


Comparative Assessment of Bacteriological Quality in Sachet and Bottled Water Produced in Port Harcourt Metropolis


ABSTRACT

Access to microbiologically safe drinking water remains a major public health concern in developing countries, where packaged water is widely consumed as an alternative to unreliable municipal supplies. This study comparatively evaluated the bacteriological and physicochemical quality of sachet and bottled water produced and sold within Port Harcourt Metropolis, Rivers State, Nigeria. A total of thirty-two samples sixteen sachet water and sixteen bottled water brands were randomly collected from different locations across the metropolis. Standard analytical procedures outlined by the American Public Health Association and the World Health Organization were employed to assess physicochemical parameters, total heterotrophic bacterial count (THBC), total coliform count (TCC), and the presence of specific bacterial pathogens. Isolated organisms were further subjected to antimicrobial susceptibility testing using the Kirby–Bauer disk diffusion method. Results showed that most physicochemical parameters, including temperature, turbidity, total dissolved solids (TDS), and hardness, were within WHO permissible limits. However, the magnesium concentration in bottled water (2.76 ± 1.23 mg/L) slightly exceeded the recommended value (0.2 mg/L). Bacteriological analyses indicated that sachet water had significantly higher THBC (132.00 ± 72.90 CFU/0.1 mL) compared with bottled water (39.50 ± 16.50 CFU/0.1 mL) (p < 0.05). Sachet water also had a higher TCC (44.60 ± 35.60 MPN/10 mL) than bottled water (10.50 ± 2.12 MPN/10 mL), though this difference was not statistically significant (p = 0.1077). Coliforms and faecal indicators, including Escherichia coli, were detected in several samples, with higher prevalence in sachet water. Identified isolates included E. coli, Staphylococcus aureus, Klebsiella spp., and Enterobacter spp. antimicrobial susceptibility testing revealed widespread resistance to commonly used antibiotics such as Amoxicillin, Vancomycin, and Erythromycin, while most isolates remained susceptible to Levofloxacin and Meropenem. The findings indicate that although both sachet and bottled water met chemical quality standards, microbial contamination particularly in sachet water poses potential health risks to consumers. The detection of multidrug-resistant bacteria underscores the need for stronger regulatory enforcement, routine microbiological surveillance, and improved hygiene practices among water producers. The study recommends sustained quality monitoring, consumer education, and integration of drinking water safety into Nigeria’s antimicrobial resistance control framework.	Comment by User: What is the reason behind the previous results: poor nutrition, inadequate sterilization?	Comment by User: Delete 	Comment by User: Do all brands have the same number of samples? Why are the numbers different between them? The number is unbalanced for comparison. What is the date of the samples used in the study? Are they recently manufactured or older?	Comment by User: There is no clear t-test or ANOVA analysis.؟؟؟  why 

INTRODUCTION
Water is universally recognized as one of the most vital natural resources for sustaining life. Comprising approximately 70% of the human body, it performs essential physiological and biochemical functions, including digestion, nutrient transport, regulation of body temperature, waste excretion, and maintenance of homeostasis (Odonkor & Mahami, 2020). Beyond its biological importance, water is crucial for domestic, industrial, and agricultural activities, making it a cornerstone of human survival and socioeconomic development. In recognition of its critical role, the United Nations General Assembly, through Resolution 64/292 of 2010, affirmed access to clean and safe drinking water as a basic human right, fundamental to the realization of other human rights. Despite this formal recognition, ensuring safe and potable water remains a significant global challenge, particularly in low- and middle-income countries such as Nigeria (UNICEF, 2021; WHO, 2022).

Globally, over 2.2 billion people lack access to safely managed drinking water, and nearly 785 million rely on unimproved sources such as rivers, ponds, and shallow wells (WHO/UNICEF, 2021). The situation is particularly severe in sub-Saharan Africa, where less than 30% of the population has reliable access to safe drinking water. This deficit has significant public health consequences, including the persistence of waterborne diseases such as cholera, typhoid fever, shigellosis, and diarrhea, which remain leading causes of morbidity and mortality, particularly among children under five years of age (Adegoke & Okoh, 2021). Unsafe water contaminated with pathogenic microorganisms is estimated to cause 485,000 deaths annually worldwide (WHO, 2022). These statistics underscore the urgent need to ensure microbiologically safe water, especially in urban centers of developing countries, where high population density, pollution, and deteriorating infrastructure exacerbate the risk of contamination.

In Nigeria, inadequate access to safe drinking water is exacerbated by rapid urbanization, poor public utility management, environmental pollution, and weak regulatory enforcement (Wokoma & Uche, 2020). Major urban centers, including Port Harcourt, Lagos, and Abuja, have experienced rapid population growth without a corresponding expansion of municipal water supply infrastructure. As a result, government-operated water boards, originally established to provide treated potable water, have become largely inefficient due to poor maintenance, aging distribution systems, and irregular power supply (Ogidi et al., 2022). In Port Harcourt, the Rivers State Water Board Corporation has struggled to meet the growing demand, forcing residents to rely on alternative sources such as boreholes, wells, rainwater harvesting, and, notably, packaged drinking water (Okoh et al., 2022; Ezeanya et al., 2020).
Over the past two decades, packaged water including sachet and bottled water has become the primary drinking water source for urban populations in Nigeria. The industry emerged largely in response to failing public water systems and increasing demand for convenient, seemingly safe drinking water (Akinyele et al., 2023). Sachet water, commonly called “pure water,” is the most widely consumed due to its low cost, portability, and accessibility (Onweluzo & Akuagbazie, 2022). Produced in 500 mL sealed plastic sachets by small and medium-scale enterprises, it undergoes filtration, disinfection (chlorine, ozone, or UV), and automated sealing. However, many producers operate with minimal regulatory oversight, poor hygiene, and uncertified treatment facilities (Nwogu & Amadi, 2023; Ajibade et al., 2020).
Bottled water, in contrast, is generally perceived as a higher-quality alternative, produced under stricter standards and often targeting middle- and upper-income consumers (Umeh et al., 2021). Bottled water companies typically employ advanced treatment methods, including multi-stage filtration, reverse osmosis, and UV sterilization, and are subject to greater regulatory scrutiny by agencies such as NAFDAC and SON (Adedeji et al., 2021). Nevertheless, studies indicate that bottled water can also be microbiologically compromised, particularly during prolonged storage, exposure to high temperatures, or unsanitary handling in transport and retail (Eze & Okerentugba, 2023; Taiwo & Fadeyi, 2023).

The increasing reliance on sachet and bottled water in Nigeria underscores a dual challenge: ensuring availability while maintaining safety. While the packaged water industry has helped bridge critical gaps in urban water provision, it has also introduced public health concerns. Multiple studies across Nigeria have isolated pathogenic microorganisms—including Escherichia coli, Salmonella spp., Klebsiella spp., Pseudomonas aeruginosa, Enterobacter spp., and Staphylococcus aureus from packaged water, indicating fecal contamination and lapses in hygiene during production, packaging, or post-production handling (Oke et al., 2022; Adebayo et al., 2023; Silva et al., 2021). Consumption of such contaminated water poses significant risks of gastrointestinal infections and may facilitate the transmission of antimicrobial-resistant bacteria (Abebe et al., 2024; Rabiu et al., 2025).
Recent studies have highlighted the presence of extended-spectrum β-lactamase (ESBL)-producing E. coli and multidrug-resistant Pseudomonas spp. in sachet and bottled water, suggesting that poor sanitation and inadequate treatment not only contribute to infections but also promote the spread of antimicrobial resistance (Rabiu et al., 2025; Dada et al., 2021). These findings emphasize the importance of continuous bacteriological surveillance of drinking water, particularly in urban centers with high demand for packaged water.
Port Harcourt reflects a microcosm of this national challenge. Rapid industrialization, population growth, environmental pollution from oil activities, and poor waste management have outpaced infrastructural development, leading residents to increasingly rely on sachet and bottled water as safer alternatives (Ogidi et al., 2022; Okoh et al., 2022). However, studies indicate that many packaged water brands in the city fail to meet bacteriological standards set by the WHO, NAFDAC, and SON (Nwankwo & Agbor, 2020; Ogbonna et al., 2023; Nwogu & Amadi, 2023).
The bacteriological quality of drinking water is critical for public health, as the presence of total coliforms or fecal indicators such as E. coli signals potential contamination and pathogen presence (WHO, 2022). Factors such as prolonged storage, exposure to sunlight, high temperatures, and inadequate post-production handling can further compromise water safety (Adesakin et al., 2022; Taiwo & Fadeyi, 2023). Moreover, the rapid proliferation of unregistered, small-scale producers particularly in the sachet water industry combined with limited regulatory capacity, poor enforcement, and inadequate quality assurance systems, increases the risk of contamination (Agbasi, 2024; Nwogu & Amadi, 2023; Adedeji et al., 2021).
Given the widespread reliance on packaged water, empirical data on its bacteriological safety in urban centers like Port Harcourt are essential. Comparative analyses of sachet and bottled water can identify which type poses higher microbiological risks, reveal potential lapses in quality control, and inform evidence-based consumer awareness and policy development. This research will contribute to the knowledge base in environmental and public health microbiology, supporting advocacy for improved monitoring, regulatory enforcement, and public education on safe drinking water practices. This study aims to comparatively evaluate the bacteriological quality of sachet water and bottled water produced and distributed within Port Harcourt Metropolis.






MATERIALS AND METHODS
Study Area	Comment by User: The number of samples taken from each area was not mentioned.

There is no description of the sampling method.
Sample size.
How the sample was transported. 	Comment by User: 
The study was conducted in Port Harcourt metropolis, a rapidly urbanizing city and the hub of Nigeria’s oil and gas industry, with an estimated population exceeding three million people. For the purpose of this study, Port Harcourt was divided into eight zones: Zone A, Zone B, Zone C, Zone D, Zone E, Zone F, Zone G, and Zone H. These zones correspond to specific locations as follows: Zone A – Rumukurushi, Zone B – Rumuodara, Zone C – Elekahia, Zone D – Eligbolo, Zone E – Bori Camp, Zone F – Bodo, Zone G – Orogbum, and Zone H – Diobu.	Comment by User: Why didn't you use a scientific diagram that illustrates the concept in three dimensions, which would be better than a narrative?

Physicochemical Analyses
Physicochemical parameters of water samples were analyzed following the standard procedures outlined in the American Public Health Association Standard Methods for the Examination of Water and Wastewater (2017). The parameters assessed included: temperature, pH, conductivity, salinity, turbidity, total dissolved solids (TDS), chloride, alkalinity, total hardness, nitrate, phosphate, manganese, iron, magnesium, and calcium.

Microbiological Analysis
All culture media used in this study were prepared according to the manufacturer’s instructions and specifications. Sterilization of media was performed in an autoclave at 121 °C for 15 minutes, while all glassware was sterilized in a hot air oven at 160 °C for 2 hours.
Bacterial analyses were conducted using the Spread Plate method, and the Most Probable Number (MPN) of isolated bacteria was also determined. Water samples were cultured on the following media: Nutrient Agar and MacConkey Agar for coliforms; Salmonella Shigella Agar for Salmonella and Shigella species; Blood Agar for fastidious organisms; and Thiosulfate Citrate Bile Salt Sucrose (TCBS) Agar for Vibrio cholerae. All plates were incubated at 37 °C for 24 hours, after which bacterial counts were recorded, and sub-culturing was performed to obtain viable isolates. Gram staining and biochemical tests including catalase, coagulase, oxidase, citrate utilization, and indole tests were subsequently carried out for bacterial identification.

Total Plate Count 
Petri dishes of nutrient agar medium were used to determine viable bacterial count. 0.1ml of each sample was transferred to the individual plates for determination of total plate count (TPC) followed by incubation at 370C for 24 hours. Total number of colonies on each plate were counted.

Total Coliform Counts and Total Fecal Coliform Counts
The coliform counts were determined by the Most Probable Number (MPN) technique.10ml of the water samples were inoculated into a series of sterilized lactose broth tubes, a set of double strength MacConkey broth and two set of single strength MacConkey broths (each set contained five test tubes) containing inverted Durham tubes and then incubated at 370C for the presumptive coliform test. Tubes showing gas formation were regarded as positive and were subsequently transferred into confirmatory media (Eosin Methylene Blue agar) for detection of coliforms. Finally, the number of positive and negative results across the dilution series was recorded and compared to an MPN statistical table, which gave an estimate of the most probable number of total coliforms or fecal coliforms per 10mL of the water sample.	Comment by User: What is the number of tubes used in the MPN method, their size, and how are they calculated? This must be stated in detail because this method is sensitive. 

Gram Reaction Test
Smears of the bacterial cultures were prepared on a clean glass slide, air-dried, and heat-fixed. The smears were then flooded with crystal violet for about one minute, rinsed gently with water, and treated with Gram’s iodine solution to act as a mordant, after which it was briefly decolorized with ethanol or acetone. Following decolorization, the smears were counterstained with safranin, rinsed again with water, blotted dry, and examined microscopically under oil immersion.	Comment by User: The Kirby-Bauer method of action for biological approaches is not mentioned, nor are the types of antibiotics listed. This creates a gap between the method of action and the results. 

Biochemical Identification Test
Catalase Test
Fresh bacterial cultures were picked and transferred onto clean glass slides using sterile loops, after which a few drops of 3% hydrogen peroxide were added directly to them. The rapid formation of bubbles was recorded as a positive reaction, confirming the presence of catalase enzyme, while the absence of bubbling was recorded as a negative result. This reaction allowed the differentiation of catalase producing bacterial cultures from catalase-negative ones.
Coagulase Test
Bacterial cultures were emulsified in small volumes of plasma placed on a slide. They were observed for immediate clumping within a few seconds, which indicated the presence of bound coagulase, while the absence of clumping signified a negative result.
Indole Test
Bacterial cultures were inoculated into tubes containing tryptone broth and incubated at 350C for 24hours. After incubation, a few drops of Kovac's reagent were carefully added to the surface of the broth without mixing. The development of a distinct red or pink ring at the top layer of the medium was interpreted as a positive result, confirming indole production, while a yellow or no color change indicated a negative reaction.

Citrate Utilization Test
Bacterial cultures were inoculated onto the slant surface of Simmons’ citrate agar using a sterile inoculating needle to avoid heavy inoculation and then incubated at 370C for up to 48 hours. After incubation, cultures that changed the medium’s color from green to blue were interpreted as positive for citrate utilization, while those that showed no color change and remained green were interpreted as negative. 

RESULTS
Physicochemical Properties of Bottled and Sachet Water
Both bottled and sachet water exhibited values within acceptable limits for most parameters. Bottled water shows slightly higher values in some parameters like pH (7.35), total hardness (34.56 mg/L), and electrical conductivity (99 µS/cm) than sachet water pH (6.6), total hardness (13.44 mg/L), and electrical conductivity (36 µS/cm). Turbidity was zero in both samples. Magnesium levels in bottled water (2.76 mg/L) exceeded the WHO recommended limit (0.2 mg/L). Table 1 below presents a detailed comparison of the physicochemical properties of bottled and sachet water samples against World Health Organization (WHO) standards. 	Comment by User: The table was not referenced. Either the results in the table or just the narrative are sufficient.










Table 1. Physicochemical analysis of water samples
	Parameters 
	Bottled Water
	Sachet Water
	WHO Standard

	Temperature (°C)
	27.10 ± 0.00
	26.9 ± 0.14
	0-30

	pH
	7.35 ± 0.07
	6.6 ± 0.00
	6.5-8.5

	Turbidity (NTU) 
	0.00 ± 0.00
	0.00 ± 0.00
	5.0

	Electrical Conductivity (/cm)
	99.0 ± 0.00
	36.0 ± 0.00
	500

	TDS (mg/L)
	49.0 ± 0.00
	18.0 ± 0.00
	600

	Total Hardness (mg/L)
	34.56 ± 5.10
	13.44 ± 2.52
	500

	Total Alkalinity (mg/L)
	11.0 ± 1.41
	4.0 ± 0.00
	500

	Chloride (mg/L)
	18.0 ± 1.41
	10.5 ± 0.71
	250

	Nitrate (mg/L)
	1.05 ± 0.00
	0.58 ± 0.01
	10

	Calcium (mg/L)
	9.22 ± 0.00
	3.07 ± 0.00
	200

	Phosphate (mg/L) 
	0.04 ± 0.00
	0.04 ± 0.00/

	0.50

	Magnesium (mg/L)
	2.76 ± 1.23
	1.39 ± 0.46
	0.2





Morphological and Biochemical Characteristics of Bacteria Isolated from Sachet and Bottled Water Samples
Table 2 below shows the morphological and biochemical characteristics of bacteria isolated from sachet and bottled water samples. Escherichia coli isolated in sample zone A, C, E, and G tested positive for catalase, indole and gas production, are Gram-negative rods, while Staphylococcus aureus isolated in sample zone C is catalase and coagulase positive, Gram-positive cocci in clusters. Klebsiella sp isolated in sample zone G and Enterobacter sp isolated in sample zone H tested positive for catalase, citrate and gas production. 

Table 2. Morphological and biochemical identification of isolated bacteria	Comment by User: The reasons or explanations for the results obtained in Table 2 were not mentioned.
	Sample Zones

	Water Sample


	
Catalase



	Coagulase



	Indole


	Citrate

	Gas




	Gram

	Morphology
	



Bacteria Isolated

	A
	Sachet
	   +
	  -
	 +
	  -
	  +
	  -
	Rod
	Escherichia coli

	C
	Sachet
	  +
	  +
	  -
	  -
	  -
	  +
	Cocci in cluster
	Staphylococci aureus

	
	Bottled
	  +
	  -
	 +
	  -
	  +
	  -
	Rod
	Escherichia coli 

	E
	Sachet
	 +
	  -
	 +
	  -
	  +
	  -
	Rod
	Escherichia coli

	G
	Sachet
	 +
	  -
	  -
	  +
	  +
	  -
	Rod
	Klebsiella species

	
	Bottled
	 +
	  -
	  +
	  -
	  +
	  -
	Rod
	Escherichia coli

	H
	Sachet
	 +
	  -
	  -
	  +
	  +
	  -
	Rod
	Enterobacter species



Total Coliform Count (TCC) and Total Plate Count (TPC) of Sachet and Bottled Water Samples 
Table 3 compares the bacterial counts between sachet and bottled water samples by looking at Total Coliform Count (TCC) and Total Plate Count (TPC). Sachet water has a higher average TCC (44.60 ± 35.60) compared to bottled water (10.50 ± 2.12), but this difference is not statistically significant (p = 0.1077). However, for TPC, sachet water also has a higher mean count (132.00 ± 72.90), and this difference is statistically significant compared to bottled water (39.50 ± 16.50) with a p-value of 0.0444. 	Comment by User: There's no need to repeat the numbers. It's better to explain the reasons behind these numbers and results. 



Table 3. Comparison of bacterial count between the water samples
	Bacterial Count
	Sachet Water
	Bottled Water
	P value

	TCC (MPN/10ml)
	44.60 ± 35.60
	10.50 ± 2.12
	0.1077

	TPC (CFU/0.1ml)
	132.00 ± 72.90
	39.50 ± 16.50
	0.0444



KEY:
TCC =  Total Coliform Count
TPC = Total Plate Count


Antimicrobial Susceptibility of Isolated Bacteria against Different Antibiotics
Table 4 below presents the antimicrobial susceptibility of isolated bacteria against different antibiotics by showing the zone of inhibition in millimeters. All tested bacteria (E. coli, Staphylococcus, Klebsiella, and Enterococci) are resistant (R) to most antibiotics like Amoxicillin, Erythromycin, Vancomycin, and Clindamycin. Some variation in inhibition zones appears, e.g., Klebsiella shows the largest zone (31 mm) for Cefotaxime, indicating sensitivity, while Staphylococcus aureus has a 25 mm zone for Meropenem.  


Table 4. Antimicrobial susceptibility testing of the isolated bacteria 
	
	Zone of Inhibition (mm) by Antibiotics

	Bacteria
	AM
	LEV
	MEM
	FOX
	E
	VA
	CD
	CXM
	CTX

	E. coli
	R
	28 ± 1.71
	23 ± 0.82
	20 ± 1.48
	R
	R
	R
	R
	24 ± 1.00

	Staph spp
	R
	19 ± 0.00
	14 ± 0.00
	25 ± 0.00
	R
	R
	23 ± 0.00
	24 ± 0.00
	24 ± 0.00

	Klebsiella
	R
	25 ± 0.00
	16 ± 0.00
	R
	R
	R
	R
	
	31 ± 0.00

	Enterobacter
	R
	21 ± 0.00
	24 ± 0.00
	R
	R
	R
	R
	R
	R



KEY: 
R – Resistant,  AM – Amoxicillin, LEV – Levofloxacin, MEM – Meropenem, CXM – Cefuroxime, CTX – Cefotaxime, VA – Vancomycin, E – Erythromycin, CD – Clindamycin, FOX - Cefoxitin


DISCUSSION
This study showed that most measured physicochemical parameters (temperature, turbidity, TDS, total hardness, alkalinity, chloride, nitrate, calcium, phosphate) fell within World Health Organization limits for drinking water, indicating broadly acceptable chemical and physical quality for both bottled and sachet water samples, Howeever, notable differences were observed; bottled water had higher pH (7.35) and higher total hardness, TDS and electrical conductivity than sachet water (pH 6.6; TDS 18 mg/L, conductivity 36 µS/cm), and magnesium concentration in bottled water (2.76 mg/L) exceeded the WHO recommended value.	Comment by User: The tables discussing the results are not referenced.

Here, a general discussion is provided. The sources mentioned are the same as those mentioned in the introduction, and no others are cited.

The pattern of generally acceptable physicochemical values with occasional parameter elevations (e.g., magnesium) has clear causes. Differences between bottled and sachet water commonly reflect source water variation (deep boreholes or mineral springs for some bottled brands vs shallow wells, municipal sources, or mixed sources for sachet producers), treatment technology and blending practices, and post-treatment influences such as storage or packaging interactions (e.g., leaching from plastic under heat). Adesakin et al. (2022) found that sachet water sourced from shallow wells and open reservoirs in Lagos exhibited higher conductivity and mineral variability compared to bottled water, linking this to weaker filtration and treatment systems. Similarly, Tenebe et al. (2023) observed that packaged water producers using deep boreholes and reverse osmosis systems recorded more stable physicochemical profiles than smaller producers reliant on municipal taps. Higher mineral content (hardness, conductivity) in bottled water suggests either a mineral-rich source or deliberate mineral blending to meet consumer taste; conversely, lower TDS in sachet water suggests greater demineralization or use of low mineral sources (Adesakin et al., 2022; Maselela, 2024). Maselela (2024) reported that sachet water brands in South Africa often had lower TDS than bottled brands because of excessive ion exchange during purification, which stripped beneficial minerals. Elevated magnesium above guideline levels, while not acutely toxic at the measured concentration, may indicate either local geology (high magnesium aquifer) or erroneous blending or treatment processes and deserves monitoring because chronic ingestion of atypical mineral concentrations can have health or organoleptic effects over time (Adesakin et al., 2022; Agbasi, 2024). Agbasi (2024) reported that elevated magnesium in groundwater sources around Onitsha was strongly correlated with the dolomitic geology of the area and suggested it could alter taste and contribute to mild gastrointestinal effects.
Implications of these physicochemical findings are twofold. First, acceptable turbidity and low TDS mean particulate-associated microbial shelter is unlikely, and water is organoleptically acceptable to consumers (WHO, 2017). Second, physicochemical features directly influence microbiological safety: pH near the low end (sachet pH = 6.6) can reduce the efficacy of some disinfectants (e.g., free chlorine is less effective at low pH) and may therefore contribute indirectly to higher microbial survival and regrowth in sachet samples (WHO, 2017; Tenebe et al., 2023). Tenebe et al. (2023) found that in sachet water with acidic pH (<6.5), chlorine residuals declined faster, allowing regrowth of heterotrophic bacteria during storage. This mechanistic link helps explain why sachet water in this study had higher microbiological loads despite acceptable turbidity and TDS. Comparable Nigerian studies have reported similar mixed physicochemical profiles generally compliant overall but with brand and source-dependent variations supporting the current observations (Adesakin et al., 2022; Tenebe et al., 2023; Maselela, 2024). Adesakin et al. (2022) reported that 88% of sachet and 100% of bottled water brands in their Lagos survey met WHO limits for pH, TDS, and chloride, but significant differences existed in mineral content and stability, reflecting production scale and treatment diversity.
The bacteriological assays recovered a range of organisms from both sample types: Escherichia coli, Staphylococcus aureus, Klebsiella spp., and Enterobacter spp. Escherichia coli isolates were found in both sachet and bottled samples (multiple sample zones), while Staphylococcus aureus and members of the Enterobacteriaceae were more frequently observed in sachet samples. Ekanem et al. (2021) similarly reported the presence of E. coli and S. aureus in sachet water samples in Uyo, attributing contamination to poor hygienic practices and exposure during retail. Olaitan et al. (2023) found that up to 40% of sachet water samples in Abuja contained coliforms due to post-treatment contamination.
The presence of these organisms has clear etiologies. E. coli and other coliforms are classical indicators of fecal contamination and most likely result from contaminated source water (e.g., shallow wells or surface water), inadequate or failed disinfection (insufficient chlorine contact time, improper dosing), or post-treatment contamination during handling and packaging (contaminated filling equipment, human contact, poor hygiene) (Tenebe et al., 2023; Adesakin et al., 2022). Tenebe et al. (2023) documented that sachet water plants with poor chlorination procedures had 60% of samples testing positive for total coliforms, while Adesakin et al. (2022) reported similar findings where E. coli contamination correlated with manual filling and weak hygiene control. The presence of S. aureus implies direct contamination by personnel (hands, skin, respiratory droplets) or unsanitary production environments (uncovered filling lines, absence of personnel PPE) (Ekanem et al., 2021; Olaitan et al., 2023). Ekanem et al. (2021) observed that factory workers’ hands and air samples from production rooms tested positive for Staphylococci, confirming human origin of contamination. The recovery of Klebsiella spp and Enterobacter spp from sachet samples may reflect both environmental contamination and inadequate thermal or chemical treatment; these organisms are common in environmental sources and in biofilms associated with poor equipment hygiene. A study in Frontiers Public Health (2024) reported frequent isolation of Klebsiella spp and Enterobacter spp in bottled water facilities where maintenance of disinfection units was irregular.
Implications are immediate and serious. Detection of E. coli and other enteric bacteria in packaged water indicates a breach of safe drinking water requirements and exposes consumers to risks of diarrhoeal disease, typhoid, and other enteric infections; illnesses that disproportionately burden young children and vulnerable adults in low resource settings (WHO, 2017; Adesakin et al., 2022). Furthermore, the presence of opportunistic organisms (e.g., Klebsiella, Enterobacter) raises concerns for immunocompromised consumers who may develop extra-intestinal infections. Adesakin et al. (2022) found that Klebsiella spp. isolated from sachet water could cause respiratory and urinary tract infections if ingested in high loads. These microbiological realities also undermine consumer confidence and can have economic consequences for legitimate manufacturers. Similar organism patterns have been reported in multiple recent Nigerian and West African studies: E. coli, Pseudomonas spp., Klebsiella spp., Staphylococcus spp., and Enterobacter spp. are recurrent isolates in sachet water assessments and, more rarely, in bottled water (Tenebe et al., 2023; Adesakin et al., 2022; Frontiers Public Health, 2024; Maselela, 2024). Maselela (2024) found similar contamination patterns in Tanzania, linking them to the use of unchlorinated municipal water by small sachet producers. The present findings therefore align with a broad literature trend indicating that packaged water is not uniformly safe and that contamination is often linked to source and process weaknesses.
The results show significantly higher total plate counts (TPC) in sachet water (mean 132.00 ± 72.90 CFU/0.1 mL) compared with bottled water (mean 39.50 ± 16.50 CFU/0.1 mL); this difference was statistically significant (p = 0.0444). Total coliform counts (TCC) were also higher in sachet samples (mean 44.60 ± 35.60 MPN/10 mL) than bottled samples (10.50 ± 2.12 MPN/10 mL), although the TCC difference did not reach statistical significance (p = 0.1077). High THBC/TPC values in sachet water likely arise from multiple, interacting causes. Small scale sachet producers frequently operate with minimal process control: limited or absent automated disinfection systems (no validated RO, UV, or ozonation), suboptimal chlorine dosing or monitoring, inadequate equipment sanitation, and manual filling and sealing that increase human contact and risk of contamination (Udo et al., 2021; Olaitan et al., 2023). Udo et al. (2021) found that 70% of sachet water microenterprises in Enugu lacked automated disinfection, correlating with high bacterial counts, while Olaitan et al. (2023) documented contamination spikes after manual sealing. Additionally, sachet products are often stored and sold in open markets and exposed to heat and sunlight; conditions that favor microbial regrowth and multiplication in inadequately disinfected water (Adesakin et al., 2022; Taiwo & Fadeyi, 2023). Taiwo and Fadeyi (2023) demonstrated that storing sachet water above 30 °C for three days increased bacterial counts by twofold. The role of pH is important here as well: the slightly lower pH measured in sachet water (6.6) may impair chlorine efficacy and enable heterotrophic bacteria to survive or regrow (WHO, 2017).
The implications of elevated THBC are noteworthy. Although heterotrophic plate counts are not direct measures of pathogen presence, persistently high THBC indicates process control failures and conditions that could permit pathogenic organisms to persist. High THBC also shortens shelf life and can degrade taste and odor (Maselela, 2024). Maselela (2024) reported that sachet water brands with high THBC lost sensory acceptability faster than low-count brands due to odor and taste changes. From a public health viewpoint, high THBC combined with periodic presence of coliforms indicates increased risk of gastrointestinal illness and potential outbreaks if contamination is widespread. Recent comparative studies in Nigeria and sub-Saharan Africa report the same pattern—sachet water tends to show higher THBC than bottled water, with significant implications for regulatory focus and consumer safety (Adesakin et al., 2022; Tenebe et al., 2023; Maselela, 2024). Adesakin et al. (2022) found mean heterotrophic counts in sachet water exceeded bottled water by almost threefold; Tenebe et al. (2023) reported that sachet water exceeded WHO limits in 37% of samples versus 5% of bottled brands.
The study’s statistically significant finding (higher TPC in sachet water, p = 0.0444) matches patterns reported in many recent field surveys and supports the assertion that, on average, bottled water in the study setting is microbiologically superior to sachet water. This difference is plausibly due to the scale of operations and technology: many bottled water producers (especially established brands) use automated aseptic bottling lines, validated treatment trains (RO, UV, ozonation), and routine laboratory quality assurance, whereas sachet producers are often small, informal, or marginally resourced and therefore adopt simpler and less reliable techniques (Adesakin et al., 2022; Eze & Okerentugba, 2023). Eze and Okerentugba (2023) confirmed that bacterial contamination dropped significantly in automated bottled plants compared to manually filled sachet operations. The practical implication is that while bottled water is not universally risk-free, it tends to be safer where large manufacturers follow documented quality management systems. Comparative studies from Nigeria and other African settings recommend similar targeted measures, noting that reduction of inter-brand variability requires improved oversight and resource support for small producers (Tenebe et al., 2023; Maselela, 2024).
While most physicochemical parameters generally complied with WHO limits, microbiological parameters (TCC, TPC, and presence of specific isolates) showed non-conformity in a number of sachet samples and a smaller number of bottled samples. Chemical compliance can therefore coexist with microbiological non-compliance—an important distinction for regulators and consumers. The causes for this incomplete conformity are multifactorial: source water vulnerability, incomplete or substandard disinfection processes, poor factory hygiene, lack of routine testing, counterfeit or forged compliance labels, and weak regulatory enforcement capacity (Udo et al., 2021; Obi et al., 2022; Agbasi, 2024). Obi et al. (2022) found that up to 25% of packaged water on sale in southeastern Nigeria had forged NAFDAC labels, reflecting weak regulatory checks.
Bacterial isolates including E. coli, Staphylococcus aureus, Klebsiella sp and Enterobacter sp demonstrated resistance to several commonly used antibiotics notably Amoxicillin, Erythromycin, Vancomycin, and Clindamycin while showing variable susceptibility to Levofloxacin, Meropenem, and third-generation Cephalosporins (e.g Cefotaxime). For example, E. coli recorded susceptibility zones to Levofloxacin (28 mm), Meropenem (23 mm), and Cefotaxime (24 mm), but were resistant to Amoxicillin and several others; Klebsiella sp showed a large inhibition zone to Cefotaxime (31 mm) but was resistant to multiple older antibiotics. Collectively, these data indicate presence of multidrug-resistant (MDR) phenotypes among waterborne isolates in the study area. Abebe et al. (2024) observed a similar trend in Ethiopia, where 42% of drinking water E. coli isolates exhibited multidrug resistance, while Rabiu et al. (2025) detected resistance genes for beta-lactams and macrolides in packaged water organisms in Kano. The presence of MDR organisms in drinking water is a growing global concern, and the study’s results align with an expanding body of evidence linking environmental waters (including treated and packaged drinking water) to the environmental reservoir of antibiotic-resistant bacteria and genes (Frontiers Public Health, 2024; Abebe et al., 2024; Rabiu et al., 2025). 
Causes of antimicrobial resistance (AMR) in these isolates are complex and include environmental contamination of source water with hospital effluents, agricultural runoff (antibiotic residues), sewage discharges that carry resistant bacteria, and selection pressure in the environment where antibiotic residues may persist and enrich resistant strains (Frontiers Public Health, 2024; Agbasi, 2024). Agbasi (2024) highlighted that water sources downstream from hospitals in Rivers State had higher AMR gene counts, suggesting environmental spillover. Inadequate treatment and lack of tertiary disinfection steps in many small producers will not remove resistant strains or resistance genes. Moreover, biofilm formation on production equipment offers niches where resistance selection and horizontal gene transfer may occur (Rabiu et al., 2025).
Implications are profound. Drinking water contaminated with MDR bacteria poses direct clinical risk; infections acquired from such sources may be harder to treat, require last-line antibiotics (e.g., Carbapenems), and increase morbidity, mortality, and healthcare costs (Frontiers Public Health, 2024). The detection of resistance to widely available first-line antibiotics (e.g., Amoxicillin) suggests that even common infections could become more complicated in communities where such contaminated water is consumed widely. The study reiterates recent global and regional literature emphasizing the prevalence of MDR organisms in packaged water (Frontiers Public Health, 2024; Agbasi, 2024). Frontiers Public Health (2024) reported that over 35% of packaged water isolates in West Africa exhibited multi-drug resistance profiles, reinforcing the need for surveillance.

CONCLUSION 
This study concludes that sachet water, though affordable and accessible, presents greater bacteriological risks compared to bottled water within Port Harcourt Metropolis. This disparity is primarily attributed to differences in production practices, treatment methods, and storage conditions. While bottled water generally exhibited safer quality, occasional contamination highlights the need for continuous monitoring and strict regulatory compliance. The findings reaffirm that safe drinking water cannot be assured merely by packaging but requires consistent adherence to good manufacturing practices and post-production quality control.	Comment by User: Based on the results and discussion, the conclusion is weak and little 
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