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ABSTRACT: Ikorodu Lighter Terminal is an important lagoon port in Lagos, Nigeria. 

However, the intense anthropogenic activities that take place around the port could potentially 

pollute the water. This study assessed the safety of human exposure to the water around the 

port. Samples of the water were assayed for physicochemical parameters, namely: electrical 

conductivity, biochemical oxygen demand (BOD), total suspended solids (TSS), total 

dissolved solids (TDS), pH, turbidity, hardness, calcium, chloride, sulphate, nitrite, and 

phosphate. Moreover, heavy metals, including lead, manganese, copper, cadmium, nickel, and 

chromium, were analyzed, and their values were used to estimate potential health risks. Also 

assayed was the presence of microorganisms. The water samples had non-permissible levels of 

nitrite, oil and grease, and BOD. The concentrations of the heavy metals as well as their average 

daily ingestion and average daily dermal exposure were within the tolerable limits, except Ni. 

However, their hazard quotient and carcinogenic risk via ingestion and dermal contact 

exceeded the tolerable limits. Safe levels of bacteria, coliforms, and fungi were detected in the 

water. Based on these results, the water may expose users to health hazards. There is a need for 

policies geared towards the safety of human exposure to the water.  
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1. Introduction 

Heavy metals and microorganisms occur naturally in aquatic environments through rock 

weathering and the decomposition of organic matter [1]. They also occur through 

anthropogenic sources such as mining, industrial and domestic discharges, urban and 

agricultural runoff, and waste disposal, among others [2]. In recent times, anthropogenic 

activities have been the main cause of heavy metals and microorganism accumulation in 

aquatic environments [3]. There are always considerably greater deposits of heavy metals and 
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microorganisms in water bodies that have a distinct anthropogenic origin [4]. Of all 

anthropogenic sources, industrial activities account for most of the heavy metals in aquatic 

habitats [2]. The most often detected heavy metals in the environment that cause adverse effects 

on humans include cadmium (Cd), mercury (Hg), lead (Pb), and arsenic (As) [5]. Others 

include copper (Cu), zinc (Zn), and selenium (Se), but in trace amounts they perform biological 

functions in the body [5]. The most often detected water-borne pathogens are diverse enteric 

and aquatic bacterial species, fungi, protozoans, and enteric viruses [6]. 

Heavy metals and microorganisms are toxic to aquatic biota, impact water quality, can 

be incorporated into the food chain, and then potentially impact human health [7, 8]. The spread 

of "Mina Mata Disease" in Japan, caused by industrial mercury contamination of water and 

fish in Mina Mata Bay, is a clear example of how heavy metals can harm aquatic environments 

and people [9]. Heavy metals can build up to toxic levels in aquatic environments unnoticed, 

making them more dangerous than other pollutants such as oil and solid waste, which 

accumulate conspicuously in aquatic and terrestrial habitats [9]. This indicates that all bodies 

of water should be assessed regularly for heavy metal pollution and health risks.  

Ikorodu Lighter Terminal in Lagos, Nigeria, is a lagoon port terminal in Ikorodu where 

goods and people are ferried daily. Anthropogenic activities such as fishing, bathing, and 

washing also take place at the lagoon end daily. These activities could potentially pollute the 

water, yet there is no documented study on the pollution index of the water at the terminal. 

Recent studies conducted in the Lagos Harbour and Epe sections of the lagoon by Basheeru et 

al. [10] and Yahaya et al. [11], respectively, detected non-permissible levels of heavy metals 

in the lagoon. To protect people's health, it is important to do similar studies at the Ikorodu 

Lighter Terminal. In light of the above, this study was proposed to assess the concentrations 

and potential health risks of heavy metals, physicochemical parameters, and microorganisms 

in water samples collected from the terminal. 

2. Materials and Methods 

2.1. Description of the study area. 

The study area, Ikorodu, Lagos State, Nigeria, is located in the southwestern region of the 

country at latitude 6° 31' 27.7644 "N and longitude 3° 22' 45.1416 "E [12]. Lagos State has an 

international boundary with the Republic of Benin on its southwestern part and an interstate 

boundary with Ogun State (Nigeria) on its northern and southeastern parts. The state has a 

tropical climate with an alternating short dry season (November to March) and long wet season 

(April to October). Lowland rainforest and mangrove swamp forest dominate Lagos' flora. The 

state experiences about 1540 millimeters of annual precipitation and an average daily high 

temperature of 31 °C [13]. 

Ikorodu is a rapidly expanding city northeast of Lagos and has a border with Ogun 

State. With more than 1 million inhabitants, Ikorodu currently ranks 12th among the cities in 

the country. At an annual growth rate of 5.26%, Ikorodu could reach 1.7 million inhabitants by 

2035. Some residents of Ikorodu travel by water, mostly through the Ikorodu Lighter Terminal, 

which, coupled with the fishing, swimming, and trading that take place in and around the port, 

can potentially pollute the water. Thus, the safety of human exposure to the water in the port 

needs to be evaluated periodically, which necessitates the current study. 
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Figure 1. Map of the study area. 

2.2. Collection of water samples and preparation. 

Triplicate samples of the water in the lagoon were taken at random twice a month for three 

months, for a total of 18 samples. The water samples were put in 1000-mL polyethylene 

terephthalate plastic bottles that had already been washed and sterilized. The bottles were 

tightly sealed and sent to the lab in a sealed polyethylene bag, and then refrigerated at 4 °C. 

2.3. Determination of physicochemical parameters.  

The water samples were analyzed for physicochemical parameters using the criteria of the 

APHA [14]. Total dissolved solids (TDS) and pH (as well as alkalinity and acidity) were 

assessed on-site (for accuracy) with a Pye Unicam pH meter and an HM Digital TDS meter 

model TDS-4, respectively. A DR 2000 spectrophotometer (Model 50150) was employed to 

evaluate phosphates, sulphates, calcium, magnesium, and nitrates. An Avial chloride meter (20 

x 40 mm) was used to quantify chloride. To determine hardness, a complex metric EDTA 
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titration was used. Turbidity and electrical conductivity were determined by a turbidimeter and 

an electrical conductivity meter (EC meter), respectively. 

2.4. Heavy metal analysis. 

The water samples were subjected to heavy metal analysis by flame ionization detection using 

the Buck Scientific atomic absorption spectrometer Model 210 VGP as described by Yahaya 

et al. [15]. The heavy metals assayed are cobalt (Co), cadmium (Cd), copper (Cu), chromium 

(Cr), manganese (Mn), zinc (Zn), iron (Fe), and lead (Pb). One hundred milliliters (100 mL) of 

each sample were aspirated, aerosolized, mixed with acetylene and air, and then heated 

between 2100 and 2800 °C. Heating reduced the atoms of each heavy metal to their free and 

lowest energy states, which absorb light based on the wavelength of the heavy metal. Heavy 

metal-specific wavelengths were determined by passing a beam of light over the flame from a 

lamp whose cathode was made of the heavy metal under evaluation. A photomultiplier was 

used to measure the reduction in the light intensity due to absorption, which is equivalent to 

the concentration of the heavy metals in the sample. A series of standard solutions for each 

heavy metal ion was made using deionized distilled water and stock solutions (1000 ppm): 

0.00, 0.20, 0.50, 0.60, and 1.00. To get accurate quantitative data, the regression coefficient of 

the standard calibration curve for each heavy metal was set above 0.9960. 

2.5. Quality control and assurance. 

Analytical-grade reagents were used throughout. Glass materials were immersed in 10% nitric 

acid for 24 hours, rinsed with ultrapure water, then treated with a 0.5% (w/v) KMNO4 solution 

before being rinsed once more with ultrapure water. To assess for background contamination, 

blank samples were analyzed alongside the test samples. The analysis of the blank samples 

showed that the evaluation of the heavy metals was done within the certified range of 96–100% 

recovery. Moreover, each sample was analyzed three times, and 95% accuracy was achieved 

in the reproducibility of the same values. Also, reference materials were used to ascertain the 

accuracy and precision of the instrument. 

2.6. Health risk assessment.  

The non-carcinogenic health risks posed by consumption of the water were estimated using 

equations 1, 2, 3, and 4 [15].  

 

In equation 1 above, ADI stands for average daily oral ingestion of heavy metals in mg/kg/day; 

CoH indicates concentration (mg/L) of heavy metals in water; IR denotes the ingestion rate of 

water per unit time (L/day) = 2; EF means exposure frequency (days/year) = 365; ED represents 

exposure duration (years) = 55 (life expectancy of a resident Nigerian); ABW is the average 

body weight (kg) = 65; AT is the average time in seconds obtained by multiplying Ed x Ef = 

20075.                                                                                                                                                                           
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In equation 2 above, ADDE is the average daily dermal exposure in mg/kg/day; ESSA indicates 

exposed skin surface area (cm3) = 28,000; AF represents adherence factor (kg/m2/day) = 0.7; 

and DAF stands for dermal absorption factor (cm/h) = 0.1 for Cu, 0.14 for Cd, 0.04 for Cr, 

0.006 for Pb, 0.0006 for As, 0.02 for Zn, and 0.001 for Mn.  

 

 

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

in mg/L/day. The RFD (oral/dermal) of Mn, Pb, Cd, Cr, Cu, Ni, and As are 0.046/0.0018, 

0.0035/0.000525, 0.001/0.001, 1.5/0.003, 0.04/0.04, 0.02/0.02, and 0.0003/0.0008, 

respectively. 

The carcinogenic risks of the  water were calculated from equations 5 and 6 [15]. 

 

                                                                                           

In equations 5 and 6, CR stands for the carcinogenic risk of oral or dermal exposure to heavy 

metals in water, and CSF represents the 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. Microbiological analysis. 

The membrane filtration method, as outlined by Yahaya et al. [15], was employed to determine 

the total bacterial counts. In order to do this, 100 mL of each water sample was filtered through 

a sterile cellulose filter with a pore size of 0.2 µm. The filter was then inoculated onto a nutrient 

agar plate and incubated at 35 °C for 24 hours. Using a colony counter, the number of bacterial 

colonies that grew on the plate was estimated. The coliform count was also calculated using 

the membrane filtration method. However, the two-step enrichment method was used to grow 

the microbes. The filters containing the bacteria were inoculated onto an absorbent pad that 

had been saturated with lauryl tryptose broth, and the mixture was then incubated for two hours 

at 35 °C. The filters were later placed on an absorbent pad that had been saturated with M-

Endo medium, where they were incubated for 22 hours at 35 °C. A colony counter was used to 

estimate the number of sheen colonies observed. The same procedures used to estimate 

bacterial counts were used to estimate fungi. However, the nutrient agar was supplemented 

with penicillin to kill bacteria.  

2.8. Data analysis. 

The Excel software (version 21) was used to present the values of all the analyses carried out 

in the water samples as mean ± standard deviation (SD). The software was also used to estimate 

the ADI, ADDE, HQ, and CR of the heavy metals. To test the level of significance among 



Tropical Aquatic and Soil Pollution 3(1), 2023, 58-68 

63 
 

various parameters, the student's t-test was used, with p ≤ 0.05 considered statistically 

significant.  

3. Results and Discussion 

3.1. Physicochemical parameters of the water samples. 

Table 1 reveals the physicochemical parameters of water samples collected from Ikorodu 

Lighter Terminal. All of the physicochemical parameters were within the limits allowed by the 

World Health Organization (WHO) and the National Environmental Standards and Regulations 

Enforcement Agency (NESREA), except for the nitrite, oil and grease, and BOD. The results 

suggest that the water may pose some health risks. Elevated levels of nitrite can change the 

structure of hemoglobin, which leads to decreased oxygen circulation in the body [16]. In 

addition, nitrite has carcinogenic risks since it can potentially convert into nicosamine, which 

is carcinogenic [17]. Excessive levels of nitrite could be due to run-off water containing 

fertilizer, sewage, and mineral deposits, which will eventually increase the BOD level. High 

BOD levels lower the amount of oxygen available and compromise aquatic habitats and 

biodiversity [18]. Oil and grease could have emanated from wastewater effluents, accidental 

spills, or oil or lubricants used by ferries and ships. Oil and grease can cause eutrophication of 

aquatic systems as well as allergic reactions, cancer, and irritation of the respiratory tract in 

exposed humans [19]. The result of the current study is consistent with those obtained by 

Yahaya et al. [20], who reported non-tolerable levels of some physicochemical parameters, 

including phosphate and temperature, in water samples obtained from Ologe Lagoon in Lagos. 

It also agrees with the findings of Aina [21], who discovered non-permissible levels of certain 

physicochemical parameters in lagoon water obtained from selected jetty points along Ikorodu-

Lagos Island in Lagos. On the other hand, Oyeleke et al. [22] reported permissible levels of all 

physicochemical parameters assessed in water samples obtained at certain points along the 

Lagos Lagoon. Anthropogenic activities varied along the Lagos lagoons, which could explain 

the discrepancies in the findings of the cited literature. 

Table 1. Mean physicochemical parameters of water samples collected from Ikorodu Lighter Terminal 

Parameters Unit Concentration Limit [23] 

Appearance  cloudy liquid with particles  

pH - 6.78±0.78 6.5 - 8.5 

Color - 10.00±0.00 50  

Odor - unobjectionable - 

Electrical conductivity µS/cm3 236.67±5.77 ≤1000 

Total solid mg/L 247.33±2.52 500 

TSS mg/L 214.06±5.64 ≤0.75  

Turbidity NTU 0.10±0.00 <1 

TDS mg/L 130.00±3.46 ≤1000 

Alkalinity mg/L 50.08±0.10 ≤200 

Acidity mg/L 2.03±0.02 ≤200 

Hardness mg/L 50.84±0.58 ≤200 

Calcium mg/L 20.38±0.24 ≤200 

Magnesium mg/L 3.07±0.02 ≤40 

Chloride mg/L 29.33±0.23 ≤250 

Nitrite mg/L 0.10±0.00 ≤0.08 

Sulphate mg/L 28.11±0.01 ≤ 750 

Nitrate  mg/L 3.20±0.05 ≤ 50 

Oil & grease mg/L 1.67±0.16 ≤0.1 

BOD mg/L 9.94±0.06 ≤6.0 

Dissolved oxygen mg/L 7.07±0.01 6.5-8 

Values were expressed as mean ± SD; TSS= Total Suspended Solid; TDS = Total Dissolved Solid; BOD = 

Biological Oxygen Demand 
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3.2. Levels and health risks of heavy metals in the water samples. 

Table 2 shows the levels of heavy metals (Pb, Ni, Cu, Cd, Zn, Mn, and Cr) in the water samples. 

All of the heavy metals were within the WHO’s recommended limits, with the exception of Ni. 

Mn had the highest concentrations in the water, followed by Cr, Ni, and Zn, respectively.  

Table 2. Mean levels of heavy metals in water samples collected from Ikorodu Lighter Terminal. 
Heavy metal Concentration Limit [23] 

Pb 0.0020±0.00 ≤0.01 

Ni 0.018±0.00 ≤0.01 

Cu 0.0093±0.0002 ≤0.05 

Cd 0.003±0.0002 ≤0.003 

Cr 0.036±0.0012 ≤0.05 

Zn 0.0128±0.0003 ≤5.0 

Mn 0.0447±0.0002 ≤0.05 

Values were expressed as Mean ± SD 

The average daily oral ingestion (ADI) and average daily dermal exposure (ADDE) to 

all the heavy metals assessed were within the permissible limits, except for the ADDE of Ni 

and Cd (Tables 3 and 4).  

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

water samples obtained from Ikorodu Lighter Terminal. 
Exposure route (mg/day/person) 

Heavy metal Oral Dermal RDI [23] 

Pb 0.00006 0.0036 0.214 

Ni 0.00055 1.90 0.1 

Cu 0.00029 0.280 0.900 

Cd 0.00009 0.127 0.06 

Cr 0.0011 0.0022 0.05 

Zn 0.00039 0.116 3.0 

Mn 0.0014 0.0135 - 

 

Table 4. Hazard quotient (HQ) of heavy metals via oral ingestion (ADI) and dermal exposure (ADDE) to water 

samples obtained from Ikorodu Lighter Terminal. 
Heavy metal Oral Dermal 

Pb 0.0171 0.114 

Ni 0.0275 95 

Cu 0.00725 7 

Cd 0.09 127 

Cr 0.0073 0.73 

Zn 0.0013 0.39 

Mn 0.0304 7.5 

 

Meanwhile, the hazard quotient (HQ) and carcinogenic risk (CR) of oral and dermal 

exposure to all the heavy metals were greater than the threshold of 10-6 (Table 5). These results 

shows that acute exposure may not cause any problems, but prolonged exposure to the water 

may cause both carcinogenic and non-carcinogenic risks. Heavy metals cause toxicity by 

inducing oxidative stress, DNA damage, and cell death [24]. Overexposure to Pb can cause 

high blood pressure and kidney damage [25]. Cd exposure may cause cancer, osteoporosis, and 

liver and kidney damage [26]. At a very high concentration, Cr compounds can initiate 

carcinogenesis [27]. Long-term Cu exposure causes blood and liver problems, as well as 

neurological damage [28]. High Ni exposure can cause allergic reactions, skin and organ 

damage, and immune dysfunction [29]. Excess Mn exposure is neurotoxic, can disrupt iron 

metabolism, and damage the kidneys [30]. The findings of the current study are in line with the 
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results of previous studies with similar objectives. Notably, Adeyemi et al. [31] and Yahaya et 

al. [20] found non-permissible levels of heavy metals in water samples collected from Ologe 

Lagoon in Lagos. Bawa-Allah et al. [32] and Basheeru et al. [10] also reported non-permissible 

levels as well as carcinogenic and non-carcinogenic health risks of some heavy metals in water 

samples obtained in the Lagos Lagoon. This consistency suggests that long-term exposure to 

water from lagoons in Lagos may cause health hazards. 

Table 5. Carcinogenic risks of oral ingestion (ADI) and dermal exposure (ADDE) to heavy metals in water 

samples obtained from Ikorodu Lighter Terminal. 
Exposure route (mg/day/person) 

Heavy metal Oral Dermal 

Pb 0.00000051 0.00306 

Ni - - 

Cu - - 

Cd 0.000567 0.8001 

Cr 0.00055 0.0011 

Zn - - 

Mn - - 

 

3.3 Microorganisms in the water samples 

Table 6 shows the levels of microorganisms detected in the water samples. The water contained 

permissible levels of total coliform, bacteria, and fungi. This result is consistent with those 

obtained by Yahaya et al. [20], who did not detect non-tolerable levels of bacteria and fungi in 

water samples collected in Ologe Lagoon, Lagos. Obi et al. [33] also reported a reduced 

microbial diversity and population in certain sections of the Lagos Lagoon. Contrarily, Nandita 

et al. [34] detected non-tolerable levels of bacteria and coliform in water samples collected at 

some sampling points along the Lagos Lagoon. Additionally, Obiakara-Amaechi et al. [35] 

detected non-permissible levels of microorganisms in water samples collected at the Makoko 

axis of Lagos Lagoon. The low level of microorganisms in the current study could be attributed 

to high osmotic stress in the water, which causes the cell to be unable to take up water and 

become dormant [36]. The heavy metals detected in the water, as well as non-evaluated 

contaminants such as polycyclic aromatic hydrocarbons and polychlorinated biphenyls, may 

have also reduced the microbial population of the water [33]. 

Table 6. Levels of microorganisms in the water samples obtained from Ikorodu Lighter Terminal. 
Microorganisms (CFU/mL Levels Limit [23] 

Total bacteria   50.20±2.00 ≤100   

Total coliform            40±0.00 ≤50  

Fungi BDL ≤50 

Values were expressed as mean ± SD; BDL= Below detection levels. 

4. Conclusions 

The results showed that the levels of some physicochemical parameters in the lagoon water, 

namely nitrites, oil and grease, and BOD, were higher than the tolerable limits. Although the 

levels as well as oral and dermal exposure to heavy metals (Pb, Cd, Cr, Cu, Zn, Mn, and Ni) in 

the water were within the acceptable limits, the hazard quotient (HQ) and carcinogenic risk 

(CR) of oral and dermal exposure to the heavy metals exceeded the allowable limits. This 

suggests that acute exposure to the water may not cause any serious problems, but prolonged 

exposure may be detrimental. The microbiological populations in the water, namely bacteria, 

coliforms, and fungi, were within permissible limits, suggesting that exposure to the water may 

not cause bacterial and fungal infections. Based on these results, sources of water pollution at 



Tropical Aquatic and Soil Pollution 3(1), 2023, 58-68 

66 
 

the lagoon axis, such as industrial and municipal discharges, farming, bathing, and washing, 

should be discouraged. Health and environmental agencies in the area should work together to 

ensure the lagoon's water is safe for use.  
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