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Abstract. The study aims to conduct an ecological risk assessment and build a pollution model for 
assessing trace metal concentrations in road dust in Owerri, Nigeria. Key roadways in the urban area were 
chosen based on traffic volume, population density, and human activity. Data was collected at 500-meter 
intervals throughout each route, and silt samples were collected by systematic sweeping of a 1 square 
metre area covering road pavements and curbs. The examination found metallic pollutants such as 
chromium (Cr), manganese (Mn), iron (Fe), cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn), and lead (Pb) 
inside the RDS. Nickel (Ni), copper (Cu), cadmium (Cd), and lead (Pb) levels were substantially higher 
than their respective background values. Carbon monoxide levels along Port Harcourt Road, specifically 
670 mg/l, are much higher than the background norm, indicating a considerable influence of human 
activity. Estimated enrichment values for the metallic elements ranged from insignificant (Mn) to 
extremely high (Co, Ni, Cu, Zn, Pb). Based on geoaccumulation index data, it can be concluded that the 
RDS has significant levels of contamination in terms of Ni and Pb, implying a considerable buildup of 
certain heavy metals, most likely due to anthropogenic acts. The study identified two major sources of 
heavy metal contamination: natural sources originating in the Earth's crust and transportation-related 
activities such as air deposition, corrosion, and vehicle degradation. 
 
Keywords: heavy metal contamination, road deposited sediments, ecological risk assessment, 
trace metal concentrations, health risk assessment. 
 
 

1. Introduction 
Deposition of microscopic solid particles on urban surfaces such as paved areas is prevalent (Xie 

et al., 1999; Ichu et al., 2021). RDS are a heterogeneous collection of tiny solid particles and 

pollutants originating from a variety of industrial and urban sources (Robertson et al., 2003; 

Lecoanet et al., 2003; Cui et al., 2022). These contaminants may be traced back to anthropogenic 

activities such as tyre and automobile deterioration, brake-lining materials, exhaust system 

emissions, construction materials, plant waste, and atmospheric depositions (Lecoanet et al., 

2003; Robertson et al., 2003). 

Ensuring the protection of a sustainable environment is critical in enhancing the well-

being of urban dwellers on a global scale (Dash et al., 2019). Environmental pollution poses 

substantial issues to urban areas, notably in terms of air, water, and soil contamination. These 
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problems may be linked back to a variety of human activities, such as the release of pollutants 

from industrial sources, automobile emissions, and insufficient waste disposal practises (Taşpnar 

& Bozkurt, 2018). According to Dash et al. (2019) and Egbueri & Unigwe (2020), the 

identification of pollutants in soils close to highways in urban environments might potentially 

serve as a credible indicator for determining the degree of sustainable development. The 

toxicological repercussions of heavy metal presence in soil have significant environmental 

implications. These metals have toxic effects, long-term persistence, and can accumulate inside 

the human body over time (Mama et al., 2020). 

Despite the cessation of traffic-related emissions, the persistence of excessive levels of 

heavy metals in soils near roadways continues to exacerbate their environmental consequences. 

According to Mama et al. (2020), the dense urban population exacerbates the direct effects of 

polluted soils on human health and ecosystems. 

The increased awareness of heavy metal pollutants in road deposited sediments has been 

spurred by the widespread presence of heavy metal pollution and the resulting health problems 

in numerous cities across the world. According to Li et al. (2014), there is a significant increase 

in the occurrence of hazardous metals in urban environments, with roads and vehicles emerging 

as significant drivers of this phenomena.  

Various human activities, notably automotive movement, cause a substantial quantity of 

toxic metallic elements, such as zinc, copper, and lead, to be released into the surrounding 

ecosystem. The aforementioned actions have been linked to tyre degradation, brake lining/pad 

deterioration, and the production of exhaust pollutants (Li et al., 2014). According to Ibe et al. 

(2018), the metals described in their study account for about 90% of the total metal contaminants 

discovered in road deposits and runoff. According to Yisa (2010), the deposition of automobile 

dust on paved urban surfaces has the potential to contribute to significant levels of heavy metal 

concentrations in neighbouring streams and rivers. In comparison to other types of harmful 

pollutants, these trace metallic contaminants are distinguished by their resistance to natural 

biodegradation processes (Sezife et al., 2013; Nkansah et al., 2021). Furthermore, the problem is 

exacerbated by the possibility of bioaccumulation and biomagnification, in which organisms in 

the surrounding environment accumulate higher concentrations of these harmful substances than 

their naturally occurring counterparts (Sezife et al., 2013; Ichu et al., 2021). Consuming 

contaminated food produced from the neighbouring polluted environment frequently results in 

the buildup of these hazardous metallic elements inside the biological systems of humans and 

other species (Ibe et al., 2018; Ichu et al., 2021). 
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The major goal of this research is to analyse the ecological and health consequences of 

the quantities of trace metals discovered in road dust in specific districts of Owerri, Nigeria. In 

addition, a pollution model will be built to investigate the aforementioned concentrations. 

 

2. Study Area 
The research area is located at the geographical coordinates of Latitude 5.485°N and Longitude 

7.035°E, as seen in Figure 1. The geographic area being examined include the Niger Delta basin. 

The region's physical features are characterised by its favourable accessibility, which is helped 

by a well-developed network of motorways that link with Onitsha, Port Harcourt, and Aba 

Motorway. As a result, this region occupies a central and strategic location within the 

southeastern region of Nigeria.  

The research site has a tropical wet and dry climate, marked by continuously high 

temperatures and noticeable seasonal fluctuations in precipitation. The dry season is commonly 

seen to occur between the months of October and March, whereas the rainy season is typically 

recognised to last from March to October. The territory has a significant variation in daily sunlight 

hours throughout the year. Specifically, from January to April and November to December, the 

region receives an average of over six hours of sunlight each day. However, during the months 

of May to October, the region experiences a notable decrease in sunlight, with an average of 

roughly three hours per day. The diurnal temperature range spans a spectrum of temperatures, 

commencing at around 18°C and culminating at a maximum of 34°C. The mean daily minimum 

and maximum temperatures exhibit a stable pattern, with values of 19°C and 28°C, respectively. 

The anticipated rates of evapo-transpiration exhibit a range of 1450 to 1460 mm annually. 

The relative humidity patterns exhibit distinguishable characteristics, characterised by 

decreased values observed during the arid periods of January to March and November to 

December. These values often attain levels of up to 95%. During the period spanning from April 

to October, there is a notable increase in relative humidity levels, often exceeding 97%. The wet 

season's advancement is closely linked to the northward movement of maritime air masses 

originating from the Atlantic Ocean (Akaolisa et al., 2023). The zenith of the wet season 

transpires during the months of July and August. Intense precipitation is a noteworthy 

meteorological phenomenon that exerts a substantial influence on several environmental facets. 

According to the findings of Okoro et al. (2014), the period of increased rainfall, commonly 

referred to as the rainy season, occurs between the months of April and October. In this particular 

chronological epoch, the geographical region has an average yearly precipitation ranging from 

2500 to 4000 mm. Furthermore, a substantial proportion of the precipitation, around 89%, is 
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mostly recorded throughout the time frame ranging from May to October. The combination of 

heavy precipitation and the existence of steep topographical characteristics in the area results in 

significant surface water runoff, hence exacerbating the issue of floods (Akaolisa et al., 2023). 

Specific temporal periods display notable amounts of precipitation, resulting in the occurrence of 

floods, the leaching of soil, and the massive erosion phenomena known as sheet wash. 

 
Figure 1. Location Map of Owerri and Environs  

 

3. Materials and Methods 
3.1. Materials 

The first stage of sample collection will involve the use of topographic map in the identification 

and demarcation The field research methodology involved two stages for studying the study area. 

The first stage encompassed a reconnaissance survey, followed by a subsequent phase of detailed 

geological mapping, employing various geological tools including: 

• Utilization of a location map of the study area, facilitating navigation within and around 

the sampling sites. 

• Reference to the Geologic map for pinpointing specific locations within the study area. 

• Application of a hand lens for comprehensive megascopic field observations. 

• Implementation of labeled sample bags to ensure proper collection and straightforward 

identification of samples from different locations. 

• Employment of the Global Positioning System (GPS) to capture precise coordinates for 

each sampling point, enhancing accuracy and geospatial referencing. 

This comprehensive approach ensured a meticulous exploration of the study area, enabling a 

robust geological mapping process. 
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3.2. Methods 

3.2.1. Selection of Sampling Points 

Many variables, like as traffic flow, population concentration, and human-induced activities, 

were considered in the selection of key thoroughfares in the Owerri metropolitan region. The 

sampling was carried out at 500-metre intervals along each route. The methodical sweeping of a 

predetermined 1 m2 patch covering road pavements and curbs was used to gather silt samples. 

The sediments were carefully collected, placed in clean plastic dustpans, tagged, and transported 

to the laboratory for further examination. Three sub-samples were obtained at each chosen 

sampling point, each one metre apart from the others. These sub-samples were then combined 

and homogenised to create a composite sample weighing about 200 grammes for each location. 

All sampling points were georeferenced using a portable GPS device, namely the Garmin eTrex 

Venture HC. To ensure consistency, the collecting of sediment samples from highways was 

restricted to the month of February 2022. 

3.2.2. Sample Preparation and Analysis Methods for Metal Content 

The collected samples were allowed to dry naturally in the air at the ambient temperature. They 

were then put through a sieve with a mesh size of 1 mm to eliminate any undesired impurities. 

Following that, the desiccated specimens were filtered again using a plastic sieve with a 230-

mesh size and an opening of 63 m, with the goal of keeping particles of smaller size. Each sample 

was weighed using a high precision analytical balance (Ohaus EB series, China) with an accuracy 

of one gramme. The samples were carefully transferred into glass beakers with a volume of 50 

cm3 and then exposed to digestion at 105°C on a hot plate for 2 hours in a fume closet. For the 

digesting process, a solution containing concentrated nitric acid (HNO3), hydrofluoric acid (HF), 

and perchloric acid (HClO4) in a volume ratio of 2:2:1 was utilised. This solution was required 

for each sample in the amount of 20 cm3. Following the digestion procedure, the samples were 

cooled before being filtered using Whatman No. 1 filter paper. The filtrate was then diluted to a 

volume of 100 cm3 with distilled deionized water produced using an Eco-Still Mark, BSIC/ECO-

4 apparatus (made by Bhanu Scientific Instruments Company, India). This dilution was 

performed in a volumetric flask. Metal concentrations in digested samples were determined using 

a Buck 210 VGP atomic absorption spectrophotometer. The pH and electrical conductivity of a 

sample-to-water suspension formed in a 1:2 (w/v) ratio were measured with a pH metre made by 

LIDA Instruments and an EC metre made by Sanxin (model SX 723). 

3.2.3. Quality Control Measures 

To ensure the validity of analytical data, stringent quality control measures were followed. 

Double distilled deionized water produced from the Eco-Still Mark, BSIC/ECO-4 equipment was 
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used for sample preparation and analysis. Finlab Owerri in Imo State provided the analytical 

grade standard reagents, metal standards, and chemicals. The containers and glassware were 

thoroughly cleaned with detergent, rinsed with distilled deionized water, and then dried in a DHG 

- 9023A oven (made by B. Brans Scientific and Instrument Company, England). The precision 

and accuracy were validated by running triple analyses on both the samples and the reference 

standards. Heavy metals were analysed using X-ray diffraction (XRD) apparatus with a 

wavelength range of 190 to 900 nm. The equipment was accurate to 0.2 nm, precise to 0.1 nm, 

and reproducible to less than or equal to 5% relative standard deviation (RSD). 

3.2.4. Data Analysis 

The road deposited sediments were analysed using several methods to determine the geo-

accumulation index, enrichment factor, contamination factor, possible ecological risk index, and 

health risk evaluation of metals in the surrounding environment. 

3.2.5. Geo-accumulation Index (Igeo) 

The utilisation of the Geo-accumulation Index (Igeo) has been previously applied to assess the 

level of heavy metal contamination in road deposited sediments in metropolitan areas (Lu et al., 

2009; Lu et al., 2010). The mathematical formulation of Igeo is illustrated by equation (1). 

𝐼𝐼𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑙𝑙𝑙𝑙𝑙𝑙2 �
𝐶𝐶𝐶𝐶𝐶𝐶𝑆𝑆
1.5𝐵𝐵𝑠𝑠

�          1 

The element concentration discovered in the sediment or road deposited sediment is represented 

by CRGS, whilst the geochemical background value recorded in the soil is represented by Bs. 

The background geochemical concentrations of the metals, which were computed based on the 

average values found in the Earth's crust, were used as the reference values for computing the 

𝐼𝐼𝑔𝑔𝑔𝑔𝑔𝑔 values in this study (Taylor, 1964). The addition of a constant factor of 1.5 accounts for the 

intrinsic unpredictability of heavy metal concentrations in the natural environment, as well as any 

little influence caused by human activity (Lu et al., 2009; Yang et al., 2022). The 

geoaccumulation index (𝐼𝐼𝑔𝑔𝑔𝑔𝑔𝑔) employs a pollution scale devised by Muller (1969) that ranges 

from non-contaminated (0) to severely polluted (6). 

3.2.6. Enrichment factor (EF) 

The Enrichment Factor (EF) is utilised as a means of evaluating the extent of human-induced 

influence on a metal ion that is found within sediments deposited on road surfaces. In general, a 

reference element that exhibits minimum variability is selected to assist in this evaluation. This 

reference component facilitates the differentiation between heavy metals that are derived from 

anthropogenic activities and those that have natural or geogenic origins. The establishment of this 

difference is predicated upon the link described in equation 2. 



 
 

7 
 

𝐸𝐸𝐸𝐸𝑦𝑦 = � 𝑋𝑋𝑖𝑖
𝐸𝐸𝑖𝑖(𝑟𝑟𝑟𝑟𝑟𝑟)

� ÷ � 𝑌𝑌𝑤𝑤
𝐸𝐸𝑤𝑤(𝑟𝑟𝑟𝑟𝑟𝑟)

�         2 

The enrichment factor (𝐸𝐸𝐸𝐸𝑦𝑦) of element y is determined by the concentration of the element (𝑋𝑋𝑖𝑖) 

in the sample relative to the concentration of the reference element (𝐸𝐸𝑖𝑖(𝑟𝑟𝑔𝑔𝑟𝑟)) in the sample. In this 

study, Iron (Fe) was used as the reference element. The concentration of the element in the crust 

(𝑌𝑌𝑤𝑤) is compared to the concentration of the reference element (𝐸𝐸𝑤𝑤(𝑟𝑟𝑔𝑔𝑟𝑟)) used for normalisation, 

as described by Taylor (1964). Kartal et al. (2006) have previously established five categories of 

contamination based on the enrichment factor. 

3.2.7. Contamination factor and degree of contamination 

In order to assess the extent of heavy metal pollution in the RDS, the contamination factor and 

degree of contamination were utilised, as described by Rastmanesh et al. (2011). The single 

element indicator, denoted as Cif, is determined through the utilisation of equation 3. 

𝐶𝐶𝑟𝑟𝑖𝑖 = 𝐶𝐶0−1𝑖𝑖

𝐶𝐶𝑛𝑛𝑖𝑖
           3 

The contamination factor of the element of concern is denoted as 𝐶𝐶𝑟𝑟𝑖𝑖, whereas 𝐶𝐶0−1𝑖𝑖  represents the 

value of the element in the sediment deposited on the road. Additionally, 𝐶𝐶𝑛𝑛𝑖𝑖  refers to the value of 

the background concentration. The background concentration in the present investigation was 

determined using averages of continental crustal data (Taylor, 1964; Hanfi et al., 2023). The 

classification of 𝐶𝐶𝑟𝑟𝑖𝑖 is conducted based on four distinct categories, which are delineated as follows: 

A Cf value less than 1 signifies a low level of contamination, whilst a Cf value between 1 and 3 

suggests a moderate level of contamination. A Cf value between 3 and 6 shows a substantial level 

of contamination, while a Cf value equal to or greater than 6 represents excessive contamination. 

The degree of contamination can be categorised into four descriptions: a low degree of 

contamination (Cdeg < 8), a reasonable degree of contamination (8 ≤ Cdeg < 16), a substantial degree 

of contamination (16 ≤ Cdeg < 32), and an enhanced degree of contamination (Cdeg ≥ 32). 

The total contamination factors of all elements present in the sample are used to quantify the level 

of pollution, as denoted by equation (4). 

𝐶𝐶𝑑𝑑𝑔𝑔𝑔𝑔 = ∑𝐶𝐶𝑟𝑟𝑖𝑖           4 

3.2.8. The potential ecological risk index 

Hakanson (1980) established the projected ecological risk index as a mechanism for estimating 

the amount of heavy metal contamination while taking into consideration natural variables such 

as sedimentary rock formation. This concept not only analyses heavy metal concentrations in soil, 

but also establishes links between ecological and environmental implications and toxicological 

effects. The pollution evaluation method used in this study employs a uniform and comparable 
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property index grading system. The potential ecological risk index is calculated using many 

components, including the individual pollution coefficient, the toxic-response factor associated 

with each heavy metal, and the potential ecological risk factor assigned to each metal. The 

correlations between these variables are given using Hakanson's (1980) equations (5), (6), and 

(7). 

𝐸𝐸𝑟𝑟𝑖𝑖 = 𝑇𝑇𝑟𝑟𝑖𝑖           5 

𝑅𝑅𝐼𝐼 = ∑ 𝐸𝐸𝑛𝑛
𝑖𝑖=1            6 

𝐶𝐶𝑟𝑟𝑖𝑖 = 𝐶𝐶𝑠𝑠𝑖𝑖

𝐶𝐶𝑛𝑛𝑖𝑖
           7 

The notation 𝐸𝐸𝑟𝑟𝑖𝑖  represents the possible ecological risk index associated with heavy metal i. The 

variable RI denotes the potential ecological risk factor associated with numerous metals, whereas 

𝑇𝑇𝑟𝑟𝑖𝑖 represents the "toxic-response" component specific to heavy metal i. According to Hakanson's 

(1980) proposal, the 𝑇𝑇𝑟𝑟𝑖𝑖 values of the elements follow the order Zn = 1 < Cr = 2 < Cu = Ni = Pb = 

5 < Cd = 30. The pollution coefficient, denoted as Cif, represents the level of pollution caused by 

the heavy metal I. Ci s refers to the measured concentration of heavy metal i in the soil, measured 

in mg/kg. On the other hand, 𝐶𝐶𝑟𝑟𝑖𝑖 represents the background value of the heavy metal i, which 

indicates the concentration of the heavy metal in unpolluted soil (Taylor, 1964). This work aims 

to evaluate the mean values of 𝐸𝐸𝑟𝑟𝑖𝑖  and RI for Cd, Cr, Cu, Ni, Pb, and Zn, individually, in relation 

to each metal contaminant. Hakanson (1980) has delineated four distinct kinds of RI and five 

categories of 𝐸𝐸𝑟𝑟𝑖𝑖 , as presented in Table 1. 

 

Table 1. Potential Ecological Risk Categories based on 𝐸𝐸𝑟𝑟𝑖𝑖and RI values (Taylor, 1908). 

Single-potential ecological rick Comprehensive- potential ecological risk 

𝑬𝑬𝒓𝒓𝒊𝒊  < 40 Classified as Low Risk RI < 150 Classified as Low Risk 

40 ≤ 𝑬𝑬𝒓𝒓𝒊𝒊  < 80 Classified as Moderate Risk 150 ≤ RI < 300 Classified as Moderate Risk 

80 ≤ 𝑬𝑬𝒓𝒓𝒊𝒊  < 160 Classified as Considerable Risk 300 ≤ RI < 600 Classified as Considerable Risk 

160 ≤ 𝑬𝑬𝒓𝒓𝒊𝒊  Classified as High Risk 600 ≤ RI Classified as Very High Risk 

320 ≤ 𝑬𝑬𝒓𝒓𝒊𝒊  Classified as Very High Risk   

 

3.2.9. Human Health Risk Assessment 

The human health risk assessment technique has been extensively used to illustrate the 

relationship between heavy metal exposure and unfavourable health effects in humans (Man et 

al., 2010). Individuals may be exposed to contaminants through a variety of routes within the 

realm of soil, including inhalation, ingestion, and skin absorption. 
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The health concerns associated with heavy metal consumption, which may enter the 

human body via many ways, may be divided into two categories: carcinogenic and non-

carcinogenic dangers. This research entails a thorough assessment of both non-carcinogenic and 

carcinogenic risks, including exposure by inhalation, ingestion, and skin contact with soil. Fakhri 

et al. (2018) did past research that yielded the equations (8)-(10) reported in this work. 

𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑛𝑛ℎ = 𝐶𝐶×𝐼𝐼𝐶𝐶×𝐸𝐸𝐸𝐸×𝐸𝐸𝐶𝐶
𝑃𝑃𝐸𝐸𝐸𝐸×𝐵𝐵𝐵𝐵×𝐴𝐴𝐴𝐴𝑛𝑛𝑛𝑛

         8 

𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑛𝑛𝑔𝑔 = 𝐶𝐶×𝐼𝐼𝐶𝐶×𝐸𝐸𝐸𝐸×𝐸𝐸𝐶𝐶
𝐵𝐵𝐵𝐵×𝐴𝐴𝐴𝐴𝑛𝑛𝑛𝑛

         9 

𝐴𝐴𝐴𝐴𝐴𝐴𝑑𝑑𝑔𝑔𝑟𝑟𝑑𝑑 = 𝐶𝐶×𝑆𝑆𝑆𝑆×𝑆𝑆𝐴𝐴×𝐴𝐴𝐵𝐵𝑆𝑆×𝐸𝐸𝐸𝐸×𝐸𝐸𝐶𝐶
𝐵𝐵𝐵𝐵×𝐴𝐴𝐴𝐴𝑛𝑛𝑛𝑛

× 10−6       10 

Where; 𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑛𝑛ℎ, 𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑛𝑛𝑔𝑔 and 𝐴𝐴𝐴𝐴𝐴𝐴𝑑𝑑𝑔𝑔𝑟𝑟𝑑𝑑 (mg/kg/d): are average daily dosage via inhalation 

ingestion and dermal contact, respectively (USEPA, 2011). The input 

𝐻𝐻𝐻𝐻 = 𝐴𝐴𝐶𝐶𝐶𝐶
𝐶𝐶𝑟𝑟𝐶𝐶

           11 

The parameters are outlined in Table 2, with the hazard quotient (HQ) employed to assess the 

non-carcinogenic risk. This estimation is calculated utilizing Equation (11) as specified by 

USEPA in 2001. The collective non-carcinogenic risk is quantified as the overall hazard index 

(HI), representing the summation of individual hazard quotients. This aggregation is formulated 

using the equation provided below as Equation (12). 

𝐻𝐻𝐼𝐼 = ∑𝐻𝐻𝐻𝐻𝑖𝑖           12 

 

Table 2. The input values and assumptions for the assessment of heavy metal exposure by 
ingestion, absorption, and cutaneous routes. 

Parameters Meaning Unit Adult Child Cancer 

C Concentration of metals in the 

soil 

mg/kg       

RfD Reference dose for different 

exposure 

mg/kg/day    

ATnc Average time for carcinogens Days ED × 365 

days 

ED × 365 

days 

70 × 365 

days 

CSF Cancer slope factor of a metal mg/kg/day    

EF Exposure frequency days/year 365 365 70 

ED Exposure duration Years 30 6 70 

BW Body weight Kg 70 15 2 

IR Ingestion rate L/day 2 1  
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SA Skin surface area cm2 18000 6600   

PEF Particulate emission factor cm/hr    

ABS Dermal absorption factor   0.1 0.1   

 

4. Results and Discussion 
4.1. Heavy Metals Concentration 

The three sampling points are located along the Port-Harcourt Obinze road. Concentrations of 

Cr, Mn, Fe, Co, Ni, Cu, Zn, and Pb in the road deposited sediments exhibited ranges of 24 – 33, 

152 - 234, 46508 - 59573, 465 - 1061, 575 - 610, 508 - 720, 0.0946 - 0.1937, and 0.0004 - 0.0452 

mg/l, respectively. The respective mean concentrations for Cr, Mn, Fe, Co, Ni, Cu, Zn, and Pb 

were measured at 70.6, 194, 54745, 670, 594.3, 581.3, 1407, 228.3, 93932, and 376062 mg/l. 

Notably, heavy metals including Co, Ni, Cu, and Zn exceeded the acceptable soil quality 

standards set by Nigeria. This suggests that the pH and electrical conductivity of these areas are 

notably elevated, posing health risks including those associated with heavy metals like Cr at PHR 

2 and Fe at PHR 1 & 2. The heavy metal concentrations (mg/kg dry weight) in the RDS samples 

are presented in Table 3. 

Table 3. Heavy Metal Concentrations (mg/kg) in Nigerian Road Soils and Comparison with 
Literature and Soil Quality Standards. 

Roads Cr Mn Fe Co Ni Cu Zn Pb 

PHR 1 33 234 59573 1061 610 516 1937 452 

PHR 2 155 152 46508 465 575 508 946 4 

PHR 3 24 196 58154 484 598 720 1338 229 

Range 24 – 

33 

152 – 

234 

46508 – 

59573 

465 – 

1061 

575 – 

610 

508 – 

720 

0.0946 –

0.1937 

0.0004 

–  

0.0452 

Mean 70.6 194 54745 670 594.3 581.3 1407 228.3 

Background Values in Literature 100 950 56300 25 76 55 70 12.5 

Nigerian Soil Quality 

standards** 

100 NA NA 50 70 100 421 164 

* Taylor (1964) **National Environmental Standards and Regulations Enforcement Agency (2013),  
NA (Not available) 
 

4.2. Physicochemical properties 

Figure 2 depicts the results of the pH and electrical conductivity (EC) tests on road deposited 

sediment (RDS) samples. The pH and EC measurements give important information on the 
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chemical composition of road-deposited sediments. The pH levels measured at the test sites were 

found to be in the neutral-alkaline range. PHR 1, PHR 2, and PHR 3 pH values were determined 

to be 7.76, 8.03, and 8.10, respectively. The behaviour of metallic elements in RDS is heavily 

impacted by pH levels because they play an important role in mechanisms such as precipitation 

that contribute to the retention of these constituents within the soil (Evans et al., 1995). It is worth 

noting that the transportation of metallic pollutants tends to diminish when soil pH levels rise, 

especially when they approach 8 or above (Appleyard et al., 2004). As a consequence, the pH 

values obtained in the samples show that the mobility and solubility of metallic pollutants 

contained in the soil samples has decreased. 

 
Figure 2. Physicochemical parameters of road deposited sediments in the study area 

 

Electrical conductivity (EC) is used to detect the presence of dissolved ions in a sample. The 

average EC values recorded for the three highways were 0.8125, 0.4415, and 0.602 mS/cm, 

respectively. Fuente et al. (2006) show EC values that imply a considerable presence of ionizable 

components in the samples, including both cations and anions. The EC values at all of the 

locations studied showed little variation. Smith and Giller (1992) presented a generally 

recognised categorization system for soil electrical conductivity (EC) values. This approach 

divides soil EC values into four categories: non-salty, moderately salty, very salty, and highly 

salty. The non-saline group comprises values less than 2, whereas the moderately saline category 

covers values between 2 and 8. The very saline category includes values between 8 and 16, 
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whereas the highly saline category includes values more than 16. The EC level is classified as 

highly saline based on the findings of this inquiry and the designated EC classification. 

4.3. Index of geo- accumulation 

The results of the estimated geoaccumulation index (Igeo) for the metals are displayed in Figure 

3. The ionic geochemical (Igeo) values for the metals exhibit the subsequent intervals: Chromium 

(Cr) varies from 4.6 to 69, Manganese (Mn) ranges from 6.66 to 7.28, Iron (Fe) ranges from 14.92 

to 15.28, Cobalt (Co) ranges from 8.23 to 9.47, Nickel (Ni) ranges from 8.58 to 8.67, Copper 

(Cu) ranges from 8.40 to 8.90, Zinc (Zn) ranges from 9.30 to 10.33, and Lead (Pb) ranges from 

1.41 to 8.24. The mean Igeo values for each individual entity are computed as follows: 5.05, 

20.97, 15.15, 8.67, 8.63, 8.57, 9.81, and 5.63. Based on the information gathered, it can be 

concluded that the average Igeo values observed on the selected roadways inside the Owerri 

metropolis indicate a significant level of contamination, ranging from severe to very 

contaminated situations. It is worth noting that these roadways have a considerable volume of 

both vehicle and pedestrian traffic, as well as a large presence of commercial operations. This 

finding strongly indicates that the pollution is derived from anthropogenic and industrial sources. 

 
Figure 3. Index of geo-accumulation of road deposited sediments in the study area 

 

4.4. Enrichment Factor (EF) analysis 

The enrichment factors (EF) for the metals were computed using Equation 2 and are presented in 

Table 6 for the road deposited sediment (RDS) samples. Iron (Fe) was selected as the reference 

metal for normalisation based on the utilisation of average values derived from continental crust 
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data. The EF values, which were calculated using Equation 2 for the RDS samples and are shown 

in Figure 4, demonstrate varying amounts of enrichment. The elements Chromium (Cr) with a 

range of 0.03-1.86, Manganese (Mn) with a range of 0.19-0.23, and Iron (Fe) with a range of 

0.90-1.21, demonstrated varying degrees of enrichment, ranging from minimal to moderate. In 

contrast, the elements Co, Ni, Cu, Zn, and Pb exhibited a range of enrichment factor (EF) values, 

spanning from minimal to exceptionally high levels. The EF values for Co ranged from 18.86 to 

40.90, for Ni from 7.60 to 8.06, for Cu from 9.27 to 13.14, for Zn from 13.57 to 27.79, and for 

Pb from 0.34 to 37.90. The mean values that corresponded to the data points were 27.42, 23.55, 

31.82, 60.56, and 57.46, indicating substantial to exceptionally high enrichments. It is worth 

mentioning that EF values more than 10 are indicative of anthropogenic sources, as stated by Eze 

et al. (2020). 

According to Han et al. (2006), the conceptual understanding of ecosystem functioning 

(EF) includes both natural and human-induced aspects. The highest observed EF value for Cobalt 

(Co) at the PHR1 location was 40.90. The increased numerical value can be attributed to a variety 

of variables, including increased population density, significant vehicle congestion, and 

significant business activity around major thoroughfares. The discovery of a considerable 

increase in cobalt (Co) content in soil over the baseline level of 25 mg/kg shows a strong human 

effect. Within the domain of metallic elements, the average EF values can be structured in 

descending order, beginning with zinc (Zn), followed by lead (Pb), copper (Cu), cobalt (Co), 

nickel (Ni), iron (Fe), chromium (Cr), and manganese (Mn). The lower average EF values for Mn 

suggest the preponderance of natural sources. The main factors that lead to the presence of heavy 

metal pollution in the environment are associated with a variety of human activities. These 

activities include the use of fossil fuels and biomass, the production of greenhouse gases from 

vehicles, and other industrial processes (Meza-Figueroa et al., 2007; Ibe et al., 2016). 
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Figure 4. Enrichment Factors of road deposited sediments in the study area 

 

4.5. Contamination factor 

The contamination factor for the metallic elements under consideration was calculated using 

Equation 3 and is shown in Table 4. According to the study's findings, manganese (Mn) was the 

only element with contamination factor values less than one at the three road sites. This shows 

that Minnesota had a comparatively low amount of pollution caused by human activity. In the 

present study, it was shown that chromium and iron exhibited varying degrees of pollution, 

ranging from moderate to low levels, across all road samples. On the other hand, cobalt, nickel, 

copper, zinc, and lead exhibited substantial to exceedingly high contamination factors throughout 

all roadways. The observation of significantly elevated contamination factors is consistent with 

the results obtained from the Geo-accumulation Index, indicating a considerable presence of 

contamination resulting from human activities. 

The contamination degree (Cdeg), as determined by the equation 4, is displayed in Table 

10, showing values of 125.32 for PHR 1, 51.36 for PHR 2, and 79.04 for PHR 3. The findings of 

this study indicate a substantial level of contamination in PHR 1-3, suggesting a significant 

degree of metal pollution in the paved roads examined inside Owerri Metropolis. 

 

Table 4. Contamination factors of the metals. 
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Roads Cr Mn Fe Co Ni Cu Zn Pb Degree of    

Contamination   

PHR 1 0.33 0.25 1.06 42.44 8.03 9.38 27.67 36.16 125.32 

PHR 2 1.55 0.16 0.83 18.6 7.57 9.24 13.51 0.32 51.36 

PHR 3 0.24 0.03 1.03 19.36 7.86 13.09 19.11 18.32 79.04 

Degree of 

Contamination 

2.12 0.44 2.92 50.4 23.46 31.71 60.29 54.8   

 

4.6. Potential Ecological Risk Index (PERI) 

Table 5 shows the possible ecological danger and associated indices for heavy metals on Owerri 

metropolis highways. The computed potential ecological risk values (Ei r) for the metals across 

all highways indicated that numerous metals were classified as low risk: Cr, Mn, Fe, Zn, and Pb 

were classified as low risk across PHR 1-3. Ni and Cu, on the other hand, were classed as 

moderate danger on all three roadways. Furthermore, the prospective ecological risk indices 

revealed a value of 158.54 for Co, indicating that Co in the road deposited sediments (RDS) inside 

Owerri's road network is classified as extremely high risk. These findings are consistent with the 

outcomes of numerous mathematical models used to determine the prevalence of metallic 

contamination within RDS. 

 

Table 5. Comparison of Heavy Metal Pollution and Ecological Risk Indices of the study area. 

Roads PHR 1 PHR 2 PHR 3 RI Potential ecological risk index 

Cr 0.06 3.10 0.48 3.64 Low risk 

Mn 0.25 0.16 0.21 0.61 Low risk 

Fe 40.13 37.83 39.34 39.34 Low risk 

Co 46.90 46.18 65.45 158.54 Very high risk 

Ni 27.67 13.51 19.11 60.29 Moderate risk 

Cu 36.16 0.32 18.32 54.80 Moderate risk 

Zn 0.06 3.10 0.48 3.64 Low risk 

Pb 0.25 0.16 0.21 0.6 Low risk 

 

4.7.  Health Risk Assessment 

The study of both non-carcinogenic and carcinogenic consequences of exposure to heavy metals 

is included in the discipline of health risk assessment's thorough investigation of possible health 

risks. This evaluation considers people of all ages, including both adults and children. Data on 
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the Average Daily Dose (ADD) of heavy metal concentrations from ingestion, especially for 

adults and children, are shown in Table 6. Tables 7 and 8 are used in the current investigation to 

show the pathways related with inhalation and cutaneous contact, in particular for adults and 

children.  

 

Table 6. Average daily dose of contaminants for adult and children via ingestion pathway. 

Contaminant PHR 1 

Adult  

PHR 1 

Child  

PHR 2 

Adult  

PHR 2 

Child  

PHR 3 

Adult  

PHR 3 

Child  

Cr 8.08 × 10-6 4.7 × 10-6 3.79 × 10-5 1.96 × 10-5 5.87 × 10-6 3.03 × 10-6 

Mn 5.72 × 10-5 2.96 × 10-5 3.72 × 10-5 1.92 × 10-5 4.79 × 10-5 2.48 × 10-5 

Fe 1.45 × 10-2 7.54 × 10-3 1.14 × 10-2 5.88 × 10-3 1.14 × 10-2 7.36 × 10-3 

Co 2.59 × 10-5 1.34 × 10-4 1.14 × 10-4 5.88 × 10-5 1.18 × 10-4 6.13 × 10-5 

Ni 1.49 × 10-4 7.72 × 10-5 1.40 × 10-4 7.28 × 10-5 1.46 × 10-4 7.57 × 10-5 

Cu 1.26 × 10-4 6.53 × 10-5 1.24 × 10-4 6.43 × 10-5 1.76 × 10-4 9.11 × 10-5 

Zn 4.74 × 10-4 2.45 × 10-4 2.31 × 10-4 1.19 × 10-4 3.27 × 10-4 1.69 × 10-4 

Pb 1.11 × 10-4 5.72 × 10-5 9.79 × 10-7 5.06 × 10-7 5.61 × 10-5 2.89 × 10-5 

 

Table 7. Average daily dose of contamination for adult and children inhalation. 

Roads   Cr Mn Fe Co Ni Cu Zn Pb 

PHR1 Adult 8.91x10-

15 

5.80x10-

14 

1.47x10-11 2.63x10-

13 

1.15x10-

13 

1.25x10-

13 

4.80x10-

13 

1.12x10-

13 

 Children 3.11x10-

15 

2.20x10-

14 

5.62x10-12 9.87x10-

14 

5.35x10-

14 

4.86 x10-

14 

1.82x10-

13 

4.20x10-

14 

PHR 2 Adult 3.84x10-

14 

3.77x10-

14 

1.54x10-11 1.15x10-

13 

1.42x10-

13 

1.26x10-

13 

2.34x10-

13 

9.93x10-

16 

 Children 1.45x10-

14 

1.43x10-

14 

4.38x10-12 4.32x10-

14 

5.67x10-

14 

4.79x10-

14 

8.92x10-

14 

3.72x10-

16 

PHR 3 Adult 5.95x10-

15 

4.86x10-

14 

1.44x10-11 1.20x10-

13 

1.48x10-

13 

1.78x10-

13 

3.32x10-

13 

5.68x10-

14 

  Children 2.26x10-

15 

1.84x10-

14 

5.48x10-12 4.50x10-

14 

5.56x10-

14 

6.79x10-

14 

1.26x10-

13 

2.13x10-

14 

 

Table 8. Average daily dose of contamination for adult and children on dermal. 

Contaminant Cr Mn Fe Co Ni Cu Zn Pb 
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PHR 1 Adult  0.22 1.50 401.28 7.14 4.10 3.47 13.04 3.04 

PHR 1 Child  0.95 6.77 1724.52 30.17 17.65 14.93 56.07 13.08 

PHR 2 Adult  1.04 1.02 313.27 3.13 3.87 3.42 6.37 0.02 

PHR 2 Child  4.48 4.40 1346.31 13.46 16.64 14.70 27.38 0.12 

PHR 3 Adult  0.16 1.32 391.72 3.26 4.02 4.84 9.01 1.54 

PHR 3 Child  0.69 5.67 1683.44 14.01 17.31 20.84 38.73 6.63 

 

When evaluating intake, Table 9 shows the values of the Target Hazard Quotient (THQ) and non-

carcinogenic risk (HI) associated with pollutants for adults and children. Concentrations of 

hazardous quotients (HQs) and hazard indices (HIs) for six metals in children's settings surpass 

recognised safety standards, posing a serious threat to human health. Tables 10 and 11 give 

equivalent results for the inhalation and dermal contact pathways, respectively. The tables show 

that the Hazard Quotients (HQs) and Hazard Indices (HIs) for seven metals are generally less 

than the recognised safe limit of 1 x 10-4, meaning that there are no significant adverse health 

concerns.  

Table 9. Target hazard quotient (THQ) and non-carcinogenic risk (HI) of contaminants for Adult 
and Children through ingestion pathway. 

    Cr Mn Fe Co Ni Cu Zn Pb 

HQ Adult 2.6x10-13 - 32079.64 8.6x10-4 7.45x10-

3 

3.15x10-3 1.58x10-3 3.17x10-1 

  Children 1.3x10-3 - 16681.41 4.4x10-3 3.86x10-

3 

1.63x10-3 8.16x10-4 1.63x10-1 

HQ Adult 1.2x10-2 - 25221.23 3.8x10-3 7.0x10-3 3.1x10-3 7.7x10-4 2.79x10-3 

  Children 6.5x10-3 - 13008.84 1.96x10-3 3.64x10-

3 

1.60x10-3 3.96x10-4 1.44x10-3 

HQ Adult 1.9x10-3 - 25221123 3.9x10-3 7.3x10-3 4.4x10-3 1.09x10-3 1.60x10-3 

  Children 1.10x10-3 - 16283.18 2.0x10-3 3.78x10-

3 

2.27x10-3 5.63x10-4 8.25x10-2 

HI Adult 5.92x10-18 NIL 25278423.90 8.56X10-3 0.02175 0.01065 3.44X10-3 0.33579 

 

Table 10. Target hazard quotient (THQ) and non-carcinogenic risk (HI) of contaminants forAdult 
and Children through Inhalation pathway. 

    Cr Mn Fe Co Ni Cu Zn Pb 

HQ Adult 2.73x10-12 - 2.5x10-5 1.31x10-11 7.55x10-12 3.12x10-12 1.6x10-12 3.2x10-10 
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  Children 1.03x10-12 - 1.2x10-5 4.9x10-12 2.67x10-12 1.21x10-12 6.06x10-13 1.2x10-10 

HQ Adult 1.28x10-11 - 3.3x10-5 5.75x10-12 7.1x10-12 3.15x10-12 7.8x10-13 2.83x10-12 

  Children 4.82x10-12 - 9.6x10-6 2.16x10-12 2.83x10-12 1.19x10-12 2.97x10-13 1.06x10-12 

HQ Adult 1.98x10-12 - 3.18x10-5 6.00x10-12 7.4x10-12 4.45x10-12 1.10x10-12 1.62x10-16 

  Children 7.53x10-13 - 1.21x10-5 2.25x10-12 2.78x10-12 1.69x10-12 4.2x10-13 6.08x10-11 

HI Adult 1.75x10-11 NIL 8.98x10-5 2.48x10-11 2.20x10-11 1.07X10-12 3.48x10-12 3.24x10-11 

HI Children 1.783x10-12 NIL 3.37x10-5 2.16x10-12 8.28x10-12 4.09x10-12 1.32x10-12 1.81x10-11 

 

Table 11. Target hazard quotient (THQ) and non-carcinogenic risk (HI) of contaminants for Adult 
and Children through dermal pathway. 

    Cr Mn Fe Co Ni Cu Zn Pb 

HQ Adult 73.33 - 88778.10 - 205 867.50 43.46 8685.71 

  Children 316.66 - 38153.10 - 882.5 373.25 186.90 37371.42 

HQ Adult 346.66 - 69307.10 - 193.5 85.50 21.23 57.14 

  Children 1493.33 - 29787.10 - 832 367.50 91.26 342.85 

HQ Adult 53.33 - 86663.10 - 201 112.00 30.03 4400.00 

  Children 230.00 - 37244.10 - 865.5 521.00 129.10 18942.85 

HI Adult 473.32 NIL 244748.30 NIL 599 1065.00 94.72 13142.85 

HI Children 2039.99 NIL 105184.30 NIL 2580 1261.75 407.26 56657.12 

 

Tables 12 – 14 show the carcinogenic risk (CR) associated with pollutants for people of various 

ages, including adults and children, taking into account the pathways of ingestion, inhalation, and 

skin exposure. 

 

Table 12. Carcinogenic risk (CR) of contaminants for Adult and Children through ingestion 
pathway. 

Sample Code AD/CH Cr Ni Pb 

PHR1 Adult 4.04 x 10-16 1.91 x 10-4 9.43 x 10-7 

Children 2.08 x 10-6 6.1 x 10-5 4.86 x 10-7 

PHR2 Adult 1.8 x 10-15 1.12 x 10-4 8.32 x 10-9 

Children 9.8 x 10-6 5.82 x 10-5 14.3 x 10-9 

PHR3 Adult 2.93 x 10-6 4.76 x 10-7 4.76 x 10-7 

Children 1.51 x 10-6 12.45 x 10-7 12.45 x 10-7 
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CR TCR (AD) 2.93 x 10-9 3.03 x 10-8 1.41 x 10-6 

TCR (CH 1.33 x 10-3 1.20 x 10-4 1.73 x 10-3 

The study used road dust sediment to calculate the ADD (average daily dose) and HQ (hazard 

quotient) values related with the ingestion pathway of seven heavy metals. These computations 

were carried out independently for adults and children. The absence of Mn was attributed to the 

lack of a reference dosage (RFD). In addition to Attention Deficit Disorder (ADD) and 

Headquarters (HQ), an estimate for the Hazard Index (HI) that results from accidental ingestion, 

inhalation, or cutaneous contact was made. Heavy metal levels, including chromium (Cr), cobalt 

(Co), nickel (Ni), copper (Cu), zinc (Zn), lead (Pb), and iron (Fe), were found to be quite low in 

both adults and children. Nonetheless, children's values outweighed those of adults. The HQ 

values revealed in this study are consistent with earlier research findings provided by Wang et al. 

(2011) and Chen et al. (2011). The HI values for non-carcinogenic hazards were mostly less than 

1x10-4, indicating a low level of non-carcinogenic risk (insignificant health risk) associated with 

the examined RDS. Nonetheless, variations for the elements Fe and Ni were discovered. The 

inhalation pathway's health risk evaluation yielded low HI values, indicating little health risks. In 

contrast, the HI values related with skin contact showed a significant possibility for cancer risk, 

particularly in youngsters. The observed numerical values could be attributed to movements such 

as regular touch between the hands and the mouth, as well as a tendency to congregate in areas 

where there is direct contact with the ground. 

 

Table 13. Carcinogenic risk (CR) of contaminants for Adult and Children through inhalation 
pathway. 

Sample Code AD/CH Cr Ni Pb 

PHR1 Adult 3.39 x 10-4 2.53 x 10-4 4.66 x 10-6 

Children 9.92 x 10-8 4.54 x 10-5 1.36 x 10-3 

PHR2 Adult 1.59 x 10-3 2.38 x 10-4 4.11 x 10-8 

Children 4.66 x 10-8 4.28 x 10-5 1.2 x 10-5 

PHR3 Adult 2.46 x 10-4 2.48 x 10-4 2.35 x 10-6 

Children 7.21 x 10-8 4.45 x 10-5 6.88 x 10-2 

CR TCR (AD) 2.18 x 10-8 7.39 x 10-7 7.05 x 10-5 

TCR (CH 9.92 x 10-4 1.32 x 10-4 7.01 x 10-3 

 

Table 14. Carcinogenic risk (CR) of contaminants for Adult and Children through dermal 
pathway. 
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Sample Code AD/CH Cr Ni Pb 

PHR1 Adult 1.61 x 10-5 6.33 x 10-3 9.43 x 10-7 

Children 2.00 x 10-6 1.81 x 10-6 9.43 x 10-7 

PHR2 Adult 7.78 x 10-5 5.95 x 10-3 8.32 x 10-9 

Children 9.80 x 10-6 1.77 x 10-6 8.32 x 10-9 

PHR3 Adult 1.17 x 10-6 6.20 x 10-3 4.76 x 10-7 

Children 7.21 x 10-8 4.45 x 10-5 4.76 x 10-7 

CR TCR (AD) 1.68 x 10-3 7.20 x 10-2 1.42 x 10-6 

TCR (CH) 2.69 x 10-5 2.13 x 10-5 1.42 x 10-6 

 

5. Conclusion 
The study looked at the quantities and sources of metallic contaminants in road deposited 

sediments (RDS) along main roads in Owerri. The study found substantial levels of chromium 

(Cr), manganese (Mn), iron (Fe), cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn), and lead (Pb) 

in the RDS. It is worth noting that Ni, Cu, Cd, and Pb concentrations were found to be higher 

than their respective background levels. The Co concentration on Port Harcourt Road was 670 

mg/l, which above the background level, indicating a significant anthropogenic influence. The 

enrichment factor calculations revealed that manganese (Mn) had little enrichment, but chromium 

(Cr) and zinc (Zn) had moderate to large enrichment. Furthermore, cobalt (Co), nickel (Ni), 

copper (Cu), zinc (Zn), and lead (Pb) enrichment levels in RDS samples were quite high. The 

geoaccumulation index computations indicated varying degrees of contamination for the 

elements Nickel (Ni) and Lead (Pb), indicating the presence of anthropogenic accumulation. For 

the elements Cr, Fe, Co, Ni, Cu, Zn, and Pb, the contamination factors analysis revealed a range 

of contamination levels ranging from extremely low to very high. The pollution assessment 

indicated considerable levels of contamination on all three highways, with PHR1 having the worst 

pollution, followed by PHR3 and PHR2. 

The investigation of prospective ecological risk indices found that the presence of cobalt 

(Co) on roadways significantly increased the ecological risk levels. The increased volume of 

traffic and vehicular operations in Owerri helped to deposit this metal on the road surfaces. As a 

result of high traffic-related activities, the health risk assessment found elevated levels of heavy 

metals in the Average Daily Doses (ADD) at PHR 1 to PHR 3. The Hazard Quotient (HQ) and 

Hazard Index (HI) values in these areas were found to be high, although the overall health risk 

was considered to be low. 
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The study discovered two major sources of heavy metal contamination: natural sources 

(including the Earth's crust) and transportation-related activities (including air deposition, 

corrosion, and vehicle degradation). The findings of this investigation shed light on the sources 

and quantities of metallic contaminants in sediments deposited on road surfaces. It is critical to 

understand the possibility of future heavy-metal contamination in the absence of effective 

management, particularly in respect to atmospheric depositions. 
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