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ABSTRACT

This research aimed at assessing the drinking water quality of piped water distribution in Jimeta-
Yola Adamawa State, Nigeria. The strategy was based on establishing the possibilities of
contaminants underlying the distribution channels compromising the quality from the treatment
source to the consumer point of use. Selected heavy metals and physiological parameters were
determined toward establishing the water quality indices (WQI). Though, most of the parameter
determined fell below or within the permissible limits (PL) set by WHO for drinking water, the results
indicated significant (p<0.05) differences in the concentrations determined in the treatment plants
(Yola treatment plant (YTP) and Jimeta treatment plant (JMTP)) with those at the consumer
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endpoints (YTPC and JMTPC). The results showed the WQI at the treatment plants being
compromised due to the induction of pollutants across the distribution pipes. The water samples at
the treatment point (JMTP) were excellent, having WQI <25 and good quality at YTP (25< WQI<50).
However, the water quality on leaving the treatment source was observed to slightly change to poor
quality at JMTPC (WQI= 57.00), and further observed to be in moderate-good quality at YTPC
(WQI=49.27). Further analysis showed an increase in bacterial counts in the water samples at the

consumer points.

Escherichia coli concentrations of 565 and 718 cfu /100 mL were detected in

samples from YTPC and JMTPC, despite the fact the water was observed to be free from bacteria

at the treatment plants.

Keywords: Intermittent piped water; treatment plants; heavy metals; physicochemical; water quality

index.

1. INTRODUCTION

Water by its very nature stands out as an
indispensable and priceless commodity in the
entire biota. Owing to its strategic place in
nature, the United Nation through its Sustainable
Development Goals (SDG) set a target to ensure
global access to safe and affordable drinking
water for all by 2030. The cardinal objective is to
ensure that drinking water globally is free of
pathogens and hazardous contaminants [1]. The
decision becomes sacrosanct considering the
rising cases of water-related diseases, which
accounts for 1.5% of the global disease-related
incidences and 5.5 % of the total death-related
cases among children [2].

Despite all the developmental goals set in by the
SDG, adequate and safe drinking water
supply/distribution remains a mirage, increasing
water stress especially amongst developing
economies [3]. In Nigeria, poorly managed
supply and distribution systems create water
deficit and were available [4], are channeled
through rusted/broken pipes [5,6] at relatively low
pressure, and intermittently (at irregular intervals)
made available to the consumers [7]. Intermittent
or irregular supply of water, coupled with the
poorly managed supply and distribution systems
are widely considered among the major sources
leading to water contamination [7,8]. Waterborne
diseases and contamination of water with
hazardous materials are reported to have a direct
link with intermittent supply patterns from the
water plants [9].

According to WHO/UNICEF [10], water supply
plants in Africa provide service at irregular
intervals, thus leading to water supply deficit, and
compromising quality by facilitating the
mobilization of microorganism [11] and seepage
of contaminates across the low pressure, rusted/
or broken pipelines [8]. A guaranteed and
continual flow pressure is required to ensure safe
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water distribution through pipelines [7,12]. Under
this condition, a backflow of water could be
prevented and hence the induction of pathogens
and contaminants percolating through the
distribution system [7,13,14]. Though
WHO/UNICEF shows the world achieving its
target for drinking water availability in 2010, a
further appraisal of the reports suggests that at
least 3 billion people or 47% of the global
population are exposed to unsafe water in 2010
[15,16]. This discrepancy puts into question
possible differential effect in the quality of water
from the source with that at the receiving points
[17].

Adamawa state in Nigeria has made a giant
stride in working down the percentage of
households that use unsafe sources of water
from 51.38% in 2000 to 30.8% in 2007 [18].
However, this achievement was observed to
have declined in recent times as a study
conducted by Mohammed and Sahabo [5] shows
the daily water supply rate of Jimeta-Yola
dropping to about 10ML/D from the estimated
30ML/D based on the projected population of
2015. According to the study, only about 29% of
the population in Jimeta-Yola are connected to
pipe water that is running at a relatively low
pumping supply capacity. The pipe-water supply
according to the study was characterized by an
irregular flow that runs weekly or twice a week
and in some cases, thrice a month [5]. The
irregular or intermittent piped water supply was
reported to serve as a causative medium through
which contaminates entered the water channels,
thus increasing the risk to public health [7,19,20].

In light of the above, this study builds on the work
conducted by Ankidawa et al., [21], Haliru et al.,
[22], Ishaku, [23], and Mohammed and Sahabo,
[5]. To assess if any, a differential effect on
contamination in the water quality in Jimeta-Yola;
from the main source of treatment to the
distribution systems, down to the consumers in
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selected service areas in Jimeta-Yola.
Hazardous and microbial contamination as
previously discussed above have been linked to
the intermittent supply of water. For this purpose,
the study examines the quality of water based on
the following parameters: the level of heavy
metals, the concentration of E.coli, pH, turbidity,
total dissolved solids (TDS), total hardness (TH),
dissolved oxygen (DO), and electrical
conductivity (EC). Other parameters include
calcium, sodium, potassium, Fluoride, Chloride,
Nitrate, and Phosphate. The outcome of the
study is intended toward compiling the
stakeholder in the water business to improve on
the quality of drinking water from the source,
across to the end-users through well managed
and effective distribution channels.

2. MATERIALS AND METHODS
2.1 Description of the Study Area

Jimeta and Yola town in Adamawa state are
conjoined twice, the former is the administrative

city, while the latter houses the Traditional
Headship of the state. The two cities are
geographically located between latitudes 9° 11' N
and 9° 19' N of the equator and between
longitudes 12° 12' E and 12° 30' E of the Prime
Meridian, covering an area of about 1,213 km?
[24]. In addition to boreholes and hand-dug wells,
the cities received ~30% of its water from the
state water treatment plants (TPs) [5]. As
described in Fig. 1, the Jimeta water treatment
plants (JMTP) established in 1987 extend
services to Lugere, Dogerei, and Clack quarters,
while Yola treatment plant (YTP) established in
1974 extended extends its services to Shagari,
80 units and Federal College of Education (FCE)
Yola. The two water schemes are the major
supply points servicing communities within the
metropolis. In this work, the communities
receiving services from JMTP were designated
as JMTPC while those of YTP as YTPC. The
supply pattern from the water schemes due to
some compounding factors is at irregular
intervals and runs weekly or twice a week and in
some cases, thrice a month [5].
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Fig. 1. Map of the study location showing the sampling points
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2.2 Sampling and Analysis

For the study, water samples were collected
using sterile plastic bottles from the following
locations Lugere, Dogerei, Clack quarters, 80
unit, Shagari, and F.C.E weekly for three
consecutive weeks. From each location, water
samples were collected from six different
households at a relative distance from each other
and pooled together to make a representative
sample for the location. Similar procedures were
adopted for the two major treatment plants
(JMTP and YTP). For the treatment plants,
samples were also collected in triplicate weekly
for three consecutive weeks. The samples were
collected in a 250-ml sterile polyethylene plastic
bottles and stored in a refrigerator before
analysis to prevent the induction of
contamination and biodegradation. The heavy
metals and physicochemical analysis was
conducted using standard laboratory methods
[25]. Samples were analyzed for Lead (Pb),
Calcium (Ca), Zinc (Zn), Copper (Cu), Iron (Fe).
Cadmium (Cd) and Magnesium (Mg) using the
Atomic Absorption Spectrometer (AAS) (Buck
Scientific, VPG 210). Sodium (Na) was carried
out using a Flame Photometer. The presence of
anion such as chloride was determined using
argentometric titration method, acid-base titration
using methyl orange as an indicator for the
Bicarbonate (HCO3-) ions, Nitrate (NOjy),
Phosphate (PO,*)and Sulphate (SO,*) using
Sci-04 model of water LaMotte Analyzer. The pH
was measured using pH meter, while Dissolved
Oxygen was determined using DO meter
(JENWAY 970). Total Dissolved Solid was
determined wusing a multipurpose JENWAY
portable combined TDS/Conductivity meter. The
total hardness of the water samples was
determined using the titration method with EDTA,
while the Turbidity of samples is measured by
Nephelometer. Membrane filter method (MF) was
adopted using the most probable number (MPN)
techniques and standard plate count methods for
the determination of E.coli in the water samples
[26]. The data were evaluated based on a
statistical description using a statistical Package
for Social Sciences (SPSS) software (Version
20). The results are expressed as Mean + SD of
three individual experiments. The results are
considered significant at p <0.05.

2.3 Water Quality Assessment

The water quality index (WQI) was assessed
mathematically using the HMs concentrations
and the physicochemical parameters obtained
from the water sample in the study locations. In
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this study, 20 parameters were chosen for the
assessment of the WQI and enabled using the
WHO standards for drinking water (Table 1). The
assessment was conducted using the
expressions in equation 1 [27].

waQl= YL, Sli (1)
Where Sl is the water quality sub-index
determined using the equation

SI = RWi x qi 2)
Where Wi is the relative weight of each

parameter and qi is the rating scale for each
parameter obtained from the expressions below

wi

A= s

€

Where Wi is the assigned weight for each
parameter, RWi is the relative weight. The results
are presented in Table 1.

qi = (£) x 100 @)
Where Ci is the concentration of each parameter

and Si is the corresponding standards from
WHO.

3. RESULTS AND DISCUSSION
3.1 Physicochemical Parameter Analysis

The pH with a mean value of 6.46+0.07 as
shown in Fig. 2 was observed to fall slightly
within the 6.5-8.5 ranges set for first-class
drinking water [28,29]. The highest value of 6.53
was observed in FCE (6.53) and the least in 80
units (6.39). The values were further observed to
be insignificant (p>0.05) when compared with the
values at the treatment (YTP) plant (6.46+0.11).
In the same vein, the pH values in water samples
in JMTPC as shown in the figure also fall slightly
within the 6.5-8.5 ranges set for first-class
drinking water. Mean values of 6.43+0.12 and
6.66 +0.15 were observed for samples in JMTPC
and the JMTP respectively. These results agree
with the pH ranges (5.6 and 7.2) reported by
Abubakar and Adekola [30] and Ankidawa et al
[21] in groundwater samples across Yola. In the
figure, the value of Turbidity in the respective
YTPC areas was observed to be significantly
(p<0.05) below the WHO (5 NTU), but further
observed to be significantly (p<0.05) higher
compared to the values observed at the YTP
(0.60+2.12 NTU). A mean value of 1.17+0.76
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NTU was observed at the YTPC. Though the
turbidity values were found to be below the WHO
(5 NTU), the mean values observed in samples
from JMTPC (2.03+1.67 NTU) were found to be
significantly (p<0.05) higher than the values at
the JMTP (0.50+1.02 NTU). The result was found
to be lower than the mean value of 6.47 NTU
detected in a groundwater sample from Yola as
reported by Haliru et al [22]. Analysis of the
sample as presented in the figure revealed a
mean value of 22.00+4.58 mg/l for DO in water
samples from the YTPC. The values were
observed to be significantly (p<0.05) higher than
the WHO (6-8 mg/l) and the values at YTP

(11.00+0.15 mg/l). Similarly, a mean value of
25.00+1.01 mg/l was detected in samples from
JMTPC. The value at JMTPC was found to be
significantly (p<0.05) higher than the value at
JMTP (13.03£2.11 mg/l). The concentration of
DO reported in this study was higher than the
6.234 mg/l reported by Haliru et al [22] in wells
and boreholes water samples in Jimeta-Yola.
Water samples with high amounts of DO are
observed to facilitate the oxidation of ammonium
ion in the water to nitrate [23]. This could
probably be an additional source of nitrate
observed in this study, showing higher values in
samples from the YTPC and JMTPC.

Table 1. The weight (Wi) and relative (RWi) for the water parameters and the WHO standards
used in WQI determination

Parameters WHO Wi Rwi
pH 6.6-8.5 2.54 0.05
TDS (PPM) 1000.00 3.36 0.06
Conductivity (uS) 1000.00 3.13 0.06
Turbidity (NTU) 5.00 2.20 0.04
Hardness (CaCO3;) (mg/l) 100.00 1.70 0.03
DO (mg/l) 6-8 3.04 0.05
Magnesium (Mg) (mg/l) 30.00 2.25 0.04
Sulphate (SO,%) (mg/l) 250.00 3.67 0.07
Sodium (Na) (mg/l) 200.00 2.00 0.04
Calcium (Ca) (mg/l) 75.00 2.25 0.04
Phosphate (PO;™) (mg/l) 1.00 0.10 0.00
Nitrate (NO™) (mg/l) 50.00 2.93 0.05
Chloride (CI') (mg/l) 250.00 2.50 0.05
Floride (F’) (mg/l) 1.50 4.00 0.07
Pb (mg/l) 0.01 4.00 0.07
Cd (mg/l) 0.00 3.00 0.05
Zn (mg/l) 0.10 2.00 0.04
Cu (mg/l) 1.00 3.00 0.05
Cr (mg/l) 0.05 4.33 0.08
Fe (mg/l) 0.30 3.50 0.06
>Wi =55.50 YRWi =1.00
30.00 1§
25.00 1
E 20.00
g 15.00
§ 10.00
5.00 g i
0.00 s D
YTP YIPC IMTP IMTPC
Sample areas
—o-pH —O-Turbidity (NTU) DO (mg/l)

Fig. 2. Showing the pH, Turbidity, and DO values in water samples from the study locations.
Results are presented in Mean *SD of three replicate analysis
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Fig. 3 shows the results for TDS, EC, and TH in
water samples from YTP and the consumer end
(YTPC). The TDS values obtained from YTPC as
shown in the figure falls below the WHO PL
(1,000 mg/l). Varying within a range of 290-696
mg/l and a mean value of 433.20+28.40. The
mean value obtained for the samples at YTPC
according to the study is significantly (p<0.05)
higher to the values at YTP (236.30+£5.23 mgl/l).
Furthermore, the mean values of 538.71+27.70
mg/l were determined for TDS in samples from
JMTPC. These values were found to fall within
the ranges reported by Haliru et al [22]. In their
study, the TDS falls within a range of 17 mg/l to
1200mg/l in groundwater and 17mg/l to 220mg/I
in borehole water samples across Yola
metropolis. A range between 0-560 was also
reported by Ankidawa et al [21] across Yola. In
another work, Ishaku [23] determined a mean
value of 368.4 mg/l in samples from Jimeta-Yola.
The EC which is a reflection of the presence of
dissolved solids was observed to follow the same
trend with TDS, showing a significantly (p<0.05)
higher mean value of 911.67+329.50 yS/cm in
samples from YTPC compared to the samples
from YTP (457.3046.76 pyS/cm). The values vary
within a range of 1288675 uS/cm, with values at
Shagari (1288 uS/cm) exceeding the PL set by
WHO (1,000 pS/cm). A mean value of
888.33+14.58 uS/cm was also determined in the
sample from JMTPC, also observed to be
significantly (p<0.05) higher than the values in
the JMTP. The EC values in this study were
observed to fall within a mean concentration of
667.86us/cm determined in a groundwater
sample from Yola [22] and the value reported by
Ankidawa et al [21]. Total hardness also reflects
the presence of cations and anions in the water
body [31]. A TH with a mean value of
113.1017.25 mg/l were recorded in samples from
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800.00 -
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600.00 -
500.00
400.00 ~
300.00
200.00 ~
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0.00 T
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e

YTPC. The value was observed to be
significantly (p<0.05) higher than the WHO PL
(100 mg/l) and that of YTP (80.00+2.45 mg/l). A
mean concentration of 122.10+1.15 mg/l was
also determined in samples from JMTPC. The
concentration of TH in water is classified into six
categories: <50 as soft, moderately soft (50-100),
slightly hard (100-150), moderately hard (150-
250, hard (250-350), and very hard (>350) [32].
Based on the mean value of 113.10£7.25 mg/I,
the water samples from YTPC, having values
ranges from 100-150 is classified slightly hard
and moderately soft for the sample at YTP.
Groundwater samples measured across Yola
metropolis by Haliru et al [22] show the level of
TH ranges from 115-630mg/l. and the study by
Ankidawa et al [21] shows a range from 31-254
mg/l. A mean value of 153 mg/l was also
reported by Abubakar and Adekola in 2012 [30].
The geology of the study areas is characterized
by underlying sandstone across the metropolis,
influences the dissolution of calcium carbonate
across the waterways and hence impacting on
the concentration of TH observed in the study
locations.

The TDS, EC, and TH observed in samples from
treatment plants (YTP and JMTP)
significantly (p<0.05) lower when measured
against their respective concentrations at the
end-user points (YTPC and JMTPC). The
increase in this parameters in samples from
YTPC and JMTPC observed in this study, shows
possible contamination in the distribution
channels before reaching the end-user point and
could be attributed to the possible inflow of
leachable salts, and sewage effluent along the
distribution channels seeping through the
fragile/worn-out pipes systems in addition to the
irregular/intermittent supply pattern.

YTP YTPC IMTP JMTPC
Sample areas
—0-TDS (PPM) —0—EC (uS) TH (mg/1)

Fig. 3. Showing the TDS, EC, and Hardness values in water samples from the study locations.
Results are presented in Mean £SD of three replicate analysis
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Fig. 4 shows the concentration of Mg, Na, and
Ca in the water samples. As shown in the figure,
a significant (p<0.05) increase in the
concentration of the cations was observed in
samples from YTPC compared to samples from
YTP. Magnesium shows a mean value of
30.12+1.01 mg/l, Na has a mean value of
0.90+0.04 mg/l, while 1.94+0.65 mg/l were
determined for Ca in samples from YTPC. The
values were however observed to be below the
PL set by WHO except Mg whose value showed
no significant (p>0.05) difference with the WHO
value. Similarly, when measured against their
respective concentrations in JMTP, the results
were observed to be significantly (p<0.05) higher
in samples from JMTPC. Mean values of
36.01+£3.61 mg/l, 0.99+0.17 mg/l, and 2.31+0.58
mg/l were measured for Mg, Na, and Ca
respectively in samples from JMTPC. The
concentrations were found to be relatively lower
than the values reported in other studies carried
out in groundwater samples across Jimeta-Yola.
The work conducted by Haliru et al [22] detected
Na, Ca, and Mg with a mean concentration range
of ~32mg/l, 80.36mg/l, and 40.08mg/l in
groundwater samples from Yola. The Na values
were found to be lower than the average
concentration of 93 mg/l reported by Abubakar
and Adekola [30] across Jimeta-Yola. A range of
2.0-42.0 mg/l of Mg was also reported in a
sample from Yola by Ankidawa et al [21]. The
dissolution of carbonate and ferromagnesian,

dolomite, and magnesium sulfate minerals
underlay  the groundwater could be
responsible for the higher concentration
reported in other studies compared to the

concentration found in

[33].

this present study

The concentration of the anions (CI, SO42', NOg,
PO, and F’) in the water samples are shown in
Fig. 5. The anions determined in YTPC were all
below the PL set by WHO. Phosphate levels
range from 0.50-0.30 mg/l, with a mean value of
0.40+0.10 mg/l. Nitrate was found to have a
mean value of 6.13£0.81 mg/l in samples from
YTPC and 32.33+2.52 mg/l were determined for
sulphate in the same water sample. In the study,
nitrate and sulphate were not detected in the
water sample from YTP. The concentration of CI
and F~ determined in the study were significantly
(p<0.05) higher in samples from YTPC compared
to samples from YTP. Mean values of
120.6345.01 mg/l and 0.80+0.10 mg/l were
determined for CI" and F" in samples from YTPC.
The concentration determined in this study falls
within values reported in other studies. Ishaku
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[23] reported a mean
determined for CI- in
across Yola metropolis. In a separate study
conducted by Abubakar and Adekola [30], 176
mg/l were determined in groundwater samples in
Jimeta-Yola. Other studies reported the presence
of chloride from 4-28 mg/l in water samples from
Yola [22]. Fluoride with concentrations ranges of
0.014-0.3mg/l was also detected in boreholes
and well water samples in Yola [22]. Phosphate
levels ranges between 0.3 and 0.9 mg/l were
also reported by Abubakar and Adekola. [30]. In
a study conducted by Haliru et al [22], the
concentration of nitrate (NOj’) in the range of
8.85-66.0 mg/l was determined in groundwater
samples across Yola. Similarly, an average of 29
mg/l of nitrate in water samples from Jimeta-Yola
was also reported in 2012 by Abubakar and Co
[30]. Nitrate with mean concentrations of 59.9
mg/l was also determined in samples from
Jimeta-Yola [23]. Water samples across Yola
metropolis were also reported to contain a mean
concentration of 30.6 mg/l of sulphate [30] and
about 34.99 mg/l in mean concentration in
groundwater samples [22]. Similar trends were
observed in samples from JMTPC. Showing
mean values of 0.4610.14, 40.67+2.52,
5.17+0.70, 125.3343.51, and 0.94+0.15 mgl/l
determined for PO,*, SO,%, NOy, CI, and F
respectively. The level of phosphorus in quality
drinking water is recommended at maximum
400ug/l and according to the ranges observed in
this study, the water samples for the study
locations are in first grade [28,29,31].

value of 269.4 mg/l
groundwater samples

Chloride, nitrate, and sulphate are the major
anions that adversely alter drinking water quality
[32] and are found to be significantly (p<0.05)
higher in samples from Both YTPC and JMTPC
compared to the corresponding treatment
sources. The presence of chloride ions in the
water samples could be anthropogenic related or
from the leaching of saline residues in the soil
[34]. Seeping of sewage effluent, discharge of
household saline containing products along
fragile and worn-out pipes could be the possible
reason behind the increase in the chloride
content at the receiving points [35]. Water from
the treatment plants before discharge through
the distribution channels often contains not <20
mg/l of residual chlorine and is expected not to
exceed 0.5 mg/l before reaching the end-user
point under normal distribution systems [36].
Water sample containing <25 mg/I of Chloride is
considered class-I; and class-Il, Ill, and IV if the
chloride concentration in the water is 200 mgl/l,
400, and >400 respectively. From the analysis,
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the water in the study locations could be
categorized as class-Il [28,29,31].

Furthermore, the concentration of nitrates in the
water samples could be from nitrate-based
agrochemicals or leaching of human or animal
wastes [27]. Water is considered class-l if it
contains <5 mg/l of nitrate, class-Il; if it contains
6-10 mg/l of nitrate, class-lll and IV if it contains
11-20 and >20 mg/l of nitrate respectively.
According to those limits, the water samples from
YTPC having nitrate values from 6.13+0.81 MG/L
could be -categorized as class-ll, while the
samples from JMTPC having a mean value of
5.171£0.15 is class-1 [28,29,31]. The breakdown
of organic materials through soil weathering
processes, leaching from sulphate containing
fertilizers, atmospheric deposition, and oxidative

40.00 -

35.00 -
$ 3000 A
E
= 25.00
°
£ 20.00 -
=
£ 15.00 -
§ 10.00 -
(]

5.00 -

0.00
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decomposition of the sulfur compound by
bacteria are means of sulphate induction into the
water bodies [27,31,34,37]. Sulphate below 200
mg/l in water samples is classified as class-I,
class-Il if it is 200 mg/l. If 400 or >400 mg/l are
categorized class-Ill and IV respectively [31]. The
water samples from all the study locations based
on the concentration of sulphate are classified as
class-l [28,29,31]. Besides run-off from farmlands
[38], Human and animal feces, or sewage water
from septic tanks, percolating through defective
or worn-out pipelines are possible routes through
which contaminants enter drinking water
sources. Exposure to nitrate and sulphate
through drinking water is linked to health-related
complications such as blue
(methemoglobinemia), cyanosis, and asphyxia
[39,40].

YTP YTPC

JMTP IMTPC

Sample areas

-0-Ca -0-Mg

Na

Fig. 4. Showing the Ca, Mg, and Na ions values in water samples from the study location.
Results are presented in Mean £SD of three replicate analysis

140.00 -

120.00 -

100.00 -

80.00 A

60.00 -

40.00 -

Concentration (mg/l

20.00 +

0.00

PO43- S042-

-0-YTP -0-YTPC

Fig. 5. Showing the PO,*, SO,%, NO5', CI', and F’

NO3- cl- F-

JMTP =0-JMTPC

ions values in water samples from the study

locations. Results are presented in Mean *SD of three replicate analysis

60



Bwatanglang et al.; IRJIPAC, 21(12): 53-65, 2020; Article no.IRJPAC.60235

The HMs in the samples from YTPC vary in
concentration when compared to the WHO and
YTP (Fig. 6). The mean concentration of Pb
(0.0240.03 mg/l), Cd (0.004+0.01), Zn
(0.004+0.11), Cr (0.004+0.12), and Fe
(0.033+£0.02) were found to be slightly higher in
samples from YTPC compared to the samples
from YTP. Copper was not detected in samples
from YTP. Cadmium, Zn, and Cu were not
detected in samples from JMTP but were
detected in samples from JMTPC. Other
researchers detected varying concentrations of
these ions in groundwater samples from Yola
and environs. Iron with a mean concentration of
0.16 mg/l was determined in water samples from
Yola by Abubakar and Adekola [30]. Similarly, a
range of 0.18-18 mg/l was reported by Ankidawa
et al [21]. Haliru et al in [22] determined the
presence of Cu, Pb, Cr, and Fe with a mean
concentration of 0.232, 0.390, 0,280, and 1.1
mg/l respectively in groundwater samples from
Yola. Other studies reported the presence of Cr
and Fe with mean values of 0.016 and 0.356
mg/l in groundwater samples from Jimeta-Yola
[23].

Emissions from vehicles were reported to contain
cadmium, zinc, nickel, soot's, and other
particulate matter. Runoff containing these HMs
from nearby roadside soils could leach through
the weak distribution pipes and consequently to
the end-users. Cadmium, for example, is mainly
generated from the burning of lubricating oil and
from wearing of tires. Similarly, wearing of tires in
addition to the galvanized components of
vehicles are additional sources contributing to Zn
buildup in the environment. Copper and leads
are a by-product of brake wearing, exhaust gas,
and worn-out metal alloys in the engine [41].
Besides this medium, plumbing activities and
wearing out of PVC pipes could release residues
of Cu, Pb, and Fe into the water, and
consequently, the receiving ends. The
concentration of Fe as low as 0.3 mg/l will induce
color change and increase turbidity in water.
Higher amounts of suspended particles
associated with a rise in turbidity will provide a
culture medium for biofilms; thus increasing the
likelihood of microbial contamination in the water
body [42].

3.2 Water Quality Assessment

The WQI values were estimated using equations
8. From the result in Fig. 7, the quality of water
for drinking purposes is 49.27 and 57.00 in
samples from YTPC and JMTPC respectively,
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which implied that the quality at YTPC is good for
drinking but poor in quality at JMTPC even
though the quality is good at YTP (26.00) and
excellent at JMTP (17.78). The results were
accessed using the classification index
suggested by Guettaf et al [27] and Brown et al
[43]. WQI values are classified into five types
namely, excellent water (0< WQI<25), good
water (25< WQI<50), poor water (50 < WQlI< 75),
very poor water (75< WQI< 100), and water
unsuitable for drinking (WQI > 100). Based on
these classifications, the good quality measured
at the treatment plants (YTP and JMTP)
degenerated on transit before reaching the end-
user points. Suggesting possible contamination
in the distribution channels. The slight shift to
poor quality in samples from JMTPC could be
from the slight increase in Zn, Cr, Fe, Cl, TDS,
TH, and sulphate in the samples from JMTPC.
The results in this study, though differ in concept,
show some semblance with the study conducted
by Ishaku [23]. Reporting a WQI of 96.4 and
138.5 for dry and rainy seasons respectively from
groundwater samples in Jimeta-Yola. In the
study, WQI of 50-100 signified good water, while
poor water quality is from 100-200. According to
the study, the higher WQI is mainly due to an
increase in the concentration of chloride, nitrate,
Cr, EC, and DO.

Though the samples are of good quality in YTPC
and not severely poor at JMTPC for drinking
purposes, the presence of E.coli in the samples
compromised the quality for drinking purposes.
As the WHO standards for drinking water
suggest zero levels for E.coli. About 565
cfu/100ml and 718 cfu/100ml were detected in
samples from YTPC and JMTPC respectively.
The presence of E.coli reported in water samples
in some parts of Yola by Ankidawa et al [21]
further supports these findings. Total coliforms
and E.coli are important indicators often used to
determine water quality for human consumption;
measured the degree of pollution more often
associated with sanitary conditions. The
prevalence of microbial contamination through
distribution channels and at point of use is widely
observed despite being of good bacteriological
quality at the source [44]. Okoko and Idise [45]
observed an increase in the bacterial count with
distance away from the water source. The
presence of E.coli in water is directly associated
with fecal contamination and may indicate the
likelihood of health risk from disease-causing
pathogens, such as bacteria, viruses, and
parasites. However, the presence of these
indicator organisms doesn’t necessarily imply
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health risk on consumption [46,47]. Most strains
of E.coli bacteria are harmless, except strains
such as E.coli 0157:H7 which are reported to be
associated with several water-borne diseases.
Strain other than the 0157:H7 does not have the
same genetic signature as those responsible for
inducing intestinal infection [48]. This may
explain why no available report relating to
waterborne disease reported in the study areas.
However, further analysis to isolate the bacterial
strains is recommended for establishing the
presence of disease-causing pathogens to
prevent a possible outbreak. The presence of
indicator organisms in drinking water follows

some risk categories. Zero (O) means it
conformed with the WHO guidelines, 1-10
0.160 -
0.140
Zo0.120
£ 0100
c

Concentratio
e o ©°
(=] o (=]
P D (=]
S & o

0.020

signified Low risk, 10-100 relates to Intermediate
risk, 100-1000 signified High risk, while >1000
implies Very High risk [47,49,50]. Since the E.coli
counts observed in this study falls between 100-
1000, the water samples at the consumer end
are therefore signified High risk The main
sources of bacterial contamination in drinking
water includes: Improperly treated septic and
sewage discharges, leaching of animal and
human feces, and storm water runoff [47]. In pipe
water distribution systems, contamination can
occur through multiple pathways. It can occur
through defective joints, back siphonage, rusted
or worn-out broken pipes, and backflow due to
intermittent  low-pressure  supply  pattern
[7,19,20,36,45].

0.000

—O-YTP —0-YTPC

Heavy metals
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Fig. 6. Showing the Pb, Cd, Zn, Cu, Cr, and Fe ions values in water samples from the study
locations. Results are presented in Mean *SD of three replicate analysis
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Fig. 7. Showing the concentration of E.coli and WQI in water samples from the study locations.
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4. CONCLUSION

This study brings into light that the water
distribution channels in Jimeta-Yola fall short in
maintaining quality from the source to the
receiving end. The distribution system is
characterized by irregular and insufficient
pressure to guarantee the delivery of safe
drinking water. And due to the irregular/or
intermittent supply pattern characterized in the
study area, a pool of contaminants underlying the
weak, aged and worn-out distribution pipes will
backflow into the distribution pipes during low
pressure. The result of this study shows a
significant (<0.05) increase in the concentration
of the physicochemical parameters from the main
source of treatment to the consumers. The
quality of water for drinking purposes was
observed to fall from the WQI that was classified
good at YTP (26.00) and excellent at JMTP
(17.78) to WQI of 49.27 and 57.00 at the
consumer point of use (YTPC and JMTPC)
respectively. The study further shows a serious
compromise in the water quality due to E.coli
infiltration across the weak and fragile distribution
pipes, despite the fact the water was observed to
be free from bacteria at the treatment plants.
About 565 cfu/100ml and 718 cfu/100ml were
detected in samples from YTPC and JMTPC
respectively. This is considered serious as the
WHO standards for drinking water suggest zero
levels for E.coli.

5. RECOMMENDATIONS

It is therefore pertinent considering the foregoing
for Adamawa State Government without further
delay institute reevaluation of the long-aged
water distribution schemes in the state. But for
the interim, the research work recommends
boiling of the water before consumption while
further study to establish the E.coli strain for full-
scale assessment should be instituted.
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