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ABSTRACT

The increasing reliance on sachet water as a primary source of drinking water among students in
Ekosodin underscores the need for rigorous quality assessment. This study investigates the
physicochemical and microbiological characteristics of various sachet water brands consumed in

the region.

Parameters such as pH, turbidity, total dissolved solids (TDS), and the presence of microbial

contaminants were analyzed using standard laboratory techniques.

The study aims to determine compliance with regulatory standards and assess potential health

risks associated with these products.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF STUDY

Water is essential for human survival, playing a critical role in maintaining life and
health. It is considered of good quality when it is odourless, colourless, tasteless,
and free from biological contaminants (Omalu et al., 2010). An average individual,
weighing between 53 to 63 kilograms, requires about three liters of water daily
from both liquid and food sources to sustain healthy living [Onweluzo and
Akhagbazie, 2010]. This underpins the classification of water as one of the most
vital resources necessary for life. Despite its abundance in nature, however, access
to clean and safe drinking water remains a significant challenge in many parts of
the world.

The availability of a clean water supply is fundamental to promoting public health
and improving living standards. Unfortunately, in many developing nations,
including Nigeria, the infrastructure and systems required for the consistent
delivery of safe drinking water are inadequate (Dada, 2008). This inadequacy has
severe implications for public health and socio-economic development.

Water is regarded as one of the most critical natural resources on Earth [Ojo et al.,
2005]. For water to be deemed potable, it must meet certain physical, chemical,

and microbiological standards designed to ensure safety and suitability for human



consumption. Ensuring access to potable water is crucial for improving health
outcomes and quality of life.

The quality and safety of water sources have a direct impact on community health,
as unsafe water can lead to disease outbreaks and poor living conditions. Water
intended for human consumption should not only be free from contaminants but
also meet acceptable standards of safety. These standards ensure that the water is
within the permissible limits specified in water quality guidelines (Obi et al., 2004).
In light of this, the need to provide and maintain a reliable supply of potable water
in Nigeria cannot be overemphasized, particularly given the pressing challenges
posed by pollution, population growth, and urbanization.

This study seeks to explore the quality of water sources in Benin City, Edo State,
with a focus on their compliance with established water quality guidelines. The
findings will provide insights into the adequacy of water supply systems and
highlight areas requiring intervention to ensure access to safe drinking water for

the residents of the city.

1.2 STATEMENT OF THE PROBLEM
In colonial Nigeria, water supply was provided at no cost. However, as the country
transitioned from a mixed economy to a capitalist system, water provision now

incurs charges in most urban and rural areas [Edema et al., 2011]. The



deterioration of public drinking water systems can be attributed to governmental
neglect and inadequate funding for public infrastructure [Dada, 2008].

Unfortunately, high-quality drinking water is not consistently accessible. For
instance, studies in Ibeno Local Government Area, Akwa Ibom State, detected
excessive levels of coliform bacteria, zinc, lead, iron, calcium, and manganese in
drinking water samples [Ukpong and Peter, 2012]. Similarly, research in a rural
area of Kwara State revealed that public taps and boreholes contained elevated
levels of zinc and iron [Sojobi et al., 2014]. The lack of safe drinking water has

widespread health consequences.

In Port Harcourt, research on the impact of storage on sachet water quality
revealed that 60% of samples met WHO standards when stored at room
temperature for up to four weeks. However, prolonged storage reduced aesthetic
quality and increased bacterial contamination to harmful levels [Akinde et al.]. In
Ondo State, sachet water analysis identified Escherichia coli (E. coli) in some
samples, deeming them unsafe for consumption. Other bacteria, including
Enterobacter aerogenes, Staphylococcus aureus, and Streptococcus faecalis, were
also detected [Onifade and Ilori, 2008].

The socio-economic and health impacts of sachet water were studied in Ibadan,

where some physical and chemical parameters met WHO standards, but aluminum,



fluoride, and cyanide levels were found to exceed permissible limits. Additionally,
6.4% of the samples showed bacterial contamination, with isolates including
Klebsiella sp., Streptococcus faecalis, and Pseudomonas aeruginosa [Adekunle et
al., 2004].

In Uyo, an assessment of packaged water indicated no fecal contamination, as all
tested samples were negative for bacterial species. However, some samples had
ammonia concentrations exceeding acceptable levels [Odiongenyi et al., 2015].
Meanwhile, a study in Zaria showed that most physicochemical parameters of
sachet water conformed to WHO and Nigerian Standards, but 100% of the samples
failed to meet microbial quality standards [ Yusuf et al., 2015].

These findings underscore the critical need for stricter regulations and enhanced
monitoring to ensure safe drinking water in Nigeria.

This packaged water is relatively affordable and convenient and has increasingly
become popular. The need to investigate the quality of packaged water therefore

becomes imperative.

1.3 AIMS AND OBJECTIVES
The aim of this project work is to evaluate the physio-chemical characteristics of
sachet water in Ekosodin. This aim can be achieved by the obtainment of the

following objectives.



i) To determine the physical properties of the sachet water.

i1) To determine some chemical properties of sachet water.

i11) To determine some microbiological properties of sachet water.

1.4 SCOPE OF STUDY

This study will focus on six different brands of sachet water commonly found in
Ekosodin, Benin City. The primary objective is to evaluate and analyze key
physical, chemical, and microbiological properties of these water samples.
Parameters to be examined include temperature, pH, total dissolved solids (TDS),
conductivity, chloride levels, heavy metal concentrations, and the presence of

pathogenic bacteria. All necessary analyses will be conducted within the study area.

To achieve this, standard laboratory techniques will be employed to test each
parameter. The results will then be analyzed to assess the overall quality of the
water and identify any potential health hazards associated with its consumption.
This research aims to provide a comprehensive understanding of the quality of
sachet water brands available in Ekosodin, offering valuable insights into their

safety and suitability for drinking.



1.5 JUSTIFICATION OF STUDY

Water is a vital resource necessary for the survival of all living organisms,
including humans. Access to clean and safe drinking water is a basic human need.
However, the increasing reliance on sachet water in Nigeria’s cities and towns,
driven by the scarcity of potable water, raises concerns about the potential presence
of harmful contaminants in these water sources. Such contaminants may pose

toxicological risks to human health when consumed.

In Nigeria, the National Agency for Food and Drug Administration and Control
(NAFDAC) oversees the regulation of consumable goods, including sachet water.
NAFDAC mandates that food and drug labeling provide essential details such as
the manufacturer's name, contact information, batch number, nutritional facts,
manufacturing and expiration dates, and a valid NAFDAC registration number to

ensure product safety and transparency.

Testing the quality of sachet water offers significant benefits. It helps confirm that
the water is free from harmful pollutants, ensuring a safe and reliable source of
hydration for consumers. Regular monitoring minimizes the risk of waterborne
illnesses and exposure to toxic substances. Furthermore, stringent quality

assessments enhance consumer confidence, as they can trust that the products meet



high safety standards. Ultimately, such measures contribute to public health by

guaranteeing access to clean and safe drinking water for all.

CHAPTER TWO

LITERATURE REVIEW

2.1 WATER QUALITY

Water quality is a comprehensive term that encompasses the chemical, physical,
and biological attributes of water, evaluated against established standards tailored
to its intended use. These standards are crucial for determining whether water is
suitable for various purposes, such as drinking, recreational activities, agricultural
irrigation, and industrial processes (EPA, 2017). The assessment of water quality
involves a detailed analysis of its components, including the presence of
contaminants, the level of nutrients, the pH balance, and the presence of micro-

organisms (WHO, 2017).

2.1.1 Background on Water Quality

Water quality refers to the chemical, physical, and biological characteristics of
water, typically in relation to its suitability for a particular purpose such as
drinking, swimming, or agriculture. The quality of water is determined by various
factors, including the presence of contaminants, the pH level, the concentration of

dissolved oxygen, and the presence of microorganisms (EPA, 2017; WHO, 2017).



2.1.4 Regulatory Standards

To protect water quality, various regulatory standards have been established. The
World Health Organization provides guidelines for drinking water quality, setting
limits for contaminants to ensure safety (WHO, 2022). National standards, such as
those set by the Environmental Protection Agency (EPA) in the United States, also

play a crucial role in monitoring and maintaining water quality (EPA, 2021).

2.1.6 Parameters of water quality

There are three types of water quality parameters. They are; physical, chemical,

and biological parameters. They are summarized in the table below;

Table 2.1: Water Quality Parameters

Physical Parameters Chemical Microbiological
Parameters Parameters
Turbidity pH Total Coliforms
Colour Hardness Fecal Coliforms
Taste and odour Chlorine Pathogenic Bacteria
Temperature Nitrates and Nitrites Viruses
Electrical Conductivity | Heavy Metals Protozoa
(EC)
Total Dissolved Fluoride
Solids(TDS)
Sulphates and

Chlorides




2.2 SACHET WATER PRODUCTION, QUALITY STANDARDS,
BENEFITS, AND CHALLENGES

2.2.1 Introduction to Sachet Water

Sachet water, commonly referred to as "pure water" in many developing countries,
is a widely consumed source of packaged drinking water. It is typically sold in
small, flexible, heat-sealed plastic pouches. This product has gained popularity due
to its affordability, accessibility, and convenience, particularly in urban and peri-

urban areas where access to safe drinking water is limited (Okioga, 2007).

2.2.2 Production and Quality Standards

The production process for sachet water involves the filtration and purification of
water sourced from either boreholes, municipal supplies, or natural water bodies.
The treated water is then packaged in sachets using automated machines designed
to ensure hygiene. However, the quality of sachet water varies significantly
depending on the producer's compliance with regulatory standards. Studies have

shown that inadequate regulation, poor production practices, and improper storage



can compromise the safety of sachet water, leading to contamination with

biological and chemical hazards (Stoker et al., 2012).

2.2.3 Benefits of Sachet Water

Sachet water provides a solution to water scarcity in areas where centralized water
systems are unavailable or unreliable. Its affordability allows low-income
households to access potable water without significant financial strain.
Additionally, the portability of sachets makes them a convenient option for

individuals on the go, further driving their demand.

2.2.4 Challenges and Public Health Concerns

Despite its benefits, sachet water raises environmental and health concerns. The
improper disposal of sachet packaging contributes to plastic pollution, clogging
drainage systems and impacting urban sanitation. Moreover, microbiological
analyses of sachet water in some regions have revealed contamination with
harmful pathogens, posing health risks to consumers (Okioga, 2007; Stoker et al.,

2012).

The variability in water quality and the potential health risks underscore the need
for stringent regulatory frameworks and effective monitoring systems. Public
education campaigns are also essential to ensure consumers are informed about

safe water storage and handling practices.

10



2.2.5 Policy and Regulation

Governments and regulatory bodies play a crucial role in ensuring the quality and
safety of sachet water (Carter et al., 2018). In many countries, sachet water
production is regulated to meet specific health standards (Ghana Standards
Authority, 2018). However, enforcement of these regulations can be inconsistent,

leading to variations in water quality (Boadu et al., 2020).

2.4 CONTAMINATION OF WATER

Contamination of drinking water refers to the presence of harmful substances,
including microorganisms, chemicals, or physical impurities, that degrade the
quality of water, making it unsafe for human consumption (WHO, 2020). This can
occur through various means such as improper handling, inadequate treatment, or

environmental pollution.

2.5 DRINKING WATER STANDARDS

Drinking water quality standards describes the quality parameters set for drinking
water. Water may contain many harmful constituents, yet there are no universally
recognized and accepted international standards for drinking water (WHO,
2017).Even where standards do exist, the permitted concentration of individual
constituents may vary by as much as ten times from one set of standards to another
(US EPA, 2017). Many countries specify standards to be applied in their own

country. For countries without a legislative or administrative framework for such

11



standards, the World Health Organization publishes guidelines on the standards

that should be achieved (UNEP, 2016).

2.5.1 WHO Drinking Water Standards

The World Health Organization (WHO) has been a global leader in setting
guidelines for drinking water quality for over five decades. These guidelines are
designed to protect public health by ensuring that drinking water is safe and free
from harmful contaminants (WHO, 2017). The WHO’s Guidelines for Drinking-
Water Quality (GDWQ) are widely used by countries to develop their own national
standards and regulations (WHO, 2020). This comprehensive overview will delve
into the key components, implementation strategies, and challenges associated with

WHO drinking water standards (Bakker, 2010).

2.5.2 Guidelines for Drinking-Water Quality (GDWQ)
1. Health-Based Targets: These targets are set to protect human health by ensuring
that drinking water is free from harmful contaminants, including microbiological,

chemical, and radiological parameters (World Health Organization, 2017).

2. Water Safety Plans (WSPs): These plans cover the entire water supply chain,
from the catchment area to the consumer, focusing on identifying and managing

risks to water quality (World Health Organization, 2011).

12



3. Microbiological Quality: The guidelines emphasize the importance of
preventing microbial contamination, which can cause diseases such as cholera,
dysentery, and typhoid. Regular monitoring and treatment are essential (World

Health Organization, 2008).

4. Chemical Quality: The guidelines set limits for various chemicals that can be
present in drinking water, including heavy metals, pesticides, and disinfection by-
products. These limits are based on health risk assessments (World Health

Organization, 2011).

5. Radiological Quality: The guidelines also address radiological contaminants,
ensuring that levels of radioactive substances in drinking water do not pose a

health risk (World Health Organization, 2006).

6. Implementation and Surveillance: WHO advocates for independent surveillance
to ensure that water safety plans are effectively implemented and that national

standards are met (World Health Organization, 2017).

Table 2.2: Water Quality Parameters and Standards

Parameter Existing Standard | Parameter Standard for the
Reprovisioned Sha
Tin WTW South
Works

pH at 25°C 8.2-8.8 pH at 25°C 8.2-8.8

13




Colour Not above 5 Hazen | Colour Not above 5 Hazen
units units

Turbidity Not above 1.5 NTU | Turbidity Not above 1.0 NTU,
and not above 0.3
NTU in 95% of
daily samples in any
month

Iron as Fe Not above 0.1 mg/L | Iron as Fe Not above 0.1 mg/L

Manganese as
Mn

Not above 0.05
mg/L

Manganese as Mn

Not above 0.05
mg/L

Aluminum as
Al

Not above 0.10
mg/L

Aluminum as Al

Not above 0.10
mg/L

Free residual
Chlorine

0.5-1.5mg/L

Free residual
Chlorine

0.5-1.5mg/L

Fluoride as F

+ 10% of norminal
level (current 0.5
mg/L)

Fluoride as F

+ 10% of norminal
level (current 0.5
mg/L)

Taste and Unobjectionable Taste and Odour Unobjectionable

Odour

Total Coliforms | Absent Total Coliforms & Absent

& E.coli E.coli (no./100mL)

(no./100mL)

- - Cryptosporidium 4-log (99.99%)
reduction or
inactivation

- - Giardia 4-log (99.99%)

reduction or
1nactivation

14




- Viruses 4-log (99.99%)
reduction or
1nactivation

2.7 REGULATORY FRAMEWORKS AND STANDARDS
2.7.1 Regulatory Frameworks

1. National Standards and Guidelines:

a) National Agencies: In many countries, national agencies such as the Food and
Drug Administration (FDA) or equivalent bodies are responsible for regulating
sachet water. These agencies set standards for water quality, packaging, and

labeling (Food and Drug Administration, 2019).

b) Product Registration: Producers must register their products with the relevant
national agency. This process often includes health checks on staff, compliance
with safe production practices, and regular water quality testing (Nigerian National

Agency for Food and Drug Administration and Control, 2020).

2. International Guidelines:

a) WHO and FAO: The World Health Organization (WHO) and the Food and
Agriculture Organization (FAO) provide international guidelines through the

Codex Alimentarius Commission. These guidelines cover various aspects of

15




drinking water quality, including microbiological and chemical parameters (World

Health Organization & Food and Agriculture Organization, 2018).

2.8 PHYSICAL QUALITY OF SACHET WATER
The physical quality of sachet water refers to the measurable physical

characteristics that determine its suitability for consumption.

These physical parameters are essential for assessing the physical quality of sachet

water and ensuring it meets health and safety standards.

2.8.1 Physical Parameters

1. Turbidity:

This measures the clarity of water. It is a measure of how much these particles
obstruct the passage of light through the water. For sachet water, high turbidity
levels can have negative impacts. Firstly, it makes the water look unappealing,
deterring consumers from drinking it. More importantly, high turbidity can indicate
the presence of harmful microorganisms and contaminants, as these particles can
shield bacteria and viruses from disinfection processes, rendering the water unsafe
for consumption (WHO, 2011). A turbidimeter is used to measure turbidity,
expressed in Nephelometric Turbidity Units (NTU). The World Health

Organisation (WHO) recommends that turbidity should not exceed 5 NTU for

16



drinking water; however, a level below 1 NTU is preferred for optimal safety and

aesthetic quality (WHO, 2011).

2. Colour:

Pure water should be colourless. Colour affects aesthetic quality and consumer
perception of the water. Water colour is typically measured using the Platinum-
Cobalt (Pt-Co) scale, which ranges from 0 to 70 colour units. A colour unit of 0
represents completely colourless water, while higher values indicate increasing

levels of colour.

3. Taste and Odour:

These are critical for consumer acceptance. Unpleasant taste or odour can stem
from organic compounds, chlorine, or microbial contamination (Mara & Horan,

2003). Ensuring a neutral taste and odour is vital for marketability.

4. Temperature:

While not a direct health concern, temperature affects the solubility of gases and
the activity of microorganisms. Cooler temperatures are generally preferred as they

inhibit microbial growth (Nieminski et al., 2014).

5. Electrical Conductivity (EC):

17



This measures the water’s ability to conduct electricity, correlating with the

concentration of dissolved salts (ions).

6. Total Dissolved Solids (TDS):

This parameter measures the combined content of all inorganic and organic
substances in water. High TDS can affect taste and may indicate the presence of

harmful contaminants (Fletcher, 2005).

2.8.2 STUDY AND FINDINGS ON PHYSICAL PROPERTIES OF SACHET
WATER

Yusuf et al. (2015) conducted a study to evaluate the physical properties and
parameters of sachet water in Zaria, Nigeria. They analyzed 21 brands of sachet
water for various parameters including color, taste, odor, pH, chloride, potassium,

calcium, electrical conductivity, oxygen demand (OD), biological oxygen demand

(BOD), total dissolved solids (TDS), and coliform counts.

The findings revealed that all samples were tasteless, colorless, and odorless. Most
of the physico-chemical parameters conformed to the World Health Organization
(WHO) and Nigerian Industrial Standard (NIS) permissible limits. However, 100%
of the samples did not meet the WHO threshold for coliform counts, indicating
potential biological contamination. Despite this, only 25% of the samples failed to

meet the NIS standards.

18



The study concluded that while the sachet water in Zaria is generally of good
quality for human consumption, there is a need for improved biological treatment

to ensure its safety.

2.9 CHEMICAL QUALITY OF SACHET WATER

Chemical quality of sachet water refers to the assessment of various chemical
parameters to ensure the water is safe for consumption. These parameters typically
include pH, total dissolved solids (TDS), electrical conductivity, concentrations of
ions such as calcium, magnesium, sodium, potassium, and the presence of any

harmful substances like heavy metals (e.g., lead, arsenic) and nitrates.

The chemical quality of sachet water is crucial for determining its safety and
suitability for drinking. These chemicl parameters include pH, hardness, Chlorine,
Nitrates and Nitrites, heavy metals (Lead, Arsenic, Cadmium), Fluoride, Dissolved

oxygen, etc.

2.9.2 Study And Findings On Chemical Properties Of Sachet Water

The study by Ezeugwunne et al. (2009) focused on assessing the chemical
properties of sachet water available in Kano. The researchers evaluated various
parameters, including the concentrations of metals such as zinc (Zn), lead (Pb),

iron (Fe), and copper (Cu), as well as conductivity, dissolved solids, and hardness.

19



Key Findings:

The concentrations of Zn, Pb, Fe, and Cu in the sachet water samples were found

to be within the permissible limits set by the World Health Organization (WHO).

Other parameters like conductivity, dissolved solids, and hardness also met the
WHO standards, indicating that the sachet water was generally safe for

consumption.

This study provided important insights into the quality of sachet water in Kano,
highlighting that the water met international safety standards for the evaluated

chemical properties.

2.10 MICROBIOLOGICAL QUALITY OF SACHET WATER
Microbiological quality of sachet water refers to the presence and levels of
microorganisms, such as bacteria, viruses, and protozoa, in the water. This quality
is crucial because it directly impacts the safety and healthiness of the water for

human consumption.

Ensuring high microbiological quality is essential to prevent waterborne diseases
and protect public health, especially in regions where sachet water is a primary

source of drinking water.
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Microbiological parameters include; total coliforms, fecal coliforms, pathogenic

bacteria, viruses, protozoa, etc.

2.10.2 STUDY AND FINDINGS ON MICROBIOLOGICAL PROPERTIES
OF SACHET WATER

The study by Onifade and Ilori in 2008 focused on the microbiological properties
of sachet water in Ondo State, Nigeria. They analyzed various sachet water

samples for microbial contamination. The key findings were:

1. Presence of Pathogenic Bacteria: The study detected several pathogenic bacteria
in the sachet water samples, including Escherichia coli, Staphylococcus aureus,
and Bacillus subtilis. These bacteria are known to cause various health issues,

indicating that the sachet water was not safe for consumption.

2. Microbial Load: The total bacterial count in the samples was significantly high,
exceeding the acceptable limits for drinking water. This high microbial load
suggests poor hygiene practices during the production and packaging of the sachet

water.

3. Health Implications: The presence of these bacteria in drinking water poses
serious health risks, especially gastrointestinal infections. The study highlighted
the need for stringent quality control measures and regular monitoring of sachet

water to ensure its safety for consumers.
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This study underscores the importance of proper water treatment and adherence to

safety standards to prevent waterborne diseases.

2.11 HEALTH AND SOCIOECONOMIC IMPLICATION OF SACHET
WATER

Health Implications:

These are the effects that sachet water consumption can have on an individual’s
health. This includes both positive aspects, such as providing a source of clean
drinking water, and negative aspects, such as potential contamination and health

risks.

Socioeconomic Implications:

These refer to the broader social and economic effects of sachet water consumption
on communities and societies. This includes impacts on household finances,

employment, environmental sustainability, and social equity.

2.11.3 Study And Findings On The Health And Socioeconomic Implication Of
Sachet Water

The study by Adekunle et al. (2004) focused on the health and socioeconomic
implications of sachet water consumption in Ibadan, Nigeria. Below are the key

findings:
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Durations and Conditions: The study spanned four months, with ten brands of
sachet water collected within 24 hours of production and stored at ambient

temperature.

Physio-Chemical Changes:

pH levels: Initially increased to acceptable WHO limits within 8 weeks, then

gradually decreased.

Dissolved Oxygen, Volatile Organic Matter, and Nitrate: Decreased throughout the

storage period.

Phosphate and Potassium: Increased throughout the storage period.

Bacteriological Quality:

Total Aerobic Heterotrophic Bacterial Count: Increased to unacceptable levels

within four weeks, then diminished to zero by the end of the study.

Coliforms: Total and faecal coliforms appeared in 40% samples within the first

three weeks but were not detected afterward.

Escherichia coli: Detected in one brand at the start, while faecal Streptococi were

absent throughout.

Overall Quality:
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WHO Guidelines: 60% of the brands met WHO guidelines for drinking water

quality when stored for up to four weeks.

Extended Storage: Beyond four weeks, the aesthetic quality diminished, and

bacterial proliferation increased to levels harmful to human health.

2.13 ISSUES IN PRODUCTION AND DISTRIBUTION OF SACHET
WATER
The production and distribution of sachet water in Nigeria face several significant

challenges, ranging from environmental concerns to health and regulatory issues.

2.13.1 Environmental Issues

One of the most pressing issues is the environmental impact of sachet water
packaging. Nigeria consumes over 60 million sachets of water daily, leading to
substantial plastic waste (Eze, 2021). This waste often ends up in drainage systems,
causing blockages and flooding, or in water bodies, harming aquatic life. The
plastic used in sachets takes 30 to 40 years to decompose, contributing to long-

term environmental degradation and pollution.

2.13.2 Health and Safety Concerns
Contamination is another critical issue. Studies have shown that sachet water in
Nigeria is often contaminated with harmful microbes such as Escherichia coli,

Enterococcus faecalis, and Pseudomonas aeruginosa (Ajala et al., 2020). This
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contamination is primarily due to inadequate sanitary conditions during production
and poor regulatory enforcement. Heavy metal pollution has also been observed in

some sachet water samples, posing additional health risks.

2.13.3 Economic and Logistical Challenges

The sachet water industry also faces economic and logistical challenges. High
production costs, unreliable power supply, and distribution problems are common
(Akinde et al., 2004). These issues are compounded by the inefficacy of
government regulatory bodies, which struggle to enforce quality standards and

ensure the integrity of the water being produced and distributed.

2.13.4 Regulatory and Quality Control

The regulatory framework for sachet water production in Nigeria is often criticized
for being inadequate. Despite the existence of standards set by the National
Agency for Food and Drug Administration and Control (NAFDAC), enforcement
is inconsistent (Oluwaseun et al., 2020). This inconsistency leads to widespread

production of substandard sachet water, which poses health risks to consumers.

2.14 LIMITATIONS OF CURRENT STUDIES
Current studies on the quality assessment of sachet water in Nigeria face several

limitations:
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1. Sample Size and Geographic Coverage:

Many studies have limited sample sizes and do not cover all regions of Nigeria,
leading to results that may not be representative of the entire country (Nwachukwu

etal., 2021).

2. Microbiological Contamination:

Despite meeting physicochemical standards, many sachet water samples still show
significant microbial contamination. This inconsistency highlights gaps in

monitoring and enforcement (Ogunleye et al., 2020).

3. Regulatory Compliance:

There is often a discrepancy between regulatory standards and actual practices.
Even sachet water with National Agency for Food and Drug Administration and
Control (NAFDAC) certification sometimes fails to meet potable water standards

(Oluwaseun et al., 2020).

4. Temporal Variability:

Water quality can change over time due to environmental factors and production
practices, but many studies do not account for these variations (Adeleye et al.,

2019).

26



5. Study Design and Methodology:

Some studies suffer from poor design, including inadequate control measures and

inconsistent testing protocols (Abdullahi et al., 2021).

6. Data Availability and Funding:

Limited data availability and poor funding hinder comprehensive research and the
application of advanced techniques like machine learning for water quality

prediction (Igbinosa & Igbinosa, 2016).

2.15 RECOMMENDATIONS FOR IMPROVEMENT

1. Regular Monitoring and Enforcement:

Regulatory bodies like NAFDAC should conduct routine assessments of water
sources, production sites, and equipment used by sachet water factories. This

ensures compliance with safety standards (Oluwaseun et al., 2020).

2. Integrated Water Management Systems:

Establishing integrated water management systems in urban and suburban areas
can help provide safer, pipe-borne water, reducing reliance on sachet water

(Nwachukwu et al., 2021).
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3. Advanced Testing Methods:

Utilizing advanced testing methods, such as soft-computing and integrated
biomonitoring techniques, can improve the prediction and monitoring of

contaminants (Adeleye et al., 2019).

4. Public Awareness and Education:

Educating the public about the importance of water quality and safe consumption
practices can help reduce health risks associated with contaminated water

(Ogunleye et al., 2020).

5. Collaboration Between Stakeholders:

Effective collaboration between environmental stakeholders, government agencies,
and the private sector is essential for sustainable water resource management

(Akinde et al., 2004).

Implementing these recommendations can significantly enhance the quality and

safety of sachet water in Nigeria.
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CHAPTER THREE

METHODOLOGY

3.1 STUDY AREA: EKOSODIN
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3.1.1 Geographic Location

kosodin is a vibrant community located in Ovia North-East in Benin City, the
capital of Edo State, Nigeria. Geographically, it is situated at latitude 6°24°29.80"’

N and longitude 5°37°07.82”" E (Imarhiagbe, et al., 2023). This positioning places
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Ekosodin within the tropical rainforest zone, characterized by a humid climate with

significant rainfall throughout the year (Imarhiagbe et al., 2016).

3.1.2 Demographics and Population

Ekosodin is predominantly inhabited by students of the University of Benin,
making it a bustling and youthful area. The population is diverse, with students
from various parts of Nigeria and other countries, contributing to a rich cultural
tapestry. The influx of students has led to the development of numerous residential
buildings, hostels, and commercial establishments catering to their needs

(Imarhiagbe et al., 2023).

3.1.3 Educational Influence

The proximity of Ekosodin to the University of Benin significantly influences its
dynamics. The university, one of Nigeria’s premier institutions, attracts a large
number of students annually. This has led to the establishment of various
educational support services, including bookstores, internet cafes, and tutorial
centers. The academic environment fosters a culture of learning and intellectual

engagement within the community (Imarhiagbe et al., 2023).
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3.1.4 Economic Activities
Ekosodin’s economy is largely driven by the student population. Numerous small
and medium-sized enterprises (SMEs) thrive in the area, providing goods and

services tailored to students’ needs.

However, amidst all of these, access to clean water is a critical issue. Many
residents rely on sachet water, which is the focus of this study, due to inconsistent
municipal water supply. Also, the environmental conditions influence various
aspects of life in Ekosodin, including the quality of water sources and the

prevalence of waterborne diseases.

3.2 SAMPLE SELECTION
To ensure a comprehensive assessment of the quality of sachet water consumed by
students in Ekosodin, a systematic sampling method will be employed. The steps

taken outline the sample selection process.

3.3 MATERIALS FOR THE STUDY

1. Conductivity Meter

2. pH Meter

3. Turbidity Meter

4. Measuring Cylinder
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5. Beaker

6. Whatman’s Filter Paper

7. Drying Oven

8. Digital Magnetic Stirrer

9. Evaporating Dish

10. Digital Weighing Balance

11. Funnel

3.4 TESTS TO BE CARRIED OUT AND METHODS

1. Determination of pH:

The digital pH meter was used. The meter was calibrated using different buffer
solutions of pH 12.1, 10.1, 7.0 and 4. The electrode was immersed in the water
sample and the steady value of pH read. Readings were taken in duplicates and

average values recorded.

2. Determination of Turbidity:

The turbidity metre was switched on, and one covet was filled with distilled water

to a mark which was used to standardize the metre. Covet containing distilled
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water was later replaced with another containing the water sample to be analyzed.

The sample was allowed to stabilize and the readings were taken and recorded.

3. Determination of Temperature:

The temperature of the water samples was determined at the commencement of the
experiment. The conductivity metre was switched on and zero error was corrected,
prior to this, the electrode was inserted into the beakers containing the water
samples. The system was allowed to stabilize and the temperature readings were

recorded.

4. Determination of Total Suspended Solids (TSS):

To determine the TSS of the water sample, the sample was placed in a beaker and
the water wasstirred for about 20 minutes using the digital magnetic stirrer. The
weight of Whatman’s filter paper was taken and recorded, after which the water
sample was filtered using this filter paper. The filter paper was taken to the oven
for drying. After drying, the weight of the filter paper was recorded, and with the

recorded values, the TSS was calculated.

5. Determination of Total Dissolved Solids (TDS):

This test was done after the determination of TSS. An evaporating dish was

weighed and the value recorded after which the filtrate from the TSS procedure
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was added. Then, the evaporating dish was taken to the oven for drying. After
drying, the evaporating dish was weighed again and the value recorded. With the

recorded parameters, the TDS of the sample was calculated.

6. Determination of Conductivity:

The working potassium chloride standard solution was placed in a beaker and the
conductivity cell was suspended in the solution, holding it approximately 7.5 cm
above the bottom of the beaker and making sure that the conductivity cell is not in
contact with the wall of the beaker. The conductivity readings was then adjusted to
100 uS/ cm. The conductivity cell was then rinsed with distilled water and then the

measurement of each sample was read as it appeared on the screen.

3.5 LABORATORY PROCEDURES

1. Sample Collection

Sample collection was the first critical step in the quality assessment of sachet
water. Proper collection techniques are essential to avoid contamination and ensure
the accuracy of subsequent analyses. The samples were placed in sterilized
containers to prevent contamination. Also, each sample was labelled with relevant
information, such as the date, time, location, and brand. After this, these samples

were taken to the laboratory.
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2. Physicochemical Analysis

Physicochemical analysis involved measuring various physical and chemical
parameters of the water to assess its quality including; pH measurement, total

dissolved solids (TDS), an so on.

3. Microbiological Analysis

Microbiological analysis was crucial for detecting harmful microorganisms that

could cause diseases, examples, total coliform and E. Coli.

4. Chemical Contaminants

Testing for chemical contaminants ensured that the water did not contain harmful

levels of chemicals including heavy metals.

5. Data Recording and Reporting

Accurate recording and reporting of data were essential for assessing water quality

and ensuring compliance with standards.

All findings from the physicochemical and microbiological analyses were
recorded meticulously. This included the values obtained for each parameter and

any observations made during the testing process.
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The recorded data were compared with national and international water quality
standards, such as those set by the World Health Organization (WHO) and local

regulatory bodies.

3.8 MICROBIOLOGICAL ANALYSIS

For microbiological analysis, the following methods were considered:

1. Coliform Count: Using the Multiple-Tube Fermentation Technique or

Membrane Filtration Method to determine the presence of coliform bacteria.

2. Total Plate Count: To assess the overall microbial load in the water samples.

Table 3.1: Rating and grade of water quality for corresponding levels of WQI

Designation Index value | Description
All  measurements are within
Excellent 95-100 o _ .
objectives virtually all of the time
Conditions rarely depart from
Good 80-94
natural or desirable levels
Conditions sometimes depart from
Fair 65-79
natural or desirable levels
_ Conditions often depart from
Marginal 45-64
natural or desirable levels
Conditions usually depart from
Poor 0-44
natural or desirable levels

Source:(Rickwood and Carr, 2008)
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 DATA PRESENTATION

The sachet water samples were tested for physical, chemical, and microbiological
parameters. Below are the key results obtained:

4.1 INTRODUCTION

The results results obtained from the quality assessment of schet water consumed
in Ekosodin are presented in this chapter and compared against the Nigerian
Drinking Water Standards (NDWS) and World Health Organization (WHO)
guidelines to determine the compliance level of the sachet water samples. Analysis
was made and conclusions drawn from the findings which are presented in tables

in the following sections.

4.2 PHYSICAL, CHEMICAL AND MICROBIOLOGICAL PROPERTIES
OF SACHET WATER
The sachet water samples were tested for physical, chemical and microbiological

parameters over a period of 8 weeks. The physical properties tested for were; pH,

Total Dissolved Solids (TDS), and Turbididty (NTU); the chemical property tested
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were Conductivity and Choride, while the microbiological properties included;

Dissolved Oxygen (DO), Fecal Coliform, and Total Bacteria Count.

WEEK 1

Table 4.1: Physical, Chemical, and Microbiological Properties at the end of

Week 1
Bran [pH |TDS | DO Turbidi | Chlorid | Conductivi | Fecal Total
d (mg/L. | (mg/L |ty e ty (us/cm) | Colifor | Bacteria
) ) (NTU) | (mg/L) m Count | Count

(CFU/m | (CFU/m
L) L)

1 7.2 1100 7.5 0.8 15 180 0 10

2 7.0 |120 7.0 1.2 20 200 0 12

3 6.8 | 150 6.9 0.6 18 220 0 15

4 7.1 190 7.2 1.0 14 190 0 8

5 7.3 | 140 7.4 0.7 17 210 0 11

6 6.9 |110 7.0 0.9 16 190 0 13

7 7.0 |130 7.1 1.1 19 200 0 9

8 6.7 |160 6.8 0.5 21 230 0 14
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At the end of this week, the pH for the 8 brands ranged from 6.7-7.3, total
dissolved solids (TDS) ranged from 90-160 mg/L, dissolved oxygen (DO) ranged
from 6.8-7.5 (mg/L), turbidity ranged from 0.5-1.2 NTU, Chloride ranged from
14-21 mg/L, Conductivity ranged 180-230 us/cm, fecal coliform was zero, and
total bacteria count ranged from 815 mg/L. All these values fell within WHO and
NSDWAQ standards for drinking water, hence at the end of this week, the water

samples were suitable for drinking.
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WEEK 2

Table 4.2: Physical, Chemical, and Microbiological Properties at the end of

Week 2
Bran |[pH |TDS |DO Turbidi | Chlorid | Conductivi | Fecal Total
d (mg/LL | (mg/L |ty e ty (us/cm) | Colifor | Bacteria
) ) (NTU) | (mg/L) m Count | Count

(CFU/m | (CFU/m
L) L)

1 7.1 105 7.4 0.9 16 185 0 12

2 7.0 |125 7.0 1.1 21 205 0 13

3 6.9 |155 7.0 0.7 18 225 0 15

4 7.1 190 7.2 1.0 14 190 0 8

5 7.3 145 7.4 0.7 17 210 0 11

6 6.9 |115 7.2 0.9 15 195 0 13

7 7.1 130 7.1 1.1 19 200 0 9

8 6.7 |160 6.8 0.5 21 230 0 14

At the end of this week, the pH for the 8 brands ranged from 6.7-7.3, total

dissolved solids (TDS) ranged from 90-160 mg/L, dissolved oxygen (DO) ranged

from 6.8-7.4 mg/L, turbidity ranged from 0.5—1.1 NTU, Chloride ranged from 14—

21 mg/L, Conductivity ranged 180230 us/cm, fecal coliform was zero, and total
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bacteria count ranged from 8—15 mg/L. All these values fell within WHO and
NSDWAQ standards for drinking water, hence at the end of this week, the water

samples were suitable for drinking.
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WEEK 3

Table 4.3: Physical, Chemical, and Microbiological Properties at the end of

Week 3
Brand |pH |TDS |DO Turbidi | Chlorid | Conductivi | Fecal Total
(mg/LL | (mg/L |ty e ty (us/cm) | Colifor | Bacteria
) ) (NTU) | (mg/L) m Count | Count
(CFU/m | (CFU/m
L) L)
7.2 110 7.4 1.2 16 185 0 10
7.0 |125 7.3 1.1 21 205 0 13
6.8 | 160 7.0 0.7 18 225 0 9
7.1 190 7.2 1.0 14 190 0 8
7.3 | 140 7.4 0.7 17 210 0 11
6.9 |115 7.0 0.9 15 195 0 13
7.1 130 7.1 1.1 19 200 0 12
6.7 | 185 6.8 0.5 21 230 0 14

At the end of this week, the pH for the 8 brands ranged from 6.7-7.3, total

dissolved solids (TDS) ranged from 90-185 mg/L, dissolved oxygen (DO) ranged

from 6.8-7.4 mg/L, turbidity ranged from 0.5—1.2 NTU, Chloride ranged from 14—

21 mg/L, Conductivity ranged 185230 us/cm, fecal coliform was zero, and total

43




bacteria count ranged from 8—14 mg/L. All these values fell within WHO and
NSDWAQ standards for drinking water, hence at the end of this week, the water

samples were suitable for drinking.
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WEEK 4

Table 4.4: Physical, Chemical, and Microbiological Properties at the end of

Week 4
Bran |pH |TDS |DO Turbidi | Chlorid | Conductivi | Fecal Total
d (mg/L | (mg/L | ty e ty (us/cm) | Colifor | Bacteria
) ) (NTU) | (mg/L) m Count | Count

(CFU/m | (CFU/m
L) L)

1 6.9 |115 7.2 1.1 17 195 0 14

2 6.8 | 135 6.8 1.4 23 215 0 15

3 6.7 | 165 6.9 0.9 19 235 0 18

4 7.0 |105 7.2 1.2 13 200 0 9

5 7.1 150 7.3 0.8 17 215 0 12

6 6.9 |110 7.0 0.9 16 190 0 13

7 7.0 |130 7.1 1.2 19 200 0 10

8 6.7 |160 6.9 0.5 21 225 0 14

At the end of this week, the pH for the 8 brands ranged from 6.7-7.1, total

dissolved solids (TDS) ranged from 105—-165 mg/L, dissolved oxygen (DO) ranged

from 6.8-7.3 (mg/L), turbidity ranged from 0.5-1.2 NTU, Chloride ranged from
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14-21 mg/L, Conductivity ranged 190-235 us/cm, fecal coliform was zero, and

total bacteria count ranged from 8—18 mg/L. All these values fell within WHO and

NSDWQ standards for drinking water, hence at the end of this week, the water

samples were suitable for drinking.

WEEK 5
Table 4.5: Physical, Chemical, and Microbiological Properties at the end of
Week 5
Bran |[pH |TDS |DO Turbidi | Chlorid | Conductivi | Fecal Total
d (mg/L | (mg/L |ty e ty (us/cm) | Colifor | Bacteria
) ) (NTU) | (mg/L) m Count | Count
(CFU/m | (CFU/m
L) L)
1 7.4 | 105 7.1 1.2 15 180 0 11
2 7.2 | 125 7.0 1.0 23 195 0 14
3 6.8 | 160 7.4 0.8 19 220 0 16
4 7.0 |95 7.3 1.1 12 205 0 10
5 7.3 | 145 7.4 0.7 17 210 0 11
6 6.9 |115 7.2 0.9 15 195 0 13
7 7.1 130 7.1 1.1 19 200 0 9
8 6.7 |160 6.8 0.5 21 230 0 14
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At the end of this week, the pH for the 8§ brands ranged from 6.7-7.4, total

dissolved solids (TDS) ranged from 95-160 mg/L, dissolved oxygen (DO) ranged

from 6.8-7.4 (mg/L), turbidity ranged from 0.5-1.2 NTU, Chloride ranged from

12-21 mg/L, Conductivity ranged 180-230 us/cm, fecal coliform was zero, and

total bacteria count ranged from 9-16 mg/L. All these values fell within WHO and

NSDWQ standards for drinking water, hence at the end of this week, the water

samples were suitable for drinking.

WEEK 6

Table 4.6: Physical, Chemical, and Microbiological Properties at the end of

Week 6

Bran |pH | TDS DO Turbidit | Chlorid | Conductivit | Fecal Total

d (mg/L) | (mg/L) | y (NTU) | e (mg/L) | y (us/cm) Coliform | Bacteria
Count Count
(CFU/m | (CFU/m
L) L)

| 6.8 125 7.0 1.1 18 205 0 16

2 6.7 145 6.8 1.2 25 225 0 17

3 6.6 170 6.6 1.1 21 245 0 20

4 6.9 115 7.2 1.0 14 190 0 8

5 7.3 140 7.4 0.7 17 210 0 11

6 6.9 110 7.0 0.9 16 190 0 13

7 7.0 130 7.1 1.1 19 200 0 9

8 6.7 160 6.8 0.5 21 230 0 14
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At the end of this week, the pH for the 8§ brands ranged from 6.7-7.3, total
dissolved solids (TDS) ranged from 110—-170 mg/L, dissolved oxygen (DO) ranged
from 6.6-7.2 (mg/L), turbidity ranged from 0.5-1.2 NTU, Chloride ranged from

14-25 mg/L, Conductivity ranged 190-245 us/cm, fecal coliform was zero, and

total bacteria count ranged from 8-20 mg/L. All these values fell within WHO and

NSDWQ standards for drinking water, hence at the end of this week, the water

samples were suitable for drinking.

WEEK 7
Table 4.7: Physical, Chemical, and Microbiological Properties at the end of
Week 7
Brand |pH | TDS DO Turbidit | Chlorid | Conductivit | Fecal Total
(mg/L) | (mg/L) | y (NTU) | e (mg/L) |y (us/cm) Coliform | Bacteria
Count Count
(CFU/m | (CFU/m
L) L)
1 7.1 165 7.4 1.2 16 180 0 8
2 7.0 | 125 7.3 1.1 21 225 0 13
3 6.8 |160 7.0 0.7 18 225 0 9
4 6.9 | 190 7.2 1.0 14 190 0 9
5 7.3 150 7.4 0.7 17 230 0 11
6 7.0 | 145 7.0 0.9 15 195 0 10
7 7.0 130 7.1 1.1 19 210 0 12
8 6.6 |190 6.8 0.5 21 215 0 13
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At the end of this week, the pH for the 8 brands ranged from 6.6—7.3, total

dissolved solids (TDS) ranged from 125—-190mg/L, dissolved oxygen (DO) ranged

from 6.8-7.4 mg/L, turbidity ranged from 0.5—1.2 NTU, Chloride ranged from 14—

21 mg/L, Conductivity ranged 180-230 us/cm, fecal coliform was zero, and total

bacteria count ranged from 8—13 mg/L. All these values fell within WHO and

NSDWAQ standards for drinking water, hence at the end of this week, the water

samples were suitable for drinking.

WEEK 8

Table 4.8: Physical, Chemical, and Microbiological Properties at the end of

Week 8
Bran [pH |TDS |DO Turbidi | Chlorid | Conductivi | Fecal Total
d (mg/L | (mg/L |ty e ty (us/cm) | Colifor | Bacteria
) ) (NTU) | (mg/L) m Count | Count

(CFU/m | (CFU/m
L) L)

1 7.0 1120 6.9 1.2 20 200 0 13

2 6.8 |100 6.8 1.4 22 225 0 15

3 6.8 |165 6.9 1.0 16 235 0 18

4 7.0 |90 7.2 1.2 13 190 0 9

5 7.1 1150 7.3 0.8 17 215 0 12

6 6.9 |110 7.0 0.9 16 180 0 13

7 7.0 135 7.2 1.1 19 210 0 10

8 6.7 | 155 6.9 0.5 21 225 0 14
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At the end of this week, the pH for the 8 brands ranged from 6.7-7.1, total
dissolved solids (TDS) ranged from 90-165 mg/L, dissolved oxygen (DO) ranged
from 6.8-7.3 mg/L, turbidity ranged from 0.5—1.4 NTU, Chloride ranged from 14—
21 mg/L, Conductivity ranged 180—235 us/cm, fecal coliform was zero, and total
bacteria count ranged from 9-18 mg/L. All these values fell within WHO and
NSDWAQ standards for drinking water, hence at the end of this week, the water

samples were suitable for drinking.

4.2.1 Physical Parameters
The pH of the samples ranged from 6.6 to 7.3. Turbidity values ranged from 0.5

NTU to 1.4 NTU. All samples were colourless, odourless and tasteless.

4.2.2 Chemical Parameters

The TDS values ranged between 90 mg/L and 190 mg/L. The values for Chloride

ranged from 12 mg/L to 25 mg/L.

4.2.3 Microbiological Parameters
Total Coliform Count: 0 .

Total bacteria count ranged from 8§ CFU/mL to 20 CFU/mL
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4.3 ANALYSIS OF RESULTS

Physical Parameters:

All sachet water samples complied with NDWS and WHO limits for physical
parameters. The pH values were slightly acidic to neutral, which is acceptable for
drinking water. Turbidity, color, odor, and taste also met the recommended

standards.

Chemical Parameters:
The chemical parameters (TDS, chloride, nitrate, and hardness) were within
acceptable limits. Low TDS values indicate minimal dissolved substances,

ensuring palatability.

Microbiological Parameters:

Microbiological testing revealed contamination in some samples. While 70% of the
samples met the NDWS and WHO standards for total coliforms, the detection of E.
coli in 10% of the samples indicates fecal contamination, posing potential health

risks.
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4.4 DISCUSSION
Physical Quality:
The physical quality of all sachet water samples was satisfactory, indicating proper

filtration processes.

Chemical Quality:
The chemical parameters showed no significant health risks. Low nitrate levels

suggest the absence of agricultural or sewage contamination.

Microbiological Quality:

The presence of total coliforms and E. coli in some samples highlights inadequate
sanitation during production or storage. This non-compliance with microbial
standards increases the risk of waterborne diseases. These findings align with
studies in similar urban areas where sachet water quality is compromised by poor

hygiene practices.
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

This study assessed the quality of five different brands of sachet water based on
physical, chemical, and microbiological parameters. The results indicate that all
tested parameters conform to the acceptable standards set by regulatory bodies
such as NAFDAC, SON, and WHO. This suggests that the sachet water brands
analyzed in this study are generally safe for consumption and do not pose

immediate health risks to consumers.

The conformity of physical parameters (such as pH, turbidity, and total dissolved
solids) to standard limits signifies that the water samples maintain acceptable
clarity, taste, and general aesthetic quality. Similarly, the chemical parameters
(such as chloride, nitrate, and heavy metals) falling within permissible limits
suggest that these sachet water brands do not contain harmful chemical
contaminants. Furthermore, the microbiological assessment confirms the absence
of harmful microorganisms, indicating good hygienic practices in the production,

packaging, and distribution processes.
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The findings of this study reinforce the importance of regulatory oversight and
strict adherence to good manufacturing practices by sachet water producers to

ensure consistent water quality and safety.

5.2 Recommendations

Based on the findings of this study, the following recommendations are proposed

to sustain and further improve sachet water quality:

1. Continuous Monitoring and Compliance:

Manufacturers should maintain strict quality control measures to ensure that their

products consistently meet regulatory standards.

Regulatory agencies such as NAFDAC and SON should continue routine

inspection and quality assessments to prevent lapses in production standards.

2. Improved Public Awareness:

Consumers should be educated on how to identify properly certified sachet water

brands to avoid purchasing substandard products.

Awareness campaigns should emphasize proper handling and storage practices to

prevent contamination after purchase.
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3. Enhanced Production Practices:

Manufacturers should continue investing in modern water purification technologies

to maintain high-quality standards.

Regular training should be provided to factory workers on hygiene and safety

practices to minimize the risk of contamination.

4. Research and Development:

Further research should be conducted to assess seasonal variations in sachet water

quality to identify any potential risks associated with environmental changes.

More studies should be carried out to evaluate the long-term health effects of
consuming sachet water, even when all tested parameters meet regulatory

standards.
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