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Received: 28 December 2021 Water treatment is essential in the provision of potable drinking water to communities. Howev-

Revised: 02 April 2022 er, studies have shown that many local conventional drinking water treatment plants in Nigeria
Accepted: 10 April 2022 are ineffective in removing contaminants. This study evaluated the efficiency of drinking water
from Wukari-Ibi plant by assessing water samples before and after treatment and comparing
Key words: results to national and international drinking water standards. Forty water samples were col-
Contaminants; Efficiency; Water lected and selected physical and biological parameters were determined according to standard
quality; Water treatment; Water laboratory procedures. The results indicated that after treatment, turbidity (6.74 NTU) and
treatment plant coliform count (17 cfu/100 mL) were still significantly greater than standard guidelines, which
suggest that the treatment plant is unable to reduce the concentration of these contaminants to
a safe level for consumption. Furthermore, assessing water at consumer taps indicated that bro-
ken distribution system is likely serving as a potential pathway for contamination. The plant re-
moval efficiency of colour, turbidity, Total Dissolved Solids, hardness, and coliform count was
computed as 74.7%, 66.57%, 32.58%, 30.11%, and 59.88% respectively. Overall, the removal ef-
ficiency was 52.77% which is considered unacceptable for the supply of potable drinking water.
The study concludes that cost and poor skilled personnel are the major factors in the inefficient
treatment and therefore we suggest a low-cost treatment using activated carbon from locally
sourced plants to be incorporated for effective removal of contaminants. There is also a need
for government to invest in infrastructure and equipment so as to upgrade the treatment plant.
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INTRODUCTION water, it has not been available when and where it is needed,

and when it does, it is always not of sufficient quantity and
Next to oxygen, water is considered one of the most precious quality for consumption [2-4]. This is particularly due to
commodities for human survival. Therefore, without water,  the unprecedented increase in population, accompanied by
it is safe to say that the existence of life is impossible [1].  the increase in agricultural and industrial activities, which
Despite the fact that around 70% of the earth is covered by  gives rise to waste generation and indiscriminate disposal
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Figure 1. Schematic diagram of the treatment plant showing the various section.

into water bodies and the environment. Consequently, this
has increased the rate and types of contaminants that are
now identified in the environment [5-7]. These contami-
nants have been found in surface and groundwater and
pose serious health concerns especially to rural people and
areas where there are no water treatment facilities [8-11] or
where the treatment facilities have either broken-down or
are ineffective in removing contaminants.

Although pure water does not exist in its natural state due
to the presence of gasses, dissolved and suspended solids,
anthropogenic activities is now considered the biggest
source of surface and groundwater pollution in many de-
veloping countries. Water quality has been identified as
one of the key environmental indicators especially in areas
susceptible to water contamination. Therefore, drinking
water must be free from impurities and other hazardous
chemicals and microorganisms that may adversely impact
human health [7, 12-15]. This has led to the development
of water treatment facilities across many communities for
the provision of potable drinking water [12, 16]. However,
even though the provision of safe, accessible, affordable,
and sufficient drinking water is considered a fundamen-
tal human right [17], many communities still lack the
facilities and infrastructure necessary for the treatment
and distribution of adequate, safe, and sufficient water
for all [3, 18, 19]. These communities are often in rural to
semi-urban areas where there are engaged in large scale
agricultural activities which contributes significantly to
the high levels of nutrients, hormones, metals, and other
chemicals found in drinking water [9, 20].

The Ibi-Wukari treatment plant uses the conventional co-
agulation and filtration process to treat and distribute water
to consumers. The conventional treatment process involves
the collection of raw water (from surface water sources),
which is aerated, coagulated, filtered, and disinfected be-
fore distributed to consumers for consumption (Fig. 1).
These processes however have been questioned due to poor
maintenance and lack of monitoring of the water treatment
and its infrastructure [3, 19]. There have been reports from
residents who are often dissatisfied with the water from the
treatment plant and hence result to water vendors as an al-
ternative means of water supply [21]. This necessitates the

need to assess the efficiency of the treatment plant in re-
moving the various contaminants, particularly those relat-
ed to the aesthetics and biological properties of water.

MATERIALS AND METHODS

Water Quality Indicators

Physical and biological indicators were selected to assess
how effective the treatment plant is in removing these
parameters. The physical indicators assessed include pH,
colour, turbidity, total dissolved solids (TDS), and total
hardness while total coliform count was used to assess the
removal of biological contaminants. These parameters were
selected according to the Nigerian drinking water quality
guidelines [22].

Sample Collection

Water samples were collected before treatment (raw water
from the river source), after treatment (within the reser-
voir at the treatment plant), and at consumer taps with-
in Wukari township. A total of 40 sampling sites (10, 15
& 15 sites before & after treatment and at consumer taps
respectively) were randomly identified and water samples
were subsequently collected. Water samples were collect-
ed in triplicates and the average was used to compute for
both descriptive and inferential statistics. Water samples
were collected in pre-treated 50cl bottle containers and
pre-treatment was done by washing the bottle containers
with 0.05M HCI and then rinsed with distilled water as
specified by [23]. Furthermore, before collection, sample
bottles were rinsed 3 times with the water samples before
they were collected and subsequently transported to the
laboratory in ice coolers under 4°C.

Sample Analysis

Temperature, pH and turbidity were measured using mercu-
ry thermometer, pre-calibrated digital electrode pH meter
and turbid-meter respectively. Other physical and biologi-
cal parameters comprising of colour, TDS, total hardness,
and total coliform count were analysed in the laboratory
according to standard laboratory procedures stipulated by
[23, 24]. Colour was determined using the Hazen meth-
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Table 1. Descriptive statistics of water samples before treatment

Parameters NIS/WHO standards Mean St. Dev SE mean Range P-values

Min Max

Temperature (°C) Ambient 20.276 0.335 0.0749 19.80 21.1 WR
pH 6.5-8.5 6.365 0.236 0.053 6.00 6.80 0.010***
Colour (TCU) 15 54.135 2.455 0.549 50.10 58.80 0.000***
Turbidity (NTU) 5 20.165 3.376 0.755 13.20 25.70 0.000***
TDS (mg/L) 500 633.38 25.27 5.65 588.70 684.20 0.000***
Hardness (mg/L) 150 212.81 16.30 3.65 182.50 241.00 0.000***
Total coliform (cfu/100 mL) 10 42.35 7.88 1.76 30 56.00 0.000***

Min: Minimum; Max: Maximum; St. Dev: Standard deviation; SE mean: Standard error mean; ***: Significantly exceeds WHO drinking water standard;

*: Within WHO drinking water standard; WR-within stipulated range.

Table 2. Descriptive statistics of water samples after treatment

Parameters NIS/WHO standards Mean St. Dev SE mean Range P-values
Min Max
Temperature (°C) Ambient 21.93 0.50 0.113 21.00 22.8 WR
pH 6.5-8.5 7.5 0.18 0.041 7.10 7.8 *
Colour (TCU) 15 13.7 1.41 0.315 10.30 16.1 1.000*
Turbidity (NTU) 5 6.74 1.02 0.227 5.30 8.60 0.000***
TDS (mg/L) 500 427.02 13.95 3.12 400.10 448.8 1.000*
Hardness (mg/L) 150 148.73 5.38 1.20 140.00 158.2 0.847*
Total coliform (cfu/100 mL) 10 17 4.10 0.918 11.00 26.00 0.000***

Min: Minimum; Max: Maximum; St. Dev: Standard deviation; SE Mean: Standard error mean; ***: Significantly exceeds WHO drinking water standard;

*: Within WHO drinking water standard; WR: Within stipulated range.

od, while TDS and total hardness were measured using the
gravimetric methods and Winkler’s titration method as de-
scribed by [23, 24]. The total coliform count was determined
using membrane filtration techniques with the aid of Eosin
Methylene Blue Agar (oxoid), by incubating at 37°C since
coliform bacteria is known to thrive well at 37°C [23].

Statistical Analysis

Descriptive and inferential statistics were used to draw con-
clusions and inform the discussion of this paper. Minitab
statistical software version 20.0 was used to analyse the data
and the mean, standard deviation, minimum and maxi-
mum values were tabulated and presented. A 1-sample stu-
dent T-test was used to compare the result to the WHO/NIS
guidelines to identify samples that failed to conform to the
stipulated standards while Analysis of Variance (ANOVA)
was used to indicate differences between water samples be-
fore treatment, after treatment, and at consumer taps during
distribution. In addition, a 2-Sample T-test was also used to
assess the difference in water quality after treatment and at
consumer taps. This was done in order to assess the impact
of broken distribution systems (pipes) on water quality.

RESULTS AND DISCUSSION

Comparing Results to WHO & NIS Stipulated Standards
The descriptive statistics of the results is shown in Table
1, 2 and 3 respectively. The results shows that the samples
had a mean temperature of 20.3°C, 21.9°C and 21.5°C
before, and after treatment and at consumer taps respec-
tively. The sample pH before treatment was slightly acidic
(6.4) but appears to be adjusted after treatment (7.5) and
at the consumer taps (7.4). Comparing pH of samples at
the various stages indicates that the water samples before
treatment appears to be below the stipulated guideline
of 6.5-8.5. This suggests acidity and acidity in water can
aid dissolution of minerals which can likely influence
the total dissolved solids (TDS) and colour of water [25].
Water samples before treatment generally showed high
levels of contaminants above the stipulated drinking wa-
ter guidelines with colour (54.13TCU), turbidity 20.16
NTU), TDS (633.38 mg/L), total hardness (212.81 mg/L)
and total coliform count (42.35 cfu/100mL) significantly
exceeding the drinking water guidelines. This was con-
sistent with findings from similar studies [3, 10, 26] and
was expected because surface water particularly in close



158

Environ Res Tec, Vol. 5, Issue. 2, pp. 1565-164, June 2022

Table 3. Descriptive statistics of distributed water samples

Parameters NIS/WHO standards Mean St. Dev SE mean Range P-values
Min Max

Temperature (°C) Ambient 21.49 0.49 0.111 20.60 22.20 WR
pH 6.5-8.5 7.4 0.23 0.052 7.0 7.8 WR
Colour (TCU) 15 14.93 1.35 0.302 12.10 17.30 0.590*
Turbidity (NTU) 5 7.80 1.51 0.338 5.30 10.80 0.000***
TDS (mg/L) 500 496.58 23.89 5.34 450.10 535.70 0.735%
Hardness (mg/L) 150 150.88 10.00 2.24 130.10 168.5 0.350*
Total coliform (cfu/100 mL) 10 23.55 7.43 1.66 9.00 37.00 0.000***

Min: Minimum; Max: Maximum; St. Dev: Standard deviation; SE Mean: Standard error mean; ***: Significantly exceeds WHO drinking water standard;

*: Within WHO drinking water standard; WR: Within stipulated range.

Figure 2. Broken pipes indicating potential contamination pathways within the city.

proximity to agricultural and residential areas is highly
susceptible to contamination. In addition, studies by [2,
9] showed similar findings along the upstream of the case
study area which indicates that high concentrations of
contaminants have been recorded along the river which
feeds the treatment plant.

However, the result after treatment showed a signif-
icant reduction and removal of some of the contam-
inants (Table 2) when compared with the samples
before treatment. Findings indicates that the pH was
improved from 6.4 to around 7.5 after treatment. In
addition, colour (13.9 TCU), TDS (427.02 mg/L), and
total hardness (148.73 mg/L) have been reduced sig-
nificantly and are now within the stipulated drinking
water guidelines. Although, turbidity (6.74 NTU) and
total coliform count (17 cfu/100 mL) were still above
the stipulated standards even after treatment, they were
significantly reduced during the treatment process. The
removal indicates that the treatment plant is effective
in reducing some of the contaminants but not to the
desired level stipulated by the WHO and NIS drinking
water guidelines.

Water samples at the consumer’s taps shows that although
some of the parameters were significantly removed, there
appears to be an increase in some parameters. For instance,
colour which was 13.7 TCU after treatment increased to
14.93 TCU at the consumers tap within Wukari township.
The same was noticed with turbidity (from 6.74 to 7.8
NTU), TDS (from 427.01 to 496.58 mg/L), total hardness
(from 148.73 to 150.88 mg/L) and coliform count (from 17
to 23.55 cfu/100mL). This suggests that there was a source
of contamination either within the distribution system or
at the consumers tap. However, a site visit revealed broken
pipes (Fig. 2) which not only accounts for loss of water but
serves as a medium for contamination flowing back into the
pipes. This could likely be the cause of disparity between
the water samples after treatment and at the consumers tap.

Analysing Difference Before and After Treatment and at
Consumer Taps

Analysing the differences in water quality before treatment,
after treatment and at the distribution point showed that
there were significant differences in the means of param-
eters which suggests that the treatment plant is removing
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Figure 3. Boxplot showing significant difference in (a).
Colour, (b). Turbidity, (c). TDS, (d). Total hardness & (e).
Total coliform count, before & after treatment and at con-
sumer taps.

the contaminants. However, the removal may not be to the
desired level especially since there are still parameters that
were not removed to conform to the stipulated drinking
water standards. Analysis of variance (ANOVA) showed
that the means of all parameters were significantly different
(Table 4), particularly the means of samples before treat-
ment and after treatment (Fig. 3). However, the means of
samples after treatment and at consumer taps appears to
be insignificant, a 2-sample test needs to be carried out to
assess the difference in samples after treatment and during
distribution at the consumer taps.

Analysing Difference Between Water After Treatment
and Water at Consumer Taps

The results from a 2-Sample T-test indicates that there were
significant differences between colour after treatment and
at consumer taps with a p-value of 0.008. Similarly, the re-
sults for turbidity (p=0.014), TDS (p=0.000), and coliform
count (p=0.002) were also found to be significant (Fig.

Table 4. ANOVA for difference in water before and after treat-
ment and at consumer taps

Parameters P-value  F-value R-Sq (%)
Colour (TCU) 0.000 322.19 99.12
Turbidity (NTU) 0.000 227.03 88.85
TDS (mg/L) 0.000 471.09 94.30
Total Hardness (mg/L) 0.000 201.27 87.60
Total Coliform (cfu/100 mL) 0.000 77.43 73.09

4a-c, e). However, total hardness showed no significant
difference (p=0.406) between water after treatment and at
consumer taps (Fig. 4d). This analysis suggests that the rate
of contamination of water during distribution is significant
and can likely pose a serious health concern. Although the
parameters that exceeded the standard after treatment,
remained the same parameters that exceeded standard at
the customer taps, the increase in concentration may like-
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ly impact vulnerable children, elderly people and visitors
who have not been exposed to such level of contaminants.
The difference may likely be due to broken pipes (Fig. 2) at
various point in the distribution system. The findings of the
study corroborate with findings from [19] which indicates
that leakages from pipes can severely impact water quality.

Implication of Broken Pipes on Water Quality

Historically, the provision of piped water within homes
have been associated with improve sanitation and hygiene
and a significant decrease in water related diseases [19,
20]. However, with continuous stress, poor maintenance
and ageing of water infrastructure, water distribution sys-
tems are likely to become vulnerable to contamination.
The loss of water along the distribution system accounts
for a substantial volume of water and energy annually,
and although the water pipe system in the study area is
not metered, and therefore water loss cannot be account-
ed for (Fig. 5), but however, the risk to water contami-

nation through these leaking pipes has been identified.
Materials used in water distribution systems (including
pipes) have different life span and therefore require mon-
itoring to ensure that they do not deteriorate to the point
that they pose severe risk to the quality of water that is
being distributed [19].

Efficiency of the Treatment Plant
The efficiency of the treatment plant was computed based
on the removal efficiency (RE) of each of the parameters
assessed. The efficiency is computed and expressed as a per-
centage using the formula:

influent — ef fluent X 100

Removal ef ficency = e Tuent

(1)
The RE was computed and tabulated in Table 5. The com-
putation indicates that colour had a removal efficiency of
74.69%, turbidity (66.57%), TDS (32.58%), total hardness
(30.11%), and coliform form count (59.88%). The study
result is in conformity to findings from [10, 11, 13]. This
suggests that the treatment plant is indeed removing the
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Figure 5. Water loss during pumping due to broken pipes within the city.

Table 5. Removal efficiency of the treatment plant

Parameters Influent Effluent R.E (%)
Colour (TCU) 54.14 13.7 74.69
Turbidity (NTU) 20.17 6.74 66.57
TDS (mg/L) 633.38 427.02 32.58
Total Hardness (mg/L) 212.81 148.73 30.11
Coliform count (cfu/100 mL) 42.35 17 59.88

R.E: Removal efficiency expressed as percentage.

contaminants but however not to the desired level. For in-
stance, in a study by [27], the removal of colour should be at
least around 86% to ensure water is aesthetically acceptable
by most consumers. This however indicates that all though
colour in our study was removed to conform to drinking
water standards, the RE was not adequate.

This can be seen in our study results indicating colour
with mean value of 13.7 TCU at a RE of 74.7%. A further
increase in RE to the minimum 80% suggested by [27] will
likely decrease colour to under 12TCU. Similarly, the re-
moval of turbidity at 66.6% was not sufficient to reduce
turbidity to conform to drinking water standard. More so,
findings from [28] suggests a RE of over 90% to adequately
reduce turbidity which will increase the removal of bacte-
rial contaminants. Total hardness and TDS having a low
RE indicating failure of the plant in effectively removing
contaminants. Ineffective removal efficiency of dissolved
solids can suggest poor removal of metals and other chem-
ical contaminants in water. Consequently, there was a low
RE of biological contaminants which also suggest risk to
public health particularly because coliform count was sig-
nificantly greater than the stipulated drinking water stan-
dards. The treatment plant showed an overall efficiency of
52.77% (Fig. 6) which is not sufficient especially to service
two local government areas with large scale agricultural
activities. The study outcome therefore suggests the need
to assess each stage of the treatment plant process to un-
derstand how each stage performs.

Overall Plant Efficiency (%)

47.234 52.77

= Efficiency of the plant = Deficiency of treatment

Figure 6. Overall treatment plant efficiency and deficiency (%).

A study by [19] showed that there could be improper dosage
of coagulant and disinfectants during the treatment process.
This can explain the inefficient removal of turbidity and bacte-
riological contaminants in water. A site visit indicates that the
water treatment plant lacks a functional laboratory for testing
and analysing water before and during every treatment stage.
The addition of coagulating agents plays a key role in the re-
moval of solids, colour and turbidity while disinfecting agents
eliminates bacteriological parameters. Dosing these agents in
the treatment plant requires adequate computation to ensure
the right dosage is used at any given point. The findings sug-
gests that these treatment agents are underutilised, probably
because of poor funding or due to unqualified personals.
There is therefore the need for adequate monitoring of water
at every treatment stage to ensure that water leaving one stage
for another is effectively treated before it gets to the final stage
of disinfection and subsequent distribution.

Proposed Approach to Improve Water Treatment Using
Low-cost Activated Carbon

Some of challenges confronting Ibi drinking water treat-
ment plant is high treatment costs. Thus, there is dire need to
explore alternatives ways to reduce costs without negatively
affecting the quality of water delivery [21]. In this section,
sustainable methods of improving drinking water proper-
ties using novel bio sorbent material developed from bio-
mass waste as suggested by [29] is proposed. This will open a
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new way of water treatment in Ibi by using low-cost activat-
ed carbon made from locally available organic waste and at
the same time expand waste management options for these
readily available biomass materials. Ibi climatic condition
are conducive for cultivation of a large variety of biomasses.
Due to the richness of the minerals in the parent rock; these
soils are generally well suited for rice, maize, guinea corn
likewise arable farming and tree crops production. Accord-
ing to [30], utilizing local residual biomass as a raw material
for removal of organic micropollutants in water treatment
plants may be advantageous in terms of sustainability.

It has been observed that state government resources and in-
terventions towards sustaining water supply in Ibi town and
environs have been insufficient [21]. The result has been con-
stant water crisis and shortages over the years. This study rec-
ommends a paradigm shift from the use of conventional and
costly coal-derived activated carbon to activated developed
from green sources. In the literature, green activated carbon
materials have been used extensively in drinking water treat-
ment in various roles, including removal of colour, turbidity
and micro-pollutants [31]. New materials have also been dis-
covered in the world of natural coagulants and adsorbents [32,
33] to improve drinking water properties. Granular activated
carbon (GAC) media [34, 35] of various origins coal, coconut
shell [36] and bovine bone) and providing a range of physical
characteristics with reference to pore size, have been appraised
with reference to their capacity for natural organic matter [37].

CONCLUSION

The water quality before and after treatment was assessed and
compared with the stipulated drinking water standard. The
study showed that the treatment was not effective in remov-
ing some parameters and hence require further assessment.
The overall efficiency was below expectation which could po-
tentially impact public health. Additionally, dilapidated water
distribution infrastructure is now a potential source of con-
tamination which needs to be addressed in order to supply
potable drinking water to the inhabitants of Ibi and Wukari
town. Furthermore, low-cost activated carbon was proposed
to compliment the conventional treatment process for effec-
tive removal of contaminants. In addition, the government
needs to invest in infrastructure, skilled personal and oper-
ational inputs such as diesel and water treatment chemicals.

ACKNOWLEDGMENT

We wish to acknowledge Engr. Emmanuel Bassah, Dr, Wan-
dia Yaduma and Mrs Mada Abass for their time, and positive
feedback during the production of the first and final draft. We
also like to appreciate the member of staft of Biological Sci-
ences, Federal University Wukari and the staff of Ibi treatment
plant without who this research project won't have been feasi-
ble. Your contribution and support during the collection and
laboratory assessment of water sample is highly appreciated.

DATA AVAILABILITY STATEMENT

The authors confirm that the data that supports the findings
of this study are available within the article. Raw data that
support the finding of this study are available from the cor-
responding author, upon reasonable request.

CONFLICT OF INTEREST

The authors declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of
this article.

ETHICS

There are no ethical issues with the publication of this man-
uscript.

REFERENCES

[1] R. Kumar, V. Sharma, and R.C. Sharma, “Physi-
co-chemical and Microbiological water quality of
Asian wetland of Garhwal Himalaya, India,” Inter-
national Journal of Ecological Science and Environ-
mental Engineering, Vol. 5(3), pp. 64-70, 2018.

[2] WK Joshua, Groundwater quality assessment: a
case study of groundwater from hand-dug wells in
Hawul Local Government Area of Borno State,” In-
ternational Journal of Advance Research, Vol. 3(2),
pp. 537-546, 2015.

[3] A.Q. Ibrahim, P.C. Onyenekwe, and I.M. Nwaedoz-
ie, “An efficiency assessment of lower usuma water
treatment plant in abuja metropolis, Nigeria,” Jour-
nal of Environmental Science, Vol. 8(12), pp. 46-53,
2014. [CrossRef]

[4] A.G. Olufemi, O. Ogheneochuko Utieyin, and O.M.
Adebayo, “Assessment of groundwater quality and
saline intrusions in coastal aquifers of lagos metrop-
olis, Nigeria,” Journal of Water Resource and Protec-
tion, Vol. 2(10), pp. 849-853, 2010. [CrossRef]

[5] World Health Organization, “Guidelines for Drink-
ing Water Quality”, 3rd ed., Geneva: Switzerland:
World Health Organization, 2006.

[6] L.P. Chegbeleh, D.K. Aklika, and B.A. Akurugu,
“Hydrochemical characterization and suitability as-
sessment of groundwater quality in the saboba and
chereponi districts, Ghana,” Hydrology, Vol. 7(3),
pp- 53-60, 2020. [CrossRef]

[7] A. Shea, J. Poon, and S. Williamson, “Microbial risk
assessment of drinking water to set health-based
performance targets to improve water quality and
treatment plant operations,” Water Practice and
Technology, Vol. 11(2), pp. 495-502, 2016. [CrossRef]

[8] AS. Al Chalabi, “Assessment of drinking water
quality and the efficiency of the Al-buradieiah water
treatment plant in Basra city, Nature Environment
and Pollution Technology, Vol. 19(3), pp. 1057-
1065, 2020. [CrossRef]


https://doi.org/10.9790/2402-081224653
https://doi.org/10.4236/jwarp.2010.210100
https://doi.org/10.3390/hydrology7030053
https://doi.org/10.2166/wpt.2016.006
https://doi.org/10.46488/NEPT.2020.v19i03.016

Environ Res Tec, Vol. 5, Issue. 2, pp. 155-164, June 2022

163

[9] W.K. Joshua, “Assessing Rural Water Quality: com-
paring improved and unimproved drinking water
sources in Hawul LGA,” SNRU Journal of Science
and Technology, Vol. 13(2), pp. 55-62, 2021.

[10] M. Mustapha, M. Sridhar, and A.O. Coker,
“Assess-ment of water supply system from
catchment to consumers as framed in East
Nigeria,” Sustainable Environment, Vol. 7(1), pp.
1-14, 2021. [CrossRef]

[11] M. Mustapha, M. Sridhar, A.O. Coker, A. Ajayi,
and
A. Suleiman, “Risk Assessment from catchment to
consumers as framed in water safety plans: A study
from Maiduguri water treatment plant, Northeast
Nigeria,” Journal of Environmental Protection, Vol.
10(10), pp. 1373-1390, 2019. [CrossRef]

[12]  A. Alver, “Evaluation of conventional drinking wa-
ter treatment plant efficiency according to water
quality index and health risk assessment,” Environ-
mental Science and Pollution Research, Vol. 26(26),
pp. 27225-27238, 2019. [CrossRef]

[13] B.O. Akinnuli, P.P. Ikubanni, E.A. Fadiji, and O.O.
Agboola, “Drinking water quality assessment of
a hand dug well using treatment plant installed in
Akure, Nigeria,” Journal of Engineering and Applied
Sciences, Vol. 14(15), pp. 5236-5240, 2019. [CrossRef]

[14] T. Sisay, A. Bevene, and E. Alemayehu, “Spatiotem-
poral variability of drinking water quality and the
associated health risk in Southwestern towns of
Ethiopia,” Environmental Monitoring and Assess-
ment, Vol. 189(11), pp. 208-212, 2017. [CrossRef]

[15] B. Desye, B. Belete, Z. Asfaw Gebrezgi, and T. Terefe
Reda, “Efficiency of treatment plant and drinking
water quality assessment from source to Household,
Gondar City, Northwest Ethiopia,” Journal of En-
vironmental and Public Health, Vol. 201, pp. 1-8,
2021. [CrossRef]

[16] M.T. Martins, G. Castillo, and B. J. Dutka, “Evalu-
ation of drinking water treatment plant efficiency
in microorganism removal by the coliphage, total
coliform and H2S paper strip tests,” Water Sci-
ence and Technology, Vol. 35(11), pp. 403-407,
1997. [CrossRef]

[17] United Nations, “Ensuring Available
Sustain-able Management of Water and Sanitation
for all,” https://sdgs.un.org/goals/goal6 Accessed
November 6, 2021.

[18] E.A. Badr, and A.A. Al-Naeem, “Assessment of
drinking water purification plant efficiency in
Al-Hassa, Eastern Region of Saudi Arabia,” Sustain-
ability, Vol. 13(11), pp. 6122-6129, 2021. [CrossRef]

[19] A.S. Hassan, J. Musa Hayatu, and I.U.
Mohammed, “An overview of water supply
infrastructural chal-lenges in Nigeria: A case study
of Taraba state,” Jour-nal of Mechanical and Civil
Engineering, Vol. 13(1), pp. 46-51, 2016.

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

E.A. Adams, Y.I. Adams, and C. Koki, “Water, san-
itation and hygiene (WASH) insecurity will exacer-
bate the toll of COVID-19 on women and girls in
low-income countries,” Sustainability, Science, Prac-
tice and Policy, Vol. 17(1), pp. 86-90, 2021. [CrossRef]
H.T. Ishaku, M.A. Hussain, EM. Dama, A.A. Zem-
ba, and A.A. Peter, “Planning for water in Wukari,”
Journal of Water Resources and Protection, Vol.
2(1), pp. 916-922, 2010. [CrossRef]

Nigerian Industrial Standard, “Nigerian Standards
for Drinking Water Quality,; Abuja, Nigeria: Stan-
dard Organization of Nigeria, 2007.

American Public Health Association, “Standard
Methods for Examination of Water and Wastewa-
ter”. Washington D.C.: American Public Health As-
sociation, 1998.

M. Radojevic, and V.N. Bashkin, “Practical Environ-
mental Analysis,” 2nd ed., Cambridge, UK: Royal
Society of Chemistry, 2006.

R. Amfo-Out, ].B. Agyenim, and G.B. Nimba-Bu-
mah, “Correlation analysis of groundwater coloura-
tion from mountainous areas, Ghana,” Environmen-
tal Research, Engineering and Management, Vol.
67(1), pp. 16-24, 2014. [CrossRef]

M.H. Geriesh, B.M.H. Mansour, and H. Farouk, “As-
sessment of drinking water quality along Port Said
Canal treatment plants, Suez Canal corridor, Egypt,”
Arabian Journal of Geosciences, Vol. 12(23), pp.
1-13, 2019. [CrossRef]

M. Malakootian, and A. Fatehizadeh, “Colour re-
moval from water by coagulation/caustic soda and
lime”. Iranian Journal of Environmental Health
Science and Engineering, Vol. 7(3), pp. 267-275,
2010.

B. Ramavandi. “Treatment of water turbidity and
bacteria by using a coagulant extracted from Planta-
go ovata,” Water Resources and Industry, Vol. 6, pp.
36-50, 2014. [CrossRef]

S.K. Shukla, N. Al Mushaigri, S. Rashid, HM. Al
Subhi, K. Yoo, and H. Al Sadeq, “Low-cost activated
carbon production from organic waste and its uti-
lization for wastewater treatment,” Applied Water
Science, Vol. 10(2), pp. 1-9, 2020. [CrossRef]

B. Joseph, K. Kaetzl, F. Hensgen, B. Schifer, and M.
Wachendorf, “Sustainability assessment of activated
carbon from residual biomass used for micropol-
lutant removal at a full-scale wastewater treatment
plant,” Environmental Research Letters, Vol. 15(6),
Article 064023, 2020. [CrossRef]

W.A. Abel, A. Jimoh, A.S. Abdulkareem, and A.
Giwa, “Production of activated carbon from wa-
termelon peel,” International Journal of Scientific
and Engineering Research, Vol. 5(2), pp. 66-71,
2014. [CrossRef]


https://doi.org/10.1080/27658511.2021.1901389
https://doi.org/10.4236/jep.2019.1010081
https://doi.org/10.1007/s11356-019-05801-y
https://doi.org/10.36478/jeasci.2019.5236.5240
https://doi.org/10.1007/s10661-017-6277-8
https://doi.org/10.1155/2021/9974064
https://doi.org/10.2166/wst.1997.0767
https://doi.org/10.3390/su13116122
https://doi.org/10.1080/15487733.2021.1875682
https://doi.org/10.4236/jwarp.2010.210109
https://doi.org/10.5755/j01.erem.67.1.4545
https://doi.org/10.1007/s12517-019-4875-1
https://doi.org/10.1016/j.wri.2014.07.001
https://doi.org/10.1007/s13201-020-1145-z
https://doi.org/10.1088/1748-9326/ab8330
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.428.8002&rep=rep1&type=pdf

164

Environ Res Tec, Vol. 5, Issue. 2, pp. 1565-164, June 2022

(32]

(33]

(34]

K.J. Choi, S-G. Kim, and S-H. Kim, “Removal of an-
tibiotics by coagulation and granular activated car-
bon filtration,” Journal of Hazardous Materials, Vol.
151(1), pp. 38-43, 2008. [CrossRef]

K. Konieczny, and G. Klomfas, “Using activated car-
bon to improve natural water treatment by porous
membranes”. Desalination, Vol. 147(1), pp. 109-116,
2002. [CrossRef]

A.T. Alves, D.J. Lasmar, I.P. de Andrade Miranda,
J. da Silva, and J. dos Santos Reis, “The potential of
activated carbon in the treatment of water for hu-
man consumption, a study of the state of the art and
its techniques used for its development,” Advances
in Biosciences and Biotechnology, Vol. 12, pp. 143-
153, 2021. [CrossRef]

J. Jjagwe, PW. Olupot, E. Menya, and H.M. Ka-
libbala, “Synthesis and application of granular

(36]

(371

activated carbon from biomass waste materials
for water treatment: A review; Journal of Biore-
sources and Bioproducts, Vol. 6(4), pp. 292-322,
2021. [CrossRef]

X. Xing, T. Li, Z. Bi, P. Qi, Z. Li, H. Wang, L. Lyu, Y.
Gao, and C. H, “Efficiency removal of disinfection
by-products precursors and inhibition of bacteria
detachment by strong interaction of EPS with co-
conut shell activated carbon in ozone biofiltration,”
Journal of Hazardous Materials, Vol. 392, Article
122077. [CrossRef]

D.M. Golea, P. Jarvis, B. Jefferson, G. Moore, S.
Sutherland, S.A. Parsons, and S.J. Judd. “Influence
of granular activated carbon media properties on
natural organic matter and disinfection by-products
precursor removal from drinking water,” Water Re-
search, Vol. 174, Article 115613. [CrossRef]


https://doi.org/10.1016/j.jhazmat.2007.05.059
https://doi.org/10.1016/S0011-9164(02)00584-2
https://doi.org/10.4236/abb.2021.126010
https://doi.org/10.1016/j.jobab.2021.03.003
https://doi.org/10.1016/j.jhazmat.2020.122077
https://doi.org/10.1016/j.watres.2020.115613



