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ABSTRACT 

Groundwater in Mpanda District, Tanzania, faces excessive iron content, causing a reddish-

brown colouration due to oxidized iron species. The present study evaluated Mpanda 

groundwater contamination and the effectiveness of baobab seeds-derived biochar for iron 

removal from groundwater. First, the physicochemical quality of groundwater was 

investigated. Nineteen boreholes were randomly selected for assessment, with samples 

collected in rainy and dry seasons. The study revealed significant variations in groundwater 

quality both between seasons and among boreholes. Temperature, total dissolved solids, 

electrical conductivity, lead, iron and manganese exceeding World Health Organization and 

Tanzania Bureau of Standards limits in some boreholes; necessitating water treatment for 

human use. Second, the effectiveness of baobab seeds-derived biochar for iron removal from 

groundwater was assessed. Baobab seeds, were sun-dried, oven dried at 105 ºC, carbonized at 

700 ºC, and ground into fine powder. The influence of pH, time, temperature and dose of 

biochar on the iron removal from groundwater was assessed. Six 1000 mL beakers were filled 

with groundwater and adsorbent doses of 0.6 g/L, 1.2 g/L, 1.8 g/L, 2.4 g/L, and 3.0 g/L were 

added into five beakers with the sixth serving as a control. The highest removal efficiency of 

iron was observed within 5.0-8.0 pH range. Over time, the removal efficiency increased to 87% 

at 120 minutes and 3.0 g dose, with an initial iron concentration of 5.88 mg/L and residual 

concentration of 0.76 mg/L. Baobab seeds-derived biochar showed promising efficiency in 

removing iron ions and is recommended for sustainable iron removal from groundwater. 
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(TBS, 2018; WHO, 2011). For instance, research by Hossain et al. (2015) reported iron 

concentrations ranging from 1.03 mg/L to 24.50 mg/L in Tangail Municipal, Bangladesh, while 

Rushdi et al. (2023) found average concentrations of 5.46±4.28 mg/L in Moulvibazar Sadar 

and 7.85±2.71 mg/L in Sreemangal. 

No prior study has assessed groundwater quality in Mpanda, Tanzania. An unpublished report 

from the Rural Water Supply and Sanitation Agency (RUWASA) revealed high iron 

concentrations in groundwater samples, with colour, taste, and odour indicating iron 

contamination. Pure water should be colourless, odourless, clear, and palatable (Hossain et al., 

2015). In Mpanda, groundwater stored in tanks and buckets appeared reddish-brown (Mkelemi 

field survey, 2022), with similar discolouration on concrete and plumbing fixtures, a metallic 

taste, and a bad odour, all pointing to iron presence (Carretero & Kruse, 2015; Elwakeel et al., 

2015). Therefore, assessing groundwater contamination in the Mpanda district became 

necessary. 

Various treatment methods have been used to treat contaminated groundwater including ion 

exchange, chlorination, filtration, coagulation and flocculation, reverse osmosis, greensand, 

and polyphosphates (Civardi & Tompeck, 2015; Sharma et al., 2005). However, most of these 

methods are unreliable to implement because they require chemicals and expertise, both of 

which are often unaffordable or inaccessible for people in rural areas to utilize for domestic 

water treatment. Africa is home to numerous plant species that are rich in health-promoting 

compounds and can be used to purify water (Gebauer et al., 2016). For example, the seeds of 

Morenga oleifera and the combined extract of its leaves and seeds have been reported as 

powerful natural coagulants in water purification, with little to no adverse effects on human 

health (Alam et al., 2020; Nisar et al., 2020).  

Numerous studies have reported the benefits of baobab tree (Adansonia digitata L.) for food, 

medicine, and beverages (Group, 2014), but their applicability for water purification remains 

underexplore (Agbaka, 2020). According to Assogbadjo et al. (2021), the baobab plant 

contains many bioactive substances, with each part offering various health and nutritional 

advantages. Akintola et al. (2019) reported that, the seedlings of the baobab (A. digitata L) can 

clean contaminated soil by accumulating and distributing heavy metals from sewage sludge 

into their tissues. 
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Plate 1: (A) A borehole that has been abandoned  because of water metallic taste 

and (B) an example of a typical  discolouration caused by Fe-contaminated 
groundwater to the concrete tank raiser found in the study area (Source: 
Mkelemi field survey, 2022) 

 Rationale for the Study 

Currently, there is increasing demand on the use of groundwater due to insufficient surface 

water to meet the rapidly growing population and increasing agricultural and industrial 

activities. This insufficiency stems from deteriorated surface water resources, over abstraction, 

and extended dry spells due to climate change.  The present study was initiated to find the 

extent of contamination of groundwater with metallic species and to compare these levels with 

the existing WHO and TBS standards. This study also aimed at finding an affordable and 

readily available technique for iron removal in groundwater by assessing the effectiveness of 

baobab seeds-derived biochar. The significance lies in the uses of baobab seeds, their 

availability within the local area, and their affordability in the market for rural people. 

 

 

 
















































































































































































