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Abstract  
The global surge in bottled water consumption is attributed partly, to consumers perception that 
bottled water is superior than tap in terms of physical, microbial, and chemical qualities. 
However, a comprehensive study on the actual chemical quality parameters of bottled water, 
especially in developing countries like Nigeria, with less stringent monitoring, to justify this 
claim is lacking. This paper provides a synthesis of literature on chemical quality of bottled water 
in Nigeria. A systematic review of available peer-reviewed literatures was conducted using 
adapted Preferred Reporting Items for Systematic Reviews and Meta- Analysis (PRISMA) model. 
A total of seventeen peer-reviewed studies were descriptively analysed. The finding shows that 
most bottled water samples analyzed breached the chemical quality guidelines prescribed by 
Standards Organization of Nigeria (SON). This finding has implications for bottled water 
consumption, water and public health policies, and marketing strategy in developing countries. 
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1 Introduction 
The surge in the consumption of bottled drinking water is generally attributed to consumers 
underlying perception that bottled water is safer than tap (Prasetiawan et al. 2017), even as the 
bottled water sector promotes the product on the basis of purity and health (Platikanov et al. 
2017). According to Spar and Benebek (2008) the Bottled Water market is built on “perception”. 
In recent times, however, several studies have argued that bottled water may not necessarily be 
safer or better than tap water (Collins & Wright 2014; Pant et al. 2016; Dias & Bernardes 2016; 
Ferrier 2001; De Queiroz et al. 2013). Thus, the wholesomeness of bottled water products has 
become a contentious issue especially in developing countries like Nigeria, where adequate 
public water supply is lacking (Kaur et al. 2015), water quality is less monitored (Vorosmarty et 
al. 2005), and less than 20% of Nigerians have access to safely managed drinking water (World 
Bank 2018).  

Different aspects of bottled water quality have been investigated in Nigeria: microbial 
(Igbeneghu & Lamikanra 2014; Akinnibosun & Ugbawa 2018; Sule et al. 2017); physical 
(Oluyege et al. 2014; Onoja et al. 2015); and chemical qualities (Adelana et al. 2002; Bolawa & 
Adelusi 2017; Abasiekong et al. 2016). In addition to individual studies on microbiological 
quality, a comprehensive literature on microbiological quality of bottled water, in the form of 
systematic literature review and meta-analysis exists (Odeyemi, 2015). However, despite that 
several studies on chemical quality of bottled water in Nigeria have been equally conducted, a 
synthesis of the literatures on the chemical quality of bottled water in Nigeria is still lacking. 
Besides, though guideline values (GVs) for trace and metal elements in drinking-water are 
established in Nigeria, an all-inclusive information on actual compliance with the GVs by 
operators is scarce.  

Whereas this lack can limit bottled water research, policy, and marketing strategy, 
undertaking this study is needed to inform government drinking water policy, managers’ 
marketing strategy, consumers’ choice of drinking water alternatives, and enriching bottled water 
literatures in Nigeria. The objective of this paper is to conduct a systematic appraisal of peer-
reviewed literatures on the chemical quality of bottled water in Nigeria, in order to describe the 
phenomenon. The ultimate aim is to collate and compare findings with guideline values for 
chemical parameters to determine the level of compliance with regulators’ standards for chemical 
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parameters. The question this study intends to answer is, “In the context of weak drinking water 
regulatory controls, what are the levels of compliance of bottled water samples, with the SON 
GVs for the chemical parameters in Nigeria?” The following section is a review of literature on 
the regulated chemicals the likely health and acceptability effects.  

2 The Regulated Drinking Water Chemicals  
Drinking water chemicals that are regulated by the World Health Organization (WHO 2017) and 
the Standards Organization of Nigeria (SON 2015) are sometimes loosely and broadly classified 
as heavy metals and trace metals, (Abasiekong et al. 2016), macro- and micro – nutrients 
(Prashanth et al. 2015), or micronutrients and heavy metals (Blum et al. 2009). Inappropriate 
composition of these elements constitutes chemical contamination - levels of various trace or 
metal elements outside the permitted drinking-water parameters. A recent study suggest heavy 
metals are harmful to human health 
 (Zhao et al. 2017). Trace and metal elements in drinking-water are regulated because of their 
potential influence on consumers’ choice and health (WHO 2011). For the purpose of this study, 
we adopt the heavy metal and trace metal classifications to represent the normally toxic and the 
micronutrient categories. 
 

2.1 The Heavy Metals and the Health significances 
Heavy metals are elements having densities greater than 5.0 g cm3 and denote metals and 
metalloids that are associated with pollution and toxicity but also include essential elements 
(Blum et al. 2009). Some of the most vital drinking water metals or elements are fluoride, nitrates, 
heavy metals (Doria 2010), Copper, Cadmium, Zinc, Arsenic and Chromium (Ikudayisi et al. 
2015; Njinga & Tshivhase 2017). According to Maduka et al. (2014) the heavy metals comprise 
of cadmium, chromium, lead, copper, iron, aluminium, manganese, zinc, magnesium, and 
calcium, while the anions are fluoride, sulphate, chloride, and nitrate. Arsenic, barium, cadmium, 
chromium, copper, cyanide, fluoride, lead, manganese, mercury, nickel, and nitrate are 
considered to be potentially toxic to health (Marcussen et al. 2013). In particular, lead is 
recognized as one of the most damaging substances in human environment (DeAngelis et al. 
2015). 

These heavy metals which also include mercury do not easily break down once they are in 
the environment and have toxic effects on humans (Bolawa & Adelusi 2017). Specifically, since 
barium has been linked to nephropathy in laboratory animals, it has been selected as the 
toxicological end-point of concern for the current guideline (World Health Organization 2017).  
Epidemiological studies have indicated a strong connection between incidence of cardiovascular 
diseases, kidney related disorder, neurocognitive effect, and cancer, on one part and metals such 
as cadmium, mercury, and lead, according to Saleh and Al-Doush, (1998) as cited by Abasiekong 
et al. (2016). Arsenic has been associated with cancer and cardiovascular diseases (Phung et al. 
2017). Chronic arsenic toxicity (arsenicosis) in humans has been linked to incidences of chronic 
lung disease, liver fibrosis (non-cirrhotic portal fibrosis), polyneuropathy, peripheral vascular 
disease, hypertension, non-pitting oedema of limbs, conjunctival congestion, weakness, and 
anaemia. (Guha Mazumder 2017). Njinga and Tshivhase (2017) investigated Pb, Cd, and Cr in 
drinking water in Nigeria and report high risk of adverse health outcomes emanating from Pb, 
Cd, and Cr. 
 

2.2 The Trace Metals and the Health and Acceptability significances 
 Trace elements mostly denote “elements that occur in natural and perturbed environments in 
small amounts and that when present in excessive bioavailable concentrations, are toxic to living 
organisms. Micronutrients are those elements essential in biological processes (Blum et al. 2009 
p.56). The extreme levels of trace metals or elements, usually toxic to human body health have 
been associated with numerous deadly ailments, such as cancers (Al-Fartusie & Mohssan 2017). 
Some elements identified as trace metals are Ca, Mg, Fe, Mn, Se, and Zn (Islam et al. 2018). 
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These elements are vital because of their likely effect on human health (Swaine 2000). In fact, it 
has been suggested that imbalance in trace element metabolism and homeostasis may have 
important role in a diversity of diseases and disorders (Zhang 2017). Although small amounts of 
trace metals are essential for metabolic activities of the human body, they can constitute adverse 
health effects at high levels of concentrations (Bolawa & Adelusi 2017). Evidence of an inverse 
relationship between coronary heart disease mortality, and magnesium and calcium in water 
exists (WHO 2005). It has also been posited that protracted consumption of demineralized water 
relates to micronutrient deficiencies, especially in calcium and magnesium. Such deficiencies 
have been linked to high incidences of dieresis, hypertension, and coronary heart disease 
(Akpoborie & Ehwarimo 2012).  

In addition to the health consequences, inappropriate levels of the micronutrients in 
drinking water, can affect the aesthetic perceptions of the water, thus making acceptability an 
issue. For example, high concentrations of Manganese, Nitrate (NO3), magnesium (Mg+2), 
chloride, sodium (Na), sulphate (SO4), zinc (ZN), and the total dissolved solids (TDS) can, and 
do affect the taste of drinking water. Iron (Fe+2) and chlorine affect both taste and odour, pH - 
taste and appearance, and Aluminium - colouration. Acceptability of drinking-water organoleptic 
attributes is crucial because according to World Health Organization (2017 p.219), “water that is 
aesthetically unacceptable can lead to the use of water from sources that are aesthetically more 
acceptable, but potentially less safe”. From the foregoing, it is evident that compliance with 
Guideline Values for chemical parameters is imperative. In the context of Nigeria, extant 
literature on chemical qualities have made differing conclusions on the level of compliance of 
bottled water products with the GVs. The detail of chemical parameters investigated, samples in 
the studies, and the relevant studies are profiled in Table 1.   

 
3 Methods 
This study is a systematic review of literatures that examined the chemical quality of bottled 
water in Nigeria. This methodology is justifiable because systematic reviews are considered as 
ideal method for chemical risk assessments (Phung et al. 2017). The present study does not 
include a meta-analysis, nor does it have a review protocol, because the since the studies are not 
experimental, the effect sizes (f2) were not reported. The preferred reporting items for systematic 
reviews and meta- analysis (PRISMA) statement guided the review.  
 

3.1 Criteria for inclusion of materials 
For any study that was included, it must have been a peer-reviewed material, assessed chemical 
quality of bottled water and analysed bottled water samples collected from any part of Nigeria. 
Such study must also have identifiable number of samples analysed and clear objective(s), 
methods, and results. 
 

3.2 Search strategy 
For literature search, online databases, journal home pages and search engines were used. These 
include ProQuest, Web of Science, Scopus, Emerald, Springer, Francis, Taylor online, and 
Google scholar. For Web of Science, ProQuest and Scopus, the search term(s) were “Bottled 
water OR packaged water OR mineral water OR table water AND chemical quality OR trace 
elements AND Nigeria” while for others, it was "bottled water" "packaged water" “mineral 
water” "chemical quality" "trace metals" "heavy metals", depending on which is most amenable 
to the databases. The limiter used in some cases included “scholarly articles”. As shown in Figure 
1, down from 1077 peer-reviewed articles found, only seventeen met the inclusion criteria and 
were thus included. 
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  Figure 1: PRISMA Flow chart of information through the different phases of the systematic review. 
  Source: doi: 10.1371/journal.pmed. 1000097.g001(Moher et al. 2009) 
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3.3 Data extraction 
Data on the study characteristics such as chemical parameters and number of bottled water 
samples analysed by each study were extracted. This study focuses on the chemical parameters 
because it is regulated by the drinking water quality guidelines in Nigeria, can influence 
consumers’ choice of drinking water option, and increase the consumers overall health-risk ratio. 
The information on the results of the analyses - whether contaminants were detected or not, and 
the proportion of samples that tested positive (+) and negative (-) were extracted. 
 

3.4 Analysis  
Data extracted were analysed descriptively in tables and charts using SPSS software. 
Specifically, the number of each of the studies done on chemical quality, percentage of positive 
and negative occurrence of contaminants (level of compliance with the GVs) were tabulated and 
charted. 
 

3.5 Profile of parameters and studies in the review  
Overall, twenty-three chemical constituents were investigated in the seventeen studies included 
in this review. Table 1 shows the chemicals investigated, the number of studies and the total 
sample sizes. Majority of the chemicals were investigated by at least five studies. Sample sizes 
for seven and eight of the elements are above hundred and fifty, respectively. The least numbers 
of study that investigated an element (Arsenic, Barium, Cyanide, and Fluoride) is one – Inam et 
al. (2010) and Ajayi et al. (2008), while the most investigated are Iron, (10 studies), Chloride (10 
studies), and pH (10 studies). Mercury is the only regulated metal that was not investigated by 
any of the studies, thus indicating the need to include it in future studies. The results of these 
studies were collated and compared with SON’s guideline values. 

 
Table 1: The regulated drinking water chemicals and the existing studies in Nigeria  
 
S/No. Chemicals Studies  Number 

of studies 
Total 

sample 
1. Aluminium (Al)  (Maduka et al. 2014; Inam et al. 2010; Ajayi et 

al. 2008) 
4 57 

2. Arsenic (As) (Inam et al. 2010) 1 40 
3. Barium Inam et al. 2010) 1 40 
4. Cadmium (Abasiekong et al. 2016; Akpoborie & 

Ehwarimo 2012; Ogunfowokan et al. 2008; Inam 
et al. 2010; Nkono & Asubiojo 1997; Bolawa & 
Adelusi 2017) 

6 108 
 

5. Chromium (Ogunfowokan et al. 2008; Nkono & Asubiojo 
1997; Akpoborie & Ehwarimo 2012; Inam et al. 
2010; Ajayi et al. 2008; Bolawa & Adelusi 2017) 

6 83 

6. Copper  (Abasiekong et al. 2016; Okoli et al. 2007; Njoku 
et al. 2015; Duru & Ike 2017) 

4 60 

7. Cyanide (Ajayi et al. 2008) 1 10 
8. Fluoride  (Ajayi et al. 2008) 1 10 
9. Lead (Pb) (Nkono & Asubiojo 1997; Njoku et al. 2015; 

Akpoborie & Ehwarimo 2012; Inam et al. 2010; 
Ogunfowokan et al. 2008; Bolawa & Adelusi 
2017) 

6 102 

10. Manganese (Mn) (Nkono & Asubiojo 1997; Njoku et al. 2015; 
Inam et al. 2010; Bolawa & Adelusi 2017) 

5 89 

11. Mercury (Hg) Nil  Nil Nil  
12. Nickel (Ni) (Ogunfowokan et al. 2008; Nkono & Asubiojo 

1997; Inam et al. 2010; Bolawa & Adelusi 2017) 
4 85 
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13. Nitrate (NO3) (Anyanwu & Nwigwe 2015; Onoja et al. 2015; 
Taiwo et al. 2010; Okoli et al. 2007; Njoku et al. 
2015; Akpoborie & Ehwarimo 2012; Ajayi et al. 
2008; Duru & Ike 2017) 

8 92 

14. Hardness (Anyanwu & Nwigwe 2015; Taiwo et al. 2010; 
Onweluzo & Akuagbazie 2010; Ajayi et al. 
2008; Sule et al. 2017) 

5 72 

 
Table 1 continued 
 
S/No. Chemical Studies  Number of 

studies 
Total 

sample 
15. Iron (Fe+2) (Abasiekong et al. 2016; Taiwo et al. 2010; 

Adelana et al. 2002; Okoli et al. 2007; 
Onweluzo & Akuagbazie 2010; Njoku et al. 
2015; Inam et al. 2010; Ajayi et al. 2008; 
Bolawa & Adelusi 2017; Duru & Ike 2017) 

10 167 

16. Magnesium 
(Mg+2) 

(Abasiekong et al. 2016; Adelana et al. 2002; 
Njoku et al. 2015; Akpoborie & Ehwarimo 
2012; Ajayi et al. 2008; Bolawa & Adelusi 
2017) 

6 81 

17. Chloride (Onoja et al. 2015; Abasiekong et al. 2016; 
Anyanwu & Nwigwe 2015; Taiwo et al. 2010; 
Adelana et al. 2002; Onweluzo & Akuagbazie 
2010; Akpoborie & Ehwarimo 2012; Ajayi et 
al. 2008; Duru & Ike 2017; Sule et al. 2017) 

10 169 

18. Chlorine (Taiwo et al. 2010; Ajayi et al. 2008) 2 31 
19. pH (Ogunfowokan et al. 2008; Anyanwu & 

Nwigwe 2015; Abasiekong et al. 2016; Taiwo 
et al. 2010; Adelana et al. 2002; Okoli et al. 
2007; Onweluzo & Akuagbazie 2010; Njoku et 
al. 2015; Akpoborie & Ehwarimo 2012; Ajayi 
et al. 2008) 

10 122 

20. Sodium (Na) (Adelana et al. 2002; Onweluzo & Akuagbazie 
2010; Bolawa & Adelusi 2017) 

3 47 

21. Sulphate (SO4) (Maduka et al. 2014; Anyanwu & Nwigwe 
2015; Onoja et al. 2015; Taiwo et al. 2010; 
Adelana et al. 2002; Okoli et al. 2007; 
Onweluzo & Akuagbazie 2010; Njoku et al. 
2015) 

8 104 

22. TDS (Ogunfowokan et al. 2008; Anyanwu & 
Nwigwe 2015; Abasiekong et al. 2016; Taiwo 
et al. 2010; Adelana et al. 2002; Akpoborie & 
Ehwarimo 2012; Ajayi et al. 2008; Duru & Ike 
2017) 

 
8 

108 

23. 
  

Zinc (Zn) (Ogunfowokan et al. 2008; Nkono & Asubiojo 
1997; Abasiekong et al. 2016; Okoli et al. 
2007; Njoku et al. 2015; Inam et al. 2010; Ajayi 
et al. 2008; Bolawa & Adelusi 2017; Duru & 
Ike 2017) 

9 104 

4 Assessment of Chemical Parameters of Bottled Water in Nigeria  
According to the World Health Organization (2011 p.26) “Assessment of the adequacy of the 
chemical quality of drinking-water relies on comparison of the results of water quality analysis 
with guideline values”. That makes it imperative to look at the guideline values for chemical 
parameters in Nigeria (Table 2). Chemical contaminants that have been associated with some 
illnesses are aluminium, arsenic, barium, cadmium, and chromium. Others are copper, cyanide, 
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fluoride, lead, etc. As mentioned before, GVs were established for these chemicals both by the 
WHO (2011) and Standard Organization of Nigeria (SON) because of their health significances. 
Table 2 shows the list of chemicals regulated by SON. The table also indicates the GVs, and health 
and acceptability implications. The GVs are the maximum limit outside which drinking-water 
should be declared unfit for human consumption in Nigeria. Thirteen of the chemicals (S/Nos. 1-
13) could have serious health impacts if GVs are exceeded in drinking water. The chemical 
elements which could have effect on the aesthetic properties of drinking water, when present at 
certain quantities, include Iron (Fe+2), Magnesium (Mg+2), Chloride, and chlorine. (S/No. 14 to 23).    
 
Table 2: The regulated chemicals, health/acceptability significances, & guideline values in Nigeria 

S/No. Chemical Health significance Guideline values 
(Maximum) mg/l 

Acceptability 
significance 

1. Aluminium (Al)  Potential neuro-degenerative disorders 0.2 Colouration  
2. Arsenic (As) Cancer  0.01  
3. Barium Hypertension  0.7  
4. Cadmium Toxic to kidney  0.003  
5. Chromium Cancer  0.05  
6. Copper  Gastrointestinal disorders 1  
7. Cyanide Very toxic to thyroid and nervous system 0.01  
8. Fluoride  Fluorosis, skeletal morbidity 1.5  
9. Lead (Pb) Cancer, interference with vitamin D, toxic 

to peripheral nervous system, affects 
mental development 

 0.01  

10. Manganese (Mn) Neurological disorder 0.2 Taste  
11. Mercury (Hg) Kidney and central nervous system 0.001  
12. Nickel (Ni) Possibly carcinogenic 0.02  
13. Nitrate (NO3) Cyanosis, asphyxia 50  
14. Hardness  150 Taste  
15. Iron (Fe+2)  0.3 Taste, colour 
16. Magnesium (Mg+2)  20 Taste  
17. Chloride  250 Taste  
18. Chlorine  0.2 - 0.25 Taste, odour  
19. pH  6.5- 8.5 Taste, appearance 
20. Sodium (Na)  200 Taste 
21. Sulphate (SO4)  100 Taste 
22.  Total dissolved solids 500 Taste  
23. Zinc (Zn)  3 Taste  

Notice: SON Standard Organization of Nigeria 
Source: (Standards Organization of Nigeria, 2007, 2015) 
 
5 Results 
 
Figure 2 is the composite bar chart showing details of the number of samples analysed for each 
of the chemicals on the SON list of regulated trace and metal elements. Only the thirteen 
chemicals that have health significances are included in the chart. Immediately below the charts 
are the names of the thirteen chemicals of interest. Next after that are the figures for total number 
of samples analysed by the 17 studies reviewed. Followed by that are the number of sample found 
to have complied with the GVs and those that failed compliance tests, respectively. The number 
of samples, number within and outside the GVs for each of the elements are clearly shown in 
figures and charts. The guideline value for aluminium (Al) set by SON is 0.2 mg/l of drinking-
water. The total number of samples from four studies that profiled aluminium in bottled water is 
fifty-seven (57) (Figure 2). Based on the GV of 0.2, all samples  
                                             



Journal of Good Governance and Sustainable Development in Africa (JGGSDA), Vol. 7, No 2, Nov.-
Dec., 2022. Available online at http://journals.rcmss.com/index.php/jggsda. ISSN: 2346-724X (P) 2354-
158X (E). Covered in Scopedatabase- https://sdbindex.com/Sourceid/00000431, google scholar, 
etc.                                                                                                              Ojatta Dominic Oteino, 7(2):10-21 
                                                                                                  

17 
 

 

Figure 2: Chemical parameters: Sample size, % of samples within (WGV) and outside (OGV) 
based on SON Guideline Values, 2015 

(100%) were found to be in violation. Prolonged ingestion of Al above the recommended by GV 
has been associated with a disease known as neuro-degenerative disorders (SON, 2015). For 
arsenic (As), forty samples were analysed by Inam et al. (2010). All the samples (100%) breached 
the GV is 0.01 mg/l established by SON. Again, this element is associated with cancer. Like all 
other chemicals in water, the effect of ingestion of high doses above the recommended 
parameters may not be immediate. For barium, cadmium, chromium, and copper, the GVs were 
0.7, 0.003, 0.05 and 1.  

Of the forty (40) samples analysed for Barium, thirty-five (87.5%) were in violation 
while only five (5) samples complied. The figures for cadmium, chromium and copper were 108, 
93, and 60 for number of samples; 33, 70, and 25 for numbers in compliance with the GVs; and 
75, 23, 25, for the samples whose values were higher than the GVs. This means 33%, 70%, and 
35% levels of compliance for cadmium, chromium, and copper, respectively. As usual, cadmium, 
chromium and copper are associated with kidney toxicity, cancer, and gastrointestinal disorders, 
respectively (SON 2015). In particular, Que et al. (2010) suggest that cadmium affects the DNA 
damage-repair ability of lymphocytes. These are potential health risks consumers of bottled water 
in Nigeria are exposed to as a result of violation of GVs by stakeholders. While the GV for 
cyanide, a causative element for toxicity of the thyroid and the nervous system, is set at 0.01, the 
actual values of the ten (10) samples analysed in the studies were higher (Ajayi et al. 2008). Thus 
hundred percent (100%) of the samples were in violation of the GV. For fluoride, ten samples 
were analysed and found to be hundred percent (100%) in violation of the limits. Fluoride 
deficiency is associated with fluorosis and skeletal tissue morbidity (SON 2015). Although 
mercury has health significances in the context of kidney and central nervous system, none of 
the studies investigated it.  

Lead and manganese had total number samples 102 and 89, number within GVs, 36 and 
32, and numbers outside GVS of 66 and 57, respectively. For these two elements, this means 
about sixty-five percent (65%) of the samples had lead and manganese constituents higher than 
the GVs for drinking-water in Nigeria. In a study on heavy metals in Oman, Yaghi (2007) had 
found 80% of the samples in certain parts exceeded safe levels specified for lead and chromium. 
The areas of health impact of these elements in drinking water include cancer, mental under-
development in children, toxicity to both central and peripheral nervous systems as well as 
neurological disorders (SON 2015). The last two elements analysed in the studies are nickel (Ni) 
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and nitrate (No3). With samples of 85 and 92, respectively, compliance with the GVs are highest 
for these elements. Fifty-eight (58) and eighty-four (84) samples, representing 68% and 91% 
complied with the set GVs, in that order. Nitrate is considered to be a causative element for 
asphyxia in children while nickel is considered to be possibly carcinogenic in nature (SON 2015).  

6 Discussion of findings 
Adequate knowledge of compliance with drinking water guidelines for chemical parameters is 
desirable. However, a comprehensive synthesis of peer-reviewed articles revealing the actual 
chemical quality parameters of bottled water products in Nigeria is arguably not available. This 
systematic review of available peer-reviewed literatures on bottled water chemical quality was 
conducted using adapted Preferred Reporting Items for Systematic Reviews and Meta- Analysis 
(PRISMA) model. A total of 17 peer-reviewed studies of bottled water samples in Nigeria were 
descriptively analysed. The finding suggests an exacerbated levels of breach of the guideline 
values established by the regulator (SON, 2015). 

All samples analyzed for Aluminium breached the guideline values established by SON. 
The health implication is that folks that engaged in protracted use of bottled water in Nigeria are 
exposed more to incidences of potential neuro-degenerative disorders. Reduced visuo-motor 
coordination, poor long-term memory, and increased sensitivity to flicker among the elderly 
persons have been connected to elevated aluminium serum levels (Bowdler et al. 1979). Further, 
epidemiological research indicates that imbalance of aluminium in drinking water may aid the 
start and progression of Alzheimer's disease (Bondy 2016). Similarly, all samples of water 
analyzed for Arsenic (AS) violated the guideline values. This has a serious implication for disease 
incidence and control. Arsenic has been associated with cancer and cardiovascular diseases 
(Phung et al. 2017). Chronic arsenic toxicity (arsenicosis) in humans has been linked to 
incidences of chronic lung disease, liver fibrosis (non-cirrhotic portal fibrosis), polyneuropathy, 
peripheral vascular disease, hypertension, non-pitting oedema of limbs, conjunctival congestion, 
weakness, and anaemia. (Guha Mazumder 2017).  
 Abasiekong et al. (2016) referring to Al Saleh and Al-Doush, (1998) suggests a 
relationship between incidences of cardiovascular diseases, kidney related disorder, 
neurocognitive effect, and cancers, and the presence of cadmium, mercury, and lead. This 
connotes a higher incidence of these disease among consumers of bottled water in Nigeria. In 
other words, the risk-level of these ailments will be higher among bottled water consumers than 
otherwise. Given that the rates of violation of the GVs for lead and Cadmium are 69 and 65 
percent respectively, the potential risk-level for these ailments calls for urgent regulatory actions.  

Other than the health significances of the heavy drinking-water chemicals, violation of 
the GVs for other regulated trace elements that have acceptability significances should be of 
concern to consumers, managers, and drinking-water policymakers. Elevated levels of some of 
the trace elements can convey “water hardness” to the consumers. Although “hard water is good 
because it contains nutrients valuable in themselves and because these nutrients can decrease 
impact of toxic elements in the environment” (WHO 2005 p.95), the danger is that consumers 
can actually abandon drinking water that are regarded as “hard” without adequate health 
education. This has implications for health policy design and implementation in Nigeria and other 
developing countries of similar attributes.   

In summary, all bottled water samples tested for Aluminium, Arsenic, cyanide, and 
fluoride were in violation of the GVs. In addition, majority of samples tested for barium, 
chromium, nickel, and Nitrate complied with the GVs while majority of samples tested for 
cadmium, lead and manganese breached the GVs. Therefore, it can be said that compliance with 
chemical quality guideline values has been grossly jeopardized, due in part, to the weak 
regulatory mechanisms found generally in developing countries. As consumption of bottled 
water surges in Nigeria, the long-run effects of chemical quality standard violations will be a 
heightened incidence of diseases and heavier disease burden on individuals, families, and the 
country in general. It is glaring that the rate of violation of guideline standards in relation to 



Journal of Good Governance and Sustainable Development in Africa (JGGSDA), Vol. 7, No 2, Nov.-
Dec., 2022. Available online at http://journals.rcmss.com/index.php/jggsda. ISSN: 2346-724X (P) 2354-
158X (E). Covered in Scopedatabase- https://sdbindex.com/Sourceid/00000431, google scholar, 
etc.                                                                                                              Ojatta Dominic Oteino, 7(2):10-21 
                                                                                                  

19 
 

chemicals in bottled water in Nigeria is higher than the rate of compliance. Since this is 
unsustainable and is an impediment to the actualization of the UN SDG of universal access to 
safe and affordable water by the year 2030, the Nigerian Government and those of other 
developing nations should ensure adequate policy design and implementation. Managers should 
admit it is their responsibility to ensure safe and sustainable consumption through socially-
responsive strategies, and where breaches are found, adequate sanctions and remedial actions 
should be enforced. 
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