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Abstract: Fluoride and heavy metals in drinking water pose significant risks to public health when their concentrations exceed 

permissible limits. This study evaluates the contamination levels of fluoride and heavy metals in drinking water sources in South Kordofan 

State, Sudan, and their compliance with World Health Organization (WHO) and Sudanese Standards and Metrology Organization 

(SSMO) guidelines. Findings highlight concerning levels of fluoride and heavy metals such as lead, arsenic, and cadmium in both surface 

and groundwater sources. The study discusses the implications for public health, including dental fluorosis and heavy metal toxicity, and 

recommends interventions for safe drinking water provision. 
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1.Introduction 

 

Access to clean and safe drinking water is an essential 

prerequisite for public health and sustainable development. 

Despite significant progress globally, regions like South 

Kordofan State, Sudan, continue to face critical challenges in 

water quality. Communities in this arid and semi-arid region 

depend primarily on untreated surface and groundwater 

sources, which are increasingly contaminated by fluoride and 

heavy metals such as lead, arsenic, and cadmium. These 

contaminants often result from anthropogenic activities, 

including unregulated mining, intensive agriculture, and 

improper waste disposal, combined with natural geochemical 

processes (Eldaw et al., 2020; Ramos et al., 2023). 

 

Excessive fluoride concentrations are associated with dental 

and skeletal fluorosis, particularly affecting children and 

vulnerable populations. Heavy metals, meanwhile, are linked 

to severe health conditions, including neurotoxicity, 

carcinogenic effects, and organ damage (Barzegar et al., 

2023; Abdel-Magid et al., 2023). The combined exposure to 

these contaminants exacerbates the public health burden, 

especially in resource-limited communities lacking access to 

water treatment technologies. 

 

Global frameworks such as the WHO guidelines provide 

critical benchmarks for drinking water quality; however, 

compliance in South Kordofan remains alarmingly low.  

 

This study seeks to bridge the knowledge gap by assessing 

contamination levels, evaluating compliance with 

international and local standards, and exploring the socio-

environmental drivers of water contamination. By proposing 

evidence-based interventions, the study contributes to 

ongoing efforts to ensure sustainable water access in rural 

and underserved communities (Barzegar et al., 2023). 

 

 

 

 

 

 

2.Background 
 

2.1 Regional Context and Water Source Vulnerabilities 

 

South Kordofan State, located in the southern part of Sudan, 

is characterized by arid and semi-arid climatic conditions 

with seasonal rainfall variability. Groundwater from artesian 

wells and surface water from Hafirs are the primary water 

sources for the region. However, these sources are highly 

vulnerable to contamination from natural and human-induced 

factors. Mining activities, particularly for gold and other 

minerals, contribute significantly to heavy metal 

contamination, while agricultural runoff introduces 

pesticides and fertilizers into water systems. Additionally, the 

lack of proper waste management infrastructure exacerbates 

the leaching of contaminants into both surface and 

groundwater sources (Eldaw et al., 2020). 

 

2.2 Health Implications of Contamination 

 

Fluoride and heavy metals such as lead, arsenic, and 

cadmium are persistent environmental pollutants with far-

reaching health implications: 

 

• Fluoride: Levels exceeding the WHO threshold of 1.5 

mg/L can cause irreversible dental and skeletal fluorosis, 

particularly in children (Abdel-Magid et al., 2023). 

• Lead: Chronic exposure impairs cognitive development in 

children and contributes to cardiovascular and renal 

diseases in adults. 

• Arsenic: A known carcinogen, arsenic is linked to skin, 

lung, and bladder cancers with prolonged exposure. 

• Cadmium: Prolonged exposure affects kidney function 

and contributes to bone demineralization (Ramos et al., 

2023). 

 

The compounded health risks from simultaneous exposure to 

multiple contaminants present significant public health 

challenges, warranting urgent intervention. 
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2.3 Current Monitoring and Regulatory Gaps 

 

Water quality monitoring systems in South Kordofan are 

limited in scope and frequency, leaving significant data gaps 

that hinder effective policymaking. Recent assessments show 

that only 40% of groundwater samples and 30% of surface 

water sources meet WHO and SSMO standards. This low 

compliance rate reflects a lack of enforcement mechanisms, 

insufficient infrastructure, and limited community awareness 

about water safety (Eldaw et al., 2020). 

 

2.4 Global and Regional Relevance 

 

The challenges faced by South Kordofan are not unique. 

Similar issues have been reported in other arid and semi-arid 

regions, highlighting the need for cross-border collaboration 

and the adoption of best practices. Technologies such as 

defluoridation filters, reverse osmosis, and advanced 

monitoring tools have proven effective in mitigating 

contamination in comparable contexts, offering valuable 

lessons for South Kordofan (Barzegar et al., 2023). 

 

3.Materials and Methods 
 

3.1 Study Area 

 

The study was conducted in South Kordofan State, focusing 

on 10 key water sources-5 artesian wells and 5 Hafirs. These 

sources were selected based on their accessibility and use by 

local communities. 

 

3.2 Sampling and Analysis 

 

• Sampling: Water samples were collected systematically 

during both dry and wet seasons to account for seasonal 

variability. 

• Analysis: 

o Fluoride concentrations were measured using an ion-

selective electrode. 

o Heavy metals (lead, cadmium, arsenic) were analyzed 

using atomic absorption spectrophotometry (Ramos et 

al., 2023). 

• Standards Compared: Results were evaluated against 

WHO and SSMO guidelines. 

 

3.3 Data Analysis 

 

• Quantitative Analysis: Statistical models were 

employed to assess spatial and seasonal variations in 

contaminant levels. 

• Qualitative Analysis: Semi-structured interviews with 

local stakeholders provided insights into community 

perceptions and practices related to water safety. 

 

4.Results and Discussion 
 

4.1 Contamination Levels 

 

• Fluoride: Groundwater fluoride levels ranged from 1.8 

to 3.2 mg/L, exceeding permissible limits. Surface water 

levels were lower, likely due to dilution. 

• Heavy Metals: 

o Lead: Detected at concentrations of 0.01–0.05 mg/L 

in groundwater and 0.03–0.08 mg/L in surface water, 

exceeding the WHO limit of 0.01 mg/L. 

o Arsenic: Found at levels of 0.02–0.05 mg/L in 

groundwater, nearing WHO thresholds. 

o Cadmium: Surface water showed concentrations of 

0.005–0.01 mg/L, above the 0.003 mg/L limit. 

 

4.2 Health Implications 

 

Prolonged exposure to these contaminants increases the risk 

of fluorosis, neurotoxicity, carcinogenicity, and kidney 

dysfunction. Vulnerable populations, including children and 

pregnant women, are disproportionately affected. 

 

4.3 Compliance Challenges 

 

Low compliance rates highlight systemic issues in water 

governance, including insufficient regulatory enforcement 

and limited technical capacity for water treatment. 

 

5.Recommendations 
 

1. Defluoridation Technologies: Deploy cost-effective 

solutions such as activated alumina or bone char filters to 

reduce fluoride levels. 

2. Advanced Water Treatment: Install reverse osmosis 

systems to remove heavy metals. 

3. Monitoring and Regulation: Establish routine water 

quality monitoring programs and strengthen regulatory 

enforcement mechanisms. 

4. Community Education: Raise awareness about the risks 

of water contamination and promote safe storage and usage 

practices. 

5. Regional Collaboration: Engage in cross-border 

initiatives to share resources and expertise in water 

management. 

 

6.Conclusion 
 

This study underscores the urgent need for interventions to 

address fluoride and heavy metal contamination in South 

Kordofan’s drinking water sources. Comprehensive 

measures, including technological solutions, regulatory 

reforms, and community engagement, are essential to 

safeguard public health and ensure sustainable access to 

clean water. 
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