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Abstract. Commercial water tanker services provide an important alternative source of drinking water in rapidly
urbanizing cities where piped water supply is inadequate. However, concerns remain regarding water quality de-
terioration during transportation and storage. This study assessed the physicochemical and microbial quality of
water supplied by commercial tanker operators in the Tamale Metropolis, Ghana, and examined operational prac-
tices influencing water safety. A total of 54 water samples were collected from nine tanker operators and analysed
using standard APHA methods, while structured questionnaires were administered to 50 operators to evaluate
water sources, cleaning frequency, and hygiene practices. The results showed mean values of 30.16 £ 0.66 °C
for temperature, 7.48 4 0.31 for pH, 269.1 4 0.04 NTU for turbidity, 126.49 49.28 uS cm™" for electrical con-
ductivity, 0.073 4 0.007 ppt for salinity, and 0.52 4 0.42mg L~ for dissolved oxygen. Total and faecal coliform
counts averaged 47.96 = 104.90 and 40.59 % 84.96 CFU/100 mL, respectively. While most physicochemical pa-
rameters complied with WHO (World Health Organization) drinking-water guidelines, turbidity exceeded the
recommended limit in all samples, and oxidation—reduction potential values indicated inadequate disinfection.
Total coliforms and faecal coliforms were detected in 38.9 % and 29.6 % of the samples, respectively, confirm-
ing post-treatment contamination during transportation and storage. Survey findings revealed that although most
operators sourced water from the Ghana Water Company Limited, variations in cleaning frequency and hygiene
practices likely contributed to the deterioration in water quality. These findings highlight the need for strength-
ened regulatory oversight, routine tanker inspection and disinfection, improved operator hygiene practices, and
continuous water quality monitoring to safeguard public health.

ties worldwide (WHO and UNICEF, 2023). Although there
has been significant progress in access to water in many re-

1 Introduction

Access to sufficient quantities of safe drinking water is es-
sential for protecting public health and meeting basic do-
mestic needs, irrespective of age or socioeconomic status
(Howard and Bartram, 2003). Despite being recognized as
a fundamental human right, access to safe and affordable
drinking water remains beyond the reach of many people,
especially those in low-income and underserved communi-

gions, by 2015, over 663 million people lacked access to
improved drinking water sources, and an estimated 2.1 bil-
lion did not have access to safely managed sources (WHO
and UNICEF, 2017). Additionally, climate change, rapid
population growth, and urban sprawl have created increas-
ingly complex challenges for urban water distribution (Bo-
rah, 2025). These factors place increasing pressure on avail-
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able water resources and intensify the challenge of meet-
ing the growing demand for reliable and safe drinking wa-
ter (UN-Water, 2023). The systems in urban regions are
such that managing the concept of internal urban water se-
curity is not a trivial task (Srinivasan et al., 2017). Such
interactions considerably change over time and space, de-
pending on climate, geography, urban development, demog-
raphy, socio-economy, and governance, and can influence
long-term impacts even beyond urban boundaries (Van der
Perk, 2013; Bain et al., 2014). According to the WHO/U-
NICEF Joint Monitoring Programme (JMP), water supplied
by tanker trucks has historically been classified as an unim-
proved drinking water source because its quality and relia-
bility cannot always be assured. Nevertheless, in many de-
veloping countries, tanker water and other small-scale wa-
ter providers play an important role in supplying water to
low-income households and populations living in rural and
peri-urban areas where piped water services are inadequate
(WHO and UNICEEF, 2006; Alba et al., 2019). Some tankers
might supply water from sources deemed safe to drink, it
has been suggested that numerous health risks are linked to
water distributed through these tankers, such as inadequate
treatment or transportation in unsuitable containers (WHO,
2008). For example, a diarrhoea outbreak did occur due to
the use of tanker water (also known as Vended water) (Hutin
et al., 2003). The WHO Guidelines for Drinking-water Qual-
ity recommend that, at the point of delivery, free residual
chlorine should be maintained at a concentration of at least
0.5 mgL~! after a minimum contact time of 30 min to ensure
effective disinfection (WHO, 2008). In a previous survey, it
was found that poor management of the hydrants and tankers
by the Ghana Water Company Limited (GWCL) and opera-
tors, respectively, was the root cause of the poor quality of
water supplied by the tankers to consumers (Obeng et al.,
2010).

The quality of water is a crucial factor for population
health, environmental sustainability, and socio-economic de-
velopment (WHO, 2022; UNEP, 2016). In cities like the
Tamale Metropolis, where piped water supply may be inad-
equate, the services of commercial water tankers that deliver
potable water to residents, businesses, and organisations are
very important (Osumanu, 2008; Stoler et al., 2012). There
has been debate about the quality of water supplied by these
tankers, as it can become contaminated at any stage during
sourcing, storage, or distribution (Stoler et al., 2012; WHO,
2017). Factors influencing the quality of water supplied by
tanker vendors include the source of the water, such as bore-
holes, surface water, or public standpipes, as the initial water
quality largely determines the physicochemical and microbi-
ological characteristics of the distributed water (WHO, 2017;
Kumpel and Nelson, 2016). Microbial and chemical contam-
ination can arise from poorly maintained or untreated storage
tanks and cross-contamination from unclean sources, pos-
ing significant health risks to consumers (Kumpel and Nel-
son, 2016; WHO, 2017). Improving water supply systems
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remains a key strategy to address these risks despite chal-
lenges related to demand and resource regulation (UN-Water,
2021). The research thus aimed to assess water supplied by
commercial tanker services within Tamale Metropolis. The
study equally determines the physicochemical and microbial
water quality parameters of water from tanker suppliers, and
evaluates factors influencing the water quality dynamics

2 Study Area

The study was conducted in the Tamale Metropolis, the cap-
ital of the Northern Region of Ghana, as shown in Fig. 1.
The metropolis experiences a tropical savannah climate char-
acterized by a single rainy season (typically from May to
October) and a prolonged dry season (November to April),
with mean annual rainfall ranging from approximately 900
to 1100 mm. These climatic conditions influence water avail-
ability and access throughout the year (Abdulai and Ku-
wornu, 2014). Due to rapid urbanization and inconsistent
piped water supply, many residents and institutions in Tamale
rely on commercial water vendors for domestic and institu-
tional water needs (Osumanu, 2008; Osumanu et al., 2025).
In the present study, most tanker operators obtained water
from the GWCL, although a small proportion sourced wa-
ter from boreholes and surface water. This dependence raises
public health concerns regarding transportation hygiene, mi-
crobial contamination, and compliance with WHO and na-
tional drinking-water standards (WHO, 2017).

3 Methodology

To ensure accurate and uncontaminated results, all water
samples were carefully prepared using standard laboratory
procedures recommended by American Public Health Asso-
ciation (APHA) and WHO (WHO, 2017; Lipps et al., 2023).
The preparation was done as follows: 500 mL plastic bottles
were used for sampling; all bottles were pre-sterilized and
tightly sealed. Bottles were labeled in advance using a per-
manent marker and waterproof tags. Water was collected di-
rectly from tanker outlets after allowing it to flow for about
two to three minutes to flush out stagnant water. The bot-
tles were filled without touching the inside of the caps or the
rims to avoid contamination. Samples were collected in Jan-
uary and March. It is during this period that water is scarce in
the Tamale Metropolis, as a result, tanker services are heavily
patronised.

Parameters including temperature, pH, EC, TDS, Salin-
ity, turbidity, and Oxidation Reduction Potential (ORP), were
measured using an Aquameter, whiles Standard methods rec-
ommended by APHA (Lipps et al., 2023) were followed. Mi-
crobial analysis was conducted using the membrane filtration
method for the detection of total coliforms and faecal col-
iforms. A 100 mL of each water sample was filtered through
a sterile 0.45 um membrane filter using a membrane filtra-
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Figure 1. Map of Sample Points in the Tamale Metropolis.

tion unit. The membranes were then aseptically placed on
absorbent pads saturated with membrane lauryl sulfate broth
(MLSB) in sterile Petri dishes. Plates were incubated at ap-
proximately 35 °C for total coliforms and 44.5 °C for faecal
coliforms, reflecting the thermotolerant characteristics of the
latter. After incubation, distinct colonies were enumerated
using a digital colony counter. The results were expressed
as colony-forming units per 100 mL of sample, in line with
the APHA Standard Methods and WHO guidelines (WHO,
2017; Lipps et al., 2023).

In addition to water sampling, questionnaires were ad-
ministered to 50 tanker operators to obtain supplementary
information on water sources, sanitation practices, seasonal
variations, and institutional awareness. The sample size was
determined based on practical field considerations and the
estimated population of tanker operators within the Tamale
metropolis, for which no comprehensive official registry ex-
ists. Given the absence of a reliable sampling frame, a purpo-
sive sampling approach was adopted (Creswell and Creswell,
2018) targeting active and accessible tanker operators across
major operational zones. The selected sample size is con-
sistent with recommendations for exploratory and cross-
sectional research designs (Creswell and Creswell, 2018).
This number was therefore considered sufficient to capture
variability in operational practices while remaining feasible
within the time and resource constraints of the present study.
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Figure 2. Average Temperature.

Data Analyses

To determine whether there was a significant difference in
water quality compared to the standards provided by the
Ghana Water Company Limited (GWCL) and the World
Health Organization (WHO, 2017), a two-sample #-test was
employed.

For the categorical (percentage-based) data collected
through surveys such as tanker cleaning frequency, methods
used to ensure safety, and tanker capacity results were an-
alyzed using frequency distributions and expressed in per-
centages to identify dominant trends. To examine potential
associations between physicochemical and microbial param-
eters, Spearman’s rank correlation coefficient was employed
because it is appropriate for non-parametric data that do not
necessarily satisfy the assumptions of normality (Bewick et
al., 2004; Zar, 2010). A significance threshold of p < 0.05
was adopted to determine statistical significance across all
analyses (Bewick et al., 2004).

4 Result and Discussion

4.1 Temperature

The average temperature of tanker water was 30.14 °C, com-
pared to 20.07 °C for the source water, indicating an increase
of approximately 10.07 °C after transportation as presented
in Fig. 2. It was determined that there is a statistically signif-
icant difference in temperature between the source water and
the water distributed by tanker (p = 0.001). This significant
rise in temperature may be attributed to exposure to ambient
heat, the lack of insulation in tanker containers, and poten-
tial delays in water delivery (WHO, 2017). Elevated temper-
atures in drinking water may promote microbial activity, al-
ter its taste, and reduce the effectiveness of residual disinfec-
tants such as chlorine, thereby compromising water quality
(WHO, 2017; Edokpayi et al., 2018).
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Figure 3. Oxidation Reduction Potential.

4.2 Potential Oxidation Reduction

The mean ORP value of tanker water was 113.8 mV, while
that of the source water was 119.0mV as presented in Fig.
3. This marginal difference suggests that tanker distribution
did not exert a significant influence on the redox characteris-
tics of the water. ORP is an important indicator for predict-
ing the effectiveness of water disinfection and the chemical
stability of the system (WHO, 2017). Generally, ORP lev-
els above 650 mV are indicative of effective disinfection pro-
cesses, while lower values may permit microbial regrowth
(Sawyer et al., 2003; Rice et al., 2012).

4.3 Power of Hydrogen (pH)

The analysis showed that the mean pH of water supplied
through tanker deliveries was 7.49, whereas the mean pH of
the source water was higher, at 8.72 (Fig. 4). The mean dif-
ference was statistically significant (p = 0.01), indicating a
decrease in pH after transportation by tanker. This reduction
may be attributed to several factors, including exposure to
ambient temperatures, absorption of atmospheric CO; dur-
ing storage, or potential leaching and contamination from the
tanker materials themselves (WHO, 2017; Edokpayi et al.,
2018). Despite this decline, the pH of tanker water remained
within the acceptable range for drinking water (6.5-8.5) as
set by both the WHO and the Ghana Standards Authority,
suggesting that water acidity or alkalinity was not adversely
compromised (WHO, 2017).

Similar variations in pH have been reported in other stud-
ies conducted in Ghana. For instance, Essumang et al. (2011)
reported pH values ranging between 6.80 and 8.30 for sachet
and well water in the Cape Coast Region, and between 6.92
and 8.45 for water in the Kumasi Metropolis. These find-
ings are consistent with the present study, highlighting that
although slight pH fluctuations occur largely depending on
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Figure 4. Mean pH Levels of Water Samples.

storage and transportation conditions, the values generally
remain within acceptable drinking water limits.

4.4 Electrical Conductivity

The electrical conductivity (EC) of the water samples in-
creased significantly from 126.77£9.26uScm™! in the
source water to 175.23 4 6.99 uS cm~! (Fig. 5) in the tanker-
distributed water (p = 0.008). This rise may be attributed to
the leaching of dissolved solids from tanker containers or the
accumulation of ions during storage and transport. Although
the World Health Organization (WHO) does not specify a
health-based guideline value for electrical conductivity (EC)
in drinking water, EC is widely used as an indicator of dis-
solved ionic constituents and overall mineralization of wa-
ter (WHO, 2022). The Ghana Standards Authority (GSA)
recommends a maximum acceptable limit of 1500 uS cm™!
for electrical conductivity in drinking water, above which in-
creased mineral content and potential impacts on taste and
consumer acceptability may occur (GSA, 2013). The EC val-
ues observed in both the source and tanker water in this study
were well below this threshold, indicating that the ionic con-
tent does not pose an immediate health risk. These findings
are consistent with those of Essumang et al. (2011), who re-
ported an average EC of 201.08 +70.45uScm™! in sachet
water samples from the Cape Coast region.

4.5 Total Dissolve Solid

The mean concentration of Total Dissolved Solids (TDS)
in the tanker water (88.87+5.92mgL~!) was signif-
icantly (p =0.018) higher than in the source water
(63.224+4.23mgL~!) as presented in Fig. 6. This rise is
likely due to changes occurring during transportation and
storage, potentially from leaching of tanker materials, the
presence of dissolved minerals, or environmental contamina-
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Figure 6. Mean Levels of Total Dissolve Solid of Water Samples.

tion during delivery. Despite this increase, all TDS levels re-
mained below the recommended maximum of 1000 mg L1,
as specified by the World Health Organization (WHO, 2017)
and the MWRWH (2015). These findings align with previous
studies, such as Essumang et al. (2011), who reported TDS
values ranging from 74.00 to 249.00mg L~ in treated wa-
ter in Ghana, all within safe limits. Similarly, Obiri-Danso
et al. (2009) recorded average TDS levels below 100 mg L~
in domestic water samples from Kumasi. Collectively, these
comparisons confirm that while TDS levels may increase
during tanker distribution, they remain within acceptable
health standards.

4.6 Turbidity

The average turbidity of the tanker water samples was
269.1 NTU, which was substantially higher than the source
water average of 20.10 NTU, representing a mean difference
of 249.0NTU (Fig. 7). This appreciable and statistically sig-
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Figure 7. Mean Levels of Turbidity in Water Samples.

nificant increase (p < 0.001) indicates that water quality de-
teriorated markedly during tanker transportation. Elevated
turbidity is often associated with suspended solids, organic
matter, and microbial contamination, and it also reduces the
effectiveness of disinfectants such as chlorine (WHO, 2017,
Rice et al., 2012).

According to the Ministry of Sanitation and Water Re-
sources and the WHO, turbidity in drinking water should
not exceed 5 NTU, as elevated turbidity may indicate inad-
equate treatment, reduce consumer acceptability, and inter-
fere with effective disinfection by shielding microorganisms
from disinfectants (MWRWH, 2015; WHO, 2017) The tur-
bidity levels observed in the tanker samples were far above
this limit, suggesting possible contamination during storage,
poor cleaning of tanker containers, or re-suspension of sedi-
ments during transportation.

Comparable findings have also been reported in Ghana.
Arko et al. (2019) assessed mobile tanker water services in
Dodowa, Greater Accra Region, and reported a mean tur-
bidity of 7.37 £9.00 NTU, exceeding the WHO and Ghana
Standards Authority guideline value of 5 NTU. The authors
attributed the elevated turbidity to inadequate cleaning of
tanker containers, which may promote the accumulation of
suspended particles and microbial contamination. Similarly,
Obeng et al. (2010) reported elevated turbidity levels in
tanker-vended water in Cape Coast, attributing the deterio-
ration in water quality to poor hygiene and inadequate main-
tenance of tanker trucks during distribution.

4.7 Salinity

Both source and tanker water exhibited low and fairly con-
stant salinity levels, with mean values of 0.075 4 0.01 ppt
and 0.083 4= 0.01 ppt, respectively (Fig. 8). Statistical analy-
sis showed no significant difference between the two sources
(p = 0.140), indicating that transportation by tanker did not
have a measurable effect on salinity levels. Salinity in drink-
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Figure 8. Mean Levels of Salinity in Water Samples.

ing water generally reflects the presence of dissolved salts
such as sodium, chloride, and sulphate, which may origi-
nate from geological processes, seawater intrusion, or an-
thropogenic activities. Currently, neither the World Health
Organization (WHO) nor the Ghana Standards Authority
(GSA) has established a specific guideline limit for salinity
in drinking water; however, salinity is commonly assessed
indirectly through parameters such as total dissolved solids
(TDS), electrical conductivity, and major ions (e.g., sodium,
chloride, and sulphate). Nonetheless, salinity remains a rele-
vant parameter because it can influence taste, corrosivity, and
contribute to total dissolved solids (TDS) (WHO, 2017).
Ekwar et al. (2025) reported slightly higher salinity lev-
els (0.13 £ 0.41 ppt) in drinking water samples from the Up-
per East Region of Ghana, though still within the acceptable
sensory threshold of 0.10 ppt for taste and health. The rela-
tively low salinity values observed in the present study sug-
gest minimal salt intrusion and indicate that both source and
tanker water fell within acceptable sensory and quality limits.

4.8 Total Coliforms

The findings as presented in Table 1 revealed substantial
variation in total coliform concentrations among the tanker
water samples, with a mean of 39.13 +44.4 CFU/100 mL,
while the source water had no detectable coliforms. This in-
dicates that microbial contamination occurred during han-
dling, transport, or storage.

According to WHO (2017), no total coliforms should be
detected in 100 mL of drinking water, as their presence indi-
cates post-treatment contamination, ineffective disinfection,
or microbial re-growth arising from poor storage, handling,
or container deterioration. These results are consistent with
previous studies on tanker-vended drinking water, which re-
ported irregular microbial contamination associated with in-
adequate tanker hygiene, poor handling practices, and in-
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sufficient disinfection during water transportation and dis-
tribution (Obeng et al., 2010; Awere and Anornu, 2016).
LeChevallier et al. (1996) demonstrated that microbial re-
growth in drinking-water distribution systems is strongly in-
fluenced by operational factors, including inadequate disin-
fectant residuals, water temperature, and distribution system
conditions, emphasizing the importance of maintaining ap-
propriate disinfection and system hygiene to prevent post-
treatment contamination. The high variability in total col-
iform counts observed in this study underscores the urgent
need for regulatory oversight and improved sanitary practices
in tanker water distribution, in order to protect public health
and ensure the delivery of safe drinking water.

4.9 Faecal Coliforms

Similarly, faecal coliform concentrations in the tanker sam-
ples (16 £ 35 CFU/100 mL) showed marked variability (Ta-
ble 1). These inconsistencies in microbial quality indicate
possible deficiencies in tanker sanitation, cleaning practices,
and protection against contamination during water transport
and distribution. Consequently, some tanker samples failed
to meet the microbiological requirements recommended by
the World Health Organization (WHO) and the Ghana Stan-
dards Authority (GSA), which require zero detectable faecal
coliforms (0 CFU/100 mL) in drinking water samples (WHO,
2022; GSA, 2013). The presence of faecal coliforms in tanker
water therefore highlights potential public health risks as-
sociated with inadequately managed tanker water supplies.
These organisms are widely recognized as reliable indica-
tors of faecal contamination and the potential presence of
waterborne pathogens (Ashbolt, 2004; WHO, 2017). Their
detection in drinking water points to contamination from hu-
man or animal faecal matter, posing serious health risks, par-
ticularly in communities with limited access to water treat-
ment and healthcare facilities. In the present study, faecal
coliform levels reached a maximum of 400 CFU/100 mL in
some tanker samples, clearly violating international drink-
ing water safety requirements, which stipulate those faecal
coliforms should be absent in any 100 mL sample (WHO,
2017). Such high levels indicate contamination likely intro-
duced post-treatment, most plausibly during collection, stor-
age, or transport.

These findings align with those of LeChevallier et al.
(1996) and Edokpayi et al. (2018), who also highlighted that
tanker-distributed and other mobile water supply systems are
especially vulnerable to microbial re-contamination. The re-
sults therefore emphasize the need for stricter hygiene proto-
cols, routine disinfection of tanker containers, and enhanced
monitoring systems to ensure consumer safety and safeguard
public health.
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Table 1. Water Quality Parameters and Recommended Guideline Limits.

Parameters (CFU/100mL)  Source Mean Tankers Mean  P-Value WHO Guideline GSA (2013) Edokpayi et al. (2018)
Total Coliforms 0+0 40145 0 0 0 0+0
Faecal Coliforms 0+0 16 £35 0 0 0 0+0
particles and colloidal materials, rather than dissolved ions,
were the principal contributors to water turbidity. This find-
ORP ing indicates that the elevated turbidity observed in tanker
PH m_ water was more likely associated with inadequate cleaning
EC 0.057 -0.051 -0.088 of tanker interiors, sediment resuspension during transporta-
TDS 0.165  -0.005 -0-0965 tion, or contamination introduced during handling rather than
SAL -0.051°-0.279  0.195 changes in dissolved mineral content. Similar observations
TURD 0.19  0.134 0 0066 0053 -0.039 have been reported by Ekwar et al. (2025) and other studies
DO 0.468 0495 -0352 0.133 0.185 0.014 0.226 on urban drinking-water quality.
Trmp ORE' BH EC d03 Sil ELE Overall, the correlation analysis demonstrates that while

Figure 9. Correlation Matrix Between Physiochemical Parameters.

4.10 Correlation Matrix Between Physiochemical
Parameters

The correlation analysis (Fig. 9) revealed several impor-
tant relationships among the physicochemical parameters
of tanker-supplied water. A very strong positive correlation
was observed between electrical conductivity (EC) and to-
tal dissolved solids (TDS) (r =0.95-1.0), confirming that
dissolved ionic constituents are the primary contributors to
electrical conductivity in the water. This finding is consistent
with previous studies that reported a strong positive linear re-
lationship between EC and TDS in both natural and treated
water systems (Essumang et al., 2011; Hubert and Wolk-
ersdorfer, 2015; Rusydi, 2018). Similarly, salinity exhibited
strong positive correlations with both EC and TDS, indicat-
ing that dissolved salts substantially influence the ionic com-
position and mineral content of the water. These relationships
are expected because salinity, electrical conductivity (EC),
and total dissolved solids (TDS) are closely interrelated pa-
rameters that reflect the concentration of dissolved inorganic
constituents, particularly major ions such as sodium, chlo-
ride, calcium, magnesium, and sulphate. Similar relation-
ships between EC, TDS, and dissolved ion concentrations
have been widely reported in groundwater quality assess-
ments (Hem, 1985; WHO, 2022). A strong negative correla-
tion was observed between pH and oxidation—reduction po-
tential (ORP), indicating that increasing alkalinity was asso-
ciated with a decline in the oxidizing capacity of the water.
The relatively low ORP values recorded in this study may
therefore explain the occurrence of microbial contamination
in some tanker water samples despite acceptable pH levels.
In contrast, turbidity showed weak or negligible correla-
tions with EC, TDS, and salinity, suggesting that suspended
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EC, TDS, and salinity are strongly interrelated indicators of
dissolved constituents, turbidity and ORP reflect different as-
pects of water quality associated with particulate contami-
nation and disinfection efficiency, respectively. These find-
ings reinforce the need to monitor multiple physicochemical
parameters concurrently to provide a comprehensive assess-
ment of the quality and safety of tanker-supplied drinking
water.

4.11 Source of Water for Tanker Operators

The survey revealed that the majority of tanker operators
(92 %) sourced their water from the GWCL, while 6 % ob-
tained water from surface water bodies and only 2 % relied
on boreholes (Fig. 10). The predominance of GWCL as the
principal water source suggests that most operators depend
on treated municipal water, which is expected to comply with
national drinking water quality standards before distribution.
This finding indicates that the microbial contamination and
deterioration in water quality observed in the present study
are more likely attributable to post-treatment contamination
during transportation, storage, and handling than to the qual-
ity of the source water itself.

Nevertheless, the use of surface water and boreholes by a
small proportion (8 %) of operators raises concerns because
these sources may not receive adequate treatment before dis-
tribution. Water obtained from untreated or poorly protected
sources is generally more susceptible to microbial contam-
ination and fluctuations in physicochemical quality, thereby
increasing potential public health risks if appropriate treat-
ment is not applied before delivery to consumers.

The observed reliance on GWCL is consistent with
Ghana’s National Water Policy (Ministry of Water Re-
sources, Works and Housing (MWRWH), 2007), which pro-
motes universal access to safe and reliable drinking water
while reducing dependence on unimproved water sources.
Likewise, the Ghana WASH Sector Programme (2021-2030)
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40 R. A. Osei and M. B. Wunpini: Physicochemical and microbial quality of tanker-delivered drinking water

Category
W surface water
M Borchole
[ Treated from GWCL

Surface water

Borehole

,j/

Treated from GWCL

Figure 10. Pie Chart Presenting Source.

Frequency of Tanker Cleaning

l After every trip
Meonthly

10%

Categary
D After every trip
B Monthiy
[ once a while
B weekiy

Weekly
Once a while

Figure 11. Cleaning Frequency of Tanker Operators.

seeks to improve equitable access to safe drinking water in
support of Sustainable Development Goal 6 (SDG 6). How-
ever, the findings of this study demonstrate that ensuring the
quality of source water alone is insufficient to guarantee safe
drinking water. Effective regulation of tanker operations, rou-
tine inspection of water transport systems, and strict adher-
ence to hygienic handling practices are equally essential to
preserve water quality throughout the distribution chain.

4.12 Tanker Cleaning Frequency

The assessment of tanker cleaning practices revealed im-
portant operational factors that may contribute to the dete-
rioration of water quality during distribution in the Tamale
Metropolis. Survey results showed that 62 % of tanker op-
erators cleaned their tanks weekly, 20 % after every trip,
8 % monthly, and 10 % only occasionally (Fig. 11). Conse-
quently, nearly one-fifth (18 %) of the operators cleaned their
tanks infrequently, increasing the likelihood of sediment ac-
cumulation, biofilm formation, and microbial growth within
tanker reservoirs.

Proc. IAHS, 389, 33-43, 2026

The laboratory findings support these observations. While
water obtained directly from the GWCL showed no de-
tectable total or faecal coliforms, microbial contamination
was detected in several tanker water samples, indicating that
contamination most likely occurred during transportation or
storage. In addition, tanker-distributed water exhibited higher
turbidity, total dissolved solids (TDS), electrical conductiv-
ity (EC), and temperature than the source water, suggesting
that inadequate tanker maintenance and poor hygiene prac-
tices contributed to the deterioration of water quality. El-
evated water temperatures have often been associated with
increased bacterial abundance in drinking water distribution
systems (Servais et al., 1992; Kerneis et al., 1995; Francisque
et al., 2009; Liu et al., 2013), and with higher numbers in in-
dicator organisms such as coliforms or Aeromonas (Burke et
al., 1984; Volk and Joret, 1994).These findings demonstrate
that regular cleaning alone may not be sufficient to main-
tain the microbiological integrity of tanker-delivered drink-
ing water. The effectiveness of cleaning depends on its fre-
quency, the cleaning procedures employed, and the use of
appropriate disinfection methods. The results therefore sup-
port the recommendations of the Ghana Standards Author-
ity (GSA, 2013) and the World Health Organization (WHO,
2022) which advocate routine cleaning, effective disinfec-
tion, periodic inspection, and continuous monitoring of water
tankers to minimize contamination risks and protect public
health.

4.13 Safety Assurance Method

The survey revealed that the majority of tanker operators
(94 %) relied primarily on regular cleaning of their tanks to
ensure water safety, while only 4 % and 2 % employed fil-
tration and chemical disinfection, respectively (Fig. 12). Al-
though routine cleaning helps to remove sediments and visi-
ble debris, it does not necessarily eliminate pathogenic mi-
croorganisms or prevent microbial regrowth within tanker
reservoirs. Consequently, cleaning alone cannot guarantee
the microbiological safety of tanker-delivered drinking wa-
ter. This limitation was reflected in the laboratory findings.
Despite the widespread reliance on routine cleaning, faecal
coliforms were detected in tanker water samples, with con-
centrations reaching up to 70 CFU/100 mL, whereas no fae-
cal coliforms were detected in water obtained directly from
the GWCL. These results indicate that contamination most
likely occurred during transportation, storage, or handling,
highlighting deficiencies in current hygiene and sanitation
practices. Further evidence of water quality deterioration was
provided by the elevated physicochemical characteristics of
tanker water, including increased turbidity, total dissolved
solids (TDS), and electrical conductivity (EC) relative to the
source water. These changes may reflect the accumulation
of sediments, biofilm formation on tanker surfaces, or con-
tamination introduced during repeated use of inadequately
disinfected storage tanks. The limited adoption of filtration

https://doi.org/10.5194/piahs-389-33-2026



R. A. Osei and M. B. Wunpini: Physicochemical and microbial quality of tanker-delivered drinking water 41

Category
Filtering of water before supply
Regular cleaning of tank

Using of disin‘fe«:tantI Filtering of water before supply E
|
D Using of disinfectant

2% 4%

Regular cleaning of tank 94%

Figure 12. Safety Assurance Method by Tanker Operators.

and chemical disinfection by tanker operators therefore rep-
resents a significant weakness in current water safety man-
agement practices. These findings support the recommenda-
tions of the Ghana Standards Authority (GSA, 2013), the
Ministry of Sanitation and Water Resources (2023), and the
World Health Organization (WHO, 2022), which emphasize
that effective water safety management extends beyond rou-
tine cleaning. Regular inspection of tanker systems, system-
atic cleaning combined with appropriate disinfection, main-
tenance of adequate disinfectant residuals, and periodic mi-
crobiological monitoring are essential to preserve water qual-
ity throughout transportation and distribution and to safe-
guard public health.

5 Conclusion

This study demonstrated that although water obtained from
the Ghana Water Company Limited generally met drinking-
water quality standards at the source, its quality deteriorated
during tanker transportation and storage. Most physicochem-
ical parameters remained within acceptable WHO guide-
line values; however, turbidity consistently exceeded rec-
ommended limits, while oxidation-reduction potential values
indicated inadequate disinfection conditions. More impor-
tantly, the detection of total and faecal coliforms in tanker-
distributed water confirmed post-treatment microbial con-
tamination, highlighting deficiencies in tanker hygiene and
handling practices.

Survey findings further revealed that variations in cleaning
frequency and limited use of effective disinfection measures
contributed to the observed deterioration in water quality.
These results indicate that maintaining source-water quality
alone is insufficient to guarantee safe drinking water where
tanker distribution systems are widely used.

The study therefore recommends the establishment of rou-
tine inspection and certification programmes for commercial
water tankers, mandatory cleaning and disinfection proto-
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cols, periodic microbiological monitoring, and targeted train-
ing for tanker operators on safe water handling practices.
Strengthening regulatory oversight of tanker water supply
systems will be essential for protecting public health and en-
suring the delivery of safe drinking water in rapidly urbanis-
ing communities such as the Tamale Metropolis.
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