CHAPTER THREE

Project Methodology
3.0 INTRODUCTION
The methodology to be adopted for this study involves several systematic steps to ensure accurate assessment and comparison of water quality from boreholes and hand-dug wells in Olunlade, Ilorin. The process includes sample collection, analysis, and data interpretation, with a focus on the physical, chemical, and microbiological parameters of water quality.


 Materials and methods 
3.1.1 Material 
The main material used in this work is water sourced from hand dug well and bore-hole in the study area (OLUNLADE)
3.1.2 Sampling Points  
  Ten water sources were being selected (five boreholes and five hand-dug wells) based on their accessibility, usage frequency, and proximity to potential contamination sources (e.g., latrines, waste dumps).  
3.1.3 Sampling Frequency:  
  Samples were being collected during two distinct seasons: the rainy season (June–August) and the dry season (November–January) to capture seasonal variations.  
3.1.4 Sample Collection Procedure

  Sterile plastic bottles were used for water collection to prevent contamination, Samples were collected in the morning to reflect typical usage patterns and Standard sampling techniques as recommended by the American Public Health Association (APHA) were followed.  

3.2 Methods
The method adopted to subject collected water samples to laboratory test for physical, chemical and bacteriological tests
3.2.1 Turbidimetric Method of Water Test
The turbidimetric method is a widely used technique to measure the turbidity of water. Turbidity refers to the cloudiness or haziness caused by the presence of suspended particles such as silt, clay, microorganisms, and organic matter. It is a key indicator of water quality and can affect both aesthetic and health standards, especially in drinking water. The turbidimetric method is based on the scattering of light by suspended particles in the water sample. A light beam is passed through the water, and the amount of light scattered at a particular angle (usually 90°) is measured. The intensity of scattered light is proportional to the concentration of suspended particles.

3.2.2 Turbidity Units
i. NTU (Nephelometric Turbidity Units) – Standard unit used in the turbidimetric method.
ii. FTU (Formazin Turbidity Units) – Nearly equivalent to NTU.
iii. JTU (Jackson Turbidity Units) – Older unit, based on visual method.

3.2.3 Apparatus
i. Turbidimeter (Nephelometer) – Measures scattered light intensity.
ii. Standard turbidity solutions – Typically formazin standards.
iii. Glass sample cells – Clean and scratch-free.
iv. Distilled water – For blank and dilution.

3.2.4 Procedure
i. Calibration:
ii. Calibrate the turbidimeter using standard formazin solutions.
iii. Zero the instrument with distilled water (0 NTU).

4 Sample Preparation:
i. Water samples were collected in clean glass bottles
ii.  Shaking or agitation were avoided to prevent air bubbles.

5 Measurement:
i. The samples were poured into a clean sample cell.
ii. The cells were wiped with a lint-free cloth.
iii. The cell was placed in the turbidimeter.
iv. The reading was recorded in NTU.


3.3 HACH Spectrophotometer Test (DR/EL5) – Water Analysis
The HACH DR/EL5 spectrophotometer is a laboratory instrument used for quantitative analysis of various water quality parameters such as nitrate, phosphate, chlorine, iron, hardness, and more. It works on the principle of spectrophotometry, which involves measuring the absorbance of specific wavelengths of light by colored solutions. This method provides accurate and reliable results, making it widely used in water treatment plants, environmental monitoring, and laboratories.

3.3.1 Principle
The spectrophotometer measures the amount of light absorbed by a sample at a specific wavelength. When a reagent is added to a water sample, it reacts with the analyte (substance being measured) to produce a colored compound. The intensity of the color formed is directly proportional to the concentration of the analyte.
	Beer-Lambert Law:
 A = EbC
where:
 A = Absorbance,
 E = Molar absorptivity,
 b = Path length of light through the sample,
 c = Concentration of the compound.

3.3.2 Reagents and Materials Used
i. HACH DR/EL5 spectrophotometer
ii. Sample water
iii. Reagent kits (specific to test parameter, e.g., Nitrate, Iron)
iv. Clean glass or plastic cuvettes
v. Pipettes or droppers
vi. Timer or stopwatch


3.3.3 General Procedure
1. Preparation:
i. The spectrophotometer turned on to allow it to warm up.
ii. The test parameters were selected from the program list (e.g., “Nitrate Nitrogen”).
iii. All reagents were prepared as per the test kit instructions.

2. Blanking:
i. The cuvette was filled with deionized/distilled water 
ii. The cuvette was wiped clean and inserted it into the cell holder.
iii.  “Zero” was pressed to calibrate the instrument.


3. Sample Reaction:
i. The reagent(s) were added to the water sample as per instructions.
ii. The reagent was well mixed and the reaction time was patiently waited for (color development).
iii. The reacted sample was transferred to a clean cuvette.


4. Measurement:
i. The sample cuvette was inserted into the spectrophotometer.
ii. The instrument displayed the concentration directly in mg/L or ppm.


5. Recording Results:
i. The displayed value was accurately noted
ii. All equipment were cleaned after use.

3.4 Lovibond Comparative Test
The Lovibond Comparator is a visual colorimetric instrument used to determine the color intensity of water and other transparent liquids. It is widely used in water treatment plants, environmental monitoring, and laboratories for quick, reliable, and on-site analysis of water quality based on color comparison.

3.4.1 Principle
The Lovibond Comparator works on the principle of visual color matching. The test sample is viewed alongside a series of standard colored glass discs or filters. The operator compares the color of the sample to the color standards and selects the one that most closely matches it. The color observed in the sample is due to dissolved organic matter, metals, or chemical contaminants. The comparator uses Lovibond color units (LCU) or Hazen/APHA/Pt-Co units depending on the scale used.

3.4.2 Apparatus and Components
i. Lovibond Comparator Unit – a hand-held or bench-top device.
ii. Color Disc – containing a range of colored glass standards.
iii. Sample Cells (Tubes) – usually matched clear glass tubes.
iv. Light Source – natural or built-in illumination.

3.4.3 Procedure
1. Preparation:
i. A clean sample tube was filled with the water sample to the marked level.
ii. The sample tube was inserted into the comparator on one side.
iii. A tube with distilled water or standard was inserted on the other side (for better comparison).

2. Color Matching:
i. The color disc was rotated until the color in the standard glass matches the sample.
ii. The corresponding number on the disc indicates the color value.

3. Recording Results:
i. The color value was noted in Lovibond units, Hazen units, or any relevant scale.
ii. If the sample does not match exactly, interpolate between two values.

Scales Used
i. Lovibond Scale – used for industrial, oils, and general water color.
ii. Hazen/APHA/Pt-Co Scale – standardized for natural water color.
iii. 0–5 = Colorless to faint yellow (acceptable for drinking).
iv. 5–50 = Light yellow to yellow (noticeable color, possible contaminants).

3.5 Gravimetric Method 
The Gravimetric Method is a classical laboratory technique used to determine Total Dissolved Solids (TDS) in water. TDS refers to the amount of inorganic and organic substances (salts, minerals, metals, cations, or anions) that are dissolved in water. This method involves evaporating the water sample and weighing the residue left behind to determine the concentration of dissolved solids.

3.5.1 Principle
The test is based on evaporation of a known volume of filtered water at a controlled temperature (usually 103–105°C), followed by drying to constant weight. The mass of the remaining residue represents the total dissolved solids in the sample.

3.5.2 Apparatus Used
i. Clean, pre-weighed evaporating dish (porcelain, silica, or glass).
ii. Hot air oven (maintained at 103–105°C).
iii. Desiccator (for cooling and avoiding moisture absorption).
iv. Analytical balance (accuracy up to 0.0001 g).
v. Measuring cylinder or pipette.
vi. Filter paper and funnel (for removing suspended solids).
vii. Beaker and tongs.

3.5.3 Reagents
i. Distilled water (for rinsing)
ii. Filter paper (Whatman No. 42 or similar for fine filtration)

3.5.4 Procedure
1. Preparation:
i. The evaporating dish was cleaned and dried
ii. The empty dish weighed and the initial weight was recorded (W₁).

2. Sample Filtration:
i. The water sample was filtered using filter paper to remove suspended solids.
ii. The filter was collected in a clean container.

3. Evaporation:
i. A known volume of filtered water sample was measured (usually 100 mL).
ii. Pour it into the pre-weighed evaporating dish.
iii. The dish was placed in a hot oven at 103–105°C.
iv. The water was evaporated completely until dryness.

4. Drying and Cooling:
i. The dish was allowed to dry for 1 hour in the oven after evaporation.
ii. The dish was transferred to a desiccator to cool (about 20–30 mins).
iii. The cooled dish was weighed (W₂).

5. Repeat Drying:
i. Return to the oven, reheat for 30 mins, cool, and reweigh until a constant weight is obtained.

3.6 The Filter Membrane Method

The Membrane Filter (MF) Method is a microbiological technique used to detect and enumerate coliform bacteria (including fecal coliforms and E. coli) in water samples. Coliforms are indicator organisms that suggest the presence of potentially harmful, disease-causing pathogens in water. This method is widely accepted for testing drinking water, surface water, groundwater, and treated effluents, as recommended by WHO and standard methods like APHA.

3.6.1 Principle
The test involves filtering a known volume of water through a sterile membrane filter with a pore size of 0.45 microns, which traps bacteria. The membrane is then placed on a selective nutrient medium and incubated at a specific temperature to promote the growth of coliform colonies, which are then counted visually.

3.6.2 Apparatus and Materials Used
i. Membrane filter unit (with funnel and base)
ii. Sterile membrane filters (0.45 µm pore size, 47 mm diameter)
iii. Sterile forceps
iv. Vacuum pump or hand pump
v. Petri dishes or absorbent pads
vi. Selective growth media (e.g., m-Endo agar, LES Endo agar)
vii. Incubator (35°C for total coliforms, 44.5°C for fecal coliforms)
viii. Sterile sample containers
ix. Graduated cylinder or pipette
x. Alcohol and Bunsen burner (for sterilization)

3.6.3 Sample Collection
i. Sterile bottles were used (with sodium thiosulfate if testing chlorinated water).
ii. Test within 6 hours of collection (preferably within 2 hours).
iii. Maintain sample at 1–4°C during transport.

3.6.4 Procedure
1. Preparation:
i. The sterile filter apparatus were assembled.
ii. The sterile membrane filter was placed on the base using sterile forceps.

2. Filtration:
i. A measured volume of water sample was poured (usually 100 mL) into the funnel.
ii. Vacuum was applied to draw the water through the membrane.
iii. The funnel was rinsed with sterile buffer (for non-potable water).

3. Transfer:
i. The membrane filter was carefully transferred to a prepared agar plate or absorbent pad saturated with selective media.

ii. Incubation:
i. Incubate at:
ii. 35 ± 0.5°C for 24 hours for total coliforms.
iii. 44.5 ± 0.2°C for 24 hours for fecal coliforms (using m-FC agar).

iii. Counting Colonies:
i. After incubation, the colony-forming units were counted (CFUs).
ii. Coliform colonies typically appear dark red with a metallic sheen (on m-Endo agar).
iii. Report results as CFU/100 mL.

3.7 CHEMICAL ANALYSIS FORM


3.7.1 Water Quality Parameters and Their Maximum Permissible Levels
1. Color

i. Maximum Permissible Level: 15 True Color Units (TCU)
ii. Description: Water should appear clear and colorless. A color level above 15 TCU may indicate contamination by organic substances or metals.

2. Turbidity
i. Maximum Permissible Level: 5 NTU (Nephelometric Turbidity Units)
ii. Description: Measures the cloudiness caused by suspended particles. High turbidity can shield harmful microbes and affect disinfection.

3. Cadmium (Cd)
i. Maximum Permissible Level: 0.003 mg/L
ii. Description: A toxic heavy metal; long-term exposure can cause kidney damage. Should be strictly monitored.
iii. Health impact includes: Toxic to kidney

4. Lead (Pb)
i. Maximum Permissible Level: 0.05 mg/L
ii. Description: Highly toxic, especially to children. Can affect brain development and blood health.
iii. Health impact includes: cancer, affects mental development in infants, toxic to the central and peripheral nervous system

5. pH
i. Acceptable Range: 6.5 – 8.0
ii. Description: Indicates acidity or alkalinity of water. Water outside this range may corrode pipes or reduce disinfection efficiency.

6. Total Dissolved Solids (TDS)
i. Maximum Permissible Level: 500 mg/L
ii. Description: Represents the total concentration of dissolved substances. High TDS can affect taste and may indicate contamination.

7.  Coliform (Total Coliform Bacteria)
i. Maximum Permissible Level: 0 CFU/100 ml
ii. Description: Presence indicates possible contamination with fecal matter or pathogens. Water should be free from any coliforms.
Hence with the information gathered it is made known that hand-dug wells in Olunlade is very vulnerable and prompt a very significant health risk with this said it is  very risky for human consumption while borehole is healthy and very acceptable for human consumption.

