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Abstract Drinking water quality from two major treat-
ment plants in Ghana; Kpong and Weija Plants, and dis-
tribution networks in the Accra-Tema Metropolis were
monitored monthly for a year at fifteen different locations.
The study determined the relationship between chlorine
residual, other physico-chemical qualities of the treated
water, and, bacteria regrowth. Results indicated that the
treated water at the Kpong and Weija Treatment Plants
conformed to WHO guidelines for potable water. However,
the water quality deteriorated bacteriologically, from the
plants to the delivery points with high numbers of indicator
and opportunistic pathogens. This could be due to inade-
quate disinfection residual, biofilms or accidental point
source contamination by broken pipes, installation and
repair works. The mean turbidity ranged from 1.6 to 2.4
NTU; pH varied from 6.8 to 7.4; conductivity fluctuated
from 71.1 to 293 pS/cm. Chlorine residual ranged from
0.13 to 1.35 mg/l. High residual chlorine was observed at
the treatment plants, which decreased further from the
plants. Results showed that additional chlorination does not
take place at the booster stations. Chlorine showed inverse
relationship with microbial counts. Total coliform bacteria
ranged from 0 to 248 cfu/100 ml, and faecal coliform
values varied from O to 128 cfu/100 ml. Other microor-
ganisms observed in the treated water included Aeromonas
spp., Clostridium spp. and Pseudomonas spp. Boiling water
in the household before consumption will reduce water-
related health risks.
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Introduction

Access to safe drinking water is a fundamental human need
and, therefore, a basic right. Contaminated water jeopar-
dizes both the physical and social health of all people and it
is an affront to human dignity (Craun et al. 2002). The
purpose of a water supply distribution system is to deliver
safe potable water which is also adequate in quantity and
acceptable in terms of taste, odour, and appearance.

A significant proportion of the world’s population uses
potable water for drinking, cooking, personal and home
hygiene (WHO 2004). However, there has been a growing
concern among the general public with respect to the safety
and aesthetic qualities of potable water supplies. In
extreme cases, customers may avoid aesthetically unac-
ceptable but otherwise safe drinking water in favour of
more pleasant but potentially unsafe source (WHO 2011).
Potable water released into the distribution system
becomes altered during its passage through pipes, open
reservoirs, standpipes and storage tanks.

Bacteria may enter the distribution system through
failure to disinfect water or maintenance of adequate dis-
infection residual, low pipeline water pressure, intermittent
service, excessive network leakages, corrosion of parts, and
inadequate sewage disposal (Lee and Schwab 2005).

Treatment of raw water will result in a decrease in
microbial load, with many distribution systems later
experiencing an increase in bacterial numbers with distance
away from the point of treatment. The deterioration in
water quality occurs either because of regrowth of micro-
organisms in biofilms, which are formed on interior
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surfaces of water pipes, or because of back siphonage of
contaminated water. Biological activity in biofilms is
controlled by nutrient content of water, temperature and
residual chlorine (Gatel et al. 2000).

The regrowth of bacteria within any water distribution
system is of concern to water authorities for a variety of
reasons. High numbers of environmental coliforms under-
mine the validity of routine sampling programs and often
lower annual water quality results into the non-compliance
categories. Many microorganisms found in distribution
systems also have the capacity to behave as opportunistic
pathogens. Aeromonas have been detected in many treated
drinking water supplies mainly as a result of regrowth in
distribution systems (WHO 2011).

Water distribution systems play a pivotal role in pre-
serving and providing quality water to the public. Little is
known about the movement of contaminants, particulates,
and disinfectants within the distributions system (Ndambuki
2006). Chlorine has been widely used as disinfectant due to
its low cost and effectiveness in many countries. It is added to
drinking water to reduce or eliminate pathogenic microor-
ganisms and frequency of occurrence at the consumer’s tap.
Addition of chlorine in different water treatment plants is a
common practice, but it is not sufficient to ensure the safety
of water. Regular testing is essential to ensure that adequate
free residual chlorine is still present in the treated water. The
maintenance of chlorine residue is needed at all points in
distribution system supplied with chlorine as a disinfectant
(Munavalli and Mohan Kumar 2003).

Chlorine residuals of drinking water have long been
recognized as an excellent indicator for studying water
quality in the distribution network (Lienyao et al. 2004). In
the absence of a disinfectant residual, microorganisms in
the distribution network will be recovered at high levels.
Keeping residual chlorine at a certain level in tap water is
effective not only in improving sanitary conditions but also
in suppressing the regrowth of microorganisms and pre-
venting the formation of biofilms on the internal surface of
distribution pipelines (Kitazawa 2006).

In Ghana there is no regular independent monitoring
programme to assess the water quality at the treatment
plants and the distribution system. Earlier studies by
Karikari and Ampofo (2006) showed contamination by
faecal coliforms in drinking water from Accra-Tema
Metropolis.

A range of physico-chemical parameters together with
coliforms and non-coliform bacteria may be involved in
regrowth providing possible health risk. The objective of
this study is to determine the relationship between bacteria
regrowth, chlorine residual and physico-chemical parame-
ters in water supply distribution network to ensure good
water quality in Accra-Tema to reduce possible health
risks.
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Materials and methods
Study area

Accra, the capital of Ghana, is located along the Atlantic
Ocean and covers an area of 241 km? (Abraham et al.
2007). In 2000 it had an estimated population of 1.66
million with annual growth rate of about 3.4 %. Beyond
the municipal boundary of the Accra Metropolitan Area
(AMA) is the adjoining district of Tema with a faster
growth rate of 9.2 %. Total water supplied to Accrais 11.5
million m® per month (inclusive of 30 % leakage losses) by
the Ghana Water Company Limited (GWCL). Water sup-
ply coverage to the City is said to be 75 % but this does not
imply a house connection. Only 45 % of the population has
a household or at best a yard connection and this category
includes the urban rich (Van Rooijen et al. 2008).

Since June 2006 urban water supplies in Ghana,
including that of Accra, are under a 5-year management
contract arrangement between GWCL as the Grantor and
Aqua Vitens Rand Limited (AVRL) as the Operator.
GWCL owns the physical assets and is also responsible for
asset development and performance monitoring of the
Operator whilst the day to day operations (Abstraction of
raw water, production, distribution, maintenance and cus-
tomer services) of water systems and personnel manage-
ment in a service area are catered for by AVRL.

Potable water supply to Accra originates from Weija
headworks located 17 km and Kpong headworks 110 km
away from Accra. The Weija and Kpong headworks,
respectively, take their source water from Densu and Volta
Rivers and also supply an annual volume of 64 and
73 million m® of potable water, respectively. The piped
supply network covers only 36 % of the AMA municipal
area.

Sampling sites

To assess the current status of water quality in Accra-Tema
distribution system, water samples were collected from 15
different locations and monitored monthly for a period of
1 year from February 2008 to January 2009 (Fig. 1). These
include Weija treatment plant which supply water to the
west of Accra and Kpong treatment plant, supplying water
to the east of Accra and Tema. At both treatment works,
grab samples were collected in the day time from the
laboratories taps at each visit. The distribution line is a
combination of fibre glass, steel pipe, asbestos cement,
high density polyethylene (HDPE) and polyvinyl chloride
(PVC) pipes. The sampling sites were chosen based on the
Public Utilities Regulatory Commission (PURC) of Gha-
na’s designated stations for independent assessment of
water quality in Accra-Tema Metropolis and are mentioned
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Fig. 1 Map of the study area showing the sampling stations. Source (base-map): topographic field sheet of survey of Ghana-scale 1:50,000

in Table 1. Each particular station was sampled about the
same time during the entire sampling period. GPS of each
station was taken and the coordinates superimposed on the
topographic field sheet of Survey of Ghana with a scale of
1:50,000 to generate the map of the study area (Fig. 1).

Chemical analysis

In the field, pH was measured by portable pH meter, Cy-
berscan pH 300 series. Analysis of chlorine residual was
carried out using Palintest Chlorine DPD Reagent. For the
detection of free chlorine, a sachet of DPD No. 1 was
added to a 10 ml sample and development of a red colour
was directly read at transmittance-display photometer
(520 nm) and free chlorine determined using calibration
chart.

Water samples for other physico-chemical analyses in
the laboratory were collected directly into clean 1 1 plastic
bottles. Water samples for metal analyses were collected
into 100 ml plastic bottles and nitric acid (HNO;) added to
the samples to bring the pH down to 2 for the metals to
remain in solution. All samples were stored in an ice chest
and transported to the CSIR Water Research Institute’s
laboratory in Accra for analyses.

The physico-chemical parameters were determined
according to procedures outlined in the Standard Methods
for the Examination of Water and Wastewater (APHA
et al. 1998). Conductivity was measured with Cybersan 510

conductivity meter; turbidity with a HACH 2100 P Tur-
bidimeter. Iron (Fe) and manganese (Mn) were measured
by atomic absorption spectrophotometer.

Bacteriological analyses

In order to assess the types of bacteria the consumer
actually ingests, the taps were sanitized before sample

Table 1 Sampling stations

Station Station identity

S1 Kpong (TP)

S2 Ashaiman (BS)

S3 Tema hospital

S4 Tema GWCL office
S5 Tema market

S6 CoCa cola area

S7 Okponglo (BS)

S8 Legon quarters

S9 Airport residential
S10 Weija (TP)

S11 Dansoman GWCL office
S12 Korle-bu

S13 Adabraka

S14 Zongo

S15 Accra central

TP treatment plant, BS booster station
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collection. Water samples were collected aseptically in
sterile 0.5-1 glass bottles from the tap. Each bottle con-
tained 2 ml of 10 % sterile sodium thiosulphate to neu-
tralize any residual chlorine. Samples were stored in an
ice chest for transport to the laboratory for immediate
processing. All bacteriological analyses were carried out
according to the Standard Method for the Examination of
Water and Wastewater (APHA et al. 1998). Aeromonas
hydrophila, Pseudomonas aeruginosa, and total and
faecal coliforms were enumerated by the membrane fil-
tration method (0.45 mm, Gelman Science, Ann Arbor,
MI, USA) using the Aeromonas agar, Pseudomonas agar
base (Oxoid, Hampshire, Eng) and ECC agar (Chroma-
gar, Paris, France), respectively.

Statistical analysis

Pearson’s correlation (two-tailed) analysis of the results
was carried out to determine if there was any relationship
between variables. Relationships were considered for sig-
nificance at P < 0.05. Average values for each parameter
and station were used. SPSS version 13 for Windows
Package (2004) was employed.

Results and discussion
Physical characteristics

The water samples were examined for different physical
constituents. Mean pH value observed in the water samples
varied from 6.8 to 7.4 as shown in Tables 2 and 3. Most
water treatment processes, particularly clarification and
disinfection, require pH control to optimize the efficacy of
the process. The World Health Organisation (WHO) pro-
poses a treatment pH value of <8.0 for effective disinfec-
tion with chlorine. All the values obtained were within the
WHO (2011) limit of 6.5-8.5 for potability. These results
are also in accordance with the earlier study conducted by
Karikari and Ampofo (2006) in which the pH values varied
from 6.5 to 7.8

Mean turbidity ranged from 1.6 to 2.4 NTU. Turbidity
consists of suspended particles in water and may be
caused by a number of materials, organic or inorganic.
The microbiological quality of drinking water can be
affected by turbidity. Turbidity provides adsorption sites
for biological organisms (some of them may be patho-
gens) and interferes with disinfection. Turbidities above
5 NTU may be discernible to consumers. The turbidity
values observed in this study may be acceptable.
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Conductivity value varied from 71.1 to 124 and 276 to
293 pS/cm for Kpong and Weija sources, respectively. The
measurement of conductivity provides an indication of the
total dissolved solids in the water. Conductivity is higher
for water that has more dissolved ionic species. Waters
from Weija source have higher conductivities, implying
more dissolved substances.

Chlorine residual

The use of chlorine is essential for ensuring that water is
bacteriologically safe to drink unless other reliable means
of disinfection (e.g. boiling) can be used. Chlorine resid-
uals of drinking water have long been recognized as an
excellent indicator for studying water quality in the dis-
tribution network (Lienyao et al. 2004). The mean free
chlorine value for this study varied from the lowest value
of 0.13 to 1.4 mg/l. The treatment plants apply a chlorine
dosage of 2 mg/l for disinfection. The recommended
chlorine residual for water that is centrally treated at the
point of delivery should fall within 0.2-0.5 mg/l (WHO
2011). The target for free chlorine residuals set by Ghana
Water Company in the distribution network is 0.5 mg/l. In
this study, free chlorine residuals were obtained at all the
sampling sites, with most of them below the set target of
0.5 mg/l. The maintenance of chlorine residue is needed at
all points in distribution system to prevent microbial
growth (Munavalli and Mohan Kumar 2003). If no residual
disinfectant is present, pathogens survive in drinking water
distribution pipelines and are delivered to consumers at the
tap.

It was observed that the free chlorine levels at the
booster stations and beyond were not very different from
other stations which suggest that chlorine is not frequently
applied at the booster stations. Though, residual chlorine
was detected in the waters at various stations, the presence
of bacteria was also encountered.

Iron and manganese

Iron and manganese impart colour to water and render it
undesirable for drinking purposes. Iron is essential element
in the human diet. The concentrations usually found in
drinking water are not harmful but iron can impart a bitter
taste when present above 1 mg/l.

Even at lower concentrations it may cause ‘dirty’ water
problems with consumers rejecting the water on the
grounds of appearance. It can also cause brown stains on
laundry and plumbing fixtures. Iron levels in this study
ranged from 0.050 to 0.149 mg/l at S13. The WHO (2011)
guideline value is 0.3 mg/l to avoid discolouration and
staining.
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Table 2 Results from Kpong and its networks

Parameter S1 S2 S3 S4 S5 (WHO 2011) guideline
pH 7.2 7.1 74 7.1 7.2
6.6-8.3 6.5-7.7 6.7-8.3 6.4-7.8 6.6-7.8 6.5-8.5
Conductivity (uS/cm) 75.5 71.1 76.6 71.9 72.6
65.4-94.0 64.6-82.3 67.0-85.8 66-81 63.6-82.6 -
Turbidity (NTU) 2.1 2.0 22 23 2.3
1.5-3.7 1.3-4.2 1.4-53 1.2-5.0 1.2-5.0 5.0
Free chlorine (mg/l) 1.4 0.20 0.18 0.16 0.15
0.44-3.40 0.007-0.38 0.07-0.33 0.05-0.27 0.04-0.27 0.2
Iron (mg/l) 0.05 0.064 0.094 0.074 0.063
0.013-0.145 0.017-0.114 0.008-0.22 0.008-0.16 0.009-0.12 0.3
Manganese (mg/1) 0.010 0.020 0.015 0.020 0.011
0.004-0.040 0.008-0.04 0.002-0.03 0.008-0.04 0.004-0.02 0.4
Total coliform® 14 19 9 84 3
0-54 043 0-24 1-248 0-9 0
Faecal coliform® 4 0 0.33 31 0
0-15 0 0-1.0 0-128 0 0
Total heterotrophic bacteria (cfu/1 ml) 19 156 962 37 7
<1-73 5-600 6-2,176 12-70 2-11 -
Aeromonas spp.” 0 0 0.33 0.33 1.3
0 0 0-1 0-1 0-5 0
Clostridium spp.* 72 86 10 30 19
0-284 7-132 0-26 0-52 14-26 0
Pseudomonas spp.” 141 22 5 407 4
0-465 0-75 0-12 0-744 0-10 0
Parameter S6 S7 S8 S9 WHO (2011) guideline
pH 7.2 7.1 6.9 7.3
6.5-7.9 6.5-8.0 6.3-8.1 6.8-8.1 6.5-8.5
Conductivity (uS/cm) 72.3 88.6 124 78.6
61.8-80.5 67.4-172 68.1-232 70-84.2 -
Turbidity (NTU) 2.0 2.0 1.9 2.4
1244 1.04.8 1.2-3.8 1.2-6.2 5.0
Free chlorine (mg/l) 0.17 0.20 0.16 0.13
0.05-0.30 0.06-0.68 0.07-0.3 0.02-0.22 0.2
Iron (mg/l) 0.093 0.062 0.089 0.054
0.006-0.21 0.005-0.15 0.012-0.19 0.01-0.12 0.3
Manganese (mg/l) 0.020 0.020 0.022 0.016
0.003-0.05 0.004-0.056 0.007-0.05 0.002-0.06 0.4
Total coliform® 31 24 8 28
0-74 0-74 0-18 0-77 0
Faecal coliform® 2 2 0 0.8
0-7 0-5 0 0-2 0
Total Heterotrophic Bacteria (cfu/l1 ml) 16 7 10 42
<1-54 1-22 7-16 2-136 -
Aeromonas spp.” 1 0.5 3 0
0-5 0-2 0-11 0 0
Clostridium spp.* 40 67 23 98
3-76 7-186 0-33 0-372 0
Pseudomonas spp.* 125 51 4 79
0-372 0-200 0-17 0-279 0

Top value in each cell refers to mean and the bottom represents range

? Values in cfu/100 ml
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Table 3 Results from Weija and its networks

Parameter S10 S11 S12 S13 S14 S15 WHO guidelines
pH 6.8 6.8 6.9 6.9 6.8 6.6

6.3-7.1 6.3-7.2 6.3-7.3 6.7-7.0 6.5-7.1 6.5-6.6 6.5-8.5
Conductivity (uS/cm) 293 290 284 278 276 314

268-324 259-329 253-315 264-296 255-315 314-315 -
Turbidity (NTU) 1.7 2.0 1.7 1.9 1.6 1.2

1.0-3.4 1.1-3.4 1.2-2.6 1.3-32 1.2-2.3 1.08-1.4 5.0
Free chlorine (mg/l) 1.27 0.26 0.17 0.13 0.14 0.16

0.02-2.32  0.08-0.53  0.02-0.33  0.006-0.22 0.02-0.21  0.07-0.25 0.2
Iron (mg/1) 0.072 0.064 0.074 0.149 0.121 0.056

0.005-0.142 0.001-0.121 0.014-0.137 0.12-0.199 0.09-0.18  0.05-0.062 0.3
Manganese (mg/l) 0.027 0.024 0.017 0.049 0.043 0.016

0.003-0.081 0.002-0.051 0.008-0.044 0.009-0.061 0.028-0.061 0.012-0.019 0.4
Total coliform® 16 2 33 4 5 28

0-56 0-7 0-109 0-6 0-18 0-55 0
Faecal coliform® 0 0 3 1 0.3 1

0 0 0-7 0-2 0-1 0-2 0
Total Heterotrophic Bacteria (cfu/l ml) 1.3 2 114 152 63 156

<1-5 <1-8 <1-256 9-268 3-232 92-220 -
Aeromonas spp.” 0 0 3 3 2 3

0 0 0-13 2-5 0-6 0-5 0
Clostridium spp.? 3 26 32 14 16 279

0-12 0-92 0-108 0-23 0-34 0-558 0
Pseudomonas spp.* 0.8 23 216 27 40 170

0-2 0-7 0-744 0-96 4-93 0-340 0

Top value in each cell refers to mean and the bottom represents range

? Values in cfu/100 ml

Manganese is aesthetically undesirable in drinking
water, even in small quantities, as it coats the interior of the
distribution mains with a black slime, giving rise to con-
sumer complaints. The WHO has set a guideline (2011)
value for manganese of 0.4 mg/l on health grounds but
recommends a much lower level of 0.1 mg/l on the basis of
staining laundry and sanitary ware. Manganese concen-
trations observed in the distribution network varied
between 0.010 and 0.049 mg/l. These values are
satisfactory.

Microbiological characteristics

Presence of coliform bacteria, total viable count, Aeromo-
nas spp., Clostridium spp. and Pseudomonas spp. were
used as indication of possible presence of pathogens in the
treated water in the distribution systems. Coliform bacteria
were detected in all the 15 sampling points. Aeromonas
spp. was not detected at the two water treatment plants and
the first stations receiving water from the treatment works.

Water from S1, generally, had lower values of bacterial
contaminants. Levels of faecal coliform (FC) bacteria
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detected in the water samples from S1 ranged from O to
15 cfu/100 ml. The highest bacterial counts were detected
in the samples from S4 with faecal coliform bacteria
ranging from O to 128 cfu/100 ml.

Total coliform (TC) counts for treated water from the
Weija Treatment Works, S10 ranged from 0 to 56 cfu/
100 ml, with the highest being recorded at the S12. Faecal
coliform counts ranged from 0 to 7.0 cfu/100 ml. Even
though disinfection is an effective barrier to many patho-
gens (especially bacteria) during drinking water treatment,
in this study coliform bacteria were still detected in the
distribution lines. According to WHO (2011), chemical
disinfection of a drinking supply that is faecally contami-
nated will reduce the overall risk of disease but may not
necessarily render the supply safe. For example, chlorine
disinfection of drinking water has limitations against the
protozoan pathogens, in particular cryptosporidium and
some viruses. Disinfection efficacy may also be unsatis-
factory against pathogens within flocs or particles, which
protect them from the action of disinfection.

Infectious diseases are transmitted through human and
animal excreta; faecal contamination of water sources will
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result in the causative organisms being present in the water.
The use of such water for drinking or for preparing food,
washing or bathing, may result in infection (Craun et al.
2002).

Water used by elderly or the very young, patients with
burns or extensive wounds, those undergoing immuno-
suppressive therapy, or those with acquired immunodefi-
ciency syndrome (AIDS) for drinking or bathing, if it
contains large numbers of these organisms (Pseudomonas
aeruginosa, Aeromonas, and certain slow-growing’’
Mycobacteria), can cause various infections of the skin and
the mucous membranes of the eye, ear, nose, and throat
(WHO 2011). In this study, Aeromonas spp., Clostridium
spp. and Pseudomonas spp. were detected in varied con-
centrations in water from the distribution systems of the
two Treatment Works. Aeromonas spp. values ranged from
0 to 13 cfu/100 ml, with the S12 registering the highest
value. Counts of Clostridium spp. ranged from 0 to
558 cfu/100 ml, and counts of Pseudomonas spp. ranged
from 0 to 744 cfu/100 ml.

One of the factors that tend to increase the load of
microorganisms is interrupted water supply which allows
pathogens to grow in the distribution lines. Other causes
are attributed to unskilled persons tampering with lines to
connect water into homes or to repair broken lines.
Underground leakages have also been cited as contributory
factor. In old settlements, because of poor maintenance
culture, most of the lines which need replacement are still
in use.

In many unplanned settlements in the metropolis, it was
observed that distribution lines were competing with open
drains and waste materials for space. Pipeline leak events
provide potential for entry of open drains into the treated
water; and permits faecal indicators and microbial patho-
gens present in the soil and water exterior to enter the
distribution system (LeChevallier et al. 2003). However, if
the levels of chlorine in treated water pumped from head
works are maintained in the distribution lines, it would
markedly prevent bacteria regrowth and entry.

A wide variety of opportunistic pathogens such as
Pseudomonas can be incorporated into the piped potable
water, colonizing the surfaces of pipelines with high
numbers of biofilm-forming bacteria (Codony et al. 2005).
Aeromonas spp. which was not detected at the two water
works was found in the distribution systems. Aeromonas
have been detected in many treated drinking water supplies
mainly as a result of regrowth in distribution systems
(WHO 2011). The presence of aeromonas spp. in drinking
water supplies is generally considered a nuisance. Sug-
gested control measures to limit growth of the bacteria in
distribution system include treatment to optimize organic
carbon removal, restriction of the residence time of water
in distribution systems and maintenance of disinfectant

residuals (WHO 2011). Most of these microorganisms may
not cause illness in healthy persons, but they can cause
nuisance through generation of tastes, odours or discolor-
ation of drinking water supplies. The high counts of het-
erotrophic bacteria in some of the sampling areas are
reflections of the bacteria “regrowth” that occurred in
some parts of the distribution systems. The elevated het-
erotrophic bacteria counts were found in areas where there
was intermittent flow of water supply.

Correlation analyses

Some parameters from Kpong distribution networks did not
show any strong significant correlation with any other.
However, some of the physico-chemical parameters were
found to be significantly correlated with each other. pH
significantly related positively with turbidity (r = 0.86)
and negatively correlated with conductivity (r = —0.88)
(Table 5).

TC and FC were significantly correlated (P < 0.01).
Both TC and FC had positive significant correlation with
Pseudomonas. This suggests that increase in coliforms
causes a corresponding increase in Pseudomonas. Weak
inverse correlation was observed between free chlorine and
TC and free chlorine with FC. As free chlorine concen-
tration decreases, microbial count increases. This finding is
in accordance with a study conducted by Farooq et al.
(2008). The presence of coliforms in the water samples
collected indicates contamination. One of the sources of
coliform occurrence in drinking water has been attributed
to biofilms on submerged surfaces of distribution systems
(Flemming et al. 2002). Beate et al. (2003) have demon-
strated that under certain conditions biofilms can develop
on rubber-coated valves in drinking water distribution
systems. These biofilms may harbour coliform bacteria
where they persist and survive remedial actions such as
chlorination. In this study, some levels of coliform bacteria
were detected in the water collected. This could be due to
inadequate disinfection residual, biofilms or accidental
point source contamination by broken pipes, installation
and repair works.

There were positive relationships observed between
turbidity with TC and FC, indicating that increase in tur-
bidity would result in increase of coliform count. A strong
relationship between MPN and turbidity was observed by
Farooq et al. (2008). According to WHO (2011), high
levels of turbidity can protect microorganisms from the
effects of disinfection, stimulate the growth of bacteria and
give rise to a significant chlorine demand. Water with high
turbidity from organic sources may give rise to substantial
chlorine demand. This could result in reductions in the free
chlorine residual in the distribution systems as protection
against possible recontamination (Farooq et al 2008).
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Table 4 Correlation matrix of r-values between bacterial numbers and physico-chemical parameters: Kpong and its networks

pH Conductivity Turbidity Chlorine Fe Mn TC FC THB  Aeromonas Clostridium Pseudomonas
pH 1
Conductivity —0.88"" 1
Turbidity 086" —0.77"" 1
Chlorine —0.03  0.07 —006 1
Fe —0.15 030 -0.17  —030 1
Mn —045 054 -033  —0.16 0857 1
TC 0.12 —0.26 0.17 —0.12 —025 —026 1
FC 0.13 —0.26 0.31 —0.07 —0.07 —0.09 0.88" 1
THB 0.37 —0.14 0.10 —0.17 022 —0.10 —0.14 —0.11 1
Aeromonas  —0.50  0.48 —0.55°  —041 053" 038 —0.13 —0.17 —0.06 1
Clostridium ~ —0.33  0.14 —048  —0.09 —044 —031 0.17 —0.07 —0.06 0.11 1
Pseudomonas —0.01  —0.10 0.03 —006 —020 —023 0917 085" —0.16 0.07 0.24 1

Level of significance * P < 0.05, ** P < 0.01 (Pearson’s correlation)

TC total coliform, FC faecal coliform, THB total heterotrophic bacteria, Fe iron, Mn manganese

From Table 4, free chlorine showed a negative rela-
tionship with the other microorganisms. This implies that
as free chlorine decreases other variables such as Aero-
monas, Clostridium, Pseudomonas increase in the drinking
water.

Similar relationships obtained for parameters in Kpong
distribution system were also observed for Weija distri-
bution networks (correlation data not shown). There was a
significantly positive correlation between pH and turbidity
(r =0.79) and negative correlation with conductivity
(r = —0.87). TC and FC were positively correlated. Both
TC and TC were observed to have a high positive rela-
tionship with Pseudomonas, Clostridium, Aeromonas and
THB. This suggests that increase in coliforms would cause
a corresponding increase of these microorganisms.

Conclusions

The study has provided information about the water quality
status in the distribution network of Accra-Tema Metrop-
olis. Parameters such as pH, turbidity, conductivity, Fe and
Mn were found to be within their WHO guideline limits.
Weija source of water recorded higher conductivity values
than Kpong source, suggesting more dissolved substances.
Residual chlorine was detected at all sites. However, there
was microbial pollution indicating bacterial regrowth.
From the residual chlorine data, it was observed that
rechlorination does not regularly take place in the booster
stations. The water leaving the treatment plants meet bac-
teriological standards; however, coliform bacteria were
detected in the distribution lines suggesting that the water
is contaminated in the distribution networks. This could be
attributed to adhering of bacteria onto biofilms or
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accidental point source contamination by broken pipes,
installation and repair works. Boiling water in the house-
hold before drinking may be necessary to avoid water-
related health risks.

High total heterotrophic bacteria counts were detected at
most sites which can pose health risk. Interrupted water
supply and unskilled persons tampering with distribution
lines to connect water into homes or to repair broken lines
contributed to increased load of microorganisms allowing
pathogens to grow in the distribution lines.

Recommendations

To prevent the delivery of potentially unsafe water, the
following are recommended:

e As a matter of urgency, rechlorination should be done
frequently at the booster stations by GWCL to check
any bacterial regrowth.

Regular monitoring of residual chlorine in the distri-
bution system should be carried out by GWCL to
ensure that residual chlorine of 0.2-0.5 mg/l is avail-
able at the consumer end.

Frequent assessment of water quality should be carried
out at different points in the distribution system by an
independent body.

Connections to GWCL lines should not be tampered by
unskilled persons. Accredited professionals only should
be allowed to connect water into homes or to repair
broken lines to reduce introduction of contaminants in
the distribution lines.

The public must be encouraged to inform the appro-
priate GWCL office of any leakages in the pipelines in
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their locality. GWCL must provide toll free lines to
facilitate easy communication.

e The Government and the management of GWCL must
ensure that there is a constant flow of water in the
pipeline to reduce bacterial contaminants into the
distribution system.
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