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ABSTRACT: The Agboyi River in Lagos, Nigeria provides important ecosystem services; 

however, anthropogenic activities are polluting the river, necessitating periodic monitoring. 

This study assessed the heavy metal content (lead, cadmium, chromium, copper, and arsenic) 

in water samples from the river. Additionally, we evaluated various physicochemical 

parameters, including pH, total dissolved solids (TDS), conductivity, hardness, magnesium, 

calcium, chloride, sulfate, and nitrate. The values of each heavy metal were used to calculate 

human average daily ingestion (ADI), average daily dermal exposure (ADDE), hazard quotient 

(HQ), and carcinogenic risk (CR). The physicochemical analysis revealed non-permissible 

levels of TDS, electrical conductivity, alkalinity, hardness, magnesium, calcium, sulfate, 

nitrate, chloride, and phosphate. The heavy metal analysis showed intolerable levels of lead, 

arsenic, cadmium, chromium, and copper. The ADIs for the heavy metals were within the 

recommended dietary intake (RDI), but their ADDEs exceeded the RDI, except for chromium. 

The HQ and CR for all heavy metals exceeded recommended limits. Seasonal variations were 

observed in the physicochemical parameters, with TDS, turbidity, acidity, nitrate, and 

phosphate being higher in the wet season, while other parameters were higher in the dry season. 

The water poses health hazards to users, indicating the need for river remediation. 

KEYWORDS: Average daily oral exposure; carcinogenic risks; hazard quotient; lead; total 

dissolved solids   

 

1. Introduction 

Water, a fundamental necessity of life, plays a critical role in ensuring a continuous supply of 

food and maintaining a healthy environment for all living organisms. Beyond sustaining life, 

water is also essential for economic growth, tourism, recreation, and human settlements [1]. It 

is a universal solvent, facilitating the movement of nutrients, waste elimination, and providing 
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lubrication and cushioning for various bodily functions [2]. Among the various sources of 

water, rivers stand out as primary sources for public water supply due to their accessibility. 

Rivers serve a multitude of purposes, including agriculture, public water supply, electricity 

generation, industrial activities, and support various ecosystem functions [3]. They not only 

connect human settlements but also bridge diverse cultures, beliefs, values, and lifestyles [4]. 

However, the rapid urbanization, industrialization, and agricultural practices driven by 

human activities have led to severe pollution of water sources, particularly rivers [5]. Discharge 

of waste laden with toxic chemicals from anthropogenic sources has a detrimental impact on 

water quality [6]. Among these contaminants, inorganic chemicals, especially heavy metals, 

are the most prevalent [7]. Commonly detected heavy metals in the environment include cobalt 

(Co), cadmium (Cd), lead (Pb), arsenic (As), nickel (Ni), mercury (Hg), zinc (Zn), manganese 

(Mn), chromium (Cr), molybdenum (Mo), copper (Cu), and antimony (Sb) [8]. High 

concentrations of heavy metals disrupt biological systems and harm aquatic organisms, leading 

to the degradation of aquatic ecosystems. To prevent these adverse effects on both humans and 

the environment, protective measures are imperative to ensure the quality of river water [6]. 

For a river like the Agboyi River in Lagos State, which plays a vital role in providing 

essential ecosystem services, it is essential to safeguard its water quality. The river serves as 

the primary water source for numerous settlements, supports fishing activities, and acts as a 

means of transportation, connecting many communities. Unfortunately, indiscriminate 

discharge of human waste, solid waste, and wastewater into the river poses a potential threat to 

its quality. Surprisingly, there is a lack of documented information regarding the water quality 

of the river, which could serve as a tool to raise public awareness. This study, therefore, aims 

to assess the safety of the ecosystem services provided by the river, with a particular focus on 

heavy metal concentrations. 

2. Materials and Methods 

2.1. Description of the study area. 

Agboyi town, which lends its name to the Agboyi River, is situated within the Lagos 

metropolis, Lagos State, Nigeria. It is located between Longitude 3° 24' 10.8684" and Latitude 

N 6° 35.1429 (Figure 1). Lagos State is bounded by the Atlantic Ocean to the south, Ogun State 

to the north and east, and shares a border with the Republic of Benin to the west. Despite its 

small landmass of about 358,862 hectares (3,577 km2), which is less than 0.5% of Nigeria's 

total landmass [11], Lagos is a significant economic hub in Africa due to its dense population 

[12]. It stands as Nigeria's most populous and industrialized city [13]. The state's predominant 

vegetation is tropical [13], with an average yearly precipitation of approximately 950 mm and 

temperatures ranging between 25 °C and 40 °C [14]. The Agboyi River flows through the 

western part of the state [15], sharing boundaries with the Lagos Lagoon to the east and the 

River Ogun to the west, receiving inflows from both water bodies. This river serves various 

essential purposes, including providing water for domestic and industrial use, agriculture, 

fishing, and transportation for the local population. Unfortunately, municipal waste, human 

excrement, and waste products resulting from anthropogenic activities in the river's vicinity 

find their way into its waters [15]. Each street along the river generates at least 2.5 kg of waste 

per day, with a portion of it discharged into the river [16]. Therefore, it is imperative to conduct 
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regular evaluations of the river's water quality to ensure it does not pose risks to those who 

depend on it, aquatic life, or the surrounding environment. 

 

 
Figure 1. Locations of the study area (drawn using ArcGIS 10.3 software). 

2.2. Water sample collection and preparation. 

Sampling was conducted over four sessions, one per month, in triplicate, during both the wet 

and dry seasons of 2022, resulting in a total of 24 samples. Water was collected randomly from 

various strata and banks of the river at different times of the day. These samples were 
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combined, placed in 1000-mL plastic bottles, securely sealed, and stored in a refrigerator at 4 

°C.  

2.3. Determination of physicochemical parameters. 

The physicochemical properties were assessed using the American Public Health Association's 

guidelines [17]. Nitrates, sulphates, calcium, magnesium, and phosphates were measured using 

a DR 2000 spectrophotometer (Model 50150). A pH meter manufactured by the Pye Unicam 

was used to quantify pH, while an Avial Chloride Meter was utilized for chloride occurrences. 

To evaluate hardness, a complex EDTA titration was utilized. Turbidity and electrical 

conductivity were determined by a turbidimeter and an EC meter. Total dissolved solids were 

measured using an HM digital TDS meter (model TDS-4). 

2.4. Determination of heavy metals. 

A UNICAM (model 969) atomic absorption spectrometer (AAS) was used to quantify the 

occurrence of lead (Pb), arsenic (As), cadmium (Cd), chromium (Cr), and copper (Cu) as 

outlined in Yahaya et al. [18]. Ten (10) ml of HNO3 were placed in 100 ml of a water sample 

and heated with increasing temperature, from 100 °C to 265 °C. The digestion took over an 

hour to be completely done, which was confirmed when white fumes appeared. After cooling, 

the digest was placed into a calibrated flask, filled with distilled water to the 50-ml mark, and 

then poured into a plastic bottle and labelled. The standard stock of each sample was prepared 

and serially diluted to concentrations of 5 ppm, 10 ppm, 20 ppm, and 25 ppm. These diluents 

were used to generate a suitable curve, which was used to calibrate the instrument. The diluents 

were then fed into the AAS to determine the levels of each heavy metal. 

2.5. Quality control and assurance.  

Analytical grade chemicals were used to produce all the reagents used. The containers of each 

reagent were cleansed properly with soap and ultrapure water. Blank samples were analyzed 

concurrently with the water samples to check background contamination. Furthermore, each 

heavy metal was evaluated three times, with the results being repeatable with a 95% confidence 

level. 

2.6. Health risk assessment.  

2.6.1. Non-carcinogenic risk. 

The non-carcinogenic health risks of daily consumption of the water were postulated using 

equations 1, 2, 3, and 4 [19, 20]. 

𝐴𝐷𝐼 =
𝐶𝑜𝐻 𝑥 𝐼𝑅 𝑥 𝐸𝐹 𝑥 𝐸𝐷

𝐴𝐵𝑊 𝑥 𝐴𝑇
                                                                                                                  (1)                                                                                                                                                                                                

Note that ADI in equation 1 was used to represent average daily ingestion of water in 

mg/kg/day, same way CoH represents the concentration of heavy metals (mg/l), IR is short for 

ingestion rate, measured in l/day = 2, EF denotes exposure frequency, calculated in days/year 

= 365, ED is abbreviated for exposure duration, measured in years = 55, ABW means average 

body weight in kg = 65, and AT stands for average time, obtained by multiplying ED and EF 

= 20075. 
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𝐴𝐷𝐷𝐸 =
𝐶𝑜𝐻 𝑥 𝐸𝑆𝑆𝐴 𝑥 𝐴𝐹 𝑥 𝐷𝐴𝐹 𝑥 𝐸𝐹 𝑥 𝐸𝐷

𝐴𝐵𝑊 𝑥 𝐴𝑇
                                                                                       (2) 

ADDE means average daily dermal exposure in mg/kg/day; ESSA stands for exposed skin 

surface area (cm3) = 28,000; AF is the adherence factor (kg/m2/day) = 0.7; DAF denotes dermal 

absorption factor (cm/h) = 0.0006 for Cu, 0.0006 for Cd, 0.0002 for Cr, 0.004 for Pb, and 

0.0006 for As.  

𝐻𝑄 𝑓𝑜𝑟 𝑂𝑟𝑎𝑙 =
𝐴𝐷𝐼

𝑅𝐹𝐷
                 (3) 

𝐻𝑄 𝑓𝑜𝑟 𝐷𝑒𝑟𝑚𝑎𝑙 =
𝐴𝐷𝐷𝐸

𝑅𝐹𝐷
            (4) 

In equations 3 and 4, HQ stands for hazard quotient, while RFD represents the reference dose 

in mg/l/day. The RFD (oral/dermal) Pb, Cd, Cr, Cu, and As = 0.0035/0.000525, 

0.0005/0.00001, 0.0003/0.00006, 0.04/0.012, and 0.0003/0.0008. A HQ greater than 1 was 

deemed toxic. 

2.6.2. Carcinogenic risks 

The carcinogenic risks of the  water were calculated from equations 5 and 6. 

CR for Oral = ADI x CSF                                                                                                     (5)     

CR for dermal = ADDE x CSF                                                                                              (6)                                                                                           

In equations 5 and 6, CR is short for carcinogenic risk of heavy metals, and CSF represents 

cancer slope factor (mg/kg/day). The CSF for Pb is 0.0085, Cd is 6.3, Cr is 0.5, Cu is 0.00, and 

As is 1.5. A CR value greater than 10-6 was considered potentially carcinogenic.  

2.7. Data analysis. 

Values of the various parameters of the water samples were computed with Excel software 

version 22 as mean ± standard deviation (SD). The same software was also used to compute 

the ADI, ADDE, HQ, and CR. The test of significance among values was consummated using 

the student’s t-test, in which values having p≤0.05 were deemed significant.  

3. Results and Discussion 

3.1. Physicochemical parameters of the water samples. 

Table 1 presents the physicochemical parameters of water samples collected from the Agboyi 

River in Lagos. With the exception of pH and Mg levels during the dry season, all the 

physicochemical parameters exceeded the World Health Organization's (WHO) recommended 

thresholds. Seasonal variations were evident, with TDS, turbidity, acidity, nitrate, and 

phosphate being higher in the wet season, while other parameters showed elevated levels 

during the dry season. Significant differences (p<0.05) were observed between the two seasons 

for some of these parameters, indicating potential hazards to human health and ecosystems. 

The elevated TDS levels in the water suggest substantial waste discharge into the Agboyi River, 

comprising both organic and inorganic compounds [21]. Such excessive TDS levels raise 
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concerns about potential risks of renal and cardiac diseases for water consumers [22]. The wet 

season saw higher TDS levels, possibly due to erosional, urban, and agricultural runoff. 

The high-water hardness, turbidity, and electrical conductivity, along with the cloudy 

appearance of the water, may be attributed to the elevated TDS levels [21]. Turbidity was more 

pronounced during the wet season, likely due to agricultural and urban runoff carrying 

suspended materials into the river [23]. Such turbidity can limit light penetration for 

photosynthetic plants and reduce biodiversity [24]. On the other hand, increased hardness and 

electrical conductivity were noted during the dry season, attributed to reduced river water 

volume, leading to higher concentrations of ions and anions, including magnesium, calcium, 

chlorides, nitrate, phosphate, and sulfate, all of which can have health implications. Excessive 

magnesium intake can lead to serious electrolytic imbalances, potentially fatal if left untreated 

[26]. High calcium intake through water is suspected to be linked to coronary diseases [27], 

while excessive chloride, phosphate, and sulfate intake can cause acidosis, resulting in chronic 

metabolic acidosis [28]. In aquatic environments, elevated nitrate, phosphate, and sulfate ions 

can stimulate rapid water plant growth, leading to algal blooms and a subsequent depletion of 

dissolved oxygen, which can suffocate and kill aquatic life [29]. The alkalinity of the water in 

both seasons exceeded permissible limits, likely due to high salt concentrations [25]. Earlier 

studies by Olawusi-Peters [30] and Uzoma et al. [31] reported similar findings in the Agboyi 

River, highlighting a consistent issue. Aside from these two studies, there are no other 

documented studies on the river that can be compared with the current research 

Table 1. Physicochemical properties of water samples from Agboyi River, Lagos. 

Parameters Units 
Concentration 

Limit [32] 
Dry season Wet season 

pH - 6.41±0.05a 6.82±0.03a 6.5-8.5 
 

Colour - Cloudy Cloudy - 

Turbidity NTU 80.00a 150.00b 5.0 

Odor - Foul smells Foul smells - 

Electrical 

conductivity 

µS/cm3 4581.67±2.08a 3410.10±2.16b ≤ 1000 

TDS mg/l 2749.11±1.25a 2888.33±7.23b ≤ 1000 

Alkalinity mg/l 226.43±1.10a 210.62±0.13b ≤ 200 

Acidity mg/l 64.20±0.1a 70.17±0.28b ≤ 200 

Hardness mg/l 1063.30±5.13a 1015.67±2.08b ≤ 200 

Calcium mg/l 425.11±0.84a 406.44±0.03b ≤ 200 

Magnesium mg/l 154.73±0.50a 147.64±0.02a ≤150.0 

Chloride mg/l 824.37±0.19a 804.55±0.02b ≤ 250 

Sulphate  mg/l 1405.39±0.32a 1307.85±0.02b ≤ 750 

Nitrate  mg/l 123.91±0.21a 180.95±0.01b ≤ 50 

Phosphate  mg/l 6.36±0.06a 8.10±0.1b ≤ 0.1 

WHO = World Health Organization; along the rows, values with different superscripts ”a” and “b” are 

statistically different at p ≤ 0.05. 

3.2. Levels of heavy metals in the water samples. 

The levels of heavy metals (Pb, As, Cu, Cd, and Cr) in the samples are revealed in Table 2. 

The heavy metals were all above the WHO recommended values and only lead showed a 

significant seasonal variation in concentrations. This result further proves the potential toxicity 

of the Agboyi River water. There is no safe level of Pb in humans and it affects several organs 

and systems in the body [33]. Moreover, Pb can build up in aquatic organisms, causing 

oxidative damage, such as immune and neurotransmitter malfunctions [34]. The occurrence of 



Tropical Aquatic and Soil Pollution 3(2), 2023, 184‒195 

190 
 

Pb in the water tested suggests sources such as pesticides, lead acid batteries, fertilizers, 

metallurgical, mining waste, petrochemical, and chemical wastes [35]. In aquatic organisms, 

arsenic (As) is a poisonous semi-metal that can damage livers, induce apoptosis, and cause 

reproductive abnormalities [36]. Long-term human exposure to As via drinking water can cause 

cancer, skin lesions, cardiovascular disease, diabetes, and mental retardation [37]. Industrial 

effluents, agricultural waste, domestic sewage discharge, and mining are top sources of As in 

the River Agboyi water [38]. Consuming large quantities of soluble Cu salts can cause gut and 

liver problems in humans [39]. Chronic exposure of aquatic organisms to Cu can reduce 

survival, growth, and infertility [40]. Possible sources of Cu in the water samples include 

mining, agriculture, metal smelting, and electrical waste, as well as pesticide use [40]. Chronic 

human exposure to Cd can cause kidney, liver, bone, and blood damage [41]. In aquatic 

environments, chronic exposure to Cd decreases growth, reproduction, and immune function 

[42]. Likely sources of Cd in the water samples are plastics, batteries, electroplating, paint, 

pigments, and fertilizers, as well as sewage and municipal waste [43]. Human ingestion of 

hexavalent Cr can cause tumors and inflammation of the alimentary tract [44]. In aquatic 

organisms, Cr can cause cellular and genetic abnormalities [45]. Possible sources of Cr in the 

water samples include medical wastes, textiles, tanneries, electroplating, printing, and 

photographic wastes [45, 46]. Studies by Olawusi-Peters [30] and Uzoma et al. [31], which 

were mentioned earlier, found non-tolerable levels of some heavy metals in the Agboyi River, 

which is consistent with the findings of the current study. 

Table 2. Levels of heavy metals. 

Heavy metal 
Concentration (mg/l) 

Limit [32] 
Dry season Wet season 

Pb 0.67±0.02 a 1.07±0.01b ≤ 0.01 

As 0.03±0.02 a 0.05±0.01 a ≤ 0.01 

Cu 2.96±0.12 a 2.76±0.01a ≤ 0.05 

Cd 0.08±0.04 a 0.07±0.01 a ≤ 0.003 

Cr 0.13±0.03 a 0.14±0.01 a ≤ 0.05 

WHO = World Health Organization; along the rows, values with different superscripts ‘’a and b’’ are 

statistically different at p ≤ 0.05. 

3.3. Non-carcinogenic risks of the water samples. 

Tables 3 and Table 4 present the Average Daily Ingestion (ADI), Average Daily Dermal 

Exposure (ADDE), and Hazard Quotients (HQ) of the heavy metals in the water samples. The 

ADIs for the heavy metals were within the recommended dietary intake (RDI), with the 

exception of Cr. However, the ADDE of the heavy metals exceeded the RDI. Meanwhile, their 

HQs surpassed the threshold of 1.  

Table 3. Average daily ingestion (ADI) and average daily dermal exposure (ADDE) to heavy metals. 

Heavy metal 
Values (mg/l) 

Dry season Wet season 

Pb 5.885 a 9.428b 

As 3.000 a 5.000 b 

Cu 6.507a 2.135 b 

Cd 5.000 a 4.400b 

Cr 13.000 a 13.333 a 

Along the rows, values with different superscripts “a” and “’b”’ are statistically different at p ≤ 0.05. 
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These findings confirm the potential health risks associated with heavy metal exposure, 

as mentioned earlier. It's important to note that these health risk assessments are based on the 

average lifespan of resident Nigerians, which is approximately 55 years. Therefore, individuals 

using this water source and living beyond 55 years may be at a higher risk of experiencing the 

adverse effects of heavy metals. 

Table 4. Hazard quotient (HQ) of heavy metals via dermal exposure (ADDE). 

Heavy metal 
Values (mg/l) 

Dry season Wet season 

Pb 1616.00a 2590.00b 

As 6.25 a 11.25 b 

Cu 446.25 a 416.08 b 

Cd 1459.00 a 1279.00 b 

Cr 116.60 a 133.30 b 

Along the rows, values with different superscripts “a” and “’b”’ are statistically different at p ≤ 0.05. 

3.4. Carcinogenic risks of the water samples. 

Tables 5 and 6 show the carcinogenic risk of oral and dermal exposure to carcinogenic heavy 

metals in the water samples, namely Pb, As, Cd, and Cr. The carcinogenic risks of oral and 

dermal exposure to the heavy metals were greater than the threshold of 10-6. Possible 

carcinogenesis of Pb include prevention of DNA synthesis, DNA damage, and disruption of 

DNA repair [47, 48]. Potential carcinogenic pathways for As include DNA repair inhibition 

and epigenetic disruptions [49]. Cd carcinogenesis involves inhibition of apoptosis and DNA 

damage repair as well as epigenetic damage [50]. Hexavalent Cr causes cancer by making 

reactive oxygen species that damage DNA [13]. Trivalent Cr damages the cell membrane and 

makes the DNA more likely to be damaged by toxic substances [13]. 

 

Table 5. Carcinogenic risks of oral ingestion of heavy metals. 

Heavy metal 
Values (mg/l) 

Dry season Wet season 

Pb 0.00017 a 0.00028b 

As 0.000007 a 0.00225 b 

Cu 0.015750 a 0.013060b 

Cd 0.002000 a 0.002150 a 

Cr 0.00017 a 0.00028b 

Along the rows, values with different superscripts ‘’a’’ and ‘’b’’ are statistically different at p ≤ 0.05. 

 

Table 6. Carcinogenic risks of dermal exposure to heavy metals. 

Heavy metal 
Values (mg/l) 

Dry season Wet season 

Pb 0.00686 a   0.010955b 

As 0.00750 a 0.01050 b 

Cd 0.91050 a 0.80010b 

Cr       0.00050 a 0.0040b 

Along the rows, values with different superscripts ‘’a’’ and ‘’b’’ are statistically different at p ≤ 0.05. 

 

4. Conclusions 

The Agboyi River water exhibited elevated levels of physicochemical parameters, including 

TDS, electrical conductivity, alkalinity, hardness, magnesium, calcium, sulphate, nitrate, 

chloride, and phosphate, all exceeding permissible limits. Heavy metals such as Pb, As, Cr, Cd, 
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and Cu were also detected above recommended values. Furthermore, the ADDE (except for 

Cr), HQ, and CR of all heavy metals exceeded the recommended limits. Seasonal variations 

were evident in the physicochemical parameters, with TDS, turbidity, acidity, nitrate, and 

phosphate being higher in the wet season, while other parameters showed higher values in the 

dry season. In contrast, no significant seasonal variations were observed in the levels of heavy 

metals. These results indicate potential health and ecosystem risks associated with the Agboyi 

River water. It is advisable to treat the water before use, necessitating the remediation of heavy 

metals in the river. Discouraging waste dumping in and around the river and promoting the 

treatment of wastewater before discharge are crucial measures. Local health and environmental 

authorities should ensure the safety of river water for drinking and domestic use, emphasizing 

the importance of periodic water quality assessments. 
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