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ABSTRACT: The variation in heavy metal concentration in different environment is dependent on the emission 

source. Source identification of heavy metal plays an important role in providing solution to its contamination in the 

atmosphere. Hence, the objective of this paper is to engage enrichment factor (EF) approach to evaluate the source 
identification of potentially toxic heavy metals along the Benin-Ore-Sagamu Expressway in Nigeria in four sampling 

locations (A, B, C and D) that are denoted with high traffic congestion. The source identification of Cu, Zn, Mn, Ni, 

Pd, Cd, Cr and Pb contamination in the study area were determined using appropriate standard methods. The EF 
values indicated for Cu ranged from (2.3-5.9), Zn (0.48-0.86), Mn (0.29-0.49), Ni (1.27-4.03), Pd (37012.18-

59922.57), Cd (1909.11-2844.81), Cr (4.56-7.76) and Pb (0.77-4.64). The results suggest crustal source enrichment 

for Zn and Mn while Cu, Ni, Cr and Pb were enriched moderately. However, the EF values for Pd and Cd were 
found to be greater than 50, indicating extremely severe enrichment. The findings of this study provide evidence of 

anthropogenic impact on heavy metals pollution in the study area that is attributed to the intense vehicular traffic. 
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Heavy metal concentrations in particulates vary for 

different environment as a result of contribution of 

different pollution sources. The two distinct sources 

contributing to heavy metals concentration in the 

environment are due to natural weathering of the rocks 

and minerals known as background or crustal level, 

and metals derived from human activities which is 

referred to as anthropogenic origin (Jadaa and 

Mohammed, 2023; Malik and Sandhu, 2023). These 

anthropogenic activities include biomass burning, 

mining and smelting of ore, effluents from industrial 

and domestic activities, and combustion of fossil fuel 

(Narjala, 2021). Combustion of fossil fuel has been 

reported as one of the major sources of some heavy 

metals (Tesleem and Akinade, 2023). However, asides 

the fuel combustion, non-exhaust of motor vehicles 

such as wear of tyre and brake linings, road abrasion, 

corrosion of batteries and galvanized parts such as 

tanks and radiator also contribute to heavy metals 

pollution (Singh and Devi, 2023; Rasheida, 2017). 

According to Denny et al. (2022), road dusts are potent 

media for transportation and distribution of heavy 

metals in urban environments, hence, people residing 

in communities that are 150-300 m away from 

roadside or highway are liable to potentially toxic 

heavy metals pollution (Gabe and Yonah, 2022). The 
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heavy metals that are associated with transportation 

emissions include Copper (Cu), Iron (Fe), Zinc (Zn), 

Manganese (Mn), Nickel (Ni), Cobalt (Co), Palladium 

(Pd), Rhodium (Rh), Cadmium (Cd), Chromium (Cr) 

Titanium (Ti) and Lead (Pb) (Natasa et al., 2023; 

Zhang et al., 2021; Miroslaw et al., 2020; Adamiec et 

al., 2016; Ryszard, 2013). In order to assess and 

ascertain the main source contributing significantly to 

heavy metals pollution in the study area, an 

Enrichment Factor (EF) approach was adopted.  

 

Enrichment factor is a widely used metric for 

determining how much the presence of an element in a 

sampling media has increased relative to average 

natural abundance due to human activities. EF can be 

calculated by normalizing metal concentrations to an 

element that varies minimally in concentration with 

respect to a sample reference metal which does not 

vary due to geogenic or anthropogenic processes 

(Ediagbonya, 2016). Generally, Iron (Fe), Aluminium 

(Al), Silicon (Si) and Titanium (Ti) are used as 

reference elements due to their abundance in the 

Earth’s crust (Denny et al., 2022; Javid et al. 2021; 

Kadhum, 2020; Agnieszka, 2020; Mansour, 2016; 

Graciela et al. 2013). The Enrichment factor method 

has been employed as a tool for the assessment of 

heavy metals contamination in various environmental 

media by several researchers (Denny et al., 2022; Javid 

et al. 2021; Kantor et al., 2018; Kadhum, 2020; 

Agnieszka, 2020; Barbieri, 2016; Ediagbonya, 2016; 

Graciela et al. 2013). Hence, the objective of this paper 

is to engage enrichment factor approach to evaluate the 

source identification of potentially toxic heavy metals 

along the Benin-Ore-Sagamu Expressway in Nigeria. 

 

MATERIALS AND METHODS 
Four sampling locations (A, B, C and D) were selected 

for the sampling of heavy metals at Benin-Ore-

Sagamu expressway during dry and wet season. These 

sampling locations are denoted with high traffic and a 

stop point for travellers. The sampled metals are 

metals associated with motor vehicles emissions 

which include, Copper (Cu), Zinc (Zn), Manganese 

(Mn), Nickel (Ni), Palladium (Pd), Cadmium (Cd), 

Chromium (Cr) Titanium (Ti) and Lead (Pb). The 

elemental concentrations of metals were obtained 

using Thermoscientific Nilton XL2 Energy Dispersive 

Xray Fluoresce (EDXRF). The quantitative measure of 

the extent of anthropogenic heavy metal pollution in 

the study area was determined using the EF method. 

This method requires elemental concentrations of 

metals in the sample and their concentrations in the 

Earth’s crust with respect to the reference element. In 

this work, Titanium (Ti) was selected as the reference 

element because of its geochemical nature whose 

substantial amounts occur in the environment but has 

no characteristic effects. The concentration of metals 

in the Earth’s crust was obtained from the handbook 

published by William (2017). Equation 1 was used to 

obtain the EF of the metals.  

 

𝐸𝐹𝑖 = (
𝐶𝑖

𝐶𝑟𝑒𝑓
)

𝑠

/ (
𝐶𝑖

𝐶𝑟𝑒𝑓
)

𝑏𝑘𝑔

 (1) 

 

Where 𝐸𝐹𝑖 is enrichment factor for metal 𝑖, 𝐶𝑖  and 

𝐶𝑟𝑒𝑓 are concentrations (µg/m3) of metal 𝑖 , and 

reference element while subscripts 𝑠 and 𝑏𝑘𝑔 denote 

sampled and background metal level, respectively. 

 

RESULT AND DISCUSSIONS 
The Enrichment factor (EF) method was used to 

investigate the contribution of crustal and 

anthropogenic activities to heavy metal pollution in the 

study area because of its degree of perturbation that 

differentiates natural and anthropogenic sources. The 

pollution categories that are generally recognized for 

the identification of source of pollution include, EF ≤ 

1, no enrichment; 1< EF ≤ 3, minor enrichment; 3 < 

EF ≤ 5, moderate enrichment; 5 < EF ≤ 10, moderately 

severe enrichment; 10 < EF ≤ 25, severe enrichment; 

25 < EF ≤ 50, very severe enrichment; EF > 50, 

extremely severe enrichment (Zhang et al., 2019; 

Walla and Anmar-Dharav, 2015). The Enrichment 

Factor (EF) of each metal is shown in Figure 1-8.  

 
Fig 1: The EF of Zinc (Zn) across the Sampling Locations. 

 

Figure 1 shows the Enrichment Factor (EF) of Zinc 

(Zn) across the sampling locations. The EF for Zn 

across the selected sampling locations were calculated 

for wet and dry seasons.The highest EF value (0.86) 

was recorded at location B while the lowest (0.48) was 

recorded at location A. All the values obtained were 

less than 1 in all the four locations. This is an 

indication that, Zn is attributed to crustal derived trace 

metal in the selected study area.  This result outcome 
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is in accordance with the enrichment factor of Zinc 

reported by Ediagbonya (2016). However, the study 

carried out by Rajaram et al., (2014) and Javid et al., 

(2021) reported moderate and extremely severe 

enrichment of Zinc. 

 

Figure 2 shows the Enrichment factor (EF) of 

Manganese (Mn) in the study area. The EF of 

Manganese (Mn) across location A, B, C, D in the dry 

and wet season were 0.36, 0.49, 0.38, 0.45 and 0.39, 

0.29, 0.32, 0.5, respectively. It ranged between 0.29 - 

0.5. The highest EF (0.5) was recorded at location D 

while the lowest EF (0.29) was recorded at location B 

in wet season. These values were found to be less than 

1, indicating no enrichment of Mn in the study area. 

Acciai et al., (2017) also reported no enrichment for 

Mn, this implies that Mn is a crustal derived metal.   

 

 
Fig 2: The EF of Manganese (Mn) across the Sampling Locations 

 

 
Fig 3: The EF of Nickel (Ni) across the Sampling Locations 

 

Figure 3 shows the Enrichment factor (EF) of Nickel 

(Ni) in the study area. The EF of Nickel (Ni) across the 

sampling locations in the dry and wet season ranged 

from 4.03 – 2.91. The highest EF (4.03) was recorded 

at location C while the lowest EF (2.91) was at location 

D in the dry season. The EF values at location A in the 

dry season and location B (1.95, 1.27) showed a minor 

enrichment while others suggested moderate 

enrichment of Ni in the study area. This result outcome 

is similar to the EF value of Ni reported by Denny et 

al., (2022) and Kui and Chang (2019). 

 

Figure 4 shows the Enrichment Factor (EF) of 

Palladium (Pd) for wet and dry season across the 

sampling locations and their values were 42292.77, 

52991.06, 45544.98, 59922.57 and 37012.18, 

37234.49, 45274.77, 41587.07, respectively. The 

enrichment factor values for palladium were all found 

to be greater than 50, indicating extremely severe 

enrichment. Palladium is a well-recognized key tracer 

of non-exhaust brake wear, hence, it is suggested that 

Palladium pollution in this study is originated from 

vehicular emissions. 

 

 
Fig 4: The EF of Palladium (Pd) across the Sampling Locations. 

 

Figure 5 shows the Enrichment factor (EF) of 

Chromium (Cr) across the sampling locations. 

Chromium enrichment factor (EF) for wet and dry 

season across the sampling locations were 5.17, 5.63, 

5.75, 5.65 and 5.88, 4.56, 5.06, 7.76 respectively. The 

EF values for Cr in all sampling locations were all 

greater than 5 except at location C (4.56), indicating 

moderately severe enrichment. Kui and Chang (2019) 

reported the contamination level of Chromium in the 

road dust to be a minor enrichment while, Abubakr et 

al (2018) reported Cr to be a crustal derived metal with 

no enrichment from anthropogenic activities.  
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Fig 5: The EF of Chromium (Cr) across the Sampling Locations. 

 

Figure 6 shows the enrichment factor (EF) of 

Cadmium (Cd) calculated across the selected sampling 

locations. The highest EF (2844.81) was recorded at 

location D while the lowest EF (1909.11) was recorded 

at location B in the dry season. In the wet season, the 

EF values at location A, B, C and D were 2301.95, 

2023.23, 2268.45 and 1958.77, respectively. All EFs 

of Cd obtained were greater than 50, indicating 

extreme severe enrichment. This result is in agreement 

with the findings of Zhang et al., (2020), who reported 

the contamination of Cd to be severely enriched. This 

implies that Cd, a highly poisonous metal is derived 

from anthropogenic source, specifically from the 

motor vehicles in this study. 

 

 
Fig 6: The EF of Cadmium (Cd) across the Sampling Locations. 

 

Figure 7 shows the Enrichment factor (EF) of Copper 

(Cu) across the sampling locations. Copper EF for wet 

and dry season across the sampling locations were 

2.54, 2.3, 2.51, 5.9 and 2.23, 2.37, 2.08, 2.97 

respectively. The highest (5.9) enrichment factor was 

found at location D in the dry season. However, the EF 

values for Copper in all sampling locations were found 

to be lower than 3 except at location D (5.9), indicating 

minor enrichment to moderately severe enrichment. 

Agnieszka (2020) also reported the contamination 

level of copper in the road dust to be a minor 

enrichment. Copper is considered to be an 

anthropogenic derived metal which is obtained mainly 

from vehicle brake pads. 

 

 
Fig 7: The EF of Copper (Cu) across the Sampling Locations. 

 

 
Fig 8: The EF of Lead (Pb) across the Sampling Locations. 

 

The Enrichment Factor (EF) of Lead (Pb) in all 

selected sampling locations is shown in Figure 8. The 

EF of Lead (Pb) in the dry and wet season were 2.86, 

3.34, 1.96, 3.75 and 1.75, 1.31, 0.77, 4.64 respectively. 

The highest (4.64) enrichment factor of Pb was 
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was at location C in the wet season. These values 

suggested minor to moderate enrichment except at 

location C that indicated no enrichment of Lead (Pb) 

in the wet season. This result is consistent with the 

findings of Agnieszka (2020) who reported the 

contamination level of Lead (Pb) in the road dust to be 

a moderately enriched. This implies that Pb pollution 

is majorly from anthropogenic activities.  

 

Conclusion: The source identification of potentially 

toxic metals such as Cu, Zn, Mn, Ni, Pd, Cd, Cr and 

Pb was determined using Enrichment Factor (EF) 

method. The EF of Zn and Mn in the study area 

indicates no enrichment which implies that they are 

derived from the Earth crust without the influence of 

vehicular emissions. While the EF of Cu, Ni, Cr and 

Pb were moderately enriched. However, the EF of Pd 

and Cd was found to be greater than 50, indicating 

extremely severe enrichment. The study shows that 

areas of heavy traffic or vehicular movements were 

indicative of the contribution of motor vehicles to the 

degradation of air quality as a result of air pollutants 

emission. 

 

REFERNECS 
Abubakr, M; Idrisa, B; Fatima, M; Alqahtania, C; 

Tarek, O; Saida, D; Khaled, F (2018). 

Contamination level and risk assessment of heavy 

metal deposited in street dusts in Khamees-Mushait 

city, Saudi Arabia. Inter. J. Hum. Ecol. R. Assess. 

34:108-117. 

 

Acciai, C; Zhang, Z; Fenjuan WF; Zhong, Z; Lonati, 

G (2017). Characteristics and Source Analysis of 

Trace Elements in PM2.5 in the Urban Atmosphere 

of Wuhan in Spring. Aero. A. Qual. Res. 17: 2224–

2234. 

 

Adamiec, E; Jarosz-Krzeminska, E; Wieszala, R 

(2016). Heavy Metals from Non-Exhaust Vehicle 

Emissions in Urban and Motorway Road Dusts. 

Environ. Monit. Assess. 188 (6): 369-380. 

DOI: 10.1007/s10661-016-5377-1 

 

Agnieszka, G (2020). Deposited Particulate Matter 

Enrichment in Heavy Metals and Related Health 

Risk: A Case Study of Krakow, Poland. 

Proceedings. 44 (1): 230-237. 

 

Barbieri, M (2016). The importance of enrichment 

factor (EF) and geoaccumulation index (Igeo) to 

evaluate the soil contamination. J. Geol. Geophys. 

5 (1): 1-4. 

 

Denny, M; Baskaran, M; Burdick, S; Tummala, C; 

Dittrich, T (2022), Investigation of pollutant metals 

in road dust in a post-industrial city: Case study 

from Detroit, Michigan. Front. Environ. Sci. 10: 

97- 103. 

 

Ediagbonya, T (2016). Enrichment Factor of 

Atmospheric Trace Metal Using Zirconium, 

Titanium, Iron and Copper as Reference Element.  

Nig. J. Technol. 35 (4): 785 – 795. 

 

Gabe, S; Yonah, F (2022). The Polluted Life near the 

Highway: A Review of National Scholarship and a 

Louisville Case Study. Metropolitan Housing and 

Communities Policy Centre. Pp1-40. 

 

Graciela, Z; Josefina, P; Samuel, T; Pedro, Á; Carmen, 

Z; Huemantzin, O; Guadalupe, M (2013). 

Assessment of Spatial Variability of Heavy Metals 

in Metropolitan Zone of Toluca Valley, Mexico, 

Using the Biomonitoring Technique in Mosses and 

TXRF Analysis. Sci. Wld. J. 23: 426-431. 

 

Jadaa, W; Mohammed, H (2023). Heavy Metals – 

Definition, Natural and Anthropogenic Sources of 

Releasing into Ecosystems, Toxicity, and Removal 

Methods – An Overview Study. J. Ecol. Eng. 24 

(6): 249-271. 

 

Javid, A; Nasiri, A; Mahdizadeh, H; Momtaz, M; 

Azizian, M; Javid, N (2021). Determination and 

risk assessment of heavy metals in air dust fall 

particles. Environ. H. Eng. Manage. J. 8 (4): 319-

327. 

 

Kadhum, S (2020). A preliminary study of heavy 

metals pollution in the sandy dust storms and its 

human risk assessment from middle and south of 

Iraq. Environ. Sci. Pol. Res. 27:8570–8579. 

 

Kantor, P; Švédová, B; Drozdová, J; Raclavská, H; 

Kucbel, M; Raclavsky, K (2018). Comparison of 

Enrichment Factors for Heavy Metals in Urban 

Street Dust and Air Aerosols. J. Pol. Min. Eng. 

Socie., 33: 209-216.  

 

Kui, C; Chang, L (2019). Street Dust Heavy Metal 

Pollution Source Apportionment and Sustainable 

Management in A Typical City—Shijiazhuang, 

China. Int. J. Environ. Res. Pub. H. 16: 262-279. 

Malik, B; Sandhu, K (2023). Occurrence and Impact 

of Heavy Metals on Environment. Matls. Today: 

Proc. Pp. 103. 

 

Mansour, A (2016). Characteristics and Risk 

Assessment of Heavy Metals in Airborne PM10 

from a Residential Area of Northern Jeddah City, 

https://doi.org/10.1007/s10661-016-5377-1


Using Enrichment Factor Approach for Source Identification…..                                                                    1286 

RAJI, W. A; JIMODA, L. A; AJANI, A. O; POPOOLA, A. O 

Saudi Arabia. Pol. J. Environ. Stud. 25 (3): 939-

949. 

 

Mirosław, S; Elżbieta, S; Wojciech, Ł (2020). 

Assessment of Metallic Content, Pollution, and 

Sources of Road Dust in the City of Białystok 

(Poland). Aero. Air Qual. Res. 20: 2507–2518. 

 

Natasa, S; Snezana, S; Ljiljana, C; Mira, P; Jasna, S; 

Gordan, S (2023). Exploring the Impact of 

Transportation on Heavy Metal Pollution: A 

Comparative Study of Trains and Cars. Trans. Res. 

Part D: Trans. and Environ., 125: 103966. 

 

Narjala, R (2021). Heavy Metals Sources and Their 

Effects on Human Health, Chapters, in: Mazen 

Nazal and Hongbo Zhao (ed.), Heavy Metals – 

Their Environmetal Inpacts and Mitigation, 

IntechOpen. doi: 10.5772/intechopen.95370. 

 

Rajaram, B; Suryawanshi, P; Bhanarkar, A; Rao, C 

(2014). Heavy metals contamination in road dust in 

Delhi city, India. Environ Earth Sci, 54: 665-676. 

 

Rasheida, E; Ahmad A; Abdul, A; Zulfa, A; Nura U; 

Gumel D; Abdullahi, A (2017). Source 

Identification of Heavy Metals in Particulate 

Matter (PM10) in a Malaysian Traffic Area Using 

Multivariate Technique. Pol. J. Environ. Stud. 26 

(6): 2523-2532. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ryszard, Ś; Monika, S; Marzena, T (2013). Evaluation 

of Traffic-Related Heavy Metals Emissions Using 

Noise Barrier Road Dust Analysis. Pol. J. Environ. 

Stud., 22 (2): 561-567. 

 

Singh, S; Devi, L (2023). Heavy Metal Pollution in 

Atmosphere from Vehicular Emission. Heavy 

Metal Toxicity: Environmental Concerns, 

Remediation and Opportunities. 183-207. 

 

Tesleem, K; Akinade, O (2023). Assessment of 

Concentration of the Potentially Toxic Elements 

and Associated Human Health Risk from 

Particulate Matter Exposure Along Intersections in 

Ibadan, Southwestern Nigeria. Discover Environ. 1 

(3): 546-562 

 

Walla, A; Anmar, DK. (2015). Enrichment Factor and 

Geo-accumulation Index for Heavy Metals at 

Industrial Zone in Iraq. J. Appl. Geo. Geophys. 3 

(3): 26-32.  

 

William, M (2017). Abundance of Elements in the 

Earth’s Crust and in the Sea. CRC Handbook of 

Chemistry and Physics, 97th Edition. Pp. 14-17. 

 

Zhang, Q; Mao, H; Zhang, Y; Wu, L (2021). 

Characterization of PM-Bound Heavy Metal at 

Road Environment in Tianjin: Size Distribution 

and Source Identification. Atmos, 12 (9): 1130-

1143. 


