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Abstract 
The physicochemical characteristics of drinking water samples (A, B, C, and D) produced in Kano city 
were examined in this study in order to determine their safety and quality for human consumption. 
Total dissolved solids (TDS), electrical conductivity (EC), pH, sulfate (SO4), nitrate (NO3), phosphate 
(PO4), total hardness, and specific heavy metals (Zn, Pb, Mg, Cu, and Cd) were among the parameters 
that were examined. According to the results, sample A had the highest pH of 6.74 and sample D the 
lowest value of 5.76.  Sample B had 0.298 ds/m and 181.15 mg/mL for EC and TDS respectively, 
indicating a higher dissolved ion content. EC and TDS varied considerably among samples. Whereas 
the quantities of phosphate and nitrate varied, sample B had the greatest nitrate concentration, whereas 
the concentrations of sulfate were comparatively constant across samples. Samples A, B, and D had 
significantly higher total hardness values, indicating higher mineral content. All samples had detectable 
levels of Mg and Zn, according to heavy metal analysis; sample D had the highest value of 5.75 mg/mL 
of Mg level. Cu and Cd were below detection limits in all samples, however Pb was only found in sample 
C at a low concentration of 0.023 mg/mL. Although variations in mineral and anion concentration 
indicate the necessity for routine monitoring to maintain consumer safety in Kano city, overall, the 
bottled water samples complied with acceptable quality criteria. 
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INTRODUCTION 
In everyday metabolic life activities, water is essential. It is therefore impossible to overstate 
the importance of stakeholders raising public health awareness and providing safe and secure 
bottled drinking water. According to the World Health Organization (WHO, 2011), Magda et 
al. (2008), and Iliyasu et al. (2017), bottled water is simply any portable, hygienic, and treated 
water that is meant for public consumption, bottled, distributed, and sold. Additionally, they 
argued that drinking safe, secure bottle water can prevent around 1.8 million deaths from 
water-borne diseases per day. Biologically, D'Odorico and Rodriguez-Iturbe (2020) asserted 
that water is essential to the genesis of life. Eighty percent of the protoplasmic component of 
cell life is water. 
 
According to Liee (2011), the geological and hydrological characteristics of the aquifers from 
which the water was extracted have a significant impact on the chemical characteristics or 
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composition of various types of bottled waters. This can lead to the introduction of trace and 
toxic elements into the water during the bottling and treatment processes.  Although it is 
found in natural waters in trace amounts (0.1 mg/L), concentrations beyond the tolerance 
limit can pose a risk to public health (Kudesia and Ritu 2003).  Furthermore, certain pollutants 
in the form of heavy metals can alter development and reproduction by interfering with the 
immunological, endocrine, reproductive, and neurological systems. Many of these 
contaminants mimic or interfere with both male and female hormones (Kudesia and Ritu, 
2003; WHO, 2004). 
 
From a physicochemical standpoint, Nigerian bottled water quality frequently satisfies 
general requirements for parameters like pH, total dissolved solids (TDS) and chloride; 
nonetheless, problems with trace heavy metals, microbial contamination, and degradation 
brought on by storage still exist (Ahmed et al., 2021). In their evaluation of bottled and sachet 
water in Gboko, Akpen et al. (2017) found that iron levels in bottled samples were 0.53 mg/L 
higher than the WHO's recommended level of 0.30 mg/L, indicating that even the most 
fundamental chemical properties may be separated. Additionally, these authors noted that 
physicochemical changes in packaged water can be influenced by storage conditions, shelf 
life, container material, and exposure to sunshine. 
 
In Nigeria, the bottled and sachet drinking water sector has become one of the fastest growing 
consumer markets, driven by inadequate public water supply infrastructure and rising 
urbanization (Bello et al., 2017). Despite Nigeria’s immense wealth in water resources, the 
country faces a significant water crisis that is exceptionally difficult to resolve, particularly 
considering the associated public health and security challenges (Isukuru et al., 2024). 
According to Ainola and Samuel (2024), there are now over 2000 brands of packaged bottled 
water and more than 1000 sachet water brands operating in the Nigerian market, reflecting 
consumer demand for perceived safer alternatives to tap water. 
 
Kano state, the most populous northern state in Nigeria, faces significant challenges in 
ensuring the safety and quality of bottled drinking water. The increasing demand for bottled 
water, driven by unreliable public water supply systems and concerns over waterborne 
diseases, has led to a proliferation of small scale water producers. However, this growth has 
raised alarms regarding the physicochemical properties and heavy metal concentrations in 
bottled water, which are critical indicators of water quality and safety. The emerging health 
hazards in some parts of Kano State, including gastrointestinal illnesses, chronic kidney 
disease and cardiovascular diseases is however associated with poor water quality (Ma’aruf 
et al., 2024).  
 
Seasons affect the quality of the water as well. Because of the low water levels during the dry 
season, contaminants are concentrated more. Water quality is further lowered when the rainy 
season arrives because of the heavy rains that carry pollutants, garbage, and soil into water 
bodies (Bello et al., 2019). Given the circumstances, guaranteeing a steady supply of clean 
water is difficult. 
 
Due to these difficulties, bottled water is frequently used as a secure substitute. However, 
concerning results have been found in Northern Nigerian investigations on the quality of 
bottled water. Some bottled water brands, for instance, had levels of bacteria and heavy metals 
over advised safety limits, according to studies done in Kaduna state (Abdullahi et al., 2018; 
Abubakar et al., 2015). These contaminants can pose health risks, showing that bottled water 
is not always the safe option people assume it to be.  
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Because of its affordability, portability, and ease of use, drinking water is now frequently 
packaged in polyethylene terephthalate (PET) bottles. However, a number of physicochemical 
interactions between the water and the packaging material might affect the chemical quality 
of water held in PET bottles (Umoafia et al., 2023). Despite being widely thought to be harmless, 
PET has been demonstrated to leak tiny amounts of chemicals, including as monomers and 
additives, into the water. The bottled water's flavour, smell, and possibly safety may all be 
impacted by this kind of leaching (Al-Saleh & Elkhatib, 2023). 
 
External factors like handling procedures and storage circumstances have a big impact on the 
danger of chemical migration from PET bottles (Garcia Ibarra et al., 2018). Antimony, 
acetaldehyde, and other chemical compounds may be released into the water as a result of the 
rapid decomposition of PET polymers caused by exposure to extreme heat and direct sunshine 
(Abdel Hakim et al., 2022). Long-term exposure of PET bottles to high temperatures, which 
are typical in tropical regions has been shown in studies to promote the leaching of heavy 
metals and other pollutants, lowering the physicochemical quality of the bottled water 
(Umoafia et al., 2023). 
 
Furthermore, repeated handling and improper storage increase the likelihood of 
contamination and chemical migration. Fluctuations in temperature and Ultra violet (UV) 
radiation can induce structural changes in PET, such as photo-oxidation, which further 
facilitate the migration of chemical substances into the water (Andrady et al., 2023). These 
factors underscore the importance of evaluating the quality and safety of bottled water in 
regions with intense heat exposure, where such storage conditions are prevalent. This study 
however, evaluated the qualities of bottled water produced in this area to ascertain whether 
water quality is affected by regional factors, container interaction and water type. 
 
MATERIALS AND METHODS 
Sample Source 
Different brands of bottled drinking water produced within Kano State Metropolis such as 
Ara, Meral, Rufaida and POP bottle waters were used for this research. These were sourced 
from the manufacturing companies directly.  The product date, expiry date, batch numbers 
were identified and recorded during the sample collection in Table 1. 
 
Table 1: Label Information of Bottled Water Brands 

S/N Samples Manufacturing Date Best before date Batch Number 

1. Pop 03/05/2024 21:38 03/05/2025-MB2 21:38 

2. Ara 12/09/2024 12/09/2025 12924-09:20 

3. Meral  2/06/2024 1/06/2025 039 

4. Rufaida 07/28/2024 07/28/2025 00231 

 
Water samples were randomly taken from each bottle from a pack of bottles from each brand 
for chemical analysis. The chemical quality of the selected bottled drinking water samples 
were analysed for temperature, pH, conductivity, total dissolved solutes, turbidity, nitrite, 
phosphate, chlorine, bicarbonates, hardness, Lead, Calcium, Magnesium, and Copper and 
Zinc according to the methods described by Olajide (2012), Udo et al. (2009) and Onwuka 
(2018). Atomic absorption spectroscopy was used to assess the water samples for the presence 
of heavy metals.  
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Data Analysis 
All analytical determinations were conducted in triplicates. The experimental data were 
subjected to analysis of variance (ANOVA) and means separated by Fisher's least significance 
difference test using Minitab statistical package, version 17.0. 
 
RESULTS AND DISCUSSION 
Table 2: Physiochemical Properties of Bottled Drinking Water Produced in Kano 
Metropolis. 

Samples pH EC (ds/m) TDS 
(mg/mL) 

SO4 
(mg/L) 

NO3 

(mg/mL) 
PO4 
(mg/mL) 

T. Hardness 
(mg/mL) 

A 6.74±0.04a 0.164±0.02b 90.25±0.19b 14.68±0.81a 1.40±0.00c 0.18±0.00b 243.2±1.81a 

B 6.35±0.03b 0.298±0.00a 181.15±0.48a 13.93±0.52a 3.50±0.99a 0.22±0.00b 307±1.36a 

C 6.09±0.00c 0.093±0.00d 12.43±0.61d 14.49±0.36a 1.74±0.48c 0.39±0.03a 89.6±1.81b 

D 5.76±0.07d 0.021±0.00c 57.56±0.34c 12.62±1.53a 2.10±0.99b 0.25±0.00b 294.4±1.54a 

The values are mean standard deviation (± SD) of duplicate measurement. Values with different superscript in the 
same column are significantly different at (P<0.05). 
Key: A = Pop Bottled Water, B = Ara Bottled Water, C=Meral Bottled Water, D = Rufaida Bottled Water 

 
Table 3: Heavy Metals Concentration in Bottled Water 

Samples  Zn (mg/mL) Pb (mg/mL) Mg (mg/mL) Cu (mg/mL) Cd (mg/mL) 

A 0.01±0.00c ND 3.93±0.09b ND ND 

B 0.04±0.00b ND 4.29±0.28b ND ND 

C 0.05±0.00a 0.023±0.00 1.97±0.03c ND ND 

D 0.02±0.00c ND 5.75±0.06a ND ND 

The values are mean standard deviation (± SD) of duplicate measurement. Values with different superscript in the 
same column are significantly different at (P<0.05). 
Key: A = Pop Bottled Water, B = Ara Bottled Water, C = Meral Bottled Water, D = Rufaida Bottled Water, ND = 
not detected 

 
DISCUSSION 
Physicochemical Properties of Bottled Water 
Table 2 displays the findings of physicochemical characteristics of water. The pH levels in the 
5.76–6.74 range are marginally lower than the 6.5–8.5 range that the WHO recommends for 
drinking water. With the lowest pH (5.76), Sample D is slightly acidic, which could cause 
corrosion in pipelines and alter flavor (WHO, 2017). Similar acidic pH levels have been noted 
in packaged water samples analysed in Kano (Gwamna et al., 2024), which may be the result 
of packaging interactions or the acidity of the soil itself. A pH in the range of 6.50 to 7.20 was 
reported by Ma’aruf et al. (2024) in boreholes found within the Kano Metropolis which could 
be a contributing factor for the pH value recorded for this study. Muhammad et al. (2020) also 
reported pH in the range of 6.5 to 7.5 for sachet water brands within Kumbotso Local 
Goernment Area (LGA). Water palatability and infrastructure integrity depend on pH being 
kept within WHO guidelines. 
 

The appropriate ionic strength for drinking water is indicated by the electrical conductivity 
(EC) values in Samples A through D (0.021 to 0.298 dS/m), which are significantly lower than 
the WHO recommendation value of 0.7 dS/m (WHO, 2017). The electrical conductivity of 
packaged water in Kano as reported by Ekewe et al. (2020) and Busari et al. (2019) reflects low 
to moderate levels of dissolved ions, suggesting good water quality for drinking purposes. 
The water is deemed safe for consumption based on Sample B's higher EC and associated total 
dissolved solids (TDS) of 181.15 mg/L, which are both below the WHO criterion of 1000 
mg/L. the increased value of EC and TDS in Sample B are in line with results obtained by 
Abdullahi et al. (2020) on bottled water, which may indicate insufficient treatment or mineral-
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rich sources. On the other hand, Sample C's extremely low TDS (12.43 mg/L) denotes 
extremely pure water, which is frequently used for bottled goods (Islam et al., 2017). 
The sulfate concentration in all samples which ranged from 12.62 to 14.68 mg/L is far below 
the WHO guideline value of 250 mg/L, indicating no health risk from sulfate ions (WHO, 
2017). The uniformity aligns with results reported in bottled water analyses in Kano 
metropolis (Gwamna et al., 2024). 
 

Nitrate levels show the greatest variation, with Sample B reaching 3.5 mg/L. Although all 
nitrate concentrations are below the WHO maximum permissible limit of 10 mg/L, the 
relatively higher nitrate in Sample B flags potential contamination from agricultural runoff or 
sanitation sources (Sankhla et al., 2016). Given nitrate's health risks such as 
methemoglobinemia, continuous monitoring is critical, especially in agricultural areas of this 
region (Abdullahi et al., 2018). 
 

Elevated phosphate in Sample C (0.39 mg/L) exceeds typical background levels but is not 
directly regulated by WHO for drinking water. However, its presence may signal nutrient 
pollution from detergents or fertilizers, which can foster microbial growth and degrade water 
quality (Yahaya et al., 2025). This finding underscores the need for stringent quality control in 
bottling plants to prevent contamination. 
 

The total hardness values in Samples A, B, and D (243.2 to 307 mg/L as CaCO3) exceed the 
WHO’s recommended preference level of 100–200 mg/L for drinking water. High hardness 
results from dissolved calcium and magnesium salts common in Northern Nigeria’s geology 
(Garba et al., 2018). While hardness itself is not a health hazard, it affects taste, causes scale 
buildup, and may pose challenges for domestic use. Discharges from industries, particularly 
tanneries, introduce high concentrations of calcium and magnesium into nearby water bodies, 
increasing hardness levels (Isukuru et al., 2024). Furthermore, Surface runoff from urban areas 
can carry dissolved minerals into water sources, contributing to increased hardness (Sample 
C’s low hardness (89.6 mg/L) indicates either a different water source or effective softening 
processes, which may appeal to consumer’s sensitive to hard water. 
 

Overall, the samples generally comply with WHO guidelines for safe drinking water, but 
variations in pH, nitrate, phosphate, and hardness highlight areas requiring attention. 
Elevated nitrate and hardness in some samples reflect regional agricultural practices and 
geology, consistent with previous studies on Northern Nigerian bottled waters (Abdullahi et 
al., 2020; Gwamna et al., 2024). The slightly acidic pH and nutrient presence suggest potential 
impacts from both natural and anthropogenic activities, emphasizing the importance of 
ongoing monitoring and quality assurance. 
 

Heavy Metals Concentration in Bottled Water 
Monitoring trace elements including zinc (Zn), lead (Pb), magnesium (Mg), copper (Cu), and 
cadmium (Cd) is crucial to ensuring safety and adherence to international standards, as 
drinking water quality is vital for public health. This study assessed these components' 
quantities in bottled water samples taken from Kano, Nigeria. Table 3 presents the findings.  
 

The zinc (Zn) contents varied from 0.01 to 0.05 mg/L, with Sample C having the highest value. 
These levels indicate no immediate health concern because they are much below the WHO-
recommended limit of 3 mg/L for Zn in drinking water (WHO, 2017). Zn levels in bottled 
water are generally less than 0.1 mg/L, according to similar research on packaged water 
(Mohammed et al., 2023; Hassan et al., 2024). Although Zn is a necessary micronutrient, if it is 
increased, it may be a sign of corrosion in metallic pipes or leaching from packing materials 
(Onyekuru et al., 2022). 
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Sample C had lead (Pb) found at 0.023 mg/L, which is more than the WHO maximum 
allowable limit of 0.01 mg/L (WHO, 2017). Because of its neurotoxicity, especially in children, 
this high lead level is a serious health concern (Abubakar et al., 2023). Pb levels in bottled 
water from this area are typically below detectable limits, according to recent studies (Bello et 
al., 2022; Yusuf & Garba, 2023). Sample C is an anomaly that is probably caused by localized 
contamination sources like industrial effluents or deteriorating plumbing infrastructure 
(Ibrahim & Musa, 2023). 
 

Concentrations of magnesium (Mg) ranged from 1.97 to 5.75 mg/L, which is in line with 
Kano's normal groundwater mineral content (Adamu et al., 2024). Despite the lack of a health-
based guideline by WHO, Mg levels below 50 mg/L are deemed appropriate and influence 
nutritional intake and water hardness (WHO, 2017; Waziri et al., 2023). These results are 
consistent with recent regional evaluations that found comparable levels of Mg (Sani & 
Abdullahi, 2023). 
 

Neither cadmium (Cd) nor copper (Cu) were present in any of the samples. Absence of Cu, 
which has a WHO recommended threshold of 2 mg/L, suggests less corrosion of copper pipes 
and effective water treatment (WHO, 2017). Despite being commonly associated with 
industrial pollution, Cd, a dangerous heavy element with a tight limit of 0.003 mg/L was not 
detected, indicating that the water brands studied had minimal contamination caused by 
humans (Jibrin et al., 2023). 
 

CONCLUSION  
The bottled drinking water samples from Kano Metropolis show variability in mineral content 
and physicochemical properties. Most samples have mildly acidic pH, varying hardness, and 
generally safe levels of common anions. However, the presence of lead in sample C, even at 
low levels, raises a potential health concern and should be addressed. Additionally, the higher 
nitrate content in sample B may warrant monitoring. The differences in mineral content 
suggest variability in water sources or treatment processes used by different bottled water 
producers.  
 

RECOMMENDATIONS 
To monitor variations in the concentrations of heavy metals over time and to quickly detect 
any new contamination problems, routine and methodical testing of bottled water is crucial. 
Because extremely high total dissolved solids (TDS) might have an impact on flavor and even 
health, bottling facilities should improve their treatment procedures to lower higher levels as 
needed. In order to guarantee water quality and customer safety, water treatment techniques 
like softening may also be taken into consideration if hardness levels surpass suggested 
thresholds. 
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