A NOVEL TIMOMAM MODEL FOR THE ASSESSMENT OF WATER QUALITY OF FOUR RIVERS IN LAFIA-NIGERIA, USING SELECTED PHYSICOCHEMICAL PARAMETERS



ABSTRACT
Water samples were collected from Gandu, Tundu-Amba, Ombi-Anzaku and Shabu communities in Lafia Local Government Area of Nasarawa State, north-central Nigeria, to assess water quality and develop a model based on selected physico-chemical parameters. Samples from four rivers were obtained during the dry and wet seasons and analysed for pH, temperature, dissolved oxygen (DO), biochemical oxygen demand (BOD), chemical oxygen demand (COD) and electrical conductivity (EC) using standard procedures. The mean pH values ranged from 6.4 to 7.2 in the dry season and from 5.9 to 7.6 in the wet season, while the mean temperatures were 27.10 °C and 26.3 °C, respectively. The corresponding dry- and wet-season mean values were 4.3 and 4.35 mg/L for DO, 2.6 and 2.0 mg/L for BOD, 2.8 and 2.7 mg/L for COD, and 100 and 86 µS/cm for EC. The measured values were below or within the maximum permissible limits for domestic water recommended by the United States Environmental Protection Agency and the World Health Organization. Using Minitab 18, a multivariate water quality index model, designated the TIMOMAM model, was developed from the measured parameters. The model was statistically significant (P0.10), and 98.08% of the variation in the water quality index was explained by pH, temperature, DO and BOD; COD and EC were not retained in the model. The model was applied to Shabu River and compared with the weighted arithmetic and Oregon water quality models. The respective WQI values were 19.32, 19.43 and 4.95, indicating excellent water quality status on the 0-25 scale.
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INTRODUCTION 
Water is one of the most abundant substances in nature and is essential for the survival of plants and animals. It occurs in different forms, including rain, river, spring and mineral water (Duan & Duan, 2020; Koutsoyiannis, 2020). River water may be relatively pure at its source, but it can become contaminated when suspended impurities come into contact with it as it flows through the plains. Some suspended impurities are associated with water-borne diseases that contribute substantially to mortality among children (De Leeuw et al., 2020; GBD 2021 Diarrhoeal Diseases Collaborators, 2025).
Over-exploitation, poor management and pollution continuously threaten freshwater resources. Pollution of freshwater bodies, such as rivers, streams, lakes and ponds, is often associated with industrial discharge, municipal waste disposal and surface runoff. Successive increases and subsequent changes in environmental pressure affect water quality and reduce the economic value of its present and future spatial distribution (Ighalo et al., 2021; Umar, 2020).
Agricultural practices and urban runoff into rivers are major sources of pollution. Water bodies containing excessive nutrients and organic matter can adversely affect aquatic life. Runoff, mainly from farm soil, can greatly reduce water quality, thereby making the water unhealthy for end users. Algae may subsequently die and settle at the bottom of water bodies, where bacteria consume dissolved oxygen and cause the water to develop an unpleasant odour (Müller et al., 2020; Xia et al., 2020).
Water pollution is measured by assessing the physico-chemical parameters of water (Abulude et al., 2023; Ogbe et al., 2025; Ojo et al., 2026). Physico-chemical analysis is a primary consideration in assessing water quality for uses such as drinking, irrigation, fisheries and industrial purposes. Several studies have shown that some physico-chemical parameters contribute to the contamination of river water. These parameters include total dissolved solids (TDS), total suspended solids (TSS), electrical conductivity (EC), alkalinity, chlorides, phosphates, biochemical oxygen demand (BOD), dissolved oxygen (DO) and others. Previous studies have indicated that the presence of these parameters in water bodies can impose a heavy burden on public health, thereby increasing obstacles to socio-economic progress (Abulude et al., 2023; Ogbe et al., 2025).
As in other developing countries in Africa, water quality is a serious concern in Nigeria, and studies related to the drinking water quality of Rivers Amba, Gandu, Ombi-Anzaku and Shabu in Lafia, Nasarawa State, Nigeria, have not been conducted. These rivers may be deteriorating gradually because of human activities and industrial effluents released into the water bodies. These activities are likely to reduce water quality and may make the water unsafe for swimming (contact recreation), domestic purposes and aquatic life.
The physico-chemical analysis of water parameters depends on the purpose for which the water is used and the extent of quality and purity required by consumers (American Public Health Association [APHA], American Water Works Association [AWWA], & Water Environment Federation [WEF], 2023). It is therefore imperative to determine water quality before utilisation, because continuous use affects the ecosystem and the immediate environment that depends on these water bodies. A healthy aquatic ecosystem depends on physico-chemical and biological characteristics (World Health Organization [WHO], 2022). This research aims to analyse the physico-chemical properties of drinking water collected from the four rivers in Lafia town, Nasarawa State, Nigeria, with a view to developing a novel water quality index in the form of a multilinear regression model based on the measured physico-chemical parameters of the water.
MATERIALS AND METHOD
Study Area
Lafia and its suburbs lie between latitudes 8°30'27''N and 8°34'15''N and longitudes 8°30'19''E and 8°38'19''E in the Guinea savannah region of north-central Nigeria. The area is situated at an elevation of 179 m above sea level and is about 192 km from Abuja along the Abuja-Makurdi road. Lafia is the largest town in Nasarawa State, with a population of 445,300 inhabitants, according to the National Bureau of Statistics population projection (National Bureau of Statistics, 2016).

Sample Collection 
In each of the four rivers (Amba, Ombi-Anzaku, Gandu and Shabu), five water samples were collected at weekly intervals from each river at the same time in March 2020, representing the dry season. The water samples were collected from areas of human activity, about 12 m from the riverbank and onshore of the respective rivers, into cleaned 1 L polyethylene bottles that were appropriately labelled, rinsed with the relevant river water before final collection and tightly closed. The bottles were placed in ice in a cooler and transported to the laboratory for analysis after each sampling interval. This procedure was repeated after one week for another river until all the rivers had been sampled. Thus, a total of twenty samples were obtained for the dry-season analysis. Similar determinations were carried out for another twenty samples from the respective rivers in August 2020 to represent the wet or rainy season.
Sample Preservation
The river samples collected were properly sealed and kept in a refrigerator at a temperature range of -4 °C to -10 °C to avoid contamination and the effects of light and temperature variation. Preservation of the water samples for physico-chemical analysis was maintained using the method described by APHA, AWWA and WEF (2023).
Physico-chemical Analysis of Water
Physico-chemical parameters, including pH, temperature, EC, DO, BOD and COD, were assessed for each river (Amba, Ombi-Anzaku, Gandu and Shabu) in the dry and wet seasons, respectively.
Determination of pH and Temperature of Water Samples
The pH and temperature of the water samples were determined at the point of collection using a Jenway digital pH meter (model 3505). This was carried out by immersing the pH/temperature electrode into the water samples, and readings were taken after the indicated value remained constant for 1 minute.
Determination of Electrical Conductivity 
Electrical conductivity (EC) of the water samples was obtained using an Oyster digital electrical conductivity meter. The values were taken in triplicate and expressed in µS/cm.
Dissolved Oxygen (DO)
Dissolved oxygen was determined in triplicate using Fresh Innovative MultitecDOO kits. The water samples were placed in the DO measuring tube and compared with the calibrated DO-level chart, after which the readings were recorded.

Determination of Biochemical Oxygen Demand (BOD)
Biochemical oxygen demand (BOD) (mg/L) was determined in triplicate using the dissolved oxygen kit. The BOD levels of the water samples were determined by comparing the DO level of the water samples taken immediately with the DO level of the water samples incubated for 5 days. The difference between the two DO levels represented the amount of oxygen required for the decomposition of organic material in the water and served as the BOD level.

Determination of Chemical Oxygen Demand (COD)
Chemical oxygen demand was determined by acidifying the water sample and heating it to 150 °C for two hours. The COD was measured using the colorimetric method described by APHA, AWWA and WEF (2023) and analysed using a UV spectrophotometer (S23A) at 420 nm. The results were taken in triplicate.
Development of the Model (Water Quality Index)
The data obtained from the physico-chemical analysis of the four rivers were used as the model variables and entered into the Minitab 18 statistical computer program to develop the water quality model.

RESULTS AND DISCUSSION 
Physicochemical Parameters of the Rivers	
The physico-chemical parameters analysed from the four river locations in Lafia metropolis for both the dry and wet seasons are presented as line charts in Figures 1-4, alongside the United States Environmental Protection Agency (U.S. EPA) and WHO standards for river water.



Figure 1: Physico-chemical parameters of River Amba



Figure 2: Physico-chemical parameters of River Shabu




Figure 3: Physico-chemical parameters of River Ombi-Anzaku


Figure 4: Physico-chemical parameters of River Gandu.



Figures 1-4 generally show that the mean pH values of all water samples from the four rivers ranged between 6.4 and 7.2 in the dry season, compared with 5.9 and 7.6 in the wet season. The acceptable range of pH for potable water is 6.5-8.5 (Standards Organisation of Nigeria, 2015; WHO, 2022). These values were below or within the U.S. EPA and WHO recommended levels of 6.5-8.5 for river water (U.S. Environmental Protection Agency, 2026; WHO, 2022). The pH values obtained in this study are consistent with values reported for water in previous studies (Abulude et al., 2023; Ojo et al., 2026). These pH values indicate either a slightly acidic or slightly alkaline nature of the water. The slight variations between the dry and wet seasons may be attributable to the flowing nature of the rivers, especially during the wet season. Running water has the tendency to redistribute anions and cations, thereby leaving little room for the accumulation of ions that would increase acidity. The slightly high and low pH values are considered to have no adverse effect because running water is capable of self-purification as a result of eutrophication, a clarification process that occurs to a high degree with distance of movement (WHO, 2022).
Furthermore, the mean pH values observed in this study align with previous findings that stable pH ranges often indicate minimal industrial pollutants, rainwater inflows or leachate drainage in the study area. For instance, Abulude et al. (2023) reported that relatively neutral pH values are a marker of reduced anthropogenic contamination in river systems. Similarly, Ojo et al. (2026) observed that water sources with limited industrial activity maintained pH values within acceptable ranges, suggesting limited external pollutant input. Seasonal variation in pH has also been documented. Ojo et al. (2026) found that pH values were higher in the dry season than in the wet season and attributed this to reduced dilution and runoff. Zafar and Kumari (2024) also reported seasonal differences in river-water physico-chemical parameters. Collectively, these studies support the observation that higher dry-season pH values compared with wet-season values can occur as part of a hydrological pattern.
The average temperature values obtained for the four rivers were 27.10 °C in the dry season and 26.3 °C in the wet season. Individual values for Rivers Amba, Shabu, Ombi-Anzaku and Gandu are shown in Figures 1-4, respectively. The values in the respective rivers were all lower than the 40 °C permissible limit recommended by both the U.S. EPA and WHO for river water. A previous study by Abulude et al. (2023) indicated that average temperature varies from 25.0 to 26.8 °C in the wet season and from 26.5 to 30.7 °C during the dry season. The slight increase in temperature observed during the dry season compared with the wet season can be attributed to the elevated atmospheric temperatures typical of Lafia at that time. Seasonal temperature fluctuations in rivers can influence the dissolution of metals and other chemical substances, thereby affecting water quality through processes such as percolation. Ojo et al. (2026) reported minimal seasonal variation in temperature in Lagos water sources, with dry-season samples showing slightly higher values owing to reduced rainfall and dilution. Abulude et al. (2023) highlighted that elevated water temperatures promote microbial activity, which can deteriorate water quality in terms of colour, taste, odour and corrosiveness. Zafar and Kumari (2024) confirmed that higher temperatures favour microbial growth and can increase hazards in water bodies. Collectively, these studies reinforce that although seasonal temperature variation is minimal, elevated dry-season temperatures can enhance microbial activity and chemical dissolution, thereby posing risks to water quality.

The mean DO values observed in this study (4.3 mg/L in the dry season and 4.35 mg/L in the wet season) reflect only slight seasonal variation, which is consistent with previous findings that dissolved oxygen levels in rivers often remain relatively stable across seasons. Ojo et al. (2026) reported similar insignificant differences in DO between dry and wet seasons in Lagos water sources, attributing this to consistent hydrological mixing. However, these values fall below the maximum permissible limit of 6.5 mg/L set by both the U.S. EPA and WHO, suggesting moderate oxygen deficiency compared with international standards. Abulude et al. (2023) highlighted that reduced DO levels are often linked to nitrification activity, agricultural drainage and livestock presence along river courses, all of which consume oxygen through organic matter decomposition. Ogbe et al. (2025) also observed lower DO concentrations in Nigerian rivers influenced by farming and runoff, reinforcing the role of anthropogenic activity in oxygen depletion. Despite being below regulatory thresholds, the DO levels reported here remain sufficient to sustain aquatic fauna, because dissolved oxygen is essential for respiration and metabolic processes in aquatic organisms (Zafar & Kumari, 2024). Collectively, these studies confirm that while the rivers studied maintain commendable DO levels for water quality, anthropogenic influences continue to exert pressure on oxygen balance, with implications for ecosystem health and sustainability. The investigated rivers will therefore support the growth and existence of aquatic organisms.

The mean BOD values in the four rivers ranged from 2.6 mg/L in the dry season to 2.0 mg/L in the rainy season. These values were also observed to be significantly lower than the recommended thresholds of 40 and 100 mg/L according to the U.S. EPA and WHO standards, respectively. BOD, an important water quality parameter, provides an index for assessing the effect of discharged wastewater on the receiving environment. Since the BOD levels were below the stipulated threshold, it can be inferred that large quantities of organic waste were not present in the water bodies. Additionally, there may not be a direct health implication, but BOD provides insight into overall water quality. BOD can occur as a result of excessive nutrients, such as nitrites and phosphates, domestic sewage, runoff and fertilisers (Duan & Duan, 2020; Koutsoyiannis, 2020). The variation in mean BOD values between seasons, as depicted in Figures 1-4, may have been due to high flow rate, precipitation, possible agricultural practices and runoff in and around the rivers (Xia et al., 2020).
The analysis of chemical oxygen demand for the rivers (Figures 1-4) showed mean values of 2.8 and 2.7 mg/L for the dry and wet seasons, respectively. These values were much lower than the threshold values of 40 mg/L (U.S. EPA) and 120 mg/L (WHO). This indicates that all four rivers were relatively unpolluted, at least by organic materials such as chemicals and fertilisers from farms. Variation in the COD of river water quality is mainly influenced by domestic sewage, industrial effluents and saltwater intrusion (Müller et al., 2020; Xia et al., 2020). The variation in COD levels between seasons was minimal; hence, the influence of domestic sewage, industrial effluents and saltwater intrusion may be absent or negligible.
For electrical conductivity, values in the rivers averaged 100 µS/cm in the dry season and 86 µS/cm in the wet season. These values were below the maximum permissible level of 1000 µS/cm for river water according to both the U.S. EPA and WHO standards. This suggests possible low levels of cations (Ca2+, Mg2+) and anions (Cl-, SO42-) and, consequently, high water quality. Pure water is naturally a poor conductor of electricity; hence, higher electrical conductivity in water results from an excessive increase in the concentration of dissolved ionic solids within the water samples. Sources of EC may include an abundance of dissolved salts due to poor irrigation management, minerals from rainwater, runoff or other discharges. The EC result, which was higher in the dry season and lower in the wet season, was in agreement with similar studies by Abulude et al. (2023). High conductivity is often observed in rivers because of the inflow or deposition of sewage into water bodies (Onojake et al., 2017). The EC values obtained in this study are consistent with findings from the Bonny/New Calabar River Estuary, where seasonal variation in water quality parameters was reported (Onojake et al., 2017).
Generally, the water quality assessed using the physico-chemical parameters revealed slight variations from one river to another. The result showed that the physico-chemical parameters were in the following order: Shabu River > Ombi-Anzaku > Amba > Gandu River.


Picture 1: Novel Water Quality Index Development (TIMOMAM Model)
[image: ]
WQI= 120.6 + 6.341 pH – 10.05 T -1.567 DO – 2.89 BOD + 0.1843 T2 + 0.0906 BOD2 + 0.343 pH*BOD            (Equation 1)

Equation 1 is the novel TIMOMAM model developed in this study, and it estimates the water quality index of each river using the physico-chemical parameters of pH, temperature, DO and BOD. COD and EC were excluded primarily because of their lack of correlation with water quality, as reported by the Minitab statistical program used. The relationship between the WQI and the five variables in the TIMOMAM model was statistically significant (p0.10).
The percentage variation explained by this model was high (R2 = 98.08). Thus, this equation or model can be used to predict the WQI for any of these four rivers, or for other rivers, by measuring the four physico-chemical parameters at any given time or season. With the model, one may also identify or fix appropriate settings for the physico-chemical parameters in order to obtain a desired value or range of values for the water quality index.


Table 1: Water Quality Indices of Shabu River (Wet Season) Using TIMOMAM, Weighted Arithmetic and Oregon Models

	S/N
	pH
	Tempt
	DO
	BOD
	COD
	EC
	T-WQI
	WA-WQI
	O-WQI

	1
	7.10
	28.5
	6.200
	4.000
	3.100
	30.0
	19.18
	18.77
	6.72

	2
	7.30
	28.5
	6.200
	4.500
	3.200
	30.0
	18.91
	20.37
	7.20

	3
	7.10
	29.0
	6.200
	4.001
	3.100
	30.0
	19.08
	18.80
	6.73

	4
	6.82
	28.0
	6.200
	4.001
	3.000
	30.0
	16.47
	16.54
	6.67

	5
	6.75
	25.0
	4.200
	2.003
	3.159
	20.0
	19.97
	19.48
	3.88

	6
	6.90
	26.0
	4.200
	2.001
	3.259
	20.0
	20.37
	20.72
	3.88

	7
	7.10
	26.0
	4.200
	2.000
	3.359
	20.0
	21.78
	20.67
	3.89

	8
	6.90
	25.5
	4.200
	2.000
	3.259
	20.0
	20.65
	20.68
	3.88

	9
	6.70
	28.5
	4.200
	2.000
	2.657
	50.0
	18.95
	19.31
	3.89

	10
	6.90
	28.0
	4.200
	2.000
	2.757
	50.0
	20.18
	20.84
	3.90

	11
	6.70
	28.5
	4.200
	2.005
	2.657
	50.0
	18.95
	19.31
	3.90

	12
	6.50
	28.0
	4.200
	2.001
	2.557
	50.0
	17.37
	17.71
	4.88

	Mean
	6.898
	27.458
	4.867
	2.709
	3.005
	33.3
	19.32
	19.43
	4.95




Table 1 shows the evaluated water quality indices using the TIMOMAM, weighted arithmetic and Oregon models, respectively, for Shabu River in the wet season. The TIMOMAM model evaluated the mean water quality index of the river as 19.32, while the Weighted Arithmetic and Oregon models gave 19.43 and 4.95 units, respectively. The closeness of the values obtained from the novel model (TIMOMAM) and the weighted arithmetic model (19.32 and 19.43) indicates, and may attest to, the high reliability of the new model. The TIMOMAM model was also built using the same water quality status scale as the weighted arithmetic model (Brown et al., 1970; Cude, 2001).





Table 2: Water Quality Index and Status Levels
	WATER QUALITY INDEX LEVELS
	WATER QUALITY STATUS

	0-25
	Excellent water

	25-50
	Good water quality

	51-75
	Poor water quality

	76-100
	Very poor water quality

	
	Unsuitable for drinking




Table 2 shows the water quality status for this river. The evaluated water quality indices of the river using the models all showed that, during the rainy season, the water was of excellent quality (WQI between zero and twenty-five). The measured physico-chemical parameters were all observed to be far below the threshold limits given by the regulatory bodies, WHO and U.S. EPA, meaning that the river waters were less polluted, and these models corroborated these observations.
CONCLUSION
This study assessed the water quality of four rivers in Lafia Local Government Area, Nasarawa State, using selected physico-chemical parameters and a newly developed water quality index model. The measured values for pH, temperature, dissolved oxygen, biochemical oxygen demand, chemical oxygen demand and electrical conductivity were generally below or within the referenced permissible limits for domestic water. Seasonal differences were observed, but they were not large enough to suggest marked deterioration during either the dry or wet season. The TIMOMAM model was developed using pH, temperature, dissolved oxygen and biochemical oxygen demand, while chemical oxygen demand and electrical conductivity were not retained because they did not fit the model. The model explained 98.08% of the variation in the water quality index and produced a mean value of 19.32 for Shabu River in the wet season. This value was close to the weighted arithmetic result of 19.43 and within the same quality category as the Oregon model result of 4.95. Based on the water quality status scale used in the study, the assessed river water was classified as excellent. Continued local protection of the rivers from waste disposal, runoff and animal grazing remains necessary for sustaining these conditions appropriately over time.

LIMITATIONS
This study was limited to four rivers within Lafia Local Government Area and to samples collected during two seasonal periods in 2020. The findings therefore describe the water quality status at the sampled locations and periods, but they may not represent conditions throughout the year or across all sections of the rivers. Only selected physico-chemical parameters were analysed, namely pH, temperature, dissolved oxygen, biochemical oxygen demand, chemical oxygen demand and electrical conductivity. Other potentially relevant indicators, including microbial quality, nutrients, heavy metals and emerging contaminants, were not included in the model development. The TIMOMAM model was developed from the dataset generated in this study and was evaluated using Shabu River data; wider validation with independent datasets from other rivers and seasons would be required before broader application. The study also relied on comparisons with regulatory guideline values, which may differ according to water-use purpose and jurisdiction in different local settings.
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Dry Season	River 	EPA	WHO	River 	EPA	WHO	River 	EPA	WHO	River 	EPA	WHO	River 	EPA	WHO	River	EPA	WHO	pH	Temperature	DO	BOD	COD	EC	7.9	8.5	8.5	26.8	40	40	2.8	6.5	6.8	2.6	40	100	2.8	120	40	73	1000	750	Wet Season	River 	EPA	WHO	River 	EPA	WHO	River 	EPA	WHO	River 	EPA	WHO	River 	EPA	WHO	River	EPA	WHO	pH	Temperature	DO	BOD	COD	EC	6.8	8.5	8.5	26.2	40	40	3.5	6.5	6.5	1.3	40	100	2.7	120	40	50	1000	750	
Concentrations of Parameters



 River Gandu
Dry Season	River 	EPA	WHO	River 	EPA	WHO	River 	EPA	WHO	River 	EPA	WHO	River 	EPA	WHO	River	EPA	WHO	pH	Temperature	DO	BOD	COD	EC	6.5	8.5	8.5	27.2	40	40	4.8	6.5	6.8	2.6	40	100	2.8	120	40	36.700000000000003	1000	750	Wet Season	River 	EPA	WHO	River 	EPA	WHO	River 	EPA	WHO	River 	EPA	WHO	River 	EPA	WHO	River	EPA	WHO	pH	Temperature	DO	BOD	COD	EC	6.3	8.5	8.5	27	40	40	4.2	6.5	6.5	1.3	40	100	2.2999999999999998	120	40	73	1000	750	
Concentrations of Parameters
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WQI=120.6 + 6.341 X1 - 10.05 X2 - 1.567 X3 - 2.89 X4 + 0.1843 X2^2 + 0.0906 X4^2 + 0.343 X1*X4
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X1: pH   X2: Tempt   X3: DO   X4: BOD   X5: EC

Final Model Equation

Model Building Sequence

Displays the order in which terms were added or removed.

Incremental Impact of X Variables

Long bars represent Xs that contribute the most new

information to the model.

Each X Regressed on All Other Terms

Gray bars represent Xs that do not help explain

additional variation in Y.

A gray bar represents an X variable not in the model.

Multiple Regression for WQI

Model Building Report


