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Abstract  

With vehicle tankers, the microbiological and physicochemical properties of water samples at dif-
ferent sites were analysed. Microbiological and physicochemical analysis was carried out using standard 
procedures. There was a decline in the microbial load of water samples from September to November with 
samples from the vehicle tanker showing significant higher bacterial counts (5.3 × 101 CFU/ml in site A and 
4.35 × 101 CFU/ml in site B) and fungal counts (2.7 × 101 CFU/ml in site A and 1.2 × 101 CFU/ml in site 
B) in September. Water samples from borehole samples had the lowest microbial load with a bacterial load 
of 4.0 × 100 CFU/ml at site A and 7.0 × 100 CFU/ml in site B, a fungal load of 8.0 × 101 CFU/ml in site A 
and 3.0 × 101 CFU/ml in site B in November. Coliform count was beyond the WHO acceptable limit with 
samples from the vehicle tanker having the highest coliform count with an MPN of 1100 MPN/100ml and 
borehole samples having the lowest MPN count of 23 MPN/100ml. Escherichia coli, Klebsiella pneumo-
niae, Staphylococcus aureus, Proteus mirabilis, Pseudomonas aeruginosa, Vibrio cholera, V. parahaemo-
lyticus, Aspergillus niger, A. nidulans, Penicillium oxalicum, P. italicum, Mucor spp., and Saccharomyces 
cerevisiae were isolated from all samples. Water samples from all points of collection were acidic with a 
high amount of lead and cadmium beyond the WHO acceptable limits. There is a need for adequate treat-
ment and monitoring of the quality of water sold from vehicle tanks in Benin City. 
Keywords: microbiological and physicochemical properties, vehicle tanks, water quality
Резюме

Анализирани са микробиологичните и физикохимичните свойства на водни проби, взети 
от различни места на използваните за изследването автоцистерни. Микробиологичният и 
физикохимичният анализ се извършва по стандартни процедури. Наблюдава се спад в микробното 
натоварване на водните проби от септември до ноември в сравнение с проби през септември. Резул-
татите показват значително по-висок брой бактерии (5.3 × 101 CFU/ml в място A и 4.35 × 101 CFU/
ml в място Б) и брой гъби (2.7 × 101 CFU/ml в място А и 1.2 × 101 CFU/ml в място Б). През ноември 
сондажните водни проби са имали най-ниско микробно натоварване с бактериален брой от 4.0 × 
100 CFU/ml в място A и 7.0 × 100 CFU/ml в място Б и гъбично натоварване с брой фунги 8.0 × 101 
CFU/ml в място A и 3.0 × 101 CFU/ml в място Б. Броят на колиформите е над допустимата граница 
според СЗО при проби от автоцистерни, при които е отчетен най-висок брой колиформи с MPN от 
1100 MPN/100 ml. В същото време, в проби от сондажи е наблюдаван най-нисък брой MPN от 23 
MPN/100 ml. От всички проба са изолирани Escherichia coli, Klebsiella pneumoniae, Staphylococcus 
aureus, Proteus mirabilis, Pseudomonas aeruginosa, Vibrio cholera, V. parahaemolyticus, Aspergillus 
niger, A. nidulans, Penicillium oxalicum, P. italicum, Mucor spp., и Saccharomyces cerevisiae. Водните 
проби от всички точки на събиране са кисели с високо количество олово и кадмий, което е над 
допустимите граници според СЗО. Съществува необходимост от адекватно третиране и мониторинг 
на качеството на водата, продавана от резервоарите на автоцистерни в Бенин Сити.

* Corresponding author: akatahhilda@gmail.com

Introduction 
Water is an integral part of life needed for 

survival and growth. It is found in abundance in the 

ecosystem (Duressa et al., 2019). It is the second 
most abundant and important resource after air and 
essential raw material for human life (Abdullahi and 
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Indabawa, 2012; Akatah et al., 2018). It is used for 
many purposes, such as irrigation, industrial water 
supply, domestic use and hydropower. Although the 
earth comprises about 70% water, water remains a 
finite commodity. The vast majority of water found 
in the environment is unusable to humans and this 
includes ice, marine/salt water, and water vapour. 
Only fresh water, which includes rivers and lakes 
and underground sources such as boreholes, can be 
used for human consumption (Ababiaka and Sule, 
2013). Thus, the abundance of water in the envi-
ronment is not an indication of its availability for 
domestic, agricultural, or industrial use. 

Water is a vulnerable and perishable prod-
uct. Its vulnerability is based on the integrity of the 
systems used for its storage and distribution, which 
can be damaged and contaminated. It is perishable 
because the microbial quality of water can deterio-
rate due to the growth of microorganisms remain-
ing after treatment, thriving on residual nutrients 
in the water (Engwa et al., 2015). Domestic wa-
ter supply is one of the fundamental requirements 
for human life and it refers to water used for all 
usual domestic purposes, including consumption, 
bathing, and food preparation (Akatah et al., 2018). 
This implies the use of water in houses not solely 
for consumption. Due to the steady increase in the 
world population and a resultant increment in do-
mestic, industrial, and agricultural activities, water 
bodies have been contaminated with chemical and 
microbial pollutants. This has led to a rise in the 
demand for readily usable water, beyond the capac-
ity of government-owned utilities and this has giv-
en rise to private water enterprises, giving birth to 
commercial sales of water in large volumes (Auwal 
and Taura, 2013).  

Benin City, which is located in the southern 
part of Nigeria, has a low water table. There are 
two major sources of water in Benin which are the 
Ground water (Boreholes) and Surface water (Riv-
ers and Lakes). The low water table of the city and 
the lack of piped water supply has led to an incre-
ment in the sales of water for domestic use. The 
use of large vehicle tankers in the distribution and 
sales of water for domestic use is a common trend 
in Benin City. The water sold from vehicle tanks is 
collected from an overhead tank which is in turn 
supplied from a borehole. Contamination of the 
water distribution system, in this case, the vehicle 
tank, has led to an increase in the number of micro-
organisms adversely affecting the taste and odour 
and constituting a sanitary hazard that can lead to 
water-borne diseases. The physical and chemical 

characteristic of water also has an effect on the mi-
crobial population and its acceptability to consum-
ers. Fungi in domestic water can be inhaled while 
showering, ingested, transmitted through the abrad-
ed mucous membrane in the oral cavity, skin, and 
cornea causing allergies (Isa et al., 2013; Akatah 
et al., 2018). Bacteria can lead to water-borne dis-
eases. Hence, monitoring of the water distribution 
route is of utmost importance (Abdullahi et al., 
2013). The aim of this research was to investigate 
the effect of the vehicle tank on the microbiological 
and physicochemical characteristics of water sold 
from it in Benin City. 
Materials and Methods 
Study area 

This research was carried out in Benin City, 
which is located at 6.34oN latitude, 5.63oE longi-
tude, and 80 meters elevation above the sea lev-
el with a population of about 1,125,058. Samples 
were collected from two major water companies at 
Isihor. Water from these companies is used by the 
people living in that area for domestic and industri-
al purposes. 
Sample collection

Water samples from the vehicle tank, over-
head tank, and borehole water were collected at 
different sites between September and November 
2015. At each point of collection, sterile Seward 
plastic containers were used to collect samples for 
microbial analysis, and a clean glass Pyrex sample 
bottle (500 ml), in transparent and amber colour, 
was used to collect samples for physicochemical 
analysis. Water samples were collected after the tap 
was allowed to run for two minutes. 
Bacteriological analysis 

Bacteriological parameters, such as the total 
heterotrophic bacteria count, Most Probable Num-
ber (MPN) index of coliform, and the total Vibrio 
spp. count was enumerated using media, such as 
Nutrient agar, MacConkey broth, Eosine methylene 
blue agar, Brilliant green lactose broth, and Thio-
sulphate citrate bile salt (TCBS) agar.  
Characterization and identification of bacterial 
isolates 

Microbial isolates were characterized based 
on cultural, morphological, and biochemical char-
acterization. The isolates were further confirmed by 
comparison with known taxa (Cheesbrough, 2006). 
Biochemical characterization 

All the bacterial isolates were subjected to the 
following biochemical tests, triple sugar iron test, 
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catalase, coagulase, oxidase, indole, citrate, urease, 
methyl red, and Voges-Proskauer tests for further 
identification (Cheesbrough, 2006).
Mycological analysis 

Total fungi count was enumerated with potato 
dextrose agar using the pour plate method. The pure 
isolates were viewed under the microscope using 
lactophenol cotton blue dye at ×40 magnification. 
Observed cells and growth on media were recorded 
and compared to known positive taxa. 
Physicochemical tests 

The temperature, pH, conductivity, colour, 
turbidity, suspended solids, total dissolved solids, 
chloride, hardness, dissolves solids, biological ox-
ygen demand, and amount of heavy metals (lead, 
cadmium, and zinc) were analysed.

A mercury-filled Celsius thermometer was 
used in measuring the temperature of the water sam-
ples. A portion of the thermometer was immersed in 
the water sample for a few minutes until the reading 
stabilized. The temperatures were taken at the point 
of collection and readings were recorded in °C.

A spectrophotometer was used to determine 
the optical density at various wavelengths.  A Ness-
ler tube was filled with a water sample to the 50 ml 
mark and compared to a known standard. Colour 
units = A × 50 / V
where, A = estimated colour of diluted sample,  
V = ml sample taken for dilution

The amount of turbidity was measured using 
a Nephelometer. The meter was calibrated using 
distilled water containing 0 NTU and a solution of 
standard turbidity suspension of 40 NTU (which 
was prepared by diluting 10 ml of stock solution 
with distilled water to 100 ml). The water sample 
was thoroughly shaken and placed in the nephelo-
metric tube and the reading was recorded. 

The pH of the water samples collected was 
determined in the laboratory using Hanna pH meter 
instrument Hi-1922 model. The meter was first cal-
ibrated using buffer 7.0, rinsed several times with 
distilled water. Twenty ml of the sample from each 
station was measured into beakers that were first 
rinsed with distilled water and then with a small 
quantity of the sample. The electrode was allowed 
to stand for 2 min to stabilize before taking the 
readings from the pH meter. 

A conductivity meter (model Hanna 911) was 
used to measure the conductivity of water samples. 
The meter was first calibrated with 0.01M potassi-
um chloride solution (KCl). A hundred ml of each 
sample was measured into a beaker, and its conduc-

tivity was determined by placing the meter probe 
into the sample. The probe was held in the beaker 
for a few minutes until the digital display reading 
stabilized.  

Total hardness was determined by measuring 
50 ml of vigorously shaken sample into a 250 ml 
conical flask. 1ml of ammonium buffer solution 
was added alongside 2 to 3 drops of Eriochrome 
black-T indicator and the mixture swirled. The 
sample was then titrated against 0.1M EDTA until 
there was a colour change from wine red to pale 
blue.  

                                            V x A x 1000Total hardness as CaCO3 mg/l = ____________
                                              ml sample
V = ml titration for sample, A = mg CaCO3 

equivalent to 1ml EDTA titrant.
Fifty ml of sample was vigorously shaken 

and filtered through a pre-weighed filter disk at-
tached to a suction pump. The mixture was washed 
successively with distilled water and the filter paper 
was carefully removed and dried in the oven for an 
hour at 103 to 105°C. After an hour, the filter was 
cooled in a desiccator and weighed. 

The water sample was filtered, and 50 ml pi-
petted into a clean conical flask. 0.5 ml of potas-
sium chromate indicator was added, and the solu-
tion was titrated against standard silver nitrate until 
there was a precipitation of silver dichromate (Ag-
CrO4) with a colour change to orange-red. 

The dissolved oxygen (DO) bottles were 
filled with water samples and 2 ml each of manga-
nese sulphate and potassium iodide was added. The 
bottle was properly sealed and thoroughly shaken 
after which the precipitate was allowed to settle. 
Two ml of conc. sulphuric acid was added and thor-
oughly shaken until the precipitate dissolved, and 
100 ml of the sample was then measured and ti-
trated against 0.025 N sodium thiosulphate using 
starch as an indicator. A colour change from blue 
to colourless signified the endpoint. The DO was 
measured in mg/l. 

The sample was thoroughly aerated and 1 
ml each of potassium phosphate, magnesium sul-
phate, calcium chloride and ferric chloride solu-
tion was added per 1 litter of dilution water. The 
solution was thoroughly shaken for about 1 min to 
dissolve the slurry and saturate the water with ox-
ygen. A constant temperature was maintained, and 
the sealed BOD sample was placed in a water bath 
where it was incubated at 20°C for 5 days. The in-
itial DO concentration was taken. After 5 days, the 
BOD bottles were removed from the incubator and 
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the final DO concentration was measured. 
BOD5 (mg/l) = D1 – D2 / P 

D1 = Initial DO of the sample, D2 = Final DO of the 
sample after 5 days, P = Decimal volume fraction 
of sample used 

Analyses of heavy metals in water were done 
by transferring 500 ml of the water into a long 
beaker, adding 15 ml of concentrated nitric acid 
(HNO3), evaporating on a steam bath to approxi-
mately 25 ml, and bringing the volume to 50 ml 
with deionized water. The various heavy metals 
were measured using the atomic absorption spec-
trophotometer (Buck scientific 210vgp).  
Statistical analysis 

The mean, standard deviation, and single-fac-
tor ANOVA at P ˂ 0.05 were computed using Sta-
tistical Package for Social Scientists 21.0. 
Results 
Physicochemical analysis

Water samples from all points of the collec-
tion were acidic with the lowest pH value recorded 
at 4.9 in samples from the borehole and the highest 
value 5.8 from the vehicle tanker (Table 1). 

The presence of lead and cadmium was de-
tected in samples from all points of collection, 
beyond the permissible limit of the World Health 
Organization, with the overhead thank at site A 
containing a higher amount of lead compared to the 

vehicle and borehole sample at the same site while 
the amount of cadmium was the highest in samples 
from the overhead tank at both sites. 

There was an increase in the amount of dis-
solved oxygen across collection points from the 
borehole to the overhead tank and vehicle tanker, 
with samples from the borehole having the lowest 
amount of dissolved oxygen and vehicle tanker 
containing a higher amount, as shown in Table 1. 
The biological oxygen demand after five (5) days 
was within the acceptable range (less than 3 mg/l) 
in samples from all points of collection 
Microbial enumeration

There was a higher bacterial count in samples 
from the vehicle tanker compared to the overhead 
and borehole water samples, with samples from the 
vehicle tank recording a bacterial load of 5.3 × 101 
± 2.8 CFU/ml in site A and 4.35 × 101 ± 2.1 CFU/
ml in site B while the overhead tank and borehole 
water samples at both sites had an insignificant bac-
terial count of less than 30 CFU/ ml. There was a 
significant difference at p ˂ 0.05 in the bacterial 
load of samples from the vehicle tanker compared 
to samples from the overhead and borehole sam-
ples, as shown in Table 2. 

Although Vibrio spp. was isolated from all 
points of collection, it was of insignificant count 
below 30 CFU/ml. Coliform bacteria were detected 
in water samples from all points of collection. The 

Table 1. Physico-chemical analysis of water samples at different sites within three months

Parameters
Site A Site B Limts

Vehicle Overhead Borehole Vehicle Overhead Borehole

Temperature (°C) 27.7 27.5 26.2 28 27.5 26.5 25-32
pH 5.3 5.1 4.9 5.8 5.4 4.9 6.5 - 8.5
Conductivity (µS/cm) 8.3 10 10 7.5 10 10 1000
Total dissolved solids 
(mg/l)  

4.4 5.3 5.3 3.9 5.3 5.3 500

Colour (pt. Co) 10 0 0 10 0 8 15
Turbidity (NTU) 1.7 0.3 1 2.5 0 1.5 5
Suspended solid 
(mg/l)  

1.0 0 0 5.5 3 3.5   

Chloride (mg/l) 11.8 11.8 10.6 12.4 14.1 12.4 250
Hardness (mg/l) 4.7 4.0 4.0 9.0 4.0 8 500
Dissolved oxygen 
(mg/l)

6.8 6.1 2.3 5.9 5.3 5.4 14

Biological oxygen 
demand(5)  

2.7 2.2 0.2 2.5 1.3 1.8 5

Lead (mg/l) 0.03 0.069 0.016 0.03 0.015 0.03 0.01
Cadmium (mg/l)  0.017 0.048 0.013 0.012 0.026 0.016 0.00
Zinc (mg/l)  0.035 0.064 0.015 0.015 ND 0.004 3
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highest coliform count was recorded in the vehicle 
tanker, with site A having a count of 43 MPN/100ml 
and site B 1100 MPN/100 ml in September. The 
lowest coliform bacteria count of 6.2 MPN/100 ml 
was recorded in the overhead tank while coliform 
bacteria were undetected in borehole samples in 
October and November, as shown in Table 3. There 
was an insignificant fungal count below 30 CFU/
ml, with samples from the vehicle tanks having the 
highest fungal count, which occurred in September 
(2.7 × 101 ± 1.4 CFU/ml in site A and 1.2 × 101 ± 1.4 
CFU/ml in site B), while the lowest fungal load was 
recorded in borehole water samples.  Total coliform 
count (MPN/ 100 ml) in water samples at differ-
ent sites within three months, as shown in Table 4, 
ranged from 6.2 to 43 MPN/100 ml and 9.2 to 1100 
MPN/100 ml for Site A and B, respectively. Total 
fungal count (CFU/ml) in water samples at differ-
ent sites within three (3) months, as shown in Table 
5, ranged between ˂ 30 ± 1.4  to ˂ 30 ± 2.8  and ˂ 
30 ± 0   to ˂ 30 ± 2.8 for Site A and B, respectively. 

The bacteria identified included: E. coli, P. 
aeruginosa, K. pneumoniae, P. mirabilis, S. aureus, 
and Vibrio spp. There was a high frequency of oc-
currence of Escherichia coli, K. pneumoniae and S. 
aureus compared to the other bacteria isolates, with 
Vibrio spp having the least frequency of occurrence 
(Figs 1 and 2). 

Fig. 1. Frequency of bacteria isolated from water 
samples at Site A 

Table 2. Total heterotrophic bacterial (CFU/ml) load in water samples at different sites within three (3) 
months (p ˂ 0.05) 

Months Site A Site B
Vehicle Overhead Borehole Vehicle Overhead Borehole

September 5.3 × 101 ± 2.8 ˂ 30 ± 1.4 ˂ 30 ± 2.8 4.35 × 101 ± 2.1 ˂ 30 ± 2.8 ˂ 30 ± 1.4
October 4.65 × 101 ± 2.1 ˂ 30 ± 1.4 ˂ 30 ±2.8 3.5 × 101 ± 2.8 ˂ 30 ± 1.4 ˂ 30 ± 0.7
November ˂ 30 ± 1.4 ˂ 30 ± 2.8 ˂ 30 ± 1.4 3.2 × 101  ± 2.8 ˂ 30 ± 2.8 ˂ 30 ± 1.4

Table 3. Total Vibrio spp. count (CFU/ml) in water samples at different sites within three months  
(p ˃ 0.05)

Months Site A Site B
Vehicle Overhead Borehole Vehicle Overhead Borehole

September ˂ 30 ± 0 ˂ 30 ± 1.4 ˂ 30 ± 2.8 4.35 × 101 ± 2.1 ˂ 30 ± 2.8 ˂ 30 ± 1.4
October ˂ 30 ± 1.4 0 0 0 0 0
November 0 0 0 0 0 0

Table 4. Coliform count (MPN/ 100 ml) in water samples at different sites within three months  
(p ˃ 0.05)

Months Site A Site B
Vehicle Overhead Borehole Vehicle Overhead Borehole

September 43 23 23 1100 14 9.2
October 23 6.2 0 23 0 0
November 23 0 0 9.2 0 0

Table 5. Total fungal count (cfu/ml) in water samples at different sites within three months  
(p ˂ 0.05) 

Months Site A Site B
Vehicle Overhead Borehole Vehicle Overhead Borehole

September ˂ 30 ± 1.4 ˂ 30 ± 1.4 ˂ 30 ± 1.4 ˂ 30 ± 1.4 ˂ 30 ± 1.4 ˂ 30 ± 1.4
October ˂ 30 ± 2.8 ˂ 30 ± 2.8 ˂ 30 ± 2.8 ˂ 30 ± 2.8 ˂ 30 ± 2.8 ˂ 30 ± 0
November ˂ 30 ± 2.1 ˂ 30 ± 1.4 ˂ 30 ± 2.8 ˂ 30 ± 2.8 ˂ 30 ± 2.8 ˂ 30 ± 1.4
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Fig. 2. Frequency of bacteria isolated from water 
samples at Site B 

V. cholerae was isolated from water samples 
in the vehicle tanker at site B but was undetected 
in samples from site A, while V. parahaemolyticus 
was detected from the vehicle tanker samples in site 
A but not detected in site B. Several genera of fungi 
were isolated from all points of collection at both 
sites with varying frequencies of occurrence. A. ni-
ger, A. fumigatus, A. nidulans, P. italicum, P. oxali-
cum, Mucor spp., and S. cerevisiae were isolated, 
with Aspergillus spp. having the highest frequency 
of occurrence while Saccharomyces cerevisiae had 
the lowest frequency of occurrence, as depicted in 
Figs 3 and 4. 

Fig. 3. Frequency of fungi isolated from water 
samples at Site A 

Fig. 4. Frequency of fungi isolated from water 
samples at Site B 
Discussion 

Water samples were collected from the bore-
hole, overhead tank, and vehicle tank from two 
major water distribution companies within three 
months to ascertain the occurrence of microbes, the 

microbial and physiochemical relationship between 
water from the different points of collection, and 
the effect of the containers on the physicochemical 
parameters of water. The high number of hetero-
trophic bacteria alongside coliform bacteria isolat-
ed from the vehicle tank was an indication of poor 
sanitary conditions and inadequate hygienic prac-
tices by the workers. It also showed that there was 
inadequate water treatment done. Coliform bacteria 
are a microbial indicator of water quality and their 
presence is of public health concern. The presence 
of coliform bacteria in water used for domestic 
purposes has serious health implications. Although 
coliform bacteria can be found in the soil, they are 
also of enteric origin, indicating possible fecal con-
tamination (Akubuenyi et al., 2013). Hence, their 
presence indicates the potential presence of path-
ogenic enteric microorganisms. Also, according to 
the World Health Organization, coliform bacteria 
should not be detected in treated drinking water, 
their presence is a strong indication of absent or 
inadequate treatment of water sold from vehicle 
tankers. 

The low incidence of Vibrio spp. isolates from 
samples from all points of collection might be due 
to the environmental conditions of the water, ren-
dering it viable but non-culturable on solid media. 
This characteristic of V. cholerae, V. parahaemolyt-
icus, P. aeruginosa, E. coli, and K. pneumoniae to 
enter into a viable but non-culturable (VBNC) state 
has grave public health implications because when 
these organisms pass through a host animal, they 
are resuscitated and the resumption of metabolic 
activities can lead to infection and diseases (Than-
davarayan et al., 2014). 

P. mirabilis, E. coli, and K. pneumoniae occur 
as part of the normal human intestinal flora, though 
they can also be found in water and soil. P. mirabilis 
is commonly implicated in urinary tract infections 
and the formation of kidney stones. K. pneumoni-
ae infection occurs in the lungs. where they cause 
serious damage. Middle-aged and older men with 
underlying debilitating diseases, like alcoholism, 
diabetes, or chronic broncho-pulmonary disease are 
more affected (Ababiaka and Sule, 2013). P. aerug-
inosa, which is found in soil, can lead to ear in-
fection; its major route of infection is through sus-
ceptible tissues, such as wounds or mucous mem-
branes, which can occur while bathing (Engwa et 
al., 2015). Klebsiella spp. and Pseudomonas spp. 
are sensitive to disinfection and their isolation in 
these water samples is an indication of inadequate 
treatment. People most at risk of bacterial infection 
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are the elderly, very young, pregnant women, and 
immunocompromised individuals such as those 
suffering from AIDS/HIV (Bello et al., 2013). The 
isolation of Staphylococcus aureus in water can be 
tied to the unsanitary practices of the workers. Al-
though Staphylococcus occurs as part of the natural 
flora of the skin and mucous membranes in humans, 
they are occasionally detected in the gastrointesti-
nal tract and sewage. They have the ability to mul-
tiply and produce extracellular enzymes and toxins 
causing boils, skin sepsis, and postoperative wound 
infections (Duressa et al., 2019). 

Various studies have shown that fungi can 
be isolated from treated drinking water (Isa et al., 
2013; Akatah et al., 2018). The isolation of fungi in 
water samples, though of insignificant count (less 
than 30 CFU/ml), is of public health importance 
because research has shown that allergic reactions 
might still arise from the dead spores and fungal de-
bris present in water (Auwal and Taura, 2013). The 
low fungi count might still provoke allergic disease. 
Fungi such as Aspergillus spp. and Penicillium spp. 
have been known to produce mycotoxins in wa-
ter, although the amount of mycotoxins produced 
is diluted, the storage of water in tanks increases 
the concentration of these toxins over time and dai-
ly intake water containing even small amounts of 
mycotoxins may have hazardous effect on human 
health (Akubuenyi et al., 2013).  

The high occurrence of microorganisms in 
water samples collected in September can be at-
tributed to the low frequency of distribution during 
that period because the residents had an alternative 
source of domestic water supply from rainfalls and 
wells. Over time, organic matter and sediments ac-
cumulate at the bottom of the tank due to poor san-
itary conditions, where they form biofilms and act 
as a source of nutrients to microorganisms, espe-
cially chemoautotrophs. These microbes proliferate 
on the available nutrient, leading to a high bacteria 
count (Abdullahi and Indabawa, 2012). 

The increase in the pH value across the dif-
ferent points of collection (from the borehole to the 
overhead tank and vehicle tanker) might be due to 
the activities of chemotrophic bacteria thriving on 
accumulated organic matter and sediments at the 
bottom of the tanks, releasing metabolites (Akatah 
et al., 2018). 

The high amount of lead and cadmium in 
water used for domestic purposes is of great public 
health concern as these heavy metals have been im-
plicated as causative agents of brain and liver dam-
age and spontaneous abortion because of their per-

sistence in the environment and tendency to bioac-
cumulate and biomagnify in living tissues (Engwa 
et al., 2015; Heyelom and Gebregziabher, 2015). 
Although zinc was detected in some water samples 
it was within the permissible limit of the WHO. 

The amount of dissolved oxygen is consid-
erably affected by temperature. High temperature 
reduces the ability of water to hold dissolved gases 
(Isa et al., 2013). The temperature of water samples 
was ambient (26.2 to 28oC) in all points of collec-
tion, which was within the acceptable limit of the 
WHO. The amount of dissolved oxygen was within 
the WHO limits and the highest in the vehicle tank 
(6.8 mg/l and 5.9 mg/l in site A and site B, respec-
tively) compared to the overhead tank and borehole 
water samples. The higher amount of dissolved ox-
ygen in the vehicle tank might also be due to aera-
tion during refilling. 

The amount of biological oxygen demand 
suggested that the water samples were relatively 
clean with a low amount of organic matter since 
BOD is an indication of the amount of organic mat-
ter in the sample. The increase in the biological ox-
ygen demand (BOD5) from the borehole, overhead, 
and vehicle tanker, with samples from the vehicle 
tanker having the highest value of BOD can be at-
tributed to the accumulation of sediments and or-
ganic matter over time in the tank. 

This research has shown that there is a signif-
icant difference (p˂ 0.05) in the microbial load of 
samples from the vehicle tanker at both sites of col-
lection (A and B). The high coliform expressed in 
the samples from the vehicle tankers indicates that 
there are poor sanitary conditions/practices on the 
tank and this renders the water unsafe for domes-
tic usage, especially for drinking. Furthermore, the 
high amount of lead and cadmium in the samples 
from all points of collection (borehole, overhead 
tank, and vehicle tanker) which has the potential to 
bioaccumulate in living tissues, has serious public 
health implications (Fahad, 2011; Abdullahi and In-
dabawa, 2012). 
Conclusion 

The quality of water still poses a lot of health 
challenges due to a lack of microbial and environ-
mental assessment. There is a need to sensitize the 
public on the adverse effect of using contaminat-
ed water for domestic purposes as microorganisms 
can be ingested, inhaled or absorbed into the body 
through the mouth, skin, eyes or open wounds caus-
ing allergic reaction and diseases. This study shows 
that there is a need for proper treatment and mon-
itoring of water sold from vehicle tanks in Benin 
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City and sensitization of the public on its effect is 
advocated. 
Recommendations 

i. Water samples should be adequately chlo-
rinated before distributing to consumers. 

ii. The vehicle tanker and overhead tanker 
should be adequately cleaned at regular 
intervals.  

iii. Stringent sanitary conditions and proper 
personal hygiene should be maintained 
by the workers at all times, such as proper 
handwashing, regular disinfection of hose 
and pipes used in pumping water. 

iv. Vehicle tankers previously used to carry 
non-food items should be properly cleaned 
and disinfected before being used in water 
distribution. 
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