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ABSTRACT
Background and Objective: Water sources, whether surface or groundwater, are increasingly exposed to
contaminants due to anthropogenic activities. Assessing the quality of water from the Ahmadu Bello University (ABU)
Zaria  Water   Treatment  Plant  is  essential  to  ensure  its  safety  for  drinking  and  recreational  purposes.  This
study  aimed  to  evaluate  the  physicochemical  and  bacteriological  properties  of  treated  and   untreated  water
from the plant,  assessing  the  efficacy  of  the  treatment  process  in  meeting  international  water  quality
standards. Materials and Methods: Water samples were collected from both treated and untreated sources at the
ABU Zaria Water Treatment Plant. Physicochemical parameters analyzed included pH, temperature, electrical
conductivity (EC), total dissolved solids (TDS), dissolved oxygen (DO), biological oxygen demand (BOD), alkalinity,
chloride, nitrate, and phosphate. Bacteriological analysis focused on total coliform counts and the presence of specific
pathogens such as E. coli, Klebsiella sp., and Proteus sp. The data were analyzed using descriptive statistics, and
significance was tested (p>0.05). Results: Both treated and untreated water samples met the WHO pH standards
(8.07-8.12). Temperature remained within ambient levels. Treated water exhibited higher EC (228.33 μS/cm) and TDS
(114.17 mg/L) compared to untreated water (168.67 μS/cm and 84.17 mg/L, respectively). DO levels were significantly
higher in treated  water  (2.28  mg/L)  than  in  untreated  water  (0.93  mg/L).  The  BOD  was  lower  in  treated  water
(1.18 mg/L) compared to untreated samples (0.47 mg/L), indicating effective reduction of organic matter. Alkalinity,
chloride, nitrate, and phosphate levels showed minimal variation between treated and untreated samples. Total
coliform counts were substantially reduced in treated water (0-7) compared to untreated water (31-65). Despite
treatment, E. coli, Klebsiella sp., and Proteus sp. were still detected in some samples. Conclusion: The treatment
process at ABU Zaria Water Treatment Plant effectively improves most physicochemical and bacteriological
parameters, aligning with WHO standards. However, the detection of pathogenic bacteria in treated water highlights
the need for further enhancement of treatment protocols to ensure complete safety for human consumption.
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INTRODUCTION
Every living thing, from plants to animals, requires water to survive1,2. As a result, everyone should have
access to clean drinking water. Water needs to be wisely managed and conserved since it is a major source
of drinking water for people worldwide, especially in rural regions3. Safe drinking water must meet
acceptable standards for physical, chemical, and bacteriological criteria. These metrics have been applied
globally to assess the overall quality of drinking water4. Several factors, including the sanitary state of
storage, may contribute to the deterioration of water quality between sources and points of use5,6. Water
quality has been found to have significantly declined while being stored at residences in Latin America,
Africa, and Asia7,8. In fact, water storage for days may cause water quality deterioration and become
unsuitable for drinking9. Worldwide, 1.5 billion people do not have access to clean water, and almost 1.8
million people in poor nations lose their lives each year as a result of water-related illnesses and poor
sanitation10. Even if the locals know the water isn’t safe to drink, they often have to make do with what
they have because of financial constraints and, more likely, a lack of access to water purification systems.
There are thousands of cholera cases reported every year in Nigeria. Diseases caused by gram-negative
parasites include cholera-causing Vibrio cholera, dysentery-causing Shigella dysenteriae, Salmonella
enteritis, tuberculosis-causing Mycobacterium tuberculosis, and typhoid fever-causing Salmonella typhi.
Hepatitis A, polio, and enteroviruses are among the viruses that cause worry. Protozoans such as Giardia
lamblia and Entamoeba histolytica can be found in water and can cause diseases such as amoebiasis and
giardiasis, respectively11.

Humans cannot function physiologically or survive without access to potable water. Taking into account
the earth’s fresh water supply, the rising demand for it in households and businesses, and the rate of
population expansion, humanity is confronting a water crisis12. Additionally, human activities are polluting
it, which in turn reduces the supply of drinkable water13. People are trying to find solutions to the water
problem by finding ways to purify dirty water or save the limited amount of clean water for later use.
When water is stored, the number of organisms in it tends to decrease. The microbiological composition
of stored liquids is influenced by multiple factors. Sedimentation, biological processes, light, temperature,
and food availability are all factors to consider14. How well water is treated, where it comes from, and how
long it stays stored all contribute to its overall purity15.  Basically, water is as important as food in the
nutrition of man and must be supplied regularly and in sufficient quality and quantity. Water is needed
in the body for digestion, translocation, absorption, and excretion of metabolic waste, secretion of
hormones, enzymes, and other biochemical body functions16. Though a water supply may pass all
laboratory tests, we have to bear in mind that hazards may arise from pollution of the water source
through cross-connection, back-siphonage, leaks in mains and service reservoirs17. Water of good quality
has a low total bacterial count of fewer than 100 cfu per milliliters18. Since safe drinking water is essential
for good health, drinking water must be free of pathogens.

Ahmadu Bello University Water Treatment Plant (ABUWTP) is a water treatment plant that uses water from
the Kubanni Dam to provide portable water to over 70,000 people. The treatment process includes
prechlorination, coagulation, filtration, and disinfection. The plant supplies 1,840,000,000 liters of portable
water per day, which is distributed to the residents of the main campus of Ahmadu Bello University in
Zaria19. Different research works have been carried out on various sources of water over the years. Water,
either from surface or ground source, is being continuously exposed to contaminants through man’s
activities.  Therefore, the quality of water from the ABU Water Treatment Plant and its suitability for
drinking and recreational purposes is essential for addressing public health concerns in the region. This
study investigated the physicochemical and bacteriological quality of both the untreated and treated
water supplied from the ABU Water Treatment Plant.
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MATERIALS AND METHODS
Study area: The study area for this research was Ahmadu Bello University water treatment plant, which
is located within the university premises, at an elevation of 655 meters, at Latitude 11°08’ 25.60” N and
Longitude 7°39’ 19.65” E, as shown in Fig. 1. The research began in May 2023 and was completed in
October 2023.

Sample collection: Water samples used for this study were collected from the ABU Zaria Water Treatment
Plant during the rainy season, from August through mid-September. The samples were collected weekly
in sterilized plastic bottles and transported to the laboratory in polythene bags. The samples were
analyzed for physicochemical parameters using standard methods within two hours of collection, except
for bacteriological analyses, which took longer. The analysis of the samples was done using standard
methods to ensure the accuracy and reliability of the results.

Physicochemical analysis: Physicochemical parameters of the obtained water samples examined include
pH, temperature, electrical conductivity (EC), total dissolved solids (TDS), dissolved oxygen (DO),
biochemical oxygen demand (BOD), alkalinity, chloride, nitrate, and phosphate, which were measured
using standard methods20.

Temperature: The temperature of the water samples was measured in degrees Celsius (°C) using a Hanna
instrument. The electrodes of the instrument were dipped into 50 mL of water in a 100 mL beaker, and
the temperature was allowed to stabilize for 1 min before a reading was taken.

Fig. 1: Map of the location of ABU Zaria water treatment plant
Source: https://link.springer.com/article/10.1007/s10661-011-2396-9
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pH: The pH of the water samples was measured using a Hanna instrument, with distilled water as the
blank. As 50 mL of water sample was transferred into a 100 mL beaker. The electrode of the instrument
was dipped into the water sample, and the pH was recorded when a stable reading was reached.

Electrical conductivity: The electrical conductivity (EC) of the water samples was measured using a Hanna
instrument. The electrode was dipped into 50 mL of the water sample in a 100 mL beaker, and the EC was
recorded in micro-siemens per centimeter (µS/cm).

Dissolved oxygen: Dissolved oxygen of the water samples was determined by filling 300 mL BOD bottles
to the maximum with the water samples, and air bubbles were avoided. As 2 mL of MnSO4 solution and
2 mL alkali-azide reagent were added and properly mixed by inverting the bottles. One-third (1/3) of the
floc was allowed to settle down, and it was then mixed for the second time and allowed to settle again.
As 2 mL of concentrated Sulphuric Acid (H2SO4) was added to the floc. The BOD bottles were stoppered
and inverted gently. After the dissolution was complete, 200 mL of the mixture was taken into a 250 mL
conical flask, 1 mL of starch was added, and then titrated with 0.0125N Thiosulphate solution. The
milliliters of sodium thiosulfate used were recorded.

Biological oxygen demand (BOD): Biological Oxygen demand of the water samples was determined by
calculating the difference between dissolved oxygen over a 5-day incubation interval:

BOD (mg/L) =DO1-DO5

Where:
DO1 = Dissolved oxygen value for day one
DO5 = Dissolved oxygen value after five days of incubation

Total alkalinity: Total alkalinity was determined by adding 2 drops of Bromocresol green and 2 drops of
methyl red to 100 mL of the sample in a conical flask. The solution was titrated against 0.02 mg/L
sulphuric acid, and the total alkalinity was calculated as:

Total alkalinity (CaCO3 mg/L) = Titer×10

Nitrate determination: Nitrate-Nitrogen was determined by evaporating 100 mL of each water sample
to dryness in a metallic crucible. Phenol disulphonic acid (2 mL) was added to the residue, which was
swirled for uniformity and left for 10 min. Distilled water (10 mL) was added, followed by strong ammonia
solution (5 mL). The color change was read at a wavelength of 430 nmλ.

Phosphate determination: To 100 mL of each water sample in a 250 mL conical flask, 1 mL of ammonium
molybdate  was  added.  This  was  followed  by  the  addition  of  about  4-5  drops  of  stannous  chloride
reagent.  It  was  allowed  to  stand  for  about  12  min.  It  was  then  measured  at  600  nmλ  with a
calorimeter, using distilled water as a blank. The value of POP was read from the display panel of the
calorimeter.

Chloride  determination:  To  determine  chloride,  100  mL  of  the  water  sample  was  measured  into
a 250 mL conical flask, followed by 2-3 drops of Potassium Chromate (K2CrO4). The content was swirled
for a few minutes, then titrated against standard Silver Nitrate (AgNO3) until a dirty reddish precipitate
formed. The concentration of chloride in the sample was calculated as follows:

Cl mg/1 = Volume of MgNO3×10
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Membrane filter technique: The glassware was sterilized in an autoclave at 121°C for 15 min. A sterile
0.45 µm membrane filter was placed in the filtration setup using flame-sterilized forceps. The 100 mL of
each water sample was transferred into the filtration funnel and passed through the filter using a suction
pump. The membrane filter was removed from the filtration setup and placed on petri dishes containing
EMB agar with the grid side up. The membrane filter was allowed to make good contact with the EMB agar
surface. Sterile buffer saline was used to rinse the filtration funnel after each sample filtration to prevent
contamination. This process was repeated for all the samples.

Colony  count:  The  petri  dishes  containing  the  membrane  filters  were  incubated upside down in
an  incubator  at  37°C  for  24  hrs.  The  number  of  colonies  on  each  membrane  filter  was  counted
using a colony counter and recorded as the number of colony-forming units per 100 mL of water
(CFU/mL).

Subculture of isolates: A single colony from each membrane filter was streaked onto a fresh nutrient agar
plate to obtain a pure culture of the different bacterial isolates. The plates were incubated for 24 hrs and
the colonies to be identified were picked from the media.

Gram staining: A thin film of each bacterial isolate was prepared by placing a small amount of the growth
into a drop of sterile distilled water on a clean, grease-free glass slide. The sample was spread across the
slide using a sterile wire loop, then allowed to air-dry. The slide was fixed by briefly flaming it over a
Bunsen burner. The slide was then stained with crystal violet for 60 sec, rinsed with water, and stained with
iodine solution for another 60 sec. The slide was then rinsed with water and decolorized with alcohol. The
slide was then counterstained with safranin for 30 sec. After rinsing with clean water, the slide was allowed
to air-dry and viewed under the light microscope using oil immersion. Microscopic observation was done
according to standard procedure21.

Biochemical tests
Citrate utilization test: The isolates were inoculated on Simmons' citrate agar slants in a test tube and
incubated at 37°C for 24 hrs. The development of a deep blue color on the slant indicated a positive
reaction, while no color change indicated a negative reaction21.

Indole test: The isolates were incubated in 5 mL of peptone water for 24 hrs. Afterwards, 3 drops of
Kovac's reagent were added to each tube and gently shaken. A positive reaction was indicated by the
development of a red color in the reagent layer above the broth, while a negative reaction was indicated
by the retention of the yellow color of the reagent21.

Motility: The medium was inoculated with a fine stab to a depth of 1-2 cm below the surface of the
medium, using a sterile needle. The inoculated medium was incubated at 35°C for 24 hrs. For motile
organisms, the inoculated medium was cloudy, and the line of inoculation was not sharply defined. For
non-motile organisms, the growth was confined to the line of inoculation, which was sharply defined, and
the rest of the medium was clear21.

Methyl Red-Voges-Proskauer test: The isolates were grown in 5 mL of MR-VP broth and incubated for
48 hrs at 35°C. Afterwards, 1 mL of the broth was transferred to a sterile test tube, and 2 drops of methyl
red indicator were added and mixed thoroughly. A positive test was indicated by an intense red color,
while a negative test was indicated by a yellow color. To the remaining tubes, 5 drops of KOH were added,
followed by 5 drops of 5% a naphthol in ethanol. The tubes were shaken and placed in a sloping position.
A positive test was indicated by the development of a red color starting from the liquid-air interface within
one hour. A negative test was indicated by no change in color21.
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Triple  sugar  iron   (TSI):  The  TSI  agar  slant  was  inoculated  by  a fine  stab  with  a  needle  to  a 
depth  of 3-5 cm below the surface of the medium. The inoculated medium was incubated at 35-37°C for
18-24 hrs. After incubation, the reaction in the slant and butt is observed, as well as any gas and hydrogen
sulfide production. Development of yellow colour indicates acid reaction; red colour indicates alkaline
reaction; blackening of the medium indicate H2S production; and bubbles, cracks, or displacement of the
medium indicate gas production.

Data analysis: The results were statistically analyzed using Analysis of Variance (ANOVA) operated
through SPSS software to determine the variance of the physicochemical parameters of treated and
untreated water. Results were considered significant at p<0.05.

RESULTS
Determination of physicochemical parameters of treated and untreated water samples: The mean
pH levels in treated and untreated water samples were determined. The treated water exhibited a slightly
higher pH of 8.12±0.25 compared to 8.07±0.21 in the untreated water, and there was no significant
difference. There was no statistically significant difference (p>0.05) in the mean temperature of both
treated and untreated water samples showed minor temperature variations, with treated water at 27.18°C
and untreated water at 26.85°C. Treated water displayed higher electrical conductivity (EC) at 228.33
μS/cm compared to 168.67 μS/cm in untreated water, which indicates a significant difference (p>0.05).
This elevated mean EC in treated water may be attributed to the presence of dissolved ions, potentially
from the treatment process. TDS mean levels in treated water were 114.17 mg/L, whereas in untreated
water, they were 84.17 mg/L, and there was a significant difference (p>0.05). The mean dissolved oxygen
(DO) level of the treated water sample (2.28 mg/L) was significantly higher than that of the untreated
water sample (0.93 mg/L), suggesting that the treatment process was effective in improving the water
quality. The mean biological oxygen demand (BOD) concentration recorded for the treated water sample
(1.18 mg/L) was significantly higher than that of the untreated water sample (0.47 mg/L). The difference
in mean total alkalinity between treated and untreated water samples (5.83 mg/L) and (6.67 mg/L) was
not significant. Treated  water  showed  lower  chloride  levels  (2.4  mg/L)  compared  to  untreated  water
(2.87 mg/L), and there is no significant difference (p>0.05). The mean nitrate concentration of the treated
water 14.75 mg/L, which was lower compared to 18.33 mg/L in untreated water indicate no significant
difference (p>0.05). Treated water exhibited a slightly lower phosphate concentration of 1.18 mg/L
compared to 1.28 mg/L in untreated water, and there is no significant difference (p>0.05) as shown in
Table 1.

Bacteriological analysis of treated and untreated water samples: Table 2 shows a significant difference
in the total coliform counts and colony forming units per 100 mL (CFU/100 mL) between the treated and
untreated water samples. In the treated water samples, the highest count was in sample 1 with 7 total
counts representing 0.7×101 CFU/100 mL, while the lowest count was in sample 3, which had no detectable
coliforms. In the untreated water samples, sample 4 had the highest count, with 65 total counts
representing 6.0×101 CFU/100 mL and sample 3, with 31 total counts had the lowest count representing
3.1×101 CFU/100 mL.

Table 1: Physicochemical parameters of treated and untreated water samples
Parameter Treated water Untreated water t-statistic p-value WHO
pH 8.12±0.25 8.07±0.21 0.34 0.7418 6.5-9.5
Temperature (oC) 27.18 26.85 1.26 0.2372 Ambient
EC (μS/cm) 228.33 168.67 2.79 0.0204 1000
TDS (mg/L) 114.17 84.17 2.83 0.0189 500
DO (mg/L) 2.28 0.93 10.44 0 7.5
BOD (mg/L) 1.18 0.47 8.3 0 7--9
Alkalinity (mg/L CaCO3) 5.83 6.67 -0.78 0.4553 150
Chloride (mg/L) 2.4 2.87 -1.59 0.1432 250
Nitrate (mg/L) 14.75 18.33 -1.41 0.1938 50
Phosphate (mg/L) 1.18 1.28 -0.46 0.6553 50
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Table 2: Colony count and CFU/100 mL of treated and untreated water samples
Treated water samples Untreated water samples

------------------------------------------------------------------ -------------------------------------------------------------
Sample Total count CFU/100 mL Sample Total count CFU/100 mL
1 7 0.7×101 1 52 5.2×101

2 3 0.3×101 2 60 6×101

3 0 0 3 31 3.1×101

4 6 0.6×101 4 65 6.5×101

5 6 0.6×101 5 42 4.2×101

6 4 0.4×101 6 48 4.8×101

CFU = Colony Forming units

Table 3: Biochemical tests on treated water samples
Sample TSI Citrate Sulfide Indole Motility MR VP Gram reaction Organism
1 Acid/Acid+Gas - - + + + - - E. coli
2 Acid/Acid+Gas + - - - - + - Klebseilla sp.
4 Acid/Acid+Gas - - + + + - - E. coli
5 Acid/Acid+Gas - - + + + - - E. coli
6 Acid/Acid+Gas + + + - + - - Proteus sp.
TSI:  Triple  sugar  iron  test,  MR:  Methyl  red  test,  VP:  Voges-Proskauer  test,  +:  Positive  reaction,  -:  Negative  reaction,
Acid/Acid+Gas:  Fermentation  of  glucose  and  lactose  and/or  sucrose  with  gas  production and Gram reaction (!): Gram-negative
bacteria

Table 4: Biochemical tests on untreated water samples
Sample TSI Citrate Sulfide Indole Motility MR VP Gram reaction organism
1 Acid/Acid+Gas + - - - - + - Klebsiella sp.
2 Acid/Acid+Gas + - - - - + - Klebsiella sp.
3 Acid/Acid+Gas + + + - + - - Proteus sp.
4 Acid/Acid+Gas - - + + + - - E. coli
5 Acid/Acid+Gas - - + + + - - E. coli
6 Acid/Acid+Gas + + + - + - - Proteus sp.
TSI:  Triple  sugar  iron  test,  MR:  Methyl  red  test,  VP:  Voges-Proskauer  test,  +:  Positive  reaction,  -:  Negative  reaction,
Acid/Acid+Gas: Fermentation of glucose and lactose and/or sucrose with gas production and Gram reaction (!): Gram-negative
bacteria

Table 3 and 4 show the results of biochemical tests performed on the bacterial isolates obtained from the
treated and untreated water obtained from ABU Zaria water treatment plant. The results of the
biochemical tests revealed the presence of E. coli in water samples 1, 4, and 5 for treated water and water
sample 4, and 5 for untreated water; Klebsiella in water sample 2 for treated water and water sample 1,
and 2 for untreated water; and Proteus in water sample 6 for treated water and water sample 3, and 6 for
untreated water.

DISCUSSION 
Humanity is facing water shortage considering its availability, domestic and industrial used which has been
increasing with increased in population growth and the constancy of the earth fresh water22. To ensure
the safety of drinking water, water quality guidelines establish thresholds for various parameters. Regularly
monitoring the quality of drinking water is crucial as contaminants can lead to a range of waterborne
illnesses. Access to clean water is indispensable for enhancing quality of life and preventing the occurrence
of diseases.

This study investigated the physicochemical parameters of the treated and untreated water samples
obtained from ABUWTP. The result upon investigation indicate that the mean temperature was 27.18°C
for treated water and 26.18°C for untreated water, which is within the WHO's recommended range. This
study is similar to research conducted by Abdul et al.1. The Biological Oxygen Demand (BOD),
sedimentation, and chlorination processes, as well as the temperature of groundwater, tend to increase
with increasing depth to the aquifer. pH value for treated water obtained is 8.12±0.25, while for untreated
water is 8.07±0.21, respectively. These values fall within the WHO-recommended range of 6.5 to 9.5.
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The  treated  water  samples  exhibited  higher  EC  and  TDS  values  compared  to  the  untreated water
(228.33 µS/cm; 114.17 mg/L and 168.67 µS/cm; 84.17 mg/L, respectively). This could be attributed to the
treatment process, possibly involving the addition of chemicals. Despite this, both values are within the
1000 mg/L WHO drinking water standard. This study corresponds with the research work conducted by12.
The difference in TDS shows how different allochthonous and autochthonous inputs contributed to the
reservoir. Therefore, both the treated water and the reservoir water are potable in terms of electrical
conductivity.

Dissolved oxygen may not directly endanger human health; it may have an impact on other substances
present in the water23. The Dissolved Oxygen of both treated (2.28 mg/L) and untreated water (0.93 mg/L)
readings is within the recommended range for drinking water. Odor issues can arise when dissolved
oxygen in water supplies is reduced, as this can promote microbial conversion of nitrate to nitrite and
sulphate to sulphide13. The Biological Oxygen Demand (BOD) obtained for both treated and untreated
waters, with mean BOD values of 1.18 and 0.47 mg/L was within the recommended values14. The BOD is
in line with the finding of old study15.

Alkalinity from this study was 5.83 mg/L CaCO3 for treated water and 6.67mg/L CaCO3 for untreated water.
The total alkalinity of all the samples was found to be within the WHO limit of 150 mg/L CaCO3 of drinking
water. This result is in line with the findings of Adeyeye et al.4 who reported similar results. The chloride
levels of the treated and untreated water samples were 2.4 and 2.87 mg/L, respectively. These values are
within the WHO-recommended level of 250 mg/L. This is consistent with the past research findings23.

Nitrate is one of the most important disease-causing parameters of water, particularly blue baby syndrome
in infants. Nitrate gets into water through chemical fertilizers, soil, foods, glass, and explosives24. The mean
nitrate concentration value of treated water was 14.75 and 18.33 mg/L in untreated water. These values
also conform to the WHO permissible limit of 10 mg/L. This result is in agreement with that of the studies
by Adeyeye et al.4. The phosphate concentration of treated water samples was 1.18 and 1.28 mg/L in
untreated water samples. Phosphate levels are within the WHO limit of 50 mg/L for both treated and
untreated water.

The bacteriological analysis reveals the presence of coliform bacteria in both treated and untreated water
samples. The treated water samples had the highest total count in sample 1, with 7 total counts
representing 0.7×101 CFU/100 mL, while the lowest count was in sample 3, which had no detectable
coliforms. In the untreated water samples, sample 4 had the highest count with 65 total counts
representing 6.0×101 CFU/100 mL, and sample 3, with 31 total counts, had the lowest count, representing
3.1×101 CFU/100 mL. The total coliform count in treated water is consistently lower than in untreated
water across all samples. This demonstrates the effectiveness of the water treatment process in reducing
coliform bacteria. The presence of coliform bacteria, including E. coli, Klebsiella sp., and Proteus sp., was
identified in both treated and untreated water samples. These bacteria are indicators of fecal
contamination and pose a significant health risk if consumed. This study corresponds with the research
work conducted previously20, who found that the fecal coliforms isolated from the water samples were
identified as E. coli, Enterobacter sp., and Klebsiella sp., and the levels of fecal coliforms in the raw water
were higher than those in the treated water from ABUWTP.

CONCLUSION
The results for physicochemical parameters, including temperature, pH, EC, DO, BOD, TDS, total alkalinity,
nitrate, and chloride, were all within the WHO-recommended range for drinking water. All treated water
was not free from contamination, but the samples had low coliform counts that meet WHO standards of
1.0×102, which is the standard for total coliform count for drinking water, while untreated water samples
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were highly contaminated with coliform bacteria such as E. coli, Klebsiella sp., and Proteus sp. The presence
of bacteria in the water should also not be overlooked since they can be pathogenic when consumed in
large quantities over time.

SIGNIFICANCE STATEMENT 
This study provides evidence-based evaluation of the efficiency of the ABU Zaria Water Treatment Plant
in improving water quality to meet international standards. By identifying residual pathogenic
contamination despite acceptable physicochemical parameters, the findings highlight critical public health
implications and the need for strengthened treatment and monitoring strategies to ensure safe potable
water supply.
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