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Abstract: Food insecurity remains a pressing global issue, particularly in rapidly growing communities such as Odugbo, which may face
challenges in sustaining food supply due to increasing population pressure. To mitigate this, the adoption of off-season irrigation farming
becomes essential. In this study, water samples were collected during the dry season from three points along a river in the Odugbo area: the upper
course (P1), middle course (P2), and lower course (P3). Physical parameters, heavy metal concentrations using Atomic Absorption
Spectrophotometry (AAS), and anion levels via titration methods were analyzed. The results showed: Temperature 28.20+0.05 —
28.60+0.05 °C, pH 6.12+0.063 — 6.79 £ 0.05, TDS 1022 £2.00 — 1026 £2.00 mg/L, DO 5.75+0.11 — 7.19+0.09 mg/L, BOD 0.13+0.01 —
0.57+0.05 mg/L, Electrical Conductivity 825+3.00 — 875 +4.00 pS/cm, Turbidity 1.7+ 0.00 — 2.1 £0.00 NTU, Pb 0.521+£0.852 mg/L, Zn
0.140+0.003 — 0.158 mg/L, Cu 0.212+0.027 — 0.751£0.023 mg/L, Mn 0.141+0.003 — 0.162+0.002mg/L, Cd 0.221+0.002 —
0.231+0.003 mg/L, CI-80.61 +£0.010 - 110.58 + 0.022 mg/L, NOs~ 25.81 £0.01 —45.33 £ 0.01 mg/L, PO+*~0.023 + 0.0007 —0.190 + 0.01 mg/L,
and SO+ 78.53£0.001 — 115.22+0.02 mg/L. The findings suggest that the river water is generally suitable for irrigation farming, as most of
the tested parameters fall within the FAO-recommended limits for irrigation water quality.
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1 INTRODUCTION

One of the most vital resources that is necessary to support all life forms is water. Water availability is essential for food
production, economic growth, and people's overall well-being [1][2]. Because it has a significant impact on the life and health of
people who either directly or indirectly depend on a water source, particularly those who live in rural communities, water pollution
and its repercussions cannot be overstated. Therefore, it is reasonable to conclude that life depends on water and that life would
not exist without it [3][4]. Otherwise, life wouldn't exist. Even if there are instances of seasonal dryness in some places, which
could have a significant detrimental influence on people's lives and activities, water from the streams has become easily accessible
to meet people's requirements in the absence of pipe-born water, particularly in rural communities.

For many people worldwide, water has multiple meanings, and access to clean water is essential for economic development
because water is required for almost everything, including economic production, agriculture, industry, domestic or household tasks,
and life itself [5][6][3]. Food security may be threatened by the influx of people into the town brought about by the opening of a
new institution, necessitating the start of irrigation farming. By boosting agricultural output and availability, irrigation farming can
significantly increase food security, particularly in areas experiencing water scarcity and climate change. It makes off-season
farming possible, which raises crop yields and farmer earnings while promoting food accessibility and stability. Because it offers
the human population vital physiological, social, and economic benefits, food security is critical on a global basis.

Therefore, evaluating the state of food security, especially in developing nations, is essential to achieving the Sustainable
Development Goal of eradicating hunger (Goal 2) [7]. Considering climate change and growing water shortages, efficient irrigation
water management is essential to raising agricultural output and resolving this pressing issue. This is essential for creating a
productive workforce, which propels economic expansion. Malnutrition, on the other hand, can reduce productivity. Overnutrition
and undernutrition can both result in health problems that make it difficult for a person to work and learn [8]-[10].

The concept of "food security" has evolved in response to primary concerns about food and hunger, as well as the shifting
political and economic environment. The four pillars of availability, access, usage, and stability are now widely acknowledged as
being part of food security. Putting irrigation plans into place is essential to reducing poverty and improving food security. Farmers'
participation in irrigated agriculture is strongly linked to enhanced home conditions and higher annual incomes and food
expenditures [11]. This study investigates the quality of water samples from three different locations in the Odugbo River by
considering some parameters to determine whether the river is suitable for the off-season farming period.
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2 MATERIALS AND METHODS

2.1. Sample Collection and Preservation

A total of 27 samples of water were collected at three different points, and nine samples each from a particular point were
composited into three composite samples, each representing the upper river location (P1), middle river location (P2), and lower
river location (P3). To avoid a reaction with the metals in the water sample to be investigated, each sample was kept in a plastic
bottle. After a thorough cleaning, the sample bottles were rinsed three times: once with the appropriate sample, once with deionised
water, and finally with diluted HNO3 [12]. Samples must be kept after collection to yield the best results. A slurry of ice and water
was made and cooled at 4°C to lessen the chance of volatilisation or biodegradation between sample collection and analysis [13].
According to [14], certain metals, including aluminium, cadmium, chromium, copper, lead, silver, and zinc, may lose ions by ion
exchange or adsorption on the glass container walls. By mixing 3 millilitres of high analytical grade HNO3 with one litre of
sample, samples were acidified below pH 2.0 to test for adsorption and precipitation [15]. The samples were carefully labelled as
follows: P1 (upper river course), P2 (middle river course), and P3 (lower river course).

2.2. Sample Preparation for AAS Analysis

Sample preparation is a crucial step in analytical chemistry that must be performed carefully and precisely to ensure accurate
results. In the process of preparing water samples for metal ion analysis using an atomic absorption spectrophotometer, the standard
method outlined by [12] involves the following steps: First, a 50-millilitre sample of well-mixed, acid-preserved water is placed
in a beaker. Next, a few glass beads and 5 millilitres of concentrated HNO3 (nitric acid) are added. The mixture is then heated on
a hot plate, gradually evaporating 10-20 millilitres of the liquid. Additional concentrated HNO3 is added until the digestion process
is complete, ensuring that the sample does not dry out during the process. Finally, the beaker is washed three times with deionised
water to ensure proper cleaning.

2.3. Sample Analysis for the Determination of Heavy Metals

The digested samples were taken to the Central Research Laboratory at Umaru Musa Yar'adua University, Katsina, Katsina
State, for AAS analysis of heavy metals, including lead, zinc, copper, manganese, and cadmium. Three repetitions were done for
each metal analysis, and the instrument provided the meaning of the results. After digestion, the AAS machine was used to detect
the availability and concentration of the metal analyte in the sample. The digested sample is aspirated into an air-acetylene flame,
causing evaporation of the solvent and vaporization of free metal atoms. This method is called atomization. A light source (hollow
cathode lamp) operating in the UV-visible spectra region is used to cause electronic excitation of the metal, and the absorbance is
measured with a conventional UV-visible dispersive spectrometer with a photomultiplier detector.

2.4. Sample Preparation and Determination for Anions

Water samples were collected in three different plastic bottles labelled P1, P2, and P3 from the three composited samples and
wrapped in black nylon to prevent light. Water samples for anionic analysis were preserved by refrigerating at 4°C and were
supported by an ice block during transport for analysis. The anions (NO3-, SO+, Cl, and PO+*") were determined by titration.

2.5. Determination of Electrical Conductivity

To measure the electrical conductivity of the water sample, a conductivity meter was used. This instrument measures how well
the water allows current to pass through, which directly reflects the number of dissolved ions in the water. The electrode was first
cleaned and thoroughly wet, then plugged into the conductivity meter. It was then placed into a 250ml beaker filled with deionized
water. Once the meter was switched on, zero errors were corrected. Afterwards, the deionized water was replaced with raw water
samples, and the electrode was inserted into each one. The system was given some time to stabilize before the readings were taken
twice to ensure accuracy.

2.6. Determination of Acidity or Alkalinity of the Samples (pH)

pH is a measure of how concentrated hydrogen ions (H*) are in a solution. A solution with a high concentration of hydrogen
ions will have a low pH, while a solution with fewer hydrogen ions will have a higher pH. In mathematical terms, pH is calculated
as the negative logarithm of the H* concentration. To measure pH, a Wag WT 3020 pH meter was used. First, the glass electrode
was rinsed with deionized water. Then, the pH meter was turned on and calibrated by connecting the glass electrode to the meter
and immersing it in a buffer solution. The reading was allowed to stabilize, and the pH meter showed a value of 4.0, matching the
known value for the buffer. The exact process was repeated for buffer solutions with pH values of 7 and 10. After calibration, the
buffer solution was replaced with the raw water samples, and the electrode was immersed in each. After allowing the system to
stabilize, the pH readings were recorded.
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2.7. Determination of Total Dissolved Solids (TDS)

Total solids measure the combined amount of dissolved and suspended solids in a sample. This is a standard assessment in
water treatment, as a high total solids level often indicates the presence of a significant amount of solid material in the sample. In
some cases, this could mean the sample is contaminated, depending on the standards used. To measure total solids, an empty
beaker was first weighed. Then, 50 mL of the water sample was added to the beaker and gently heated to dryness at around 105°C.
Once the water had evaporated, the beaker was cooled and weighed again. This process was repeated until the mass remained
constant, and the final value was recorded.

Wt + 1000

Total Solids =
OrAESORES = Y lume of the Sample

where ‘Wt’ is the weight of the residue after drying.
2.8. Determination of Dissolved Oxygen (DO)

Dissolved oxygen refers to the amount of oxygen gas (O2) that is present in water. Oxygen enters water through two main
processes: direct absorption from the air, especially in areas with rapid movement of water, or as a byproduct of photosynthesis
by plants. Factors like water temperature and flow rate can influence the level of dissolved oxygen in water. Cold water holds
more oxygen than warm water, which is why water temperature plays a role in oxygen levels. Having sufficient dissolved oxygen
is essential for maintaining good water quality and is necessary for the survival of all aquatic life. To measure dissolved oxygen,
20 mL of water was taken and pipetted with 1 mL of potassium fluoride. Then, 2 mL of 0.1 M manganese sulfate and 2 mL of
alkaline iodine solution were added. Following that, 2 mL of concentrated H2SO4 and 5 mL of freshly prepared starch indicator
were introduced, causing the solution to turn blue-black. The sample was then titrated with 0.05 M sodium thiosulfate solution
until the color changed to colorless, indicating the end point of the titration.

2.9. Determination of Turbidity

The method used in this study involved comparing the intensity of light scattered by the water sample under controlled
conditions with that of a standard reference suspension. The principle here is simple: the more light that is scattered, the higher the
turbidity in the sample. The readings were taken in Nephelometric Turbidity Units (NTUs) using a nephelometer, which was built
according to specific standards. The instrument was first calibrated using a primary standard suspension. Daily, a secondary
standard suspension was used for calibration checks, and the condition of the standards was periodically monitored for any
deterioration, with the primary standard serving as a reference for this process [16].

3 RESULTS AND DISCUSSION

Table 1 presents the mean concentrations of the physical parameter in the water samples P1, P2, and P3. The results from the
table showed the temperature of the samples: P; (28.50%0.05), P, (28.60+0.05), and P3 (28.20+0.05). Although the FAO (2023)
does not recommend a specific temperature, the values obtained in this work are accepted in related literature, indicating that the
water pH is suitable for irrigation farming. The pH of the samples was detected as: Py (6.12+0.06), P> (6.19+0.03), and P3
(6.79+0.05). All the reported values were found within the threshold set by FAO (6.5-8.4). This is an indication that the pH of the
river is suitable for irrigation farming. Results for the analysis of total dissolved solid (TDS) in the samples in mg/L were reported
as follows:: Py (1022+2.00), P> (1026+2.00), and P3 (1026+2.00).

Table 1. Mean and standard deviation data for the concentrations of some physical parameters in the samples

P P2 P3 FAO

Parameter Standard

Mean SD RSD% Mean SD RSD% Mean SD RSD %
TEMP. °C 28.50 0.05 0.18 28.60 0.05 0.18 28.20 0.05 0.18 -

pH 6.12 0.06 10.3 6.19 0.03 4.85 6.79 0.05 0.73 6.5-8.4
TDS (mg/L) 1022 2.00 0.20 1026 2.00 0.19 1026 2.00 0.19 2000
DO (mg/L) 5.75 0.11 191 6.82 0.02 0.29 7.19 0.09 1.25 1.18-2.98
BOD (mg/L) 0.57 0.05 8.77 0.41 0.01 244 0.13 0.01 7.69 40
E.C. (uS/cm) 825 3.00 036 815 1.00 0.12 874 4.00 0.46 <3000

Turb. (NTU) 1.70 0,00 0.00 1.80 0.00 0.00 2.10 0.00 0.00 -
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These values, compared to the limit set by FAO (2000 mg/L) in Table 1 and Fig. 1, showed that the mean concentrations of
the samples analyzed were below the regulatory limit and hence depicted no health risk to the crops; therefore, they were
considered fit for farming. Analysis showed the following results for the determination of dissolved oxygen (DO) in mg/L in the
water samples: P (5.75+0.11), P, (6.82+0.02), and P3 (7.19£0.09). These values were found to be above the limit set by FAO
(1.18-2.98 mg/L), as seen in Fig. 1. These high values detected may have adverse effects on plant growth and soil health, primarily
due to the potential for increased oxidation and the creation of a more acidic environment which may not be suitable for plant
growth [17].
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Fig. 1. Comparison of physical parameters with the FAO standard

Analysis to determine the mean concentrations of Biochemical Oxygen Demand (BOD) in the water samples in mg/L were
recorded as: P; (0.57+0.05), P, (0.41£0.01), and P53 (0.13+£0.01). These values are lower compared to the set limit by FAO (40
mg/L) shown in Figure 1. This indicated no health risk to the crops if the river is used for irrigation farming. The electrical
conductivity test in uS/cm showed the following results for the samples: P; (825+3.00), P> (87544.00), and P3 (87444.00). These
values, compared to the limit set by FAO (3000 uS/cm), as shown in Fig. 1, indicate that the dissolved ions in the water samples
are within the tolerable limits and hence, no fear of health hazard to the crops if used for irrigation. The turbidity of the samples
(NTU) was detected as: P; (1.7+0.00), P, (1.9£0.00), and P3 (2.1+0.00). Although FAO has not set a specific limit for turbidity,
the World Health Organization has established 5 NTU [18] as the standard for drinking water. This value, according to the WHO,
can serve as a guide in considering the acceptability of these results for the suitability of the water from this river for irrigation
farming.

Table 2 shows the analysis of heavy metals Pb, Zn, Cu, Mn, and Cd in the water samples tested. The mean concentrations of
Pb (mg/L) in the sample points were reported as: P; (0.852+0.021), P, (0.561£0.022), and P3 (0.521%0.020).

Table 2. Mean and standard deviation data for the heavy metal concentrations in the samples

Py P2 Ps3

Metals FAO Standard
Mean SD RSD% Mean SD RSD % Mean SD RSD %
Pb (mg/L) 0.852  0.021 247 0.561 0.022 3.87 0.521 0.02 3.80 5
Zn (mg/L) 0.158 0.003 1.53 0.140 0.003 1.96 0.140 0.003 1.96 2
Cu (mg/L) 0.751  0.023 1.31 0.212  0.027 1.20 0.212 0.027 1.20 0.2
Mn (mg/L) 0.141 0.003 2.23 0.162 0.002 1.20 0.141 0.003 2.23 0.2
Cd (mg/L) 0.221  0.002 1.96 0.230 0.003 1.11 0.231 0.003 1.10 0.01

These results, compared to the limit set by FAO (5§ mg/L) in Table 2 and Fig. 2, were all found below the permissible limit;
hence, the river is not harmful to crops. Consequently, based on this report, the water is suitable for irrigation farming regarding
the concentration of Pb. The mean concentrations of Zn in the analyzed samples were: Py (0.158+0.003), P, (0.140+£0.003), and P;
(0.140+0.003). These values were below the threshold of FAO (2 mg/L) shown in Table 2 and Figure 2. This is an assurance of
the suitability of the river for irrigation farming. The report of the mean concentrations of Cu was given as: P (0.751%0.023), P,
(0.212+0.027), and P3 (0.212+0.027). These values showed that the concentrations of Cu in the river were within the limit as set
by FAO (0.2 mg/L) except for the upper river point (P;). This result suggests that there is a need for moderation to avoid possible
health risks to humans through the food chain if the water is used for irrigation farming.
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A similar investigation carried out on the water samples showed the mean concentrations of Mn as P; (0.141+0.003), P,
(0.162+0.002), and P3 (0.141£0.003). These values were found to be lower than the limit (0.2 mg/L) set by the regulatory body
shown in Table 2 and Fig. 2. The results from the analysis for the concentrations of Cd in the water samples were reported at P;
(0.221£0.002), P, (0.230+0.003), and P3 (0.231£0.003). These values were all found above the threshold by FAO (0.10 mg/L) for
Cd in water for irrigation. This poses risks to human health through the consumption of contaminated crops and can also affect the
ecosystem by impacting soil microbes and other organisms.
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Fig. 2. Comparison of Heavy Metal Concentrations with the FAO standard

Table 3 shows the concentrations (mg/L) of the anions: CI-, NOs~, PO+*", and SO+*" in the collected water samples analyzed.
The mean concentrations of Cl- were reported as: P1 (110.58+0.022), P2 (95.63+0.025), and P3 (80.61+0.010). These values were
found below the permissible limit set by FAO (106.5 mg/L) except for the sample of water from the upper river point. Considering
the difference in values between P1 (110.58+0.022 mg/L) and FAO (106.5 mg/L), the water may be regarded as fit for irrigation
farming. Results for the analysis of the mean concentrations of NOs~ were reported as: P1 (45.35+0.010), P2 (34.65+0.026), and
P3 (25.81£0.010). These values were all found below the limit set by FAO (50 mg/L); hence, the river is suitable for irrigation
farming.

Table 3. Mean and standard deviation data for the concentrations of anions in the samples

P1 P2 P3
Anions FAO Standard
Mean SD RSD % Mean SD RSD % Mean SD RSD %
CI" (mg/L) 110.56 0.022 0.22 95,63 0.025 0.26 80.61 0.01 0.12 106.5
NOs (mg/L) 4533  0.01 0.02 3456 0.026 0.08 25.81 0.01 0.04 50
PO+ (mg/L)  0.023  0.001 3.04 0.190 0.01 5.26 0.170 0.01 5.88 0.1
SO4* (mg/L) 11522 0.02 0.02 9744 0.04 0.04 7853 0.01 0.01 400

The mean concentrations of PO+~ were found: P1 (0.023+0.0007), P2 (0.19+0.010), and P3 (0.1704+0.010). These values,
compared to the 0.10 mg/L set by FAO, are slightly higher than the regulated value except for the upper river water, which was
found below the limit. This could be a result of the use of phosphate fertilizer, washed into the river by runoff water [19]. Finally,
the results of SO4+*~ analysis are reported: P1 (115.22+0.02), P2 (97.44+0.04), and P3 (78.53+0.01).

These were all found below the tolerable limit of 400 mg/L by FAO. Hence, the water from this river is suitable for irrigation
farming. The Relative Standard Deviation for all the values is calculated using the Horwitch function, which states that the highest
relative standard deviation values acceptable for concentrations of less than or equal to 1000 mg/L are 10% [20]. Fig. 3 plots the
concentration of anions at different locations along with the FOA standard.
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Fig. 3. Comparison of concentrations of anions with FAO standard
4 CONCLUSIONS AND RECOMMENDATIONS

The water samples' results revealed that the area falls below the desirable limit and is suitable for irrigation during the dry
season, as the water quality indices compared with the results didn't show health concerns, except in instances that are not enough
to pose a threat to human health. This system of farming, if adopted, can ensure food security, support agricultural diversification,
provide opportunities for skills acquisition by students within the community, mitigate drought, and provide employment
opportunities for farmers who have fewer farming jobs during the dry season. This study highlights the importance of consistently
monitoring the water quality of the Odugbo River to keep track of pollution levels over time. Regular assessments are crucial for
implementing timely management measures to reduce the intensity of pollution. Given that some of the parameters examined, like
copper and cadmium, are nearing or even exceeding the upper limits, immediate actions need to be taken to address this issue. The
remedial measures include:

1) Farmers should be encouraged to adopt biofertilizers and biopesticides as alternatives to prevent contamination of the
soil, surface water, and groundwater.

2) A clear action plan needs to be developed for both short-term and long-term management of surface water and other
natural resources. This plan should consider factors such as population, agricultural activities, and the availability of water
resources.

3) A sustainable watershed management plan should be established to preserve both the quality and quantity of the Odugbo
River. During the study, it was observed that several human activities along the riverbank, including the use of
agrochemicals like herbicides and pesticides and the unregulated discharge of effluent from cassava processing, are
threatening the river's health.

4) The research on the Odugbo River should be extended beyond the scope of this study. This would offer more
comprehensive data on the river's suitability for irrigation. Further studies should include an examination of the river's
quality during the rainy season to assess its potential to combat drought, which often leads to crop failure.

5) Investigating the quality of Odugbo River during the rainy season is essential to understand its suitability for irrigation,
especially in addressing drought issues that threaten crop yields.
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