “This strongly suggests that current public health messaging or educational content on lead safety is either non-existent or equally ineffective across all sub-groups. Consequently, interventions cannot be narrowly targeted by demographics but must instead be universal and widespread to address the deficit effectively” (20).  
 
[bookmark: _GoBack]Although it was statistically not significant, the data revealed slight trends: The highest awareness of 20.0% and knowledge of 14.0% were observed in the age 21 age group, and the highest awareness of 18.2% and knowledge of 9.10% by the Forms 5–6 group. These marginal differences may plausibly be attributed to factors outside the secondary school system, such as greater access to independent media, exposure to university or vocational preparation materials, or simply higher general literacy levels that facilitate non-formal learning (21). The Females showed a marginal advantage in both awareness (15.6%) and knowledge (7.10%) compared to males, a trend often observed in health-seeking behaviour studies, but one that is too slight to rely on for targeted health messaging. “The reason for this difference between genders in our study could not be immediately explained. However, it may reflect higher female enrollment in high school and the desire of these females to participate in the study, given that it is related to health” (21)
Conclusion
The study unequivocally concludes that awareness and knowledge of lead poisoning among secondary school youth and the broader youth cohort are dangerously low. Furthermore, the lack of a statistically significant association with demographic characteristics indicates that this knowledge gap is systemic, affecting all sub-groups equally. An urgent, large-scale, and universal intervention is necessary to protect this vulnerable population from the grave, irreversible consequences of lead exposure.

Recommendations 
Based on these findings, the following recommendations are proposed:
1. Incorporate comprehensive, practical lessons on lead exposure sources, health effects, and prevention strategies directly into the core secondary school curriculum, specifically in Health Sciences or Chemistry/Biology courses for Forms 1-4.
2. Launch a sustained, multi-platform, mass-media campaign in the Kiswahili language for the radio, social media, and community posters focused on raising basic awareness of lead poisoning, utilizing simple, memorable messaging and clear visuals.
3. Further research is needed to investigate specific local sources of lead exposure, e.g., paint, traditional pottery, and workplace dust, to make future educational campaigns more relevant and geographically targeted.
LIMITATION OF STUDY
This study did not evaluate respondents' practices and attitudes, which could have provided insights into statistical associations between variables.

ETHICAL APPROVAL.
The study received ethical clearance from the Zanzibar Health Research Ethics Committee (ZAHREC/04/ST/FEB/2021/15) and institutional permission from the School of Health and Medical Sciences, SUZA. 
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To protect participants, informed consent was obtained from all respondents, who were assured that their participation was voluntary, that their responses would remain confidential, and that they could withdraw at any time without consequences.
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