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Abstract

Background: Every year, globally, high rates of morbidity and mortality from waterborne diseases are 
reported due to non-compliant packaged water that fails to meet recommended safety standards. While 
studies have assessed the quality of drinking water in communities, researches on water quality in healthcare 
facilities are scarce. Healthcare facilities must ensure safe drinking water sources, to prevent complicating 
patient illnesses or prolonged hospital stay.
Objective: This study aimed at determining the conformity of bottled and sachet water brands available in 
the University of Uyo Teaching Hospital to both national and international guidelines for drinking water 
quality.
Methodology: This was a facility based descriptive cross-sectional study involving the physicochemical and 
biological analysis of 10 randomly selected packaged water (5sachet and 5 bottled water) brands. Results of 
analysis were compared with values in WHO Guidelines and the Nigerian Industrial Standards for Drinking 
Water Quality.
Results: Physical analysis of the water samples revealed no abnormalities. Electrical conductivity, total 
dissolved solids and magnesium hardness were increased in both bottled and sachet water brands. 60% of the 
sachet water samples showed evidence of gross bacterial contamination (>50cfu/ml) while 20% of the 
bottled water samples were grossly contaminated.
Conclusion: Sachet water brands failed to meet minimum standards in most of the parameters assessed. In 
contrast, bottled water brands were found to be of relatively safer quality. Bottled and sachet water brands 
sold in the healthcare facilities should undergo regular quality analyses to ensure patient safety.
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Introduction
Water is a key component of the human body, comprising about 60% of the total body weight in an average 

1 270kg man (~42 litres) . Access to clean and safe water is a basic human right and is essential for life . Lack of 
access to water that is safe for human consumption is of significant public health importance. Safely 
managed drinking water which is “drinking water from an improved water source that is located on premises, 
available when needed, and free from faecal and priority chemical contamination”, is a key indicator of 

2Sustainable Development Goal Target 6.1 .
Water quality refers to the physical, chemical and biological properties of water which determines its 
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3suitability for human consumption . It is assessed by 
using indicators which are referenced against local 
and international standards. These can be physical, 

4chemical, or biologic indicators . In Nigeria, water 
quality is assessed using Nigerian Standards for 

5Drinking Water Quality (NSDWQ)  and the World 
6Health Organization Drinking Water Guidelines .
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The inability of the government to provide safe 
drinking water to communities in Nigeria has led to a 
tremendous increase in the production of cheap and 
readily available packaged water (sachet and bottled 

7,8water) . The National Agency for Food and Drug 
Administration and Control (NAFDAC) is primarily 
responsible for enforcing quality standards on the 

9production of packaged water . Sachet water, locally 
known as “pure water”, refers to drinking water that is 
purified, packaged and then sold in clear polyethylene 
bags. Sizes are conventionally maintained between 
250ml-500ml. Bottled water undergoes a treatment  
process as described by NAFDAC but is packaged 
and sold in sealed plastic containers in net volumes 

9ranging from 50cl-100cl . Bottled water is generally 
considered by most to be less contaminated than 

10sachet water . Although it would be difficult to 
completely eliminate 100% of contaminants from 
drinking water, it is the duty of regulatory agencies to 
ensure that drinking water is safe for consumption and 
contamination is kept within acceptable limits. 
Studies have shown however, that most brands of 
packaged water sold in Nigeria fail to meet minimum 
safety standards. For instance, a study carried out in 
2017 on 100 sachet water brands in Uyo metropolis, 
showed that all samples had high levels of bacterial 
contamination when referenced against WHO 

11standards . An analysis of the physicochemical and 
biological properties of bottled and sachet water sold 
in 9 communities in Abia State, Nigeria, showed that 4 
brands contained lead in amounts that exceeded the 

12maximum permissible limits . In Minna, North 
Central Nigeria, 15 samples made up of five sachet 
water brands were found be grossly contaminated 
with faecal coliform bacteria and their physico-

13
chemical properties were below WHO Standards . 
These results may be due to the fact that sachet and 
bottled water companies are largely unregulated with 

14,15several of them operating illegally .
Contamination of water can also arise from industrial 
and agricultural processes, especially when the waste 
products are disposed into water bodies which may 
serve as drinking water sources. Ground water 
contains some naturally occurring chemical 
constituents like arsenic and fluoride which can pose 
health risks if elevated. Chemicals used in water 
treatment and supply such as fluoride and lead can 

16also contaminate drinking water .
WHO estimates that as at 2020, up to 2 billion people 
worldwide do not have access to safe drinking water 

16sources . This is worrisome as lack of access to clean 

and safe drinking water poses significant health risks. 
In 2020, 323,320 cases of cholera and 857 deaths were 

17notified from 27 countries . These deaths are largely 
preventable, especially if access to ”safely managed 

2drinking water”  is improved. In addition, health 
expenditure due to illness from unsafe water 
constitutes a significant economic burden in terms of 
financial costs as well as loss of work hours by 
caregivers or the patients themselves. For instance, a 
study done in the United States in 2021 revealed that 
emergency room admissions and deaths due to 
infectious waterborne illnesses incurred US $3.33 

18billion in direct healthcare costs . Forty six percent of 
interviewed households surveyed in Indonesia during 
and after a diarrhoeal illness faced catastrophic 

19expenditure from the costs of treatment . A study in 
Burundi, East Africa showed that the average total 
cost for an episode of diarrhoea was US $109.0, while 
clinic visits and hospital admission costs per episode 

20of diarrhoea were $59.87 and $292, respectively . In 
Umuahia, South-Eastern Nigeria, a 2021 study 
estimated that the average cost of diarrhoea (in-
patient and loss in productivity) was USD83.8 

21(N39,000) .
Access to safe water sources for drinking is especially 
important in healthcare facilities. Globally, 15% of 
patients develop an infection during a hospital stay, 
and the greatest burden of these infections is in low 

16and middle income countries . Hence, measures must 
be taken to ensure that a patient’s existing illness is not 
complicated by drinking from unsafe packaged water 
sources, or that they do not develop waterborne 
diseases during admission or hospital visits which 
may lead to death in severe cases.
The dearth of studies on quality of drinking water in 
health facilities prompted the conduct of this study. 
Therefore, this study assessed the physical, chemical 
and biological properties of samples of sachet and 
bottled water sold in the University of Uyo Teaching 
Hospital, Uyo, Akwa Ibom State, Nigeria

Materials and Methods.

Study Area and Design.
This facility based cross-sectional study was carried 
out in the University of Uyo Teaching  
Hospital, a tertiary healthcare institution in Uyo, 
Akwa Ibom state, South-South Nigeria, from 
December 2023 to January 2024. It is a five hundred 
(500) bed capacity hospital and has a total of 25 
departments which consists of 21 clinical 
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departments, 4 non-clinical departments, as well as 
22several support units . A section of the hospital 

known as a “mammy market” contains kiosks and 
stalls allocated to food vendors, provision stores and 
business centres, which serve the hospital and its 
environs. Consumables including bottled and sachet 
water are sold in this area. Environmental Health 
Officers, who monitor environmental health issues in 
the hospital, conduct regular inspections of the market 
in order to maintain strict hygienic standards.
The public health laboratory of the University of Uyo, 
located in the University of Uyo Teaching Hospital, is 
a centre for undergraduate and postgraduate training 
and research in Community Medicine and public 
health. The laboratory is run by trained laboratory 
scientists employed by the university with oversight 
provided by consultant public health physicians from 
the Department of Community Medicine, University 
of Uyo. In addition to its primary functions, the 
laboratory regularly carries out periodic medical 
examinations on food vendors and analysis of food 
and water sources found in the hospital, in order to 
ensure their safety for human consumption. Physical 
and biological analysis of the water samples used in 
this study were carried out here.
Chemical analysis of the water samples was 
conducted at the Akwa Ibom Water Board Company 
limited central laboratory quality control unit located 
in Uyo, Akwa Ibom State. The company is primarily 
responsible for the supply of potable water to urban 

23and semi-urban communities within the state .

Sampling Technique
A list of all the sachet and bottled water brands sold in 
the mammy market was collated. Ten water brands (5 
sachet and 5 bottled) were selected from a total of 15 
different brands using simple random sampling by 
balloting with replacement. Five packs and  five bags,
each of the selected bottled and sachet water brands, 
were purchased from vendors. Each bag of sachet 
water contained 20 sachets, while each pack of bottled 
water contained 12 bottles. Five samples were 
randomly selected from each brand and analysed. In 
order to maintain anonymity, bottled water brands 
were labelled B1 to B5 while sachet water brands 
were labelled S1 to S5.
Analysis began within 24hours of purchase.

Analysis of selected water samples
Physico-chemical Analysis
All samples were inspected for labelling information, 

including NAFDAC and batch numbers, as well as 
appearance such as leaks, broken seals, or visible 
sediments in the water. The presence of odour was 
assessed by smelling each sample. A turbidometer 
was used to test for turbidity. A mercury-in-glass 
thermometer was used to assess the temperature of the 
samples.
Analysis for the presence of heavy metals such as  
copper, zinc, aluminium and others was carried out 
using atomic absorption spectroscopy(AAS) as 
outlined in Standard Methods by American Public 

24Health Association (APHA) . Instrumental 
measurements for pH, electrical conductivity and 
total dissolved solids were done using a pH meter and 

24HACH conductivity/TDS meter respectively . 
Colorimetry was used to estimate the levels of 

24ammonia, nitrite and nitrates . Volumetric tests were 
used to assess for methyl and phenolphthalein 
alkalinity as well as calcium and magnesium 

25hardness .

Bacteriological Analysis
Membrane filtration technique was used to assess for 
the presence of coliforms in the water samples using 

24Standard Methods by APHA . 100mls of each sample 
was filtered through a membrane with a pore size of 
0.45 nm. Each membrane was carefully transferred to 
separate MacConkey agar plates and incubated at 

o37 C for 24 hours. After incubation, the plates were 
examined using a handheld lens for the presence of 
growth and colour changes. Colonies were counted 

26and results expressed as cfu/ml .  Biochemical tests 
such as Indole, Oxidase, Citrate tests and Gram 
staining were done to identify E.coli, an indicator 

24,27,28,29organism for the presence of faecal coliforms .

Quality Control
During biological analysis, the media, membrane 
filtration unit and membrane were sterilized in an 
autoclave to eliminate any form of contamination. 

oThe temperature of the incubator was set at 37 C and 
the plates were examined after 24 hours of incubation. 
During chemical analysis of the samples, test 
equipments  like pH meter, COND/TDS 
(Conductivity/total dissolved solids)  metre were 
calibrated with PH standard 4 and 7, along with 
COND/TDS calibration  reagents,  before use. 
Incoming samples were used to rinse the probe before 
analyzing the samples. A weighing balance with a 
precision of 0.0000 decimal places was used to 
measure reagents and the exact amounts measured 
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were noted for standard preparation. 
Fresh standards were prepared for 
acidity or bicarbonate (HC0 ) testing. 3

American Public Health Association 
(APHA) methods as outlined in 
Standard Operating Procedures (SOPs) 
were applied to the analysis.

Statistical Analysis
Data analysis was done using Stata 
statistical software version 15.0. 
Measured parameters of the selected 
water samples were compared with 
WHO and NSDWQ standards.

Ethical Consideration
Ethical approval  for this study was 
obtained from the Ethics and Research 
Committee of the University of Uyo 
Teaching Hospital, Uyo, Akwa Ibom 
State.

Results
The results of the physical, chemical and biological 
properties of the selected bottled and sachet water 
samples are hereby presented. Standard values as 
provided by WHO and NSDWQ are also represented.

Nutritional information was not displayed on the 
packages of all analysed samples. Batch numbers 
were seen on all bottled water brands but not seen on 
any of the sachet water bags.(Table 1)
Samples taken from all ten brands had a clear 
appearance, with no objectionable taste or odour 
.Values for colour were far below the maximum 
permissible limit of 15TCU. The mean temperatures 
of bottled and sachet water samples were 29.5°C and 
29.1°C respectively.(Table 2) 
Tables 3 and 4 show the parameters routinely assessed 
in the chemical analysis of drinking water, with values 
obtained for sachet and bottled water samples 
compared with reference values.
The PH of sachet water samples were within 
acceptable limits with a pH range of 7.42 to 8.2. All of 
the sachet water samples showed no evidence of 

heavy metal toxicity. However, 
e l e c t r i c a l  c o n d u c t i v i t y  w a s  
significantly elevated above the 
standard limit of 1000us/cm in 100% of 
the samples analysed. Three (60%) of 
the samples contained increased 
amounts of total dissolved solids 
(>500mg//L). Magnesium hardness 
was far above the accepted value of 
0.2mg/L in samples S1-S5. (Table 3)
The pH of the bottled water samples 

Table 1: Labelling information on selected water samples

Table 2: Physical characteristics of bottled and sachet water brands

Table 3: Chemical characteristics of selected sachet water brands
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ranged from slightly acidic to mildly alkaline (6.5 to 
7.6) and were within the reference values (6.5 to 8.5). 
Samples B3, B4 and B5 had markedly elevated results 
for electrical conductivity (>1000us/cm). Three 
(60%) of the samples contained an increased amount 
of total dissolved solids, much higher than the 
permissible value of 500mg/L. All of the heavy metals 
tested for were below detectable limits. Magnesium 
hardness was increased in 2 of the samples (B2 and 
B4). (Table 4)
All the brands tested (B1-B5, S1-S5) showed varying 
degrees of bacterial contamination as demonstrated in 
Table 5. Of the five bottled and 5 sachet water brands 
analysed, two (40%) brands respectively had coliform 
counts below the maximum allowable limit of 10 
cfu/ml.  Sachet water brands exhibited high coliform 
counts. Gross bacterial contamination (>50 cfu/ml) 
was more prevalent in sachet water (60%) when 
compared with bottled water (20%). 
The bacteria isolated from all ten samples were found 
to be indole positive (IN+), oxidase negative (OX-), 

and gram negative (G-) organisms. 
Lactase was detected in all bottled 
water samples and 60% of sachet water 
samples with only S1 and S3 testing 
negative. Sixty percent of the total 
samples (S1-S5, B3) contained citrate 
positive bacteria (CI+), while 40% (B1, 
B2, B4, B5) were citrate negative (CI-). 
(Table 5)

Discussion
The National Agency for Food and 
Drug Administration and Control 
(NAFDAC) requires all pre-packaged 
water produced in Nigeria to carry 
specif ic  label l ing information 
including registration number, batch 
number, net content, nutritional 

30information and others . Food labels 
provide at a glance information which 
influence a consumer’s decision to 

31purchase a product . Unique identifiers 
such as batch number are useful in 
cases where a product may need to be 
recalled if it is found to be unfit for 

10consumers . All of the sachet water 
samples in this study failed to provide 
batch numbers which may indicate 
issues with quality control. NAFDAC 
registration numbers are only issued to 

manufacturers that have passed inspections carried 
out by the agency. Hence, unregistered products 
should be considered as fake or unsanitary. When 
such products are discovered, it is the duty of 
regulatory authorities to cease their production 

14immediately . 
The results of the physical analysis of the water 
samples were compared with WHO and Nigerian 
Industrial Standards for Drinking Water Quality. 
Although standard values are not provided for 
temperature, the growth of pathogenic organisms 
such as E. coli could be facilitated by temperatures 

o o 32ranging from 20 C- 45 C . The average temperatures 
of both types of packaged water used in this study fell 
within this range. A 2017 study which assessed the 
quality of packaged water sold in Ibadan, Nigeria also 

33recorded elevated temperatures in the samples . 
Colour in water may result from coloured organic 
matter associated with humus soil or the presence of 

6metals such as iron . The absence of colour in the 
analysed samples indicates that such contaminants 

Table 4: Chemical characteristics of selected bottled water brands

Table 5: Summary of biologic properties of sachet and bottled water 
samples.
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were not detected.
Taste, odour and appearance comprise the 

6acceptability aspects or aesthetics of water . Since 
consumers have no way of objectively assessing the 
quality of their drinking water themselves, the 
perception of its safety is mainly judged by what is 

34detectable to their senses . For instance, a study in 
USA found that consumers were more likely to 
choose bottled water as their primary drinking water 
source when they perceived that tap water was 

35unsafe . Similar perceptions were shared by 
Ghanaian respondents who found water free of 

36colour, taste, and odour  to be more appealing . A 
cross-sectional analysis of ten sachet water brands 
sold in the University of Nigeria, Nsukka Campus, 
Enugu State, showed that four samples had a 

37chlorinous, rancid taste . Taste and odour in water 
could arise from  various sources, including the 
presence of foreign organic matter or even changes in 

3,38pH .
Turbidity is a measure of the clarity of water and is 
determined by the amount of suspended particles it 

39contains . The low turbidity of the samples aligns 
with their clarity and colourlessness, indicating the 
absence of particulate matter.
The pH is an important parameter in the chemical 
analysis of drinking water. It is a measure of acidity or 
alkalinity of a substance and can directly impact the 

38taste of water, especially during  treatment . At levels 
below 6.5, water develops a bitter taste, while levels 

38above 8.5 produce a sour, baking-soda-like taste . 
Some studies suggest that alkaline water may be 
useful in the treatment of acid reflux disease and 

40,41osteoporosis in post-menopausal women .
Conductivity is a measure of the amount of electric 
current that can pass through water and is directly 
influenced by the number of charged ions that are 
present. These ions are formed when salts of minerals 
like calcium and magnesium or inorganic compounds 

42like sulphides or chlorides, dissolve in water . 
Changes in electrical conductivity could be an early 

42indicator of water pollution . For instance, in areas 
with industrial effluent discharge into water sources, 
the conductivity rises due to increased levels of 

42nitrite, phosphate or chloride ions . The elevated 
conductivity levels observed in the analysed samples 
may indicate pollution of the water sources used in 
production. 
Conductivity can be affected by changes in the 
concentration of total dissolved solids (TDS). Total 
dissolved solids is the sum of all ion particles with a 

42size less than 2 microns . In our study, the TDS was 
elevated in the bottled water samples when compared 
with sachet water, suggesting increased mineral 
content. These minerals may have been added during 
the production process. An analysis of bottled water 
brands sold in Owerri, Imo State, Nigeria, revealed 
that most of the samples had elevated conductivity 

10and dissolved solids . Due to variations in the mineral 
composition of packaged water, it is essential for 
manufacturers to include nutritional information on 

43their packaging labels . However, none of the brands 
used in this study included such information on their 
packaging.
There was no evidence of heavy metal contamination 
in all the water brands used for this study. This finding 
contrasts the report from a study  in Ogoja, Cross 
River State, Nigeria on 10 different sachet water 
samples which showed that the sachet water samples 
contained significant levels of heavy metals such as 

44iron, lead, magnesium and aluminium . Human 
activities such as mining and the use of fossil fuels are 
potential sources by which these toxic elements are 
introduced into the environment and eventually into 
water sources. Although some metals are required in 
trace amounts by the human body, excessive 
accumulation can lead to acute and chronic health 
complications such as hair loss, renal failure, cancers, 

45etc .
Water hardness is a measure of the ability of water to 
react with soap i.e. the higher the water hardness, the 
less lather it will form with soap. Calcium and 
magnesium are mainly responsible for this property in 

46water . In our study, magnesium hardness was 
elevated in most of the brands analysed. In general, 
there is no demonstrable evidence of the adverse 
effects of water hardness on humans even though 
some studies have proposed a link between water 

43hardness, cancers and cardiovascular disease . The 
evidence is still insufficient to support these claims, 
hence WHO does not have a published guideline for 

46,47acceptable limits of water hardness .
A key indicator of potable water is the presence or 
absence of pathogenic bacteria. Coliforms are 
generally accepted as indicator microorganisms 
which means that their presence in water is suggestive 

26of contamination . They belong to the family 
Enterobactericae, which are gram negative, 
facultative anaerobic/aerobic, non-spore forming, 
lactose fermenters. Examples of organisms in this 
group include E coli, Klebsiella spp, Enterobacter, 

48etc . Faecal coliforms are found in the digestive tract 
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and are shed in faeces, hence their presence in water 
strongly suggests recent faecal contamination of the 

26source .
In this study, sachet water samples were significantly 
more contaminated than bottled water. Although the 
national guidelines (NSDWQ 2015) allow some 
degree of bacterial contamination (up to 10 cfu/ml) in 
drinking water, WHO guidelines considers any 

6bacterial presence to be unacceptable . Similar 
bacterial contamination was found in sachet water 

13samples analysed in North Central Nigeria . The 
increased contamination observed in sachet water 
samples may result from unsanitary production 

49processes . 
Escherichia coli is the most precise indicator of faecal 

6contamination . Total coliform count can also be used 
but the limitation is that not all coliforms are 
pathogenic and hence may not be of sanitary 

26significance . All samples were Indole positive and 
Oxidase negative which suggests the presence of four 
major microorganisms namely Escherichia coli, 
Proteus vulgaris, Morganella morganii and 
Providencia spp. Citrate and lactate tests allowed 
further speciation of organisms that were present in 
each sample. Escherichia coli is a lactase fermenting, 
citrate negative, oxidase negative and indole positive 

28,48organism . Hence, the results of analysis strongly 
suggests that most of the brands were contaminated 
with E.coli. Morganella morganii and Providencia 
spp were likely present in samples S1 and S5 
respectively. Drinking water that is contaminated 
with feacal matter is responsible for the transmission 
of gastrointestinal diseases such as cholera, 
dysentery, typhoid and poliomyelitis and is estimated 

16to cause 485,000 diarrhoeal deaths each year .
Study Limitations
Analysis for the presence of some chemicals in water 
such as mercury, could not be done due to lack of 
appropriate reagents or high cost of such reagents.

Conclusion
The physical parameters of both bottled and sachet 
water samples met WHO and NSDWQ standards for 
drinking water. However, important label 
information, such as the mineral content, was missing 
on all tested brands. Both bottled and sachet water 
samples failed to meet minimum safety requirements 
in terms of biologic and chemical characteristics, with 
sachet water found to be less safe than bottled water. 
We recommend regular inspection of packaged water 
factories by regulatory bodies to ensure strict 

adherence to quality production standards. Bottled 
and sachet water brands sold in the healthcare 
facilities should undergo regular quality analyses to 
ensure patient safety.
 
References

1. Tobias A, Ballard BD, Mohiuddin SS. 
Physiology, water balance. In: StatPearls 
[Internet]. Treasure Island (FL): StatPearls 
Publishing; 2024 [cited 2024 Jan]. Available 
f r o m :  
https://www.ncbi.nlm.nih.gov/books/NBK54105
9/

2. United Nations, Department of Economic and 
Social Affairs. Sustainable Development. Goal 6 
[Internet]. Vienna: United Nations; 2016 [cited 
2 0 2 3  M a y  2 9 ] .  A v a i l a b l e  f r o m :  
https://sdgs.un.org/goals/goal6

3. Svalbarði Polar Iceberg Water. Water Quality: 
Information, Importance and Testing [Internet]. 
2023 [cited 2023 Jun 23]. Available from: 
https://svalbardi.com/blogs/water/quality

4. Wikipedia contributors. Water quality. In: 
Wikipedia, The Free Encyclopedia [Internet]. 
2023 [Updated 2024 Sep 14; cited 2023 Jun 23]. 
A v a i l a b l e  f r o m :  
https://en.wikipedia.org/w/index.php?title=Wate
r_quality&oldid=1151447897

5. Standard Organisation of Nigeria. Nigerian 
Standard for Drinking Water Quality (NSDWQ). 
Niger Ind Stand (NIS). 2015; 554:16–21. 

6. World Health Organization. Guidelines for 
drinking water quality: fourth edition 
incorporating first addendum [Internet]. Geneva: 
World Health Organization; 2017 [cited 2023 
M a y  2 7 ] .  5 4 1  p .  Av a i l a b l e  f r o m :  
https://apps.who.int/iris/handle/10665/254637

7. Muhammad MB, Dansabo MT. "Pure Water" sale 
and its socio-economic implications in Nigeria. J 
Environ Sustain. 2018; 6(1): Article 3. Available 
from: https://scholarworks.rit.edu/jes/vol6/iss1/3

8. Ayegbo KS, Ogundipe KE, Olimaro G, 
Ajimalofin AD, Akinwumi II. Water quality of 
selected sachet water brands sold in Sango-Ota, 
Nigeria. IOP Conf Ser Mater Sci Eng. 2021; 
1036(1):012011.

9.  National  Agency for  Food and Drug 
Administration & Control, Food Safety and 
Applied Nutrition Directorate. Guidelines for 
inspection and requirements for packaged water 



Benson SA et al Quality assessment of packaged water brands...

www.ibommedicaljournal.org 194Ibom Med. J. Vol.18 No.1. Jan.-April, 2025

facility in Nigeria [Internet]. [cited 2024 Dec 22]. 
Available from: https://nafdac.gov.ng/wp-
content/uploads/Files/Resources/Guidelines/FS
AN_2023_To_2028/Guidelines-for-Inspection-
and-Requirements-for-Packaged-Water-Facility-
in-Nigeria.pdf

10. Duru C, Ike E. Quality assessment of popular 
bottled water brands sold in Owerri Municipal, 
Imo State, Nigeria. Int J Chem Mater Environ 
Res. 2017 Sep 1;2017:118–22.

11. Ohagim PI. Quality assessment of selected sachet 
water sold in Uyo Metropolis, Nigeria. World J 
Pharm Res. 2017 Aug 1; 86–95.

12. Abasiekong KS, Dim FA, Azubike-Izah FO. 
Quality evaluation of sachet and bottled water in 
Isuochi Town of Abia State, South East Nigeria. 
Food Sci Qual Manag. 2016;50:65–72

13. Omalu IC, Olamide PI, Ayanwale VA, Adeniran 
AI, Gbise DS. Bacteriological and physico-
chemical analysis of sachet water in North Central 
Nigeria [Internet]. 2012 [cited 2023 May 27]; 
A v a i l a b l e  f r o m :  
http://repository.futminna.edu.ng:8080/jspui/han
dle/123456789/2590

14. Food Safety Africa Magazine. NAFDAC shuts 
down 38 sachet water production outlets 
[Internet]. 2021 [cited 2023 Aug 22]. Available 
from: https://labmanagementmea.com/nafdac-
shuts-down-38-sachet-water-production-outlets/ 

15. Table water producers clamp down on illegal 
water producers. P.M. News [Internet]. 2016 Feb 
18 [cited 2023 May 29]. Available from: 
https://pmnewsnigeria.com/2016/02/18/table-
water-producers-clamp-down-on-illegal-water-
producers/

16. World Health Organization. Drinking-water 
[Internet]. Geneva: World Health Organization; 
2023 [cited 2023 May 29]. Available from: 
h t t p s : / / w w w. w h o . i n t / n e w s - r o o m / f a c t -
sheets/detail/drinking-water

17. Wo r l d  H e a l t h  O rg a n i z a t i o n .  We e k l y  
Epidemiological Record (WER), 17 September 
2021, Vol. 96, No. 37 (pp. 445-460) [Internet]. 
Geneva: World Health Organization; 2021 [cited 
2 0 2 3  A u g  2 2 ] .  A v a i l a b l e  f r o m :  
https://reliefweb.int/report/world/weekly-
epidemiological-record-wer-17-september-
2021-vol-96-no-37-pp-445-460-enfr

18. Collier SA, Deng L, Adam EA, Benedict KM, 
Beshearse EM, Blackstock AJ, et al. Estimate of 
burden and direct healthcare cost of infectious 

waterborne disease in the United States. Emerg 
Infect Dis. 2021 Jan.;27(1):140–9. 

19. Hasan MdZ, Mehdi GG, De Broucker G, Ahmed 
S, Ali MdW, Martin Del Campo J, et al. The 
economic burden of diarrhea in children under 5 
years in Bangladesh. Int J Infect Dis. 2021 Jun 1; 
107:37–46. 

20. Niyibitegeka F, Riewpaiboon A, Youngkong S, 
Thavorncharoensap M. Economic burden of 
childhood diarrhea in Burundi. Glob Health Res 
Policy. 2021 Apr 12; 6(1):13.

21. Ughasoro MD, Iwegbulam C, Okpala S. 
Epidemiology and economic burden of childhood 
diarrhoea in a tertiary hospital in Southeast 
Nigeria. Niger J Paediatr. 2021;48(3):154–62. 

22. Wikipedia contributors. University of Uyo 
teaching hospital. In: Wikipedia, The Free 
Encyclopaedia [Internet]. 2022 [Updated 2024 
Feb 10; cited 2023 Jun 24]. Available from: 
https://en.wikipedia.org/w/index.php?title=Univ
ersity_of_Uyo_Teaching_Hospital&oldid=1117
334289

23. ResearchWap. An internship report at Akwa Ibom 
Water Company Limited [Internet]. Project 
Topics Ideas and Materials for Final Year 
Students. [cited 2023 Sep 6]. Available from: 
h t tps : / / researchwap.com/educa t ion /an-
internship-report-at-akwa-ibom-water-company-
limited

24. Rice EW, Bridgewater L, American Public Health 
Association, editors. Standard methods for the 
examination of water and wastewater. 
Washington, DC: American public health 
association; 2012 Feb. 

25. Dhoke SK. Determination of alkalinity in the 
water sample: a theoretical approach. 2023 Sep 
1;5(3):283–90. 

26. Forster B, Pinedo CA. Bacteriological 
examination of waters: membrane filtration 
protocol. American Society for Microbiology. 
2015 Jun 23. 

27. Aryal S. Indole Test- Principle, Reagents, 
Procedure, Result Interpretation and Limitations 
[Internet]. 2015 [cited 2024 Dec 16]. Available 
from: https://microbiologyinfo.com/indole-test-
p r i n c i p l e - r e a g e n t s - p r o c e d u r e - r e s u l t -
interpretation-and-limitations/

28. Aryal S. Citrate Utilization Test- Principle, 
Media, Procedure and Result [Internet]. 
Microbiology Info.com. 2015 [cited 2024 Jan 10]. 
A v a i l a b l e  f r o m :  



Benson SA et al Quality assessment of packaged water brands...

www.ibommedicaljournal.org195 Ibom Med. J. Vol.18 No.1. Jan.-April, 2025

https://microbiologyinfo.com/citrate-utilization-
test-principle-media-procedure-and-result/

29. Wikipedia Contributors. Oxidase test. In: 
Wikipedia, The Free Encyclopaedia  [Internet]. 
2023 [Updated 2023 Oct 24; cited 2024 Jan 10]. 
A v a i l a b l e  f r o m :  
https://en.wikipedia.org/w/index.php?title=Oxid
ase_test&oldid=1181684456

30. National  Agency for  Food and Drug 
Administration & Control, Food Safety and 
Applied Nutrition Directorate. Pre-Packaged 
Food, Water and Ice Labelling Regulations 
[Internet]. Abuja: NAFDAC [cited 2024 Dec 22]. 
A v a i l a b l e  f r o m :  
https://www.nafdac.gov.ng/wpcontent/uploads/F
iles/Resources/Regulations/FOOD_REGULATI
O N S / P r e - P a c k a g e d - F o o d - L a b e l l i n g -
Regulations-2022.pdf

31. Wandel M. Food labelling from a consumer 
perspective. Br Food J. 1997 Jul 1; 99(6):212-9.

32. Wikipedia Contributors. Mesophile. In: 
Wikipedia, The Free Encyclopedia [Internet]. 
2024 [Updated 2024 Aug 3; cited 2024 Dec 16]. 
A v a i l a b l e  f r o m :  
https://en.wikipedia.org/w/index.php?title=Meso
phile&oldid=1238286181

33. Airaodion AI, Ewa O, Awosanya OO, Ogbuagu 
EO, Ogbuagu U, Okereke D. Assessment of 
sachet and bottled water quality in Ibadan, 
Nigeria. Glob J Nutr Food Sci. 2019;1(4). 

34. de França Doria M. Factors influencing public 
perception of drinking water quality. Water 
policy. 2010 Feb 1;12(1):1-9. 

35. Hu Z, Morton LW, Mahler RL. Bottled water: 
United States consumers and their perceptions of 
water quality. Int J Environ Res Public Health. 
2011 Feb;8 (2):565-78.

 36.  Benjamin SN, James HE. Consumers’ Perception 
of Quality and Health Beliefs of Sachet Drinking 
Water: Evidence from Obuasi in the Ashanti 
Region of Ghana. Int J Soc Sci Res. 2014;2 
(2):200-17.

37. Dibua UE, Esimone CO, Ndianefo PC. 
Mic rob io log i ca l  and  phys iochemica l  
characterization of sachet water samples 
marketed in Nsukka campus of the University of 
Nigeria. Bio-Res. 2007 Nov 20;5 (1):189-93. 

38. Adams H, Burlingame G, Ikehata K, Furatian L, 
Suffet IH. The effect of pH on taste and odor 
production and control of drinking water. 
AQUA— Water Infrastruct Ecosyst Soc. 2022 

Nov 1;71(11):1278-90.
 39. Science Direct Topics. Turbidity - an overview 

[Internet]. [cited 2024 Dec 16]. Available from: 
https://www.sciencedirect.com/topics/earth-and-
planetary-sciences/turbidity

40. Koufman JA, Johnston N. Potential benefits of pH 
8.8 alkaline drinking water as an adjunct in the 
treatment of reflux disease. Ann Otol Rhinol 
Laryngol. 2012 Jul; 121 (7):431-4.

41. Fasihi S, Fazelian S, Farahbod F, Moradi F, 
Dehghan M. Effect of alkaline drinking water on 
bone density of postmenopausal women with 
osteoporosis. J Menopausal Med. 2021 
Aug;27(2):94.

42. Environmental  Measurement  Systems.  
Conductivity, Salinity & Total Dissolved Solids 
[Internet]. [cited 2024 Dec 16].  Available from: 
https://www.fondriest.com/environmental-
m e a s u r e m e n t s / p a r a m e t e r s / w a t e r -
quality/conductivity-salinity-tds/

43. World Health Organization. Calcium and 
magnesium in drinking-water: public health 
significance. World Health Organization; 2009. 

44. Okoroafor KA, Eleng IE, Ogah JO. Tests of 
quality of some products of sachet water in Ogoja, 
Cross River State, Nigeria. ARPN J Sci Technol. 
2014; 4 (11):647–53. 

45. Singh Sankhla M, Kumari M, Nandan M, Kumar 
R, Agrawal P. Heavy metals contamination in 
water and their hazardous effect on human health-
a review. Int J Curr Microbiol Appl Sci. 2016 Oct 
15;5: 759–66. 

46. World Health Organization. Hardness in drinking 
water: background document for development of 
WHO guidelines for drinking water quality. 
World Health Organization; 2010 

47. World Health Organisation. Magnesium hardness 
in water. World Health Organization;2003 

48. Wikipedia Contributors. Enterobacteriaceae. In: 
Wikipedia, The Free Encyclopaedia[Internet]. 
2024 [Updated 2024 Oct 2; cited 2024 Dec 25]. 
A v a i l a b l e  f r o m :  
https://en.wikipedia.org/w/index.php?title=Enter
obacteriaceae&oldid=1249005962

49. Manjaya D, Tilley E, Marks SJ. Informally 
vended sachet water: handling practices and 
microbial water quality. Water. 2019 Apr 
17;11(4):800.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9

