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ABSTRACT

The physicochemical parameters and antibiotic susceptibility profile of  Gram-negative bacteria in storage tanks 
water samples were studied. The pH was measured with pH meter and Temperature using mercury-in-glass 
thermometer. The measurements of  Conductivity and Total Dissolved Solid (TDS) in water samples were done 
using a Bantec-510 Electrical Conductivity meter, Biological Oxygen Demand (BOD ) and Dissolved Oxygen 5

(DO) were tested using DO meter. Alkalinity and Acidity were measured using titrimetric method. Gram-
negative bacteria were isolated by spread plate method and identified by cultural, morphological and 
biochemical characterization. Susceptibility of  isolates to antibiotics was determined using Kirby-Bauer disc 

Odiffusion technique. Temperature of  the water samples ranged from 24.0 - 27.5 C with an average value of  
O27.7 C. The pH value ranged between 5.7 and 9.4. Conductivity values ranged between 20.2 and 39.2 µS/cm  

respectively. DO values ranged from 0.8 to 1.9 mg/mL across the water samples. The BOD and TDS values   

ranged from 0.2 - 0.4 mg/mL and 18.3 – 30.2 mg/mL, respectively. Six (6) Gram negative bacteria were 
recovered and identified from the water samples. The frequency and percentage occurrence of  the bacteria 
include Enterobacter intermedius {2(33%)}, Salmonella bongori {1(16.67%)}, Klebsiella pneumoniae {1(16.67%)}, 
Citrobacter diversus {1(16.67%)}, and Klebsiella sp. {1(16.67%)}. Antibiotic susceptibility greatly varied among the 
bacterial isolates as all displayed total sensitivity to ceftriaxone and ciprofloxacin, but were resistant to 
chloramphenicol. All the bacteria were sensitive to cefuroxime and cefotaxime except Klebsiella species. The 
isolates showed varying resistance against meropenem and ceftazidime. Five (83.33%) of  the bacteria were 
multiple antibiotic-resistant types with multiple antibiotic resistance index (MARI) values greater than 0.2. and 
exhibited various MAR patterns. In conclusion, some of  the physicochemical parameters analyzed fall within 
the permissible limit recommended for drinking water. However, the presence of  multiple antibiotic resistant 
Gram negative - bacteria in the water samples analyzed may constitute health hazards in humans. 

Keywords: Drinking water, Physico-chemical parameters, Gram negative bacteria, Storage tanks, Antibiotics 
resistance.

155Ife Journal of Science vol. 27, no. 1 (2025)

INTRODUCTION
Water is a vital resource and fundamental necessity 
for all individuals, often used for domestic 
purposes such as drinking, bathing and food 
preparation (Fahes et al., 2025). Consumption of  
contaminated water can negatively affect human 
health (Nawaz et al., 2023). Furthermore, poor 
environmental hygiene can lead to gastrointestinal 
infections, inhibiting nutrient absorption and 
malnutrition, significantly affecting children and 
vulnerable individuals (Rodriguez et al., 2011; 
Mshida et al., 2018). Having access to safe and 
adequate water makes it easier to practice hygiene, 
which is essential for preventing acute respiratory 
infections, diarrheal illnesses, and many other 
neglected tropical diseases (WHO, 2023). Sixty 
percent of  people in poor countries lack access to 
safe drinking water. It has also been reported by 
the World Health Organization (WHO) in 2020 

that about 25% of  the people lacked safely 
managed drinking water in their homes (WHO 
2021). Sources, distribution, transit, and, 
depending on the circumstances, handling in 
home or commercial settings are some of  the ways 
that water can get contaminated (Manga et al., 
2021). Increased availability to safe drinking water 
would surely have a major positive influence on 
human health because drinking water 
contaminated with microorganisms, particularly 
those from excrement, poses a considerable risk to 
human health (Luvhimbi, 2022). In addition, Most 
of  the microbes that grow in drinking water 
require essential physicochemical conditions such 
as temperature, dissolved oxygen and other 
organic matter that aids their growth under a 
favorable environmental condition. Physico-
chemical parameters play a major ecological role in 
nature; they are essential element for microbes' 
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primarily a residential neighborhood. Lagos State 
is a coastal region that borders the Atlantic Ocean 
and is one of  the 36 states in the nation. The state 

2 2
contains 787 km  of  inland water and 3,577 km  of  
land. Despite having one of  the highest densities 
of  people in Nigeria, Lagos is the state with the 
smallest land area (Mogaji, 2020).

Sample collection
Sample collection was done at the Anchor 
University, Lagos, between March and April, 2024.  
Water samples were taken from six distinct storage 
tanks using 50 cl sterile polythene stoppered 
bottles. The samples were immediately 
transported to the Microbiology Unit laboratory 
of  the Biological Sciences Department for 
physico-chemical and bacteriological analyses. 
Bacteriological analyses of  the water samples were 
performed following standard procedures.

Physico-chemical analysis of  water samples
The Physicochemical parameters of  water quality 
were analyzed according to APHA (2014).
A mercury-in-glass thermometer was used to 
measure the Temperature, and a water quality 
tester model (EZ-9909SP) was used to assess the 
Conductivity and Total Dissolved Solids (TDS). A 
dissolve oxygen meter (a water quality tester) was 
used to assess the Dissolved Oxygen (DO), and a 
Biochemical Oxygen Demand (BOD ) analysis 5

was performed on the fifth day after the water had 
been incubated for five days. The titration method 
was used to measure acidity and alkalinity, whereas 
the pH meter was used to measure pH.

Isolation and Characterization
Isolation of  bacteria was carried out using spread 
plate method. Less than one milliliter (0.1 mL) of  
serial diluted water sample was spread on cooled 

OMacConkey agar plates, incubated at 37 C for 24 
hours. Pure culture of  isolates was obtained by 
subculturing on fresh Nutrient agar plates 

Oincubated at 37 C for 24 hours. The isolates were 
Ostored on nutrient agar slants at 4 C. Preliminary 

identification of  Gram-negative bacterial isolates 
was by cultural, morphological and physiological 
character izat ion by obser ving cer ta in 
characteristics such as colour, consistency, 
elevation, Gram's reactions, shape, size etc. 
(Olutiola et al., 2000). Further identification of  
isolates was carried out by biochemical 

growth. Therefore, Water quality is a complex 
subject, which determines the quality of  water and 
comprises of  physical, chemical, hydrological and 
biological characteristics of  water (Adesakin et al., 
2022). 

Reports have shown that water-borne infections 
emanat ing from the consumption of  
contaminated water are common in developing 
countries. Most of  the water-borne diseases in 
human beings are caused by unhygienic water 
supplies used for drinking purposes that cause 
infections like dysentery, diarrhoea, cholera, 
typhoid, etc (Atobatele and Owoseni, 2023). It has 
been reported that about 20% of  the world's 
population experiences scarcity of  safe drinking 
water, and over 5 million people die every year 
from illnesses associated with drinking water due 
to inadequate sanitation (Karnwal et al., 2017). 
Gram negative bacteria are known to be a 
prominent cause of  water-borne diseases in 
humans. Pathogens such as Salmonella, Escherichia, 
Shigella, Vibrio and Campylobacter have been 
identified in poorly treated water. Interestingly, 
some opportunistic pathogens including 
Aeromonas, Pseudomonas and coliforms are also 
present in water (Borchardt et al., 2003). Antibiotic 
resistance threatens global health, food security, 
and development; cutting across anyone, age, and 
country. Some diseases including water-borne 
illnesses such as typhoid fever and cholera may be 
difficult to treat due to antibiotic resistance 
(WHO, 2018). 

The study investigates the physico-chemical and 
Gram-negative bacterial qualities of  storage tanks 
water in a tertiary institution, and determines the 
antibiotic susceptibility of  the bacterial isolates.

MATERIALS AND METHODS
Study Area
The study was conducted at the Anchor 
University, Lagos, a rapidly expanding university 
with more than 2000 residents, situated in Ayobo 
community in the Alimosho Local Government 
Area on the outskirts of  Lagos, Nigeria, with 
coordinates of  6°36'38 N; 3°17'45 E. According 
to the 2006 population census, Alimosho is the 
most populous LGA in Lagos State, with 
1,319,571 residents (NBS, 2012), while Ayobo is 
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plate, incubated at 37°C for 24 hours.  A positive 
citrate test result was indicated by growth on the 
medium and a color change from green to blue in 
the Citrate agar while a negative citrate test result 
was indicated by no growth on the medium or 
growth with no color change (the medium 
remained green). 

Catalase Test 
The catalase test is used to determine the 
production of  catalase, an enzyme that breaks 
down hydrogen peroxide (H O ) to release oxygen 2 2

and water. The catalase reaction is evident by the 
rapid formation of  bubbles. A drop of  3% H O  2 2

was made on a microscopic glass slide after which 
a sterile inoculating loop was used to pick a pure 
bacterial colony and smeared in the H O  on the 2 2

slide, evolution of  the oxygen bubbles was 
observed. No bubbles formation indicated a 
negative result.

Indole test
Sterile Peptone water (British Drug House Ltd, 
Poole England) was inoculated with a loopful of  
broth culture of  the organism and incubated at 

O37 C for 48 hours. Production of  indole was 
determined by adding 0.5 mL Kovac's reagent, the 
tubes were shaken and allowed to stand. Positive 
result was indicated by the formation of  a red 
surface layer of  the medium, while orange-yellow 
colour indicated a negative test for indole 
(Olutiola et al., 2000).

Methyl Red and Voges Proskauer Test
Appropriately labelled tubes containing sterile 
MR-VP broths (British Drug House Ltd, Poole 
England), were aseptically inoculated with a 
loopful of  24 hours old culture of  the inoculum, 

Oincubated for 48 hours at 37 C. The MR-VP of  
each tube was divided into 2 in fresh clean test 
tubes and labelled MR and VP. To the test tubes 
labelled MR, was added methyl red, red colour 
change indicated positive reaction while yellow 
colour change depicted negative reaction. To the 
test tube labelled VP, 0.5 ml of  6% α-naphthol 
solution and 0.5 ml of  16% potassium hydroxide 
(KOH) were added, and the tubes were vigorously 
agitated then left for 5 min to check for its 
reaction. Red colouration indicated positive 
reaction i.e. acetoin production and negative 
reaction is depicted by no colour change (Olutiola 

characterization using various biochemical tests 
with reference to the Bergey's Manual of  
Determinative Bacteriology (Holt et al., 1994). 

Gram's Staining
The procedure outlined by Cheesbrough (2006) 
was followed while performing the Gram staining 
method. In short, a tiny colony was selected using 
a wire loop that had been disinfected, spread out 
on a sanitized glass slide, and then heated gently to 
fix it. After a minute of  applying the crystal violet 
solution, the slide was rinsed under running water, 
and then our mordant (iodine) was added. Finally, 
it was gently washed under running water. After 10 
seconds of  washing with acetone alcohol as the 
decolorizer, safranin was applied, and the 
counterstain was left to stain for a minute. After 
being cleaned with running water and allowed to 
air dry, the slides were inspected using a 100x 
objective microscope.

Triple Sugar Iron (TSI) Test
Based on their physiological capacity to 
metabolize lactose and/or sucrose, Gram negative 
enteric bacteria were subjected to the triple sugar 
iron (TSI) test. Appropriate quantity of  TSI agar 
was measured, dissolved in water, homogenized, 
dispensed into test tubes and autoclaved. The 
sterile medium was removed, allowed to cool and 
solidify as a slant with a deep butt surface. Sterile 
inoculating wire was gently used to inoculate a 
pure 24 hours old bacterial colony into the slant, 
and also streaked on the surface. The tubes were 

O
incubated at 37 C for 24 - 48 h. The medium was 
examined for colour change in case of  sugar 
fermentation, and H S production by the test 2

bacterial isolates after 48 h. 

Oxidase Test
Filter paper was moistened with a few drops of  
1% t e t r a m e thy l -p h en y l en ed i a m in en e -
dihydrochloride. With the aid of  a sterile wire 
loop, an inoculum was taken from the culture and 
smeared on a filter paper. Oxidase production was 
indicated by the development of  a purple colour 
within 5 to 10 seconds. No development of  purple 
colour indicated a negative (Olutiola et al., 2000).

Citrate Test
A loopful of  24 hours old culture of  the inoculum 
was streaked on the entire slant of  the Citrate agar 
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Standard Institute (2018). Multiple antibiotic 
resistance was determined using the multiple 
antibiotic resistance (MAR) index formular. 

Multiple Antibiotic Resistance (MAR) Index 
Calculation
Multiple antibiotic resistance (MAR) index was 
calculated and interpreted.

Where a = the number of  antibiotics to which 
an isolate is resistant 

b = the total number of  antibiotics to 
which the isolate is exposed/tested

RESULTS
Table 1 shows the mean physico-chemical values 
of  the water samples. Temperature ranged from 

O O24.0 - 27.5 C, with an average value of  27.7 C. 
The pH value ranged between 5.7 and 9. 4, while  

DO values ranged from 0.8 - 1.9 mg/mL across 
the water samples. The BOD and TDS values   

ranged from 0.2 - 0.4 mg/mL and 18.3 – 30.2 
mg/mL, respectively.

et al., 2000).

Antimicrobial Susceptibility Test. 
The Kirby-Bauer disk diffusion method was used 
to determine the antibiotic susceptibility of  the 
isolates on Mueller-Hinton plate agar plate, using 
Gram negative multiple disc (BIOMARK 
Laboratories, code number BDR009)  containing 
various concentrations of  antibiotics namely 
Gentamicin (GEN) 10 µg, Cefuroxime (CRX) 30 
µg, Chloramphenicol (CHL)10 µg, Ceftriaxone 
(CTR) 30 µg, Cefotaxime (CTX)30 µg, 
Ciprofloxacin (CIP)5µg, Amikacin (AMK) 30 µg, 
Vancomycin (VAN) – 30 µg, Ceftazidime (CPZ) – 
30 µg, and Meropenem (MEM) - 10 µg. The 0.5 

8 
McFarland standardized inoculum (10 CFU/mL) 
was seeded onto the sterile Mueller-Hinton agar 
plates. The antibiotic disc was firmly placed on the 
plates using a sterile forcep and allowed to stay on 
the workbench for 30 minutes to allow for proper 
diffusion of  the antibiotics. The plates were 

O
incubated at 37 C for 24 hours. The diameter of  
zone of  inhibition was measured with a 
transparent ruler in milliliter and interpreted as 
susceptible (S), Intermediate (I), and Resistance 
(R) according to the Clinical Laboratory and 

Table 1: Mean Physico-chemical values of  water samples 

Water sample  BH  GH1  GH2  CF  SP  

pH  8.7±0.5  5.7±1.2  7.6±0.4  9.4±0.2  6.5±1.6  

Conductivity  (µS/cm)  29.1±1.2  39.2±3.5  22.2±2.1  39.2±0.3  20.2±2.8  
Temperature (°C)  28.0±2.4  29.0±1.5  28.5±3.2  28.0±0.5  27.0±3.3  
TDS (mg/L)  25.4±0.3  28.0±.0.9  18.0±2.8  30.2±0.6  18.3±0.2  
Acidity (mg/L)  

6.5±1.2  6.0±0.2  5.6±1,6  7.0±2.8  6.0±1.2  
Dissolved Oxygen (mg/L)  

0.8±0.5  1.6±0.3  2.0±0.8  0.8±1.9  1.6±0.8  
BOD (mg/L)

 
0.2±0.01

 
0.2±0.1

 
0.2±0.1

 
0.3±1.1

 
0.4±0.2

 
Alkalinity (mg/L)

 
7.3±1.4

 
7.0±0.2

 
7.2±1.3

 
7.4±1.4

 
7.0±1.7

 

Table 2 shows the biochemical characteristics of  
the identified bacteria. Six (6) Gram negative 
bacteria were recovered and identified from the 
water samples. The frequency and percentage 
occurrence of  the bacteria include Enterobacter 

intermedius {2 (33%)}, Salmonella bongori 
{1(16.67%)}, Klebsiella pneumoniae {1(16.67%)}, 
Citrobacter diversus {1(16.67%)}, and Klebsiella sp. 
{1(16.67%)}.

KEY: BH – Boys' hostel, GH1 – Girls' hostel 1, GH2 – Girls' hostel 2, CF - Cafeteria, SP - Sport Centre.
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resistance of  the bacterial isolates. All the bacterial 
isolates were 100% resistant to chloramphenicol. 
Similarly, all isolate showed resistance to 
gentamycin and amikacin, except Citrobacter 
diversus and Salmonella bongori, respectively. Varying 
resistance was recorded against meropenem and 
ceftazidime by the isolates.

Gentamicin (GEN) 10 µg, Cefuroxime (CRX) 30 
µg, Chloramphenicol (CHL)10 µg, Ceftriaxone 
(CTR) 30 µg, Cefotaxime (CTX)30 µg, 
Ciprofloxacin (CIP)5µg, Amikacin (AMK) 30 µg, 
Vancomycin (VAN) – 30 µg, Ceftazidime (CPZ) – 
30 µg, and Meropenem (MEM) - 10 µg.

Table 4 displayed the percentage antibiotic 

Table 2. Biochemical characteristics of  the bacterial isolates from Storage tanks water samples.

Key: GR: Gram's reaction, VP: Voges Proskauer, MR: Methyl Red, Y= Yellow (acid production), R: Red (no 
acid production)

ceftriaxone and ciprofloxacin, but were resistant 
to chloramphenicol. All the bacteria were sensitive 
to cefuroxime and cefotaxime except Klebsiella 
species.

Tables 3 shows the antibiotic susceptibility profile 
of  the bacterial isolates from the water samples. 
Antibiotic susceptibility greatly varied among the 
bacterial isolates as all displayed total sensitivity to 

Table 4. Frequency (%) of  Antibiotic Resistance of  the Bacterial Isolates from storage tanks water 
samples

 GEN  MEM  VAN  CRX  CTR  AMK  CPZ  CHL  CTX CIP
Enterobacter intermedius  R  R  R  S  S  R  R  R  S S
Klebsiella  sp.  R  R  R  R  S  R  R  R  R S
Salmonella bongori

 
R

 
S

 
S

 
S

 
S

 
S

 
S

 
R

 
S S

Enterobacter intermedius
 

R
 

S
 

R
 
S

 
S

 
R

 
S

 
R

 
S S

Klebsiella pneumoniae
 

R
 

R
 
S

 
S

 
S

 
R

 
R

 
R

 
S S

Citrobacter diversus S R R S S R S R S S

 GEN  MEM  VAN  CRX  CTR  AMK  CPZ  CHL CTX CIP
Enterobacter intermedius (2)  100  50  100  0  0  100  50  100 0 0
Klebsiella

 
sp. (1)

 
100

 
100

 
100

 
100

 
0

 
100

 
100

 
100 100 0

Salmonella bongori (1)
 

100
 

0
 

0
 

0
 

0
 

0
 

0
 

100 0 0
Klebsiella pneumoniae

 
(1)

 
100

 
100

 
0

 
0

 
0

 
100

 
100

 
100 0 0

Citrobacter diversus (1) 0 100 100 0 0 100 0 100 0 0

Gentamicin (GEN) 10 µg, Cefuroxime (CRX) 30 
µg, Chloramphenicol (CHL)10 µg, Ceftriaxone 
(CTR) 30 µg, Cefotaxime (CTX)30 µg, 
Ciprofloxacin (CIP)5µg, Amikacin (AMK) 30 µg, 
Vancomycin (VAN) – 30 µg, Ceftazidime (CPZ) – 
30 µg, and Meropenem (MEM) - 10 µg.

Table 5 shows the multiple antibiotic resistance 
patterns of  the bacterial isolates from the storage 
tanks water samples. . Five (83.33%) of  all the 
bacteria isolates exhibited MAR pattern in this 
study. Varying multiple antibiotic resistance 
patterns comprising between four and eight 

Omoboye and Nwama: Physico-Chemical Analysis and Antibiotic Susceptibility Profile

               TSI   

GR CIT CAT IND OXI MR VP  Slant/Butt Gas H2S Probable bacteria 

- + + - + + +  Y/Y + - Enterobacter intermedius 

- + + - + + +  R/Y + + Salmonella bongori 

- + - - + + -  Y/Y + - Klebsiella pneumoniae 

- + + + + + +  Y/Y + - Citrobacter diversus 

- + + + - + +  Y/Y + - Klebsiella sp.  

- + + - + + +  Y/Y + - Enterobacter intermedius 

Table 3. Antibiotic Susceptibility Profile of  the Bacterial Isolates form storage tanks water samples.
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different antibiotics were displayed. The MARI 
values of  the MAR isolates ranged between 0.4 
and 0.8. This observation showed that the 

bacterial isolates were obtained from an 
environment with high antibiotics. 

Table 5. Multiple Antibiotic Resistance Patterns of  the Bacterial Isolates from the storage tanks water 
samples

S/N  Bacteria  Resistance profile  MARI
1  Enterobacter intermedius  GEN, MEM, VAN, AMK, CPZ, CHL  0.6
2

 
Enterobacter intermedius

 
GEN, VAN, AMK, CHL

 
0.4

3
 

Klebsiella
 

sp.
 

GEN, MEM, VAN, CRX, AMK, CPZ, CHL, CTX
 

0.8
4

 
Klebsiella pneumoniae

 
GEN, MEM, AMK, CPZ, CHL

 
0.5

5 Citrobacter diversus MEM, VAN, AMK, CHL 0.4

DISCUSSION
The physico-chemical characteristics showed that 
the total dissolved solids value in each storage 
water sample was within the WHO-expected limit 
of  1000 mg/L. One important determinant of  
water clarity is total dissolved solids. Dissolved 
solids will raise the temperature of  the water and 
lower the amounts of  dissolved oxygen (DO). The 
quantity of  oxygen needed for the microbial 
metabolism of  organic molecules in water is 
known as the biological oxygen demand. The 
biological oxygen requirement in each storage 
tank was found to be within the WHO standard.  
The presence of  fecal pollution or particulate and 
dissolved organic carbon from both human and 
animal sources are determinants of  the level of  
biological oxygen demand. The findings from this 
study indicated that the average temperature of  
the storage water tanks in these study areas was 
27.7 °C, with a range of  24.0-27.5 °C. The 
physico-chemical parameters of  the study showed 
that, with the exception of  the storage water 
sample at BH and CF (Boys' hostel and Cafeteria), 
where the pH values were 8.7 and 9.4, all other 
samples exhibited pH values within the WHO-
expected limit of  8.5. Increased pH in the water 
samples may be due to the presence of  alkaline 
minerals, microbial activity, algae growth, which 
may release substances like ammonia or 
carbonates. According to the findings of  the 
study, the average EC for every location varied 
between 20.02 and 39.2 µS/cm, which is less than 
the 300 µS/cm standard drinking water guideline 
(WHO, 2015). Accordingly, they were all below 

the threshold of  no risk, which is consistent with 
Omoboye et al. (2023). The ability of  a solution to 
conduct electric current is measured by its 
electrical conductivity (EC) (Aniyikaiye et al., 
2019). The conductivity rises with increasing ion 
concentration because ions in solution carry the 
electrical current. As a result, it is among the 
primary criteria used to assess whether water is 
suitable for firefighting and irrigation. 

The isolation of  Enterobacter intermedius, Salmonella 
bongori, Klebsiella pneumonia, Citrobacter diversus, and 
Klebsiella species in this study is consistent with the 
reports from other previous studies. Since 
groundwater (borehole) is the main source of  
water for the storage tanks, this can be ascribed to 
inadequate routine cleaning of  the tanks and the 
fact that the majority of  the biota would have 
entered the water from the environment. 
Omoboye et al. (2023) reported ground water 
sources around Ayobo, Lagos as reservoir of  
potential pathogenic microorganisms, which is in 
tandem with the result of  this study. These 
bacteria are either pathogenic or opportunistic in 
nature which may pose significant health risks to 
those consuming water from the storage tanks. 
Some of  these bacteria have been reported in 
water samples from in previous studies (Akani et 
al., 2021).  Intriguingly, 83.3% of  the bacteria 
isolated in this study had MARI value greater than 
0.2, an indication that the bacterial isolates were 
obtained from an environment with high 
antibiotic use, as reported by Woh et al. (2023). 

Gentamicin (GEN) 10 µg, Cefuroxime (CRX) 30 
µg, Chloramphenicol (CHL)10 µg, Ceftriaxone 
(CTR) 30 µg, Cefotaxime (CTX)30 µg, 

Ciprofloxacin (CIP)5µg, Amikacin (AMK) 30 µg, 
Vancomycin (VAN) – 30 µg, Ceftazidime (CPZ) – 
30 µg, and Meropenem (MEM) - 10 µg.
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All the Gram-negative bacterial isolates in this 
s t udy  exh ib i t ed  100% r e s i s t ance  to  
chloramphenicol, as such treatment with this 
antibiotic may not be successful. About 83% of  
the Gram-negative bacteria isolated in this study 
exhibited multi-drug resistance which further 
raises concern about possible difficulty in treating 
water-borne illnesses from the consumption of  
the water investigated in this study. The presence 
of  MAR Gram-negative bacteria in groundwater 
(well water) has been reported by Atobatele and 
Owoseni (2023) and Omoboye et al. (2023). 
Numerous investigations have demonstrated the 
significance of  environmental conditions (such as 
soil or water) on the natural cycle of  antibiotic, 
either because environmental bacteria can 
produce antibiotic resistance mechanisms or 
because pathogens and commensals from humans 
and animals can contaminate the environment 
(Ouyan et al., 2024; Liu et al., 2024; Can et al., 2024). 
Hospital effluents, urban sewage, livestock farm 
wastewater, and agricultural wastewater all contain 
antibiotics at sub-inhibitory quantities in the 
environment, which promotes the selection of  
resistant strains. This could lead to the 
dissemination of  antibiotic resistance genes 
among pathogenic microorganisms.

Furthermore, multiple antibiotics resistant 
bacteria have been discovered in drinking water, 
groundwater, and surface water across several 
nations (Hafiane et al., 2024). There is 
unmistakable proof  that the presence of  MAR 
bacteria in water samples increases the difficulty 
of  treating illnesses caused by the pathogenic 
bacteria (Sharma et al., 2024; Saibu et al., 2024). 

CONCLUSION 
Human consumption water is expected to be free 
of  objectionable physical, chemical, and microbial 
contaminants. Some of  the physicochemical 
parameters of  the water samples analyzed in the 
study fall within the permissible level 
recommended for drinking water. However, the 
presence of  multiple antibiotic resistant Gram-
negative bacteria in the water samples analyzed 
may constitute health hazards in humans. 

RECOMMENDATION
Due to the occurrence of  MAR Gram-negative 

bacteria in the water samples investigated, regular 

cleaning and disinfection of  storage tanks, boiling of  
water before use, continuous monitoring and avoiding 
contamination of  water are recommended.  

ACKNOWLEDGMENTS
The Department of  Biological, Anchor 
University, Lagos, is sincerely acknowledged for 
the support during the course of  the research. 

FUNDING
This research did not receive any specific grant 
from funding agencies in the public, commercial, 
or not-for-profit sectors.

CONFLICT OF INTERESTS
The authors declare that there are no conflicts of  
interest related to this article. 

AUTHORS' CONTRIBUTIONS
Faith Nwamah and Helen Omoboye collected and 
analyzed water samples. Helen Y. Omoboye 
supervised the research work and wrote the 
manuscript. 

REFERENCES 
Adesakin, T. A., Oyewale, A. T., Mohammed, N. 

A., Bayero, U., Adedeji, A. A., Aduwo, I. 
A., Bolade, A. C., & Adam, M. (2022). 
Effects of  Prolonged Storage Condition 
o n  t h e  P h y s i c o c h e m i c a l  a n d  
Microbiological Quality of  Sachet Water 
and Its Health Implications: A Case Study 
of  Selected Water Brands Sold within 
Samaru Community, Northwest Nigeria. 
Microbiology Research, 13(4), 706-720. 
doi: 10.3390/microbiolres13040051 

Akani, N.P., Sampson, T., Disegha, G.C. and 
V i n c e n t - O k w u o s a ,  V.  2 0 2 1 .  
Physicochemical and Bacteriological 
Quality of  Water from Storage Tanks in a 
Tertiary Institution in Rivers State, 
Nigeria. Journal of  Advances in Microbiology, 
21(6): 6-17.   

Omoboye and Nwama: Physico-Chemical Analysis and Antibiotic Susceptibility Profile



162

Aniyikaiye, T., Oluseyi, T., Odiyo, J.O. and 
Edokpayi, J.N. 2019. Physico-Chemical 
Analysis of  Wastewater Discharge from 
Selected Paint Industries in Lagos, 
Niger ia .  In t e r na t i ona l  Jou r na l  o f  
Environmental Research and Public Health, 
(IJERPH), 16(7): 17pp. 
d o i :  1 0 . 3 3 9 0 / i j e r p h 1 6 0 7 1 2 3 5  
10.3390/ijerph16071235

APHA: American Public Health Association, 
2014. Standard method for the Examination of    
Water and Wastewater. American Public 
Health Association.

Atobatele, B.O. and Owoseni, A. 2023. 
Distribution of  multiple antibiotic-
resistant Gram-negative bacteria in 
potable water from hand-dug wells in Iwo, 
Nigeria. H Open Journal, 6(1): 40–51.2

Borchardt, M. A., Stemper, M. E. & Standridge, J. 
H. 2003 Aeromonas isolates from human 
diarrheic stool and groundwater 
c o m p a r e d  by  p u l s e d - f i e l d  g e l  
electrophoresis. Emerging Infectious Diseases, 
9: 224–228. 

Brown, J., Bir, A. and& Bain, R.E.S. 2020. Novel 
methods for global water safety 
monitoring: comparative analysis of  low-
cost, field-ready E. coli assays. npj Clean 
Water 3: 9. 

doi: 10.1038/s41545-020-0056-8

Cheesbrough, M. 2006. District Laboratory 
Practice in Tropical Countries (2 nd 
Edition). London English Language Book 
Society. pp. 100-194.

Clinical and Laboratory Standards Institute 
(CLSI), 2018. Performance Standards for 
Antimicrobial Susceptibility Testing. 
CLSI Approved Standard M100-S15. 
Clinical and Laboratory Standards 
Institute, Wayne, PA. Vol. 34:, No.  1.

Edeki, P.E., Isah, E.C. and Mokogwu, N. 2023. 
Assessment of  physicochemical and 
bacteriological quality of  drinking water in 
Sapele local government area of  Delta 
State, South-South, Nigeria. Journal of  
Water Health, 21(2): 286–298. 

doi: 10.2166/wh.2023.246 

Ezekiel C.N., Olarinmoye A.O., Oyinloye J.M.A., 
Olaoye O.B. and Edun A.O. (2011). 
Distribution, antibiogram and multidrug 
resistance in Enterobacteriaceae from 
commercial poultry feeds in Nigeria. 
African Journal of  Microbiology Research, 5(3): 
294-301.

Fahes, F., Dib, El Haidari, R., Nourdine, F., 
Baydoun, K., Mansour, S., Hoballah, A. 
and Fakih, M. 2025. Chemical, physical 
and microbiological analyses of  different 
drinking water sources among diverse 
governorates in Lebanon. Scientific Report, 
15: 10539 |
doi: 10.1038/s41598-025-89048-3. 

Hafiane, F.Z., Tahri, L., El Jarmouni, M. Reyad,  
A.M., Fekhaoui, M., Mohamed, M.O., 
Abdelrahman, E.A., Rizk, S. El-Sayyad, S. 
and Elkhatib, W.F. 2024. Incidence, 
identification and antibiotic resistance of  
Salmonella spp. in the well waters of  Tadla 
Plain, Morocco. Scientifici Report, 14: 15380. 
doi: 10.1038/s41598-024-61917-3

Holt, J.G., Krieg, N.R., Sneath, P.H.A., Staley, J.J. 
and Williams, S.T. 1994. Bergey's Manual 
of  Determinative Bacteriology. Williams 
and Wilkins, Baltimore, pp. 175–222.

Ibitoye, E.B., Dabai, Y.U. and Mudi, L. 2013. 
Evaluation of  different drinking water 
sources in Sokoto North-West Nigeria on 
perfor mance,  carcass tra i ts  and 
haematology of  broiler chickens. 
Veterinary World, 6(11): 879-883.

Karnwal, A., Dohroo, A. and Mannan, M.A. 2017. 
Microbial analysis of  potable water and its 
management through useful plant 
extracts. International Journal of  Sciences and 
Research, 73(3): 44–49.

Krumperman, P.H. (1983). Multiple antibiotic 
resistance indexing of  Escherichia coli to 
identify high-risk sources of  faecal 
contamination of  foods. Applied and 
Environmental Microbiology, 46(1), 165–170.

Lin, L., Yang, H. and Xu, X. 2022. Effects of  water 
pollution on human health and disease 
heterogeneity: A review. Frontiers in 
Environmental Science, 10.

Omoboye and Nwama: Physico-Chemical Analysis and Antibiotic Susceptibility Profile



163

Liu, H.Y., Prentice, E.L. and Webber, M.A. 2024. 
Mechanisms of  antimicrobial resistance in 
biofilms. npj Antimicrobial Resistance, 2: 27. 
doi: 10.1038/s44259-024-00046-3

Luvhimbi, N., Tshitangano, T. G., Mabunda, J. T., 
Olaniyi, F. C. and J. N. 2022. Water quality 
assessment and evaluation of  human 
health risk of  drinking water from source 
to point of  use at Thulamela municipality, 
Limpopo Province. Science Representatives, 
12, 6059. 

 doi: 10.1038/s41598-022-10092-4

MacFaddin, J.F. 1980. Biochemical Tests for 
Identification of  Medical Bacteria, 2nd ed. 
Williams and Wilkins, Baltimore.Manga, 
M., Ngobi, T.G., Okeny, L. Acheng, P., 
Namakula ,  H. ,  Kyaterekera ,  E. ,  
Nansubuga, I., and Kibwami, N. 2021. 
The effect of  household storage 
tanks/vessels and user practices on the 
quality of  water: a systematic review of  
literature. Environmental System Research 10:, 
18 (2021). 

 doi:10.1186/s40068-021-00221-9

Mogaji, E. 2020. Impact of  COVID-19 on 
Transportation in Lagos, Nigeria. 
Transportation Research Interdisciplinary 
PerspectivesTransp. Res. Interdiscip. Perspect., 
6:, 100154. 

doi:10.1016/j.trip.2020.100154

Mshida, H. A., Kassim, N., Mpolya, E. and 
Kimanya, M. 2018. Water, sanitation, and 
hygiene practices associated with 
nutritional status of  under-five children in 
semi-pastoral communities Tanzania. The 
American Journal of  Tropical Medicine and 
Hygiene, 98: 1242–1249.

Nan Chang, N., Li Chen, L., Na Wang, N., 
Qingliang Cui, Q., Tianyi Qiu, T., Shuling 
Zhao, S., Haoran He, H., Yi Zeng, Y., Wei 
Dai, W., Chengjiao Duan, C. and Linchuan 
Fang, L. 2024. Unveiling the impacts of  
microplastic pollution on soil health: A 
comprehensive review, Science of  The Total 
Environment, 951: 175643. 

doi: 10.1016/j.scitotenv.2024.175643.

National Bureau of  Statistis (NBS), Nigeria 2012. 
National Population Estimates. 10 pp.

Nawaz, R., Nasim, I., Irfan, A., Islam, A., Naeem, 
A., Ghani, N., Irshad, M. A., Latif, M., 
Nisa, B. U. and Ullah, R. 2023. Water 
Quality Index and Human Health Risk 
Assessment of  Drinking Water in Selected 
Urban Areas of  a Mega City. Toxics, 11(7): 
577. 

 doi: 10.3390/toxics11070577
Olutiola P.O., Famurewa, O. and Sonnntag, H. G. 

(2000). An introduction to Microbiology, a 
practical approach. Tertiary Textbook series. 
Pp. Olabay Publication, Lagos, Nigeria. 157-
177.

Omoboye, H. Y., Emmanuel-Akerele, H. A., Ayo-
Olalusi, I. C.  and Itighise, E. E.  (2023). 
P hy s i c o - ch e m i c a l  a n a l y s i s  a n d  
identification of  antibiotics resistant 
Enterobacteriaceae from groundwater 
sources in Ayobo, Lagos, Nigeria, 
In t e r na t i ona l  Re s e a r c h  Jou r na l  o f  
Environmental Sciences, 12(3): 1-7.

Ouyang, B., Yang, C., Lv, Z., Chen, B., Tong, L. 
and Shi, J. 2024. Recent advances in 
environmental antibiotic resistance genes 
detection and research focus: From genes 
to ecosystems, Environment International, 
191: 108989, ISSN 0160-4120, 
doi: 10.1016/j.envint.2024.108989.

Rodríguez, L., Cervantes, E. and Ortiz, R. 2011. 
Malnutrition and gastrointestinal and 
respiratory infections in children: A public 
health problem. International Journal of  
Environmental Research and Public 
Health. 8: 1174.

Saibu, S. Perera, I.U., Suzuki, S.  Rodó, X., 
Fujiyoshi, S. Maruyama, F. 2024. 
Resistomes in freshwater bioaerosols and 
their impact on drinking and recreational 
water safety: A perspective. Environment 
International, 183: 108377, ISSN 0160-
4120. 

 doi:10.1016/j.envint.2023.108377

Omoboye and Nwama: Physico-Chemical Analysis and Antibiotic Susceptibility Profile



Sharma, S., Chauhan, A, Ranjan, A., Mathkor, 
D.M., Haque, S., Ramniwas, S., Tuli, H.S., 
Jindal, T. and Yadav, V. 2024. Emerging 
challenges in antimicrobial resistance: 
i m p l i c a t i o n s  f o r  p a t h o g e n i c  
microorganisms, novel antibiotics, and 
their impact on sustainability. Frontiers in 
Microbiology, 15: 1403168. 

 doi: 10.3389/fmicb.2024.1403168
World Health Organization (WHO) 2023. 

D r i n k i n g  W a t e r .  
https://www.who.int/news room/fact-
sheets/detail/drinking-waterWorld 
Health Organization, 2015. Guidelines 
for drinking-water quality, 2nd ed. 
Addendum: Microbiological agents in 
drinking water. Geneva, World Health 
Organisation. Pp. 224.

World Health Organization 2021 Billions of  
People Will Lack Access to Safe Water, 
Sanitation and Hygiene in 2030 Unless 
Progress Quadruples – Warn. WHO, 
U N I C E F .  A v a i l a b l e  f r o m :  
https://www.who.int/news/item/01-07-
2021-billions-ofpeople-will-lack-access-
to-safe-water-sanitation-and-hygiene-in-
2030-unless-progress-quadruples-warn-
who-unicef.

Woh, P.Y., Yeung, M.P.S., and Goggins, W.B. 
(2023). Multiple antibiotic resistance 
index (MARI) of  human-isolated 
Salmonella species: a practical bacterial 
antibiotic surveillance tool. Journal of  
Antimicrobial Chemotherapy, 78: 1295–1299.

164 Omoboye and Nwama: Physico-Chemical Analysis and Antibiotic Susceptibility Profile


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

