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Abstract 

The consumption of bottled drinking water sold by street vendors and sundry stores in Metro Manila has increased because it is 

expected to be microbiologically safe and is readily available for purchase by commuters, especially in a tropical country with 

warm and humid weather. Thus, this study investigated the microbial quality of bottled water sold within Metro Manila. Eighty 

samples representing sixteen brands of bottled water were purchased and analyzed for heterotrophic plate count bacteria 

(HPC), total coliforms (TC), Escherichia coli and yeast/moulds (YM). The percentage of bottled water samples that did not meet 

the microbial quality standard was 15%, 24%, and 6% for HPC, YM, and TC, respectively in accordance to the Philippine Na-

tional Standards for Drinking Water of 2017. HPC bacteria and coliform concentrations were positively correlated with each 

other (p < 0.01), whereas HPC and YM concentrations were positively correlated with the bottled water's chloride levels (p < 

0.05). Coliform isolates from five samples were identified as Klebsiella pneumoniae, with four exhibiting resistance to ampicillin 

but remaining susceptible to the other 20 tested antibiotics. These findings highlight potential health risks associated with gener-

ic bottled water and emphasize the need for stricter quality control to prevent waterborne diseases. 
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INTRODUCTION 

 

Street vendors and sundry stores are commonly seen 

along the streets of Metro Manila, selling generic bot-

tled water to pedestrians and commuters in private and 

public utility vehicles. There is a demand for bottled 

drinking water, as it is readily available for purchase 

and is expected to be microbiologically safe and suita-

ble for immediate consumption (Doria, 2006; Puspita et 

al., 2023; Tabar et al., 2023; Walter et al., 2017). How-

ever, several studies have shown that the bacteriologi-

cal qualities of some bottled water, which they claim as 

purified water, may not conform to national and interna-

tional standards as expected by its consumers, so 

therefore, may not be suitable for human consumption 

(Mills et al., 2018; Pant et al., 2016; Traoré et al., 2023). 

There may be contamination of the bottled drinking wa-

ter during its treatment, bottling, and sealing process, 

either by human or animal faeces or heterotrophic bac-

teria (Bedada et al., 2018; Momtaz et al., 2013). The 

common manifestation of waterborne diseases is diges-

tive disturbances. However, in an increasing numbers 

of susceptible individuals, such as ambulatory but im-

munocompromised individuals and elderly persons, the 

effects may be more severe (WHO, 2022). In addition, 

the potential presence of multiple antibiotic-resistant 

bacteria may limit therapeutic options once these bacte-

ria cause the infection (Aguilar-Salazar et al., 2023). 

Currently, there is limited data on the microbial quality 

of bottled water sold by sidewalk vendors or sundry 

stores in Metro Manila. Thus, there was a need for a 

study of this bottled water if they have met the microbial 

standards set by the Department of Health's (DOH) 

Philippine National Standards for Drinking Water 

(PNSDW) (DOH, 2017), World Health Organization's 

(WHO) Guidelines for Drinking Water Quality (GDWQ) 

(WHO, 2022), and the fungal quality standards for non-

alcoholic beverages by the Food and Drug Administra-

tion Philippines (FDA, 2018). The present study aimed 

to determine the presence and concentration of the 

microbial quality indicators in bottled water in Metro 

Manila, including Escherichia coli (EC), total coliforms 

(TC), heterotrophic plate count bacteria (HPC), and 

yeasts/molds (YM).  

 

MATERIALS AND METHODS 

 

Sample collection 

A total of 80 samples (250–1000 mL) of generic poly-

ethylene terephthalate (PET) bottled water were ob-

tained from street vendors and sundry stores across 

four districts of Metro Manila: 1st (Capital district), 2nd 

(Eastern Manila), 3rd (Northern Manila), and 4th  

(Southern Manila) (Fig. 1). These samples comprised 

16 different generic brand coded as A through P, with 

four brands selected per district and five bottles collect-

ed per brand, yielding 20 samples per district and a 

total of 80 samples. Each sample was transported to 

the laboratory in an ice bucket to maintain a cold tem-

perature and was processed within four hours of pur-

chase. 

 

Microbial quality testing 

Before collecting the sample, the bottle cap and neck 

were disinfected with a sterile gauze soaked in 70% 

ethanol, allowed to air dry, and then briefly flamed us-

ing an alcohol lamp. The bottle was then opened asep-

tically, ensuring that the inner rim was not touched. 

Each bottled water was sampled for the enumeration of 

HPC bacteria, E. coli/total coliform, and yeasts/molds. 

Specifically, using the 3M Petrifilm Aqua Hetero-

trophic Count (HC) Plate, E. coli/Coliform Count (EC) 

Plate, and Yeast and Mold Count (YM) Plate,  

respectively, in accordance with the manufacturer's 

instructions. 

 

Heterotrophic plate count (HPC) bacteria 

HPC bacteria were determined using a Petrifilm HC 

Plate. Two 1-mL volumes of samples were used. One 

sample was distributed undiluted onto one HC plate, 

while another sample with a 1:10 dilution (using a ster-

ile 0.9% saline solution as the diluent) was distributed 

onto another HC plate. The Petrifilms were then incu-

bated at 37 ± 0.1 °C for 48 ± 1 hours, with a maximum 

of 5 stacks. After incubation, colony-forming units 

(CFU's) were enumerated using a standard colony 

counter. All red CFU's were counted regardless of size 

Fig. 1. A map showing the districts of Metro Manila: 1st 

District (Capital district); 2nd District (Eastern Manila); 3rd 

District (Northern Manila); 4th District (Southern Manila)  
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or color intensity. If the CFU's were "too many to 

count" (TNTC) in the HC plate containing the undiluted 

sample, the accompanying HC plate with a sample dilu-

tion of 1:10 was counted. The count was then multiplied 

by 10 to report the final count. 

 

Total coliforms and Eschericia coli 

Counts for total coliforms and E. coli were determined 

using a Petrifilm EC plate. Like the HPC procedure, a 1

-mL volume of the sample was distributed onto the me-

dia. The EC plate was then incubated at 37 ± 0.1 °C for 

48 ± 1 hours, with a maximum of 5 stacks. After incuba-

tion, colonies were enumerated using a colony counter. 

All red CFU's beside gas bubbles were enumerated as 

presumptive coliforms, and blue CFU's beside gas bub-

bles as presumptive E. coli. Total coliforms were deter-

mined by adding the numbers of blue and red CFU's 

beside the gas bubbles (Schraft and Watterworth, 

2005).  

 

Total yeast and molds 

Yeast and mold counts were determined using a Petri-

film YM plate. One 1-mL volume of the sample was 

also distributed onto the media. The YM plate was then 

incubated at 25±0.1°C for up to 5 days, with a maxi-

mum of 5 stacks. After incubation, colonies were enu-

merated using a colony counter. Colonies that were 

small with defined edges, monochromatic, and that 

may appear raised with no dark center were counted as 

yeasts. In contrast, colonies that grow large, flat, and 

have diffuse edges, with various pigments (e.g., blue-

green, beige, orange, tan) and a darker, differently col-

oured centre, were counted as moulds (Bird et al., 

2015). The total yeasts and molds count was then add-

ed to determine the total fungal colony-forming units. 

 

Biochemical identification of presumptive coliforms 

All red and blue colonies with gas bubbles that grew in 

EC plates were identified and further determined for 

their antimicrobial susceptibility profile. Briefly, pre-

sumptive coliform colonies in EC plates were further 

subcultured in MacConkey (MAC) agar (HiMedia La-

boratories Pvt. Ltd., Mumbai, India) by isolation streak-

ing. The MAC agar was then incubated at 37°C ± 0.5°C 

for 18 hours. On MAC agar, presumptive colonies of E. 

coli and other coliforms appeared as pink colonies, 

sometimes accompanied by a pink halo. 

 

Antimicrobial susceptibility testing 

Bacterial suspensions were prepared from MAC by 

emulsifying the bacterial isolates in 0.5% sodium chlo-

ride. Using the VITEK DensiChekTM (bioMérieux), the 

turbidity of the bacterial suspension was adjusted to 

match the 0.6 McFarland standard. Afterward, the bac-

terial suspension and the VITEK 2 ID-N261 card were 

loaded into the VITEK 2 system (bioMérieux, Inc., 

Durham, NC, USA). VITEK 2 testing was conducted 

using the AST-N261 card and the software version 

9.03.3, according to the manufacturer's instructions. 

The VITEK 2 ESBL (Extended-Spectrum Beta-

Lactamase) test was included on the AST-N261 card 

for E. coli and K. pneumoniae.  

Selected isolates were tested to sixteen antibiotics cov-

ering six different antimicrobial classes: penicillin's 

(amoxicillin/clavulanic acid, ampicillin, and piperacillin/

tazobactam), cephalosporins (cefepime, cefoxitin, 

ceftazidime, ceftriaxone, cefuroxime, and cefuroxime 

axetil), and carbapenems (ertapenem, imipenem, and 

meropenem) for β-lactams; amikacin and gentamicin 

for aminoglycosides; ciprofloxacin for quinolones; and 

cotrimoxazole for sulfonamides. The isolates were then 

classified as resistant, intermediate, or sensitive based 

on their minimum inhibitory concentrations (MIC's) fol-

lowing the CLSI (Clinical and Laboratory Standards 

Institute) guidelines (CLSI, 2021). In addition, a Sensi-

titreTM plate (SensititreTM, Thermo Fisher, Dardilly, 

France) was used. AST was further determined for an 

additional five antibiotics covering penicillin [ampicillin/

sulbactam (SAM)], cephalosporins [cefotaxime (CTX), 

ceftazidime/avibactam (CZA)], and carbapenems 

[imipenem/relebactam (IMIREL), and meropenem/

vaborbactam (MEMV)] for a total of twenty-one antibi-

otics. The results were interpreted in accordance with 

the EUCAST guidelines (Bonnin et al., 2022; Thermo 

Fisher Scientific, 2018). 

 

Microbial quality standard 

After testing for the bacteriological and mycological 

quality of water samples, it was determined whether 

they met the standards set by the GDWQ (WHO, 2022) 

and the PNSDW (DOH, 2017) for bacterial quality (e.g., 

HPC bacteria, coliform, and E. coli).  In addition, the 

Food and Drug Administration Philippines (FDA, 2018) 

fungal quality standards for non-alcoholic beverages 

(e.g., energy drinks, soft drinks, fruit juice) were also 

used as criteria for bottled water (Table 1) since there 

are no quality standards for mycological quality of 

drinking water set by the GDWQ and the PNSDW.  

 

Physicochemical analysis  

After sampling for microbial quality testing, each bottled 

water sample from all brands underwent physicochemi-

cal analysis within one hour. Chloride levels, pH, and 

turbidity were measured using ion chromatography, the 

electrometric method, and turbidimetry, respectively. 

The results were evaluated against the limits set by the 

Philippine National Standards for Drinking Water 

(PNSDW). 

 

Data analysis 

To determine the association between the brand of 

bottled water and meeting of the microbial standard for 
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drinking water, as well as the relationship between the 

physicochemical characteristics and microbial concen-

trations, the data were analyzed using the SPSS ver-

sion 28.0 (SPSS Inc., Chicago, IL, USA) by running the 

Fisher's exact test and Spearman's rank correlation, 

respectively. P-values of ≤0.05 were considered 

significant. 

 

RESULTS 

 

Microbial quality and physicochemical characteris-

tics of bottled water 

The average concentration of HPC, TC, and YM per 

brand is listed in Table 2. Among the sampled brands, 

C and D have the highest average HPC (1022 and 

1290 CFU/mL, respectively), C and L have the highest 

average TC (0.6 and 1.8 CFU/mL, respectively), where-

as brands D and M had the highest average YM con-

centrations (2.6 and 244 CFU/mL, respectively). No 

presumptive E. coli colonies (blue with gas bubbles) 

were detected in all samples.  

The average pH of bottled water ranged from 5.35 to 

7.52, and five brands (C, E, F, I, and N) had pH levels 

that fell outside the maximum allowable level (MAL) of 

6.5 to 8.5 as set by the PNSDW.  Furthermore, the av-

erage chloride levels range from <0.5 ppm to 4.64 ppm, 

with all samples having chloride levels that were signifi-

cantly below the MAL of 250 ppm as set by the 

PNSDW. Lastly, all the samples had turbidity below the 

detection limit of 0.5 nephelometric turbidity units 

(NTU), which is way below the MAL of 5.00 NTU. 

Additionally, the frequency of bottled water brands that 

did not meet microbial standards is presented in Table 

3. The results indicate a significant association between 

Table 1. Microbial standard set for drinking water/non-alcoholic beverages 

Parameters Standard Values Unit of measurement 

HPC <500 CFU / mL 

Total coliform / E. coli <1 CFU / 100 mL 

Total yeast/mold <1 CFU / mL 

pH (25oC) 6.5-8.5   

Chloride 250 PPM 

Turbidity 5 NTU 

CFU, colony forming units; HPC, heterotrophic plate count bacteria; mL, milliliter; NTU, nephelometric turbidity units; PPM, parts per 

million 

Brand 

 code 

HPC 

(CFU/mL) 

TC 

(CFU/mL) 

YM 

(CFU/mL) 

pH 

(25oC) 

Chloride 

(PPM) 

Turbidity 

(NTU) 

A 2.4±3.9 0 0.6±1.34 7.42 3.24±0.03 <1.0 

B 47.8±34.2 0 0 6.99 <0.5 <1.0 

C 1022±157 0.6±0.89 0.4±0.55 6.42 <0.5 <1.0 

D 1290±243 0.2±0.45 2.6±1.67 7.52 4.64±0.04 <1.0 

E 2.4±5.4 0 0 5.62 <0.5 <1.0 

F 0 0 0 6.26 <0.5 <1.0 

G 112±245 0 0.2±0.45 6.67 1.50±0.04 <1.0 

H 0 0 0 6.74 <0.5 <1.0 

I 0 0 0 5.35 <0.5 <1.0 

J 0 0 0.2±0.45 6.62 <0.5 <1.0 

K 3.8±6.5 0 0.2±0.45 7.08 <0.5 <1.0 

L 271.6±87 1.8±3.49 0 6.58 <0.5 <1.0 

M 1.4±3.13 0 244±31 6.75 <0.5 <1.0 

N 146±163 0 0.4±0.55 6.02 <0.5 <1.0 

O 0 0 0.2±0.45 6.97 <0.5 <1.0 

P 44.6±44.1 0 39.6±65.12 6.56 <0.5 <1.0 

MAL <500 <1 <1 6.5-8.5 250 5 

CFU, colony forming units; HPC, heterotrophic plate count bacteria; MAL, maximum allowable level; NTU, nephelometric turbidity units; 

PPM, parts per million; TC, total coliform; YM, yeast and mold 

Table 2. The microbial and physicochemical characteristics of bottled water samples  
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the brand of bottled water and exceeding the numerical 

limits for HPC and YM count (p < 0.01).  Notably, not all 

brands indicated the water treatment methods used on 

their labels. Two of the samples from brand C, and one 

from brand D failed all the microbial standards. In con-

trast, six brands (B, E, F, H, I, and K) met all the micro-

bial quality standards set by the PNSDW (DOH, 2017). 

Fig. 2 presents the percentage of bottled water sam-

ples per district that failed to meet microbial standards. 

 

Relationships among the bottled waters' microbio-

logical concentration and physicochemical charac-

teristics 

The relationship between CFU/mL of HPC bacteria, 

coliform, and yeast/molds with pH and chloride levels is 

shown in Table 4. Spearman correlation analysis re-

vealed a significant correlation between pH and yeast/

mold (YM) concentrations (Spearman  = 0.232, p = 

0.038). Similarly, chloride levels showed significant cor-

relations with YM (Spearman  = 0.238, p = 0.033) and 

HPC bacteria concentrations (Spearman  = 0.239, p = 

0.033). However, coliform concentrations exhibited no 

significant relationship with pH or chloride levels. Addi-

tionally, Table 4 indicates a significant positive correla-

tion between HPC bacteria and coliform concentrations 

(Spearman ρ = 0.362, p = 0.001).    

  

Antibiotic susceptibility profile of isolated coli-

forms from the bottled water samples 

In this study, 5 out of 80 bottled water samples (6.0%) 

exhibited presumptive coliform growth, characterised 

by the presence of red colonies with gas bubbles on 

EC Petrifilm plates. These isolates were further ana-

lyzed for phenotypic identification and antibiotic re-

sistance patterns using the VITEK 2. All presumptive 

Table 3. Frequency of samples failing to meet the microbi-

al quality standard for drinking water 

Brand 

 code 

HPC 

(CFU/mL) 

TC 

(CFU/mL) 

YM 

(CFU/mL) 

A 0 0 1 

B 0 0 0 

C 5 2 2 

D 5 1 4 

E 0 0 0 

F 0 0 0 

G 1 0 1 

H 0 0 0 

I 0 0 0 

J 1 0 1 

K 0 0 0 

L 0 2 0 

M 0 0 5 

N 0 0 2 

O 0 0 1 

P 0 0 2 

n = 80 (%) 12 (15) 5 (6) 19 (24) 

p value <0.01 0.054 <0.01 

HPC, heterotrophic plate count bacteria; TC, total coliform; YM, 

yeast and mold 

Fig. 2. Percentage of bottled water samples that failed to meet the microbial standards per district, as defined by the 

PNSDW and FDA Philippines 
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coliform colonies from bottled water samples C3, C5, 

D1, L3, and L4 were identified as Klebsiella pneumoni-

ae. Four of these isolates exhibited resistance to ampi-

cillin but remained susceptible to all other antibiotics 

tested (Table 5) 

 

DISCUSSION  

 

According to the GDWQ of WHO (2022), the ideal mi-

crobial indicators of water quality are the indigenous 

microbiota found at high concentrations in the colon of 

humans and warm-blooded animals. They should also 

be able to enter natural waters, water bodies, or water 

distribution systems via fecal contamination and be 

culturable using simple methods. Thus, the GDWQ and 

the PNSDW assess microbial quality using bacterial 

indicators such as HPC, TC, and Escherichia coli. 

About HPC measurements, it detects microbes that can 

be grown on general isolation or nonselective media. 

This may include non-fastidious, rapidly growing bacte-

ria that have long survival times in treated water (WHO, 

2022). One use of this microbial indicator is to deter-

mine if the water had undergone sufficient treatment, 

such as filtration or distillation. In this study, all five 

samples from two brands (C and D) and one sample 

each from two other brands (G and J) exceeded the 

numerical limits set for HPC (Table 3). In addition, ex-

ceeding the numerical limit for HPC count (500 CFU/

mL) was significantly associated with these brands (p < 

0.01). Although this bottled water was retrieved from a 

refrigerator, HPC growth might have been enhanced 

during initial storage at warm temperatures or exposure 

to sunlight during transport (Duranceau et al., 2012). 

Though their isolation in bottled water did not specifical-

ly indicate fecal pollution and risk for gastrointestinal 

illness, HPC may still indicate the potential presence of 

opportunistic pathogens (e.g., Acinetobacter,  Aer-

omonas, Pseudomonas, etc.) that may be significant 

Table 4. Spearman correlation coefficients and their respective p-values describing relationships between the variables 

Variable 
pH Chloride (ppm) 

HPC bacteria  

(CFU/mL) 
Coliform (CFU/mL) 

           

pH 1.000   0.575 <0.01 0.051 0.655 -0.033 0.774 

Chloride 0.575 <0.01 1.000   0.239 0.033 0.060 0.596 

HPC 0.051 0.655 0.239 0.033 1.000   0.362 0.001 

Coliform -0.033 0.774 0.060 0.596 0.362 0.001 1.000   

YM 0.232 0.038 0.238 0.033 0.163 0.149 0.163 0.147 

CFU/mL, colony forming units/millilitre; HPC, heterotrophic plate count; ppm, parts per million;  Spearman's rho; YM, yeast and molds 

Table 5. Minimum inhibitory concentrations (MICs) of Klebsiella pneumoniae and their interpretation 

Code 
AM

P 
AMC TZP CXM FOX 

CAZ 

CRO 
FEP ETP 

IMP 

MEM 
AMK GEN CIP SXT 

C3 
32 

(R) 

2 

(S) 

4 

(S) 

2 

(S) 

4 

(S) 

1 

(S) 

1 

(S) 

0.5 

(S) 

0.25 

(S) 

2 

(S) 

1 

(S) 

0.25 

(S) 

2 

(S) 

C5 
16 

(R) 

2 

(S) 

4 

(S) 

2 

(S) 

4 

(S) 

1 

(S) 

1 

(S) 

0.5 

(S) 

0.25 

(S) 

2 

(S) 

1 

(S) 

0.25 

(S) 

2 

(S) 

D1 
16 

(R) 

2 

(S) 

4 

(S) 

4 

(S) 

4 

(S) 

1 

(S) 

1 

(S) 

0.5 

(S) 

0.5 

(S) 

2 

(S) 

1 

(S) 

0.25 

(S) 

2 

(S) 

L3 
16 

(R) 

2 

(S) 

4 

(S) 

2 

(S) 

4 

(S) 

1 

(S) 

1 

(S) 

0.5 

(S) 

0.25 

(S) 

2 

(S) 

1 

(S) 

0.25 

(S) 

2 

(S) 

L4 
8 

(S) 

2 

(S) 

4 

(S) 

2 

 (S) 

4 

(S) 

1 

(S) 

1 

(S) 

0.5 

(S) 

0.25 

(S) 

2 

(S) 

1 

(S) 

0.25 

(S) 

2 

(S) 

AMK, amikacin; AMP, ampicillin; AMC, amoxicillin/clavulanic acid; CAZ, ceftazidime; CIP, ciprofloxacin; CRO, ceftriaxone; CTX, cefotax-

ime; CXM, cefuroxime; CXMa, cefuroxime axetil; CZA/ ceftazidime/avibactam; ETP, ertapenem; FEP, cefepime; FOX, cefoxitin; GEN, 

gentamicin; IMIREL, imipenem/relebactam; IMP, imipenem; MEM, meropenem; meropenem/vaborbactam (MEMV); R, resistant; S, 

susceptible; SAM, ampicillin/sulbactam; SXT, trimethoprim/sulfamethoxazole; TZP, piperacillin/tazobactam; Note: All isolates were also 

susceptible to ampicillin/sulbactam (SAM), cefotaxime (CTX), ceftazidime/avibactam (CZA), imipenem/relebactam (IMIREL), and mero-

penem/vaborbactam (MEMV). 
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for immunocompromised populations in ambulatory 

care or discharged to "home care" (Herath et al., 2014; 

WHO, 2022).   

Regarding numerical limits for TC, five bottled water 

samples that grew presumptive coliforms were all iden-

tified as K. pneumoniae (Table 3). However, since most 

coliform members are heterotrophic and are found nat-

urally in water bodies, isolation in bottled water also  

does not specifically indicate fecal pollution and risk for 

gastrointestinal illness in the general population, though 

it may also pose a risk of infection to those who are 

immunocompromised (Burlakoti et al., 2020; Palmares 

et al., 2024, 2025). In the present study, four out of five 

K. pneumoniae isolates were resistant to one out of 21 

(4.76%) antibiotics, whereas, in contrast to one study, 

their isolates were resistant to 6 out of 8 (75%) antibiot-

ics (Al-Fifi et al., 2019). Nonetheless, coliforms like K. 

pneumoniae are usually sensitive to disinfectants. 

Thus, its presence could still indicate that the bottled 

water might have been contaminated by personnel or 

the manufacturing facility involved in water treatment, 

the bottling process, storage, and packing (Curutiu et 

al., 2020; Hamad et al., 2022; Mills et al., 2018). In the 

study, not meeting the standards for TC was not signifi-

cantly associated with the brands (p = 0.054). All of the 

samples were also negative for E. coli, which is regard-

ed as the most sensitive indicator of faecal pollution 

and a risk factor for waterborne diseases (WHO, 2022).  

Regarding yeast and moulds, the GDWQ and PNSDW 

(DOH, 2017; WHO, 2022) have not set numerical limits 

for drinking water. Therefore, this study utilised the 

standards of FDA Philippines for non-alcoholic bever-

ages. In this study, at least one sample from each of 

the nine brands (A, C, D, G, J, M, N, O, and P) has 

failed to meet the numerical limits for YM count (see 

Table 3). Two of which (C and D) also did not comply 

with the numerical limits for TC. Although testing for 

yeasts and moulds was not required under the 

PNSDW, their presence also indicates the quality of 

water treatment and storage. In this study, all five bot-

tled water samples of Brand M exceeded the numerical 

limits for YM count. This contamination may have re-

sulted from their immersion in crushed "fish" ice, which 

had a YM count of approximately 650 CFU/mL, during 

the selling process. Regardless, several fungi that are 

reported to contaminate bottled drinking water can also 

potentially cause illnesses. This occurs by producing 

mycotoxins, which may cause infections (e.g., allergic 

reactions) in immunocompromised individuals (Ameen 

et al., 2018; Svagzdiene et al., 2010). Therefore, the 

presence of yeast and mould in bottled water is also a 

potential concern for public health and safety (Babič et 

al., 2017).  

Regarding the observed physicochemical characteris-

tics, all the bottled water samples have no visible color. 

Their turbidity was also below the detection limits of 0.5 

NTU. According to GDWQ standards, color and turbidi-

ty may indicate the presence of organic matter and mi-

crobial contaminants. Additionally, consumers associate 

colour and turbidity with safety issues or with sources 

of poor quality and inadequate treatment (De Queiroz 

et al., 2013; Gharibi et al., 2018). Nonetheless, no spe-

cific health-related threshold regarding color and turbid-

ity has been set for drinking water (WHO, 2022).  

As for pH, all samples from five brands (C, E, F, I, and 

N) have pH below the minimum allowable level of 6.5.  

According to the GDWQ, an acidic pH (pH ≤ 7) may 

lead to corrosion of pipes in water systems, potentially 

resulting in microbial contamination of drinking water 

(WHO, 2022). However, of the five brands with a pH of 

<6.5, only brands C and N have not met the microbial 

standards. Nonetheless, no specific health-related 

threshold regarding acidic pH has been set for bottled 

drinking water (WHO, 2022), except for its association 

with the erosion of tooth enamel and dentine (Schmidt 

and Huang, 2022). Concerning chloride, 13 brands 

have chloride levels of <0.5 ppm, and the other three 

brands have less than five ppm, way below the MAL of 

250 ppm (WHO, 2022). According to GDWQ, elevated 

chloride concentrations in water can also accelerate the 

corrosion of metal pipes in the water distribution sys-

tem, potentially leading to microbial contamination. 

Nonetheless, no specific health-related threshold for 

chloride values in drinking water has been established 

(WHO, 2022).   

In summary, 45% (36 out of 80) of the samples were 

contaminated with fungi and bacteria. Of the 36 sam-

ples, 32.5% (26 out of 80) contained fungi and/or bac-

terial indicators exceeding the standard allowable limits 

of the GDWQ, PNSDW, and FDA Philippines. This ac-

counts to 15%, 24%, and 6% of the bottled water, not 

meeting the standards set for HPC, YM, and TC, re-

spectively.  Microbial concentrations for HPC and TC 

positively correlated with each other (p <0.01), whereas 

the YM concentrations positively correlated with the 

bottled water's pH and chloride levels (p <0.05). Moreo-

ver, the coliform isolated from five of the eighty samples 

was identified as K. pneumoniae, four were resistant to 

ampicillin but were susceptible to the other twenty test-

ed antibiotics. 

 

Conclusion 

 

The results suggest that some generic bottled water 

sold by street vendors and sundry stores in Metro Ma-

nila may not have undergone sufficient treatment and 

quality assurance, leading to the distribution of contam-

inated water. Thus, the government's regulatory agen-

cies must ensure that manufacturers and distributors of 

bottled water are identified and have maintained the 

necessary permits, proving their adherence to stand-

ards of purification from production, storage, and deliv-
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ery to consumers, as post-packaging contamination is 

also likely, particularly when vendors operate in unsani-

tary conditions. There should also be continuous exam-

ination of water supply network components such as 

taps, storage tanks, and feeding pipes for the identified 

water treatment and bottling facilities. Finally, local 

studies on the population's perception of bottled water 

quality and their consumption habits may be needed to 

further educate the public on choosing the right bottled 

water. 
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