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ABSTRACT

Background: A critical problem in most developing countries is providing adequate and safe drinking water to their populace. It is estimated that 2.2 billion people do not have access to safely managed drinking water and that water use has increased six fold over the past century. This study determined physicochemical properties and the presence of microbial contaminants in sachet water samples around the Lead City University, Ibadan, Oyo State.

Materials and Methods: Samples of different brands of sachet water were analysed for physicochemical properties and microbial contamination. Physicochemical analysis was done using hand held water analyzer while microbial contaminants were determined using culture, biochemical tests and cell morphology of isolates.

Results: The physicochemical properties of the water samples in this study were in line with the recommended values by WHO (2017), except carbon monoxide, which was found to be higher in nine out of the ten samples investigated. Bacteria found in the brands of sachet water were Staphylococcus aureus (38.64%), Staphylococcus saprophyticus (4.54%), Escherichia coli (25.00%), Acinetobacter iwoffii (4.54%), Acinetobacter haemolyticus (2.27%)., Enterobacter agglomerans (9.09%), Bacillus cereus (6.81%), and Pseudomonas aeruginosa (9.09%).. The prevalence of Escherichia coli and Staphylococcus aureus was much higher than other organisms. Isolates obtained during this study showed appreciable sensitivity and resistance to antibiotics such as Ampiclox, Cotrimoxazole, and Gentamicin.

Conclusion: The majority of the sachet water samples under investigation may need to be more portable and suitable for public consumption as they were found to contain high levels of carbon monoxide and multidrug-resistant microbial contaminants that could become threatening to human health.
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INTRODUCTION
One of the significant and critical problems in most developing countries today is providing adequate and safe drinking water to its populace. 1A reliable supply of clean, wholesome water is essential to promote healthy living among the inhabitants of a defined geological region and to be essential to sustainable development, health, food production and poverty reduction. 2 It is estimated that 2.2 billion people need help accessing safely managed drinking water. That water use has increased six-fold over the past century and is rising by about 1% yearly. 3  
Access to safe drinking water is critical to sustainable development and essential to food production, quality health and poverty reduction. 4 High population growth has been occurring in Nigeria, which stresses the existing sanitation services. An estimated 100 million Nigerians need access to safe water and improved sanitation facilities. 5 Packaged Drinking Water (PDW), which includes bottled water, hand-tied water, sachet water (commonly called pure water) and other commercial drinking water in Nigeria, is any potable water processed for sale and sealed in food-grade package for human consumption. 6 The sale of PDW has exploded worldwide in recent years, primarily due to public opinion that it is safe, readily available, and tastes better. It has a better quality compared to the tap or stream water. 7 However, PDW has been implicated as a source of outbreaks of cholera and typhoid fever, as well as traveller’s disease in Nigeria. 6 Unsafe water is a global public health threat, placing persons at risk for a host of diarrheal diseases as well as chemical intoxication, which can result in cancers. 8 There is a growing concern about the microbial quality of PDW products in developing countries. 9 In Nigeria, consumption of PDW is at a high rate, and the market is inundated with many PDW brands. 6 Demand for PDW has attracted many people to venture into the business as the industry becomes more profitable. 10 The increase in the demand for PDW is mainly due to the increasing population, increase in Per capita income, and changes in passion toward consumption of designed packaged water, perception of the consumer of its purity and portability for the consumers. 11 Due to the rising demand for packaged drinking water (PDW) and the proliferation of companies in this industry, there is a growing and concerning trend of heightened contamination levels. This poses a significant public health risk, emphasizing the urgency for a thorough examination of the quality of sachet water available in the market. The surge in production and consumption of PDW has brought to light the need for comprehensive investigations into the safety and purity of the packaged water widely circulated in our vicinity. This issue has become a paramount concern as it directly impacts public health, necessitating a closer scrutiny of the standards and practices employed by companies in the PDW sector. The imperative to assess the quality of sachet water arises from the potential health hazards associated with the consumption of contaminated water. Therefore, a rigorous investigation becomes essential to ensure the provision of safe and reliable drinking water to the public, aligning with the overarching goal of safeguarding public health in the face of escalating demands and commercial activities in the PDW market
MATERIALS AND METHODS
The study was carried out in Lead City University Ibadan Nigeria and its environs. The coordinates for the university are (7.326803 N, 3.876091 E). Ten brands of sachet water samples were sourced from the restaurants around Lead City University, Ibadan, Nigeria, in September 2022. The water samples were assigned codes, and production information on the labels is provided in Table 1 below.
[image: ]
( +) Present (–) Absent, ˣ = Codes representing trade name of sachet water company
Sample codes for sachet water samples : MJY,TGV, TMC, RSG, BR, BSD,  Mh,UI,A3 and Db
Membrane filtration of the water sample
Water samples were filtered using the Millipore membrane filters (with pore size 0.45 µm and 47 mm in diameter) with a vacuum speed of 5 to 15 mmHg. Organisms get concentrated on the surface of the membranes. 12
Culture and isolation
These membrane filters were placed onto nutrient Agar, MacConkey broth (Titan Biotech), and Mannitol Salt Agar (Oxoid) to culture various bacteria. Isolates suspected Escherichia coli were cultured on Eosine Methylene Blue (EMB) for further identification after incubating all the plates at 37°C for 24 hours. 13
Biochemical Tests
The bacterial isolates were characterized using colonial, morphological and biochemical tests. Biochemical tests included gram staining, oxidase, catalase, indole, urease, citrate, nitrate and fermentation tests. 14 Results from the tests were recorded and analysis on the results were carried out to help identify the isolates. 
Antibiotics susceptibility testing (AST) 
The invitro antibiotic susceptibility test was carried out using the disc diffusion assay method, and the zones of inhibition were measured, compared and interpreted using the Clinical Laboratory Standard Institute manual. 15, 16  In order to ensure the reproducibility of antimicrobial susceptibility testing, the bacterial inoculum was meticulously standardized. The concentration adjustment was performed to achieve a specific density of 2 x 10 6 colony-forming units per millilitre (CFU/mL), following established protocols. This meticulous standardization process enhances the accuracy and reliability of the susceptibility test results. The antibiotics with which the discs were impregnated with included; Perfloxacin (2nd generation flouroquinolone), Gentamicin (2nd generation Aminoglycoside), Ampiclox, Cefuouxime (2nd generation cephalopsorin), Amoxicillin, Ceftriaxone (3rd generation cephalosporin), Ciprofloxacin (2nd generation flouroquinolone), Streptomycin (1st generation Aminoglycoside), Co-trimoxazole and Erythromycin(1st generation macrolide). These antibiotics were used for the test on the basis of their popularity and use to treat infections.

Determination of physicochemical parameters of sachet water
Standard methods determined physicochemical properties such as colour, taste, odour, turbidity, temperature, pH, total dissolved solids, and total hardness. 17
Turbidity measurements
Ten millilitres (10 mL) of distilled-deionized water was poured into a cuvette, which was used to standardize the machine, and 10 mL of each sample was poured into cuvettes, which were inserted into the machine, and the reading was noted and recorded at 430nm on D70 Jackson turbidity meter 18
Temperature, pH, Total Dissolved Solids (TDS) and Electrical Conductivity
A 40 mL volume of each sample was poured into a beaker; the rod of the Hanna machine (HI 98129, HANNA) was inserted into the beaker containing the sample. The machine was turned on, and the reading for each parameter was noted and recorded. 19
Determination of hardness of samples
Twenty-five mills of the water sample and 25ml of distilled water were transferred into a 250 ml conical flask, then 2 mL of buffer solution and 0.1 g of Errochrome black T dye were added and titrated against ethylenediamine tetra acetic acid (EDTA) of 4.00×10 −3 mol/L. 20

RESULTS
Table 2 showed that the pH, total suspended solids (TSS), and total dissolved solids (TDS) of the sachet water samples analysed were within the WHO (2017) permissible range; however, the level of dissolved carbon monoxide in the samples is significantly higher than the WHO permissible limit (0.05 mg/L), save for RSG, which has a dissolved carbon monoxide level of 0.03 mg/L. Acidity levels, as seen in the results of all samples, are within the safe range, with the specific values provided in cm³. Alkalinity levels in the water sample range from 0.9 cm3 in TMC and UI to 5.40 cm3 in RSG. Hardness levels in all samples range from 0.3 cm3 in BR, TGV and Mh to 4.40 cm3 in A3 and RSG. 

The sachet water samples contained some identified colonies; Staphylococcus aureus was detected in MJY, TMC, RSG, BR, BSD, MH, UI, A3 and DBK, with a prevalence of 38.64%. Escherichia coli was present in MJY, RSG, BR, BSD, Mh, A3, and DBK, with a prevalence of 25.00%. Staphylococcus saprophyticus was found in MJY and BSD, with a prevalence of 4.54%. Acinetobacter iwoffii was identified in RSG and A3 with a prevalence of 4.54%. Acinetobacter haemolyticus was found solely in MH at a prevalence of 2.27%. Enterobacter agglomerans were also detected in TGV, MH, UI, and DBK, with a prevalence of 9.09%. Furthermore, Bacillus cereus was present in MJY, BR, and BSD, with a prevalence of 6.81%. Pseudomonas aeruginosa was identified in MJY, RSG, and BSD at a prevalence of 9.09%. Detailed information on isolates found in the water samples is presented in Table 3.

Some isolates within this study showed a large clearance zone, indicating sensitivity to many antibiotics used for antibiotic susceptibility tests (AST). AST results show that Staphylococcus aureus from the ten water samples was sensitive to Perfloxacin (17 mm for MJY, 17 mm for BR, 17 mm for UI), Ampliclox (17 mm for MJY, 19 mm for RSG, 19 mm for A3). Some other Staphylococcus aureus isolates showed resistance to amoxicillin (6 mm for RSG, 6 mm for UI, and 6 mm for DBK). Escherichia coli isolates obtained from water samples in the study also showed resistance to streptomycin (7 mm for A3 and RSG, 4 mm for BR and DBK). Comprehensive details of resistance shown by isolates can be seen in Table 4. In accordance with standardized procedures, antimicrobial susceptibility testing was performed using the Clinical and Laboratory Standards Institute (CLSI) guidelines, specifically following the recommendations outlined in CLSI document M100: Performance Standards for Antimicrobial Susceptibility Testing, 29th Edition (2019). The breakpoints provided in this document were utilized to categorize isolates as susceptible, intermediate, or resistant based on their minimum inhibitory concentrations (MICs).
Table 2:  Physicochemical Properties of Sample Sachet Water

[image: ]
Key : MJY, BR,TGV, RSG,TMC , BSD, Mh, UI, A3 and DBK are all code names for brands of water
Table 3: Bacteria Species Isolated and their Distribution from Five Different Brands of Sachet Water Marketed in Lead City University, Ibadan
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Key : MJY,TGV, TMC, RSG,BR, BSD, Mh, UI, A3, DBK,  Codes representing trade names of brands of sachet water sample and isolates. SA- Staphylococus aureus,  SS-- Staphylococcu saprophyticus,  EC- Escherichia coli,   AI- Acinetobacter iwoffii,  AH- Acinetobacter haemolyticus,   EA- Enterobacter agglomerans,  BC-  Bacillus cereus,  PA- Pseudomonas aeruginosa
Table 4: Antibiotics Sensitivity Test of Microbial Isolates from Sachet water samples (Zone of inhibition in mm)
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Key: Pef- Pefloxacin, CN- Gentamicin, Ampiclox- APX, Cefuroxime –Z, Amoxacillin – AM, Ceftriaxone- R, Ciprofloxacin-CPX, Streptomycin –S, Cotrimoxazole –STX, Erythromycin- E

Table 4 (Cont): Antibiotics Sensitivity Test of Microbial Isolates from Sachet water samples (Zone of inhibition in mm)
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Key: Pef- Pefloxacin, CN- Gentamicin, Ampiclox- APX, Cefuroxime –Z, Amoxacillin – AM, Ceftriaxone- R, Ciprofloxacin-CPX,  Streptomycin –S, Cotrimoxazole –STX, Erythromycin- E
DISCUSSION
Access to safe drinking water is essential to health. It is a fundamental human right and a component of effective policy for health protection. 21 The quality of drinking water is a powerful environmental determinant of health. 22 Water is vital to sustaining life and needs to be treated that way. Diseases related to contamination of drinking water constitute a significant burden on human health, and interventions to improve the quality of drinking water provide significant health benefits. 23 Safe and portable water supplies in urban centres in Nigeria still need to be improved despite decades of independence and several efforts from various government agencies. 24
Water in sachets is readily available and affordable, but concerns about their purity exist. The integrity of the hygienic environment and the conditions where most water in sachets is produced have also been questioned. Although nationally documented evidence is not readily available, there are claims of past outbreaks of waterborne illnesses from consuming polluted water in sachets. 25
Among the bacteria that were isolated from samples of these sachet water brands are Staphylococcus aureus, Staphylococcus saprophyticus, Escherichia coli, Acinetobacter iwoffii, Acinetobacter haemolyticus, Enterobacter agglomerans, Bacillus cereus, Pseudomonas aeruginosa. These microorganisms were identified by culturing water samples on Nutrient Agar, EMB, Mannitol Salt Agar, Gram staining, colony morphology, and a battery of biochemical tests which include but were not limited to Oxidase test, Indole test, and Catalase test.
Among the bacteria that were isolated from samples of these sachet water brands were 
Some of the brands of sachet water contain pathogenic microbial contaminants. These microbial contaminants include Staphylococcus aureus, Staphylococcus saprophyticus, Escherichia coli, Acinetobacter iwoffii, Acinetobacter haemolyticus, Enterobacter agglomerans, Bacillus cereus, Pseudomonas aeruginosa. Escherichia coli, at 25%, a coliform bacterium, and Staphylococcus aureus, at 38.64 %, had the highest prevalence among all the bacteria isolated within this study. Many microbial contaminants have been implicated as the causative agents for many human diseases. Escherichia coli has been known to cause gastroenteric diseases and diarrhoea in humans. Groundwater is the primary source of water used to produce sachet water in Nigeria; water from this source has been shown to contain pathogenic Escherichia coli. 26, 27 Our findings corroborated researchers who documented the presence of bacteria in packaged drinking water samples. 28 The frequency and prevalence of microorganisms isolated from the water samples in this study are quite alarming as they suggest human or faecal contamination to some degree in the water samples. This contamination must have occurred in any steps involved in producing, storing and distributing the water samples. The results of this study indicate clearly that regular water analysis and testing must be adopted as a significant approach to ensure the supply and availability of portable drinking water.
The physicochemical parameters analysed in the water samples complied with WHO and NAFDAC regulations for portable and packaged drinking water. This was so, except for the values of dissolved carbon monoxide, which had values way above WHO's acceptable limits. The reason for the abnormally high values of dissolved carbon monoxide in the water sample could not be ascertained. 34
 However, packaging materials made with plastic are permeable to different degrees of small molecules, such as gases like carbon monoxide, which are often emitted from the exhaust of transporting vehicles. 29 For this reason, there will be a need to explore the chance of contamination of sachet water from the exhaust of transport trucks. Save carbon monoxide content, our result agreed with studies that showed that the mean values recorded for physicochemical parameters among the domestic water sources were within the stipulated limits of WHO for safe drinking water. 30 However, the borehole water has a high chloride content and microbial contaminants, which serve as a water source. Our findings contradict studies that reported significant variation in the physicochemical properties of packaged drinking water. 31
All the isolates within this study showed varying degrees of sensitivity and resistance to different antimicrobial agents, with a high percentage of the isolates showing sensitivity to antibiotics from different classes of antibiotics. The isolates MJY SA1, MJY SS1, RSGEC2 and BREC1 that were decoded to be Staphylococcus aureus, Staphylococcus saprophyticus, Escherichia coli showed sensitivity to antibiotics used for susceptibility testing within this study. Isolates such as Staphylococcus aureus from RSG showed resistance to Cefuroxime (6) and streptomycin (4), and from BSD also showed resistance to Cefuroxime (5), Ciprofloxacin (8). These results indicate that antimicrobial resistance of bacteria species continues to rise, and antimicrobial stewardship measures must be strengthened to stem the rising tide of antimicrobial resistance. These outcomes differ from the findings of other studies where the antibiogram revealed that all isolates from sachet water samples were resistant to all the antibiotics used. 32 Similar broad-spread resistance among microbial isolates was seen in some studies on water samples from water bodies within the Ibadan metropolis. 33

Conclusion    
The majority of sachet water samples under investigation have been shown not to be portable and suitable for public consumption as they were found to contain high levels of carbon monoxide ranging from 0.03 to 28.4 and multidrug-resistant microbial contaminants which included Escherichia coli, Staphylococcus aureus, and Staphyloccous saprophyticus among other that could become threatening to human health. It is recommended that regulatory bodies take aggressive measures to ensure manufacturers' compliance with the set standards.
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Isolate  Code  Pef  CN  Apx    Z  Am  R    Cpx    S    STX  E  

MJY SA1      17  1 7  17  -  10  17  17  17  17  17  

MJYSA2    16  12    14    5    10    17    8    -  16    7    

TMC SA1   5  13    12    10    6    12    13    15    14    12    

TMC SA2  -  6    12    -  12    14    8    14    12    4    

TMCSA3  16  12    14    5    10    17    8    -  16    7    

RSG SA1  17  8    5    12    6    14    15    7    4    13    

RSGSA2  16  12    19    5    10    13    6    4    17    12    

BRSA1  17  17    17    -  10    17    17    17    17    17    

BSD SA1  16  12    14    5    10    17    8    -  16    7    

MhSA1  5  13    12    10    6    12    13    15    14    12    

MhSA2  -  6    12    -  12    14    8    14    12    4    

UISA1  16    12    14    5    10    17    8    -  16    7    

UISA2  17    8    5    12    6    14    15    7    4    13    

A3SA1  16    12    19    5    10    13    6    4    17    12    

A3SA2  16    12    14    5    10    17    8    -  16    7    

DBK SA1  17    8    5    12    6    14    15    7    4    13    

DBkSA2  16    12    19    5    10    13    6    4    17    12    
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Isolate  Code  Pef  CN  Apx    Z  Am  R    Cpx    S    STX  E  

MJY  SS1  17    17    17    -  10    17    17    17    17    17    

BDS SS1  16    12    14    5    10    17    8    -  16    7    

MJYEC  1  5    13    12    10    6    12    13    15    14    12    

MJYEC 2  -  6    12    -  12    14    8    14    12    4    

RSGEC 1  16    12    14    5    10    17    8    -  16    7    

RSGEC 2  17    8    5    12    6    14    15    7    4    13    

BREC1  16    12    19    5    10    13    6    4    17    12    

BREC2  16    12    14    5    10    17    8    -  16    7    

BSDEC1  5    13    12    10    6    12    13    15    14    12    

MhEC1  -  6    12    -  12    14    8    14    12    4    

A3C1  16    12    14    5    10    17    8    -  16    7    

A3EC2  17    8    5    12    6    14    15    7    4    13    

DBKEC 1  16    12    19    5    10    13    6    4    17    12    
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Isolate  Code  Pef  CN  Apx    Z  Am  R    Cpx    S    STX  E  

RSG AI  16    12    14    5    10    17    8    -  16    7    

A3AI  5    13    12    10    6    12    13    15    14    12    

MhAH1  -  6    12    -  12    14    8    14    12    4    

TGVEA 1  16    12    14    5    10    17    8    -  16    7    

MhEA1  17    8    5    12    6    14    15    7    4    13    

UIEA1  16    12    19    5    10    13    6    4    17    12    

DBKEA 1  16    12    14    5    10    17    8    -  16    7    

MJYBC 1  17    8    5    12    6    14    15    7    4    13    

BRBC1  16    12    19    5    10    13    6    4    17    12    

BDSBC1  17    17    17    -  10    17    17    17    17    17    

MJPA1  16    12    14    5    10    17    8    -  16    7    

MJPA2  5    13    12    10    6    12    13    15    14    12    

RSGPA1  -  6    12    -  12    14    8    14    12    4    

BDSPA1  16    12    14    5    10    17    8    -  16    7    
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Table 1: Physical   Information   for   Labelling   Compliance   of   Sachet   Water   Marketed   in   Lead City   University,  Ibadan    

Sample  code  Registration  Number    Manufacturi ng  date  Expiry  date    Nutritional  information  Batch  number  Producer’s name  and address  

MJY  +  -  -  +  -  +  

TGV  +  -  -  -  -  +  

TMC  +  -  +  -  -  +  

RSG  +  +  -  -  +  +  

BR  +  -  -  +  -  +  

BSD  +  -  -  -  -  +  

Mh  +  -  +  -  -  +  

UI  +  +  -  -  +  +  

A3  +  -  -  -  -  +  

Dbk  +  -  -  +  -  +  
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S/N  Ph  –   At  26 0 C  Do -   Dissolved  Oxygen  (Mg/L)   -   At  26 0 C  Dissolved  CO  (Carbon  Monoxide)    -   At 26 0 C  Total  Suspended  Solids    (TSS)   -   At 26 0 C  Total  Dissolved  Solids   (TDS)   -   At 26 0 C  Acidity   (cm 3 )  Alkalinity   (cm 3 )  Hardness   (cm 3 )  

WHO  (Permissible  Limit)  6.5  –   8.5     -  0.05  60  250 - 500     

MJY  6.28  2.40  28.4  0.0012  0.05  2.80  1.00  1.05  

BR  5.28  2.20  21.28  0.0014  0.01  1.40  1.09  0.35  

TGV  6.39  2.30  19.10  0.0014  0.00  2.85  4.30  0.35  

RSG  5.17  2.20  0.03  0.0013  0.02  5.15  5.40  4.40  

TMC  6.21  2.20  14.90  0.0022  0.01  2.85  0.90  1.00  

BSD  6.00  2.30  20.4  0.0014  0.07  2.80  1.00  1.05  

Mh  5.40  2.40  24.28  0.0014  0.02  1.40  1.40  0.35  

UI  6.12  2.70  18.10  0.0018  0.00    2.85  0.90  1.10  

A3  5.17  2.10  2.03  0.0014  0.00  5.05  5.35  4.40  

DBK  6.01  2.20  10.90  0.0027  0.00  1.50  1.15  0.35  
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Bacteria   Species  MJY  TGV  TMC  RSG  BR  BSD  Mh  UI  A3  DBK  Freq  

Staphylococus   aureus  MJY  SA1   MJYSA2  -  TMC SA1    TMC SA2   TMCSA3   RSG SA1   RSGSA2  BRSA1  BSD SA1  MhSA1   MhSA2  UISA1   UISA2  A3SA1   A3SA2  DBK SA1   DBkSA2     38.64%  

Staphylococcu   saprophyticus  MJY SS1  -  -  -  -  BDS SS1     -     -      -      -      4.54%  

Escherichia   coli  MJYEC 1     MJYEC2        -       -    RSGEC1   RSGEC2  BREC1   BREC2  BSDEC1  MhEC1      -     A3C1       A3EC2  DBKEC1      25.00%  

Acinetobacter   iwoffii      -      -      -    RSG AI       -     -      -      A3AI         -       4.54%  

Acinetobacter   haemolyticus       -       -       -      -      -       -      MhAH1       -        -       -       2.27%  

Enterobacter   agglomerans      -    TGVEA1      -     -     -     -  MhEA1  UIEA1     _  DBKEA1      9.09%  

Bacillus   cereus  MJYBC      _      _      _    BRBC1    BDSBC1       _       _      _      6.81%  

Pseudomonas  aeruginosa  MJPA1   MJPA2      -       -    RSGPA1      -    BDSPA1      -        -     -      -       9.09%  

 


