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Abstract 
Heavy metal pollution has been a problem of concern in soil ecology in recent decades. This study 
evaluated the physico-chemical characteristics and heavy metal contents in roadside soil samples of 
Tumfure main market, Gombe, Nigeria. The soil samples were collected from six different sampling 
points with a control sample each by handpicking, this was followed by oven-drying, ground to fine 
grain, and then sieved using a 2 mm mesh sieve. The pH, electrical conductivity and bulk density were 
carried out on the soil samples, sieve and sedimentation method were used to determine the soil texture. 
The soil samples were weighed and digested using mixture of HCl and HNO3. The contents (mg/kg) of 
four metals (cadmium, copper, lead and zinc) were estimated using Atomic Absorption 
Spectrophotometer (AAS). Among the metals analyzed, the contents of Cd, Cu and Pb were not detected 
while the content of Zn (23.454 - 36.026) was found to be within the desirable permissible limits by the 
World Health Organization (WHO) and European Regulatory Standards (EURS) whose prevalence is 
to be considered non-toxic in unpolluted soils. 
 
Keywords: Atomic Absorption Spectrophotometer, Heavy metals, Roadside soil, Pollution, 
Zinc 
 
Introduction 
The amorphous minerals and organic matter that make up soil are found immediately below 
the surface of the ground and act as a natural medium for the growth of plants and other 
developmental processes (Chen et al., 2005). Comprising of mineral elements, organic material 
(humus-rich), water, air, and life forms, soil controls the biological cycles of these elements 
(Huang et al., 2019a). Naturally occurring heavy metals can be found in soils that are the result 
of geological processes such as erosion and change of the subsurface rock composition (Al-
Jbury and Al-Kasser, 2023). In addition to the originating material, industrial and agricultural 
contaminants are two of the many sources of pollution in soils (Rehman et al., 2023). It is 
necessary to find soil erosion processes based on naturally occurring solutions since high rates 
of runoff and soil losses are the primary factors that propel pollutants into the environment 
(Luo, 2023). 
 
Therefore, methods for stopping soil erosion that rely on natural remedies must be discovered 
(Al-Hamad et al., 2023). Because heavy metals, in contrast to certain other pollutants, are not 
biodegradable, the contamination of the environment by heavy metals has emerged as a 
global issue in recent years (Smyrnov et al., 2023). As so, instead of being detoxified, they 
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bioaccumulate in the surroundings. Any metallic element that is hazardous or toxic even at 
low concentrations and has a relatively high density is referred to as a heavy metal (Abdullahi 
et al., 2016). Metals and metalloids with densities more than 5 g/cm3 are classified as heavy 
metals (Moore et al., 2009). Man's industrial, household, and business operations, industrial 
effluents, pesticides, fungicides, and poultry farm manure all emit heavy metals into the 
environment (Abdullahi et al., 2016). 
 
Heavy metal contamination of soil has detrimental effects on health, particularly for crops and 
vegetables cultivated in such soils (Steffan et al., 2018). The majority of these heavy metals—
Fe, Zn, Mn, Cu, Co, and Ni—are required in trace amounts for the growth and regular 
operations of both plants and animals, but excessive concentrations of any one of them can be 
hazardous in the short- or long-term. Chronic exposure to heavy metals in humans and larger 
animals can cause central nervous system disorders, renal failure, and mental lapses 
(Akpoveta et al., 2011). For instance, long-term exposure to Cd can cause lung cancer, bone 
fractures, kidney failure, and high blood pressure. Lead (Pb) exposure can result in symptoms 
related to the central nervous system, anemia, nephropathy, intestinal colic, and plumbism 
(Abdullahi et al., 2016; Huang et al., 2019b). 
 
Due to their significant physiological roles in nature, heavy metals have a unique place in soil 
chemistry (Akpoveta et al., 2011; Oves et al., 2016). The top soil layer often has the highest 
concentration of contaminants. The adsorption capabilities of soil matter primarily determine 
the contaminants concentration in soil. The ability to dissolve by ions of heavy metals in soil 
was significantly impacted by several parameters such as the pH level, conductivity, and 
moisture content (Rasulov et al., 2020). As a result of rising anthropogenic activity, heavy 
metal contamination of water, soil, and air represents a major environmental hazard affecting 
the quality of food and human health. Because edible plants can absorb heavy metals, these 
metals may end up in the food chain (Shaapera et al., 2013). 
 
In the research conducted by Shaapera et al., (2013), the concentrations of Cr, Cu, Cd, Pb, Ni 
and Zn in soils from greenhouse vegetable production area located in northern Jordan was 
determined. A trend in the heavy metals concentrations of Zn>Pb>Ni>Cu>Cr>Cd was 
established, they attributed the contamination of this area to agricultural activities derived 
from the application of agricultural chemicals such as the pesticides, nitrogen and phosphatic 
fertilizers, chicken droppings in addition to industrial and traffic related emissions. 
 
Heavy metal contamination of roadside soil has not been given much attention in Gombe, 
north-east, Nigeria. To the best of our knowledge, there are currently no published studies 
about heavy metal contamination of soils in Tumfure roadside location in Gombe. Therefore, 
the present study was undertaken to study the physico-chemical characteristics and heavy 
metals (Cd, Cu, Pb and Zn) contamination in roadside soil of Tumfure main market to check 
whether the heavy metals exist within the range tolerance or not. 
 
Area of study 
This research work was carried out in Tumfure, Akko L.G.A, Gombe State located in the 
North-eastern part of Nigeria. 
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Figure 1. Map of Tumfure showing sampling points 

 
 
Experimental Procedures 
 
Materials 
Soil sample, plastic container, polythene bags, distilled water, Whatman No. 1 filter paper, 
perchloric acid, nitric acid, sulfuric acid, pH meter (model μ-361), electrical conductivity meter 
(model 307), 250 ml beakers, mechanical shaker, 100 ml measuring cylinder. All chemicals 
used were of analytical grade and were used without any further purification, obtained from 
BDH chemicals, Poole, UK. 

 
Method 

 
Sample collection 
Samples were obtained in the dry season of year 2021, at Tumfure main market, Gombe 
metropolis. At each sampling point, about 10 g of the roadside soil samples were collected 
randomly and homogenized to obtain a composite sample from the surface of the roadside at 
a distance of 20 m away from each point on the road and labelled as A1, A2, A3, B1, B2, B3 as well 
as a control sample 50 m away from the roadside, represented as; AC1, AC2, AC3, BC1, BC2, 
and BC3 respectively. 
 
Sample preparation 
Five samples were collected at each point, thoroughly mixed in a clean plastic container to 
obtain a representative sample, stored in a labeled polythene bags prior to analysis.  
 
Physicochemical analysis of the soil samples 
For the analysis of the physico-chemical parameters, the soil extract (1:5 w/v) was prepared. A 
total of 20 g of the collected soil sample was added in 100 mL of distilled water. This solution 
was maintained at room temperature in a mechanical shaker for 12 h before being filtered 
through Whatman No. 1 filter paper. The filtrate was called soil extract and was used to 
determine the different physico-chemical parameters, such as, pH and electrical conductivity 
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(EC). The dry combustion method was used to determine the soil organic matter in the soil 
(Nelson and Sommer, 1982). For the bulk density (BD) estimation, a core measuring cylinder 
(100 mL) was utilized (Jacob and Clarke, 2002). The sieve and sedimentation method were 
used to determine the soil texture (ISO, 2009). Different sizes of the soil particles are classified 
as follows: sand, 0.5-2.00 mm; silt, 0.002-0.5 mm and clay, 0.002 mm.  
 
Digestion of the soil samples 
For the heavy metal investigation, each sample weighed five grams, which were then put into 
250 ml beakers and digested with 10 ml of perchloric acid, 50 ml of nitric acid, and 10 ml of 
sulfuric acid (Abdullahi et al., 2016). After heating the mixture for roughly an hour, it was let 
to cool down to room temperature. After that, it was brought up to the appropriate level with 
deionized water and filtered through acid-washed filter paper (Whatman 24) into a 50 ml 
volumetric flask. The digested sample was stored in a clean sample container for analysis. The 
elemental analysis of the samples was carried out using atomic absorption spectrophotometer 
(AAS). 
 
Instrumentation 
The atomic absorption spectrophotometer (AAS) Buck Scientific, model VGP, was used to 
analyze the elements in the samples and determine the blank values for the concentration of 
heavy metals. Every determination was made in three replicates. 
 
Results and Discussion 
The results of the various physico-chemical characteristics analyzed for the soil samples 
collected from roadside of Tumfure main market are presented in Table 1. The pH is an 
important parameter that measures hydrogen ion concentration (indicates the acidic or 
alkaline nature of the soil). The pH of the soil samples was found to be slightly acidic and 
slightly alkaline (6.8 – 8.2). These findings are similar to the results (6.5 – 8.5) reported by 
Ramachandra et al., (2012). The content of EC (mS/cm) for the soil samples ranged from 0.18 
– 2.80. The EC of all the samples was found to be less than the salt concentration limit for the 
non-saline soil extract, i.e., 4.5 mS/cm. this indicated that the soil samples are not saline in 
nature (Brouwer et al., 1985). Our findings are in agreement with the work of Kaur et al., (2014) 
where they found that the roadway soil in Sakarya city, Turkey is non-saline and attributed it 
to a lack of various ions in the soil mixture. The bulk density (BD) values for the roadside soils 
collected at Tumfure main market ranged from 0.9 to 1.32 g/cc. Soil texture is one of the 
important parameters, which is defined as the stable aggregates formed by the arrangement 
of soil particles of varying sizes, such as silt, clay and sand. The content of sand dominated all 
the roadside soil samples studied (Table 1). Clay particles hold cations over their surface due 
to being negatively charged. Therefore, these soils are chemically not active because the 
absorbed fractions do not offer an incessant source of cations to the soil and the roots of plants. 
Soil organic matter (SOM) is an important parameter of the soil that affects nutrient retention 
and heavy metals in the soil, as well as helps in the growth of plants (Bhatti et al., 2018). The 
values of SOM ranged from 1.58 to 9.84% in the roadside soil samples. 
 
Table 1. Physico-chemical characteristics of Roadside Soil of Tumfure Main Market, Gombe, 
Nigeria 

Sampling points pH EC (mS/cm) BD (g/cc) Silt (%) Clay (%) Sand (%) SOM (%) 

A1 6.82 0.18 1.12 16.97 15.47 67.56 3.96 
A2 7.02 0.27 1.04 16.17 15.92 67.91 1.58 
A3 6.98 0.16 0.98 23.49 10.41 66.10 2.46 
B1 7.45 1.77 0.84 14.99 8.58 76.43 4.64 
B2 7.04 2.80 1.28 1.66 13.75 84.59 9.84 
B3 8.20 1.98 1.32 9.97 10.84 79.20 8.65 
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AC1 7.28 0.94 1.22 3.61 29.09 67.31 4.79 
AC2 7.64 0.65 1.08 12.73 32.10 55.17 4.38 
AC3 7.08 2.66 1.13 22.12 29.68 48.20 5.89 
BC1 7.13 0.65 1.17 14.97 17.26 68.39 4.86 
BC2 7.78 2.74 0.90 7.46 39.05 53.50 8.26 
BC3 7.50 2.24 1.23 29.58 22.31 48.11 7.92 

Limits 6.5 – 8.5a 4.5b      

 
Key: EC: electrical conductivity, BD: bulk density, SOM: soil organic matter; a Ramachandra et al., 2012 b 
Brouwer et al., 1985. 

 
The heavy metal contents revealed that concentrations of Cu, Cd, and Pb were not detected 
and as such, there was no contamination of the soils within the vicinity by these heavy metals 
(Table 2). The absence of their contamination could be attributed to seasonal variations and 
could have impacted on the soil when their concentrations were invariably low. It can also be 
attributed to fact that the soil could have had very low ability to retain or adsorb these heavy 
metals or the study area was not too exposed to pollution sources such as factories or heavily 
trafficked roads. 
 
Table 2. Heavy Metals Concentrations of Roadside Soil of Tumfure Main Market 

Sampling points  Zn (mg/Kg) Cu (mg/Kg) Cd (mg/Kg) Pb (mg/Kg) 

A1 Nd Nd Nd Nd 
A2 Nd Nd Nd Nd 
A3 23.45 Nd Nd Nd 
B1 27.45 Nd Nd Nd 
B2 36.03 Nd Nd Nd 
B3 35.48 Nd Nd Nd 
AC1 Nd Nd Nd Nd 
AC2 Nd Nd Nd Nd 
AC3 Nd Nd Nd Nd 
BC1 24.42 Nd Nd Nd 
BC2 Nd Nd Nd Nd 
BC3 Nd Nd Nd Nd 

Key: Nd = not detected 

 
The prevalence of Zn was observed along the roadside at 20 m (A3, B1, B2 and B3 respectively) 
with concentrations 23.45, 27.45, 36.03 and 35.48 mg/kg while, a control at BC1, located 50 m 
away from the roadside had a Zn concentration of 24.42 mg/kg as shown in Table 2. These 
concentrations were found to be higher when compared to the investigation by (Abdullahi et 
al., 2016) (soil from the vicinity of a kaolin milling plant); (Chanda and Gupta.,2021) (soil from 
an industrial area of Gida) whose Zn concentrations were in the range 0.42 to 6.37 mg/kg and 
0.52 to 4.00 mg/kg respectively. This could be attributed to anthropogenic activities, 
atmospheric depositions and urbanization (Abdullahi et al., 2016; Govil et al., 2001; Parvez et 
al., 2023). However, the concentrations of Zn derived from this research were found to be 
lesser when compared to investigation by (Tüzen, 2003) for heavy metals in soils collected at 
Tokat, Turkey, near high-density traffic and textile plant roads whose concentrations were 
60±5 and 74±6 (mg/kg) respectively.  
 
This investigation also revealed that the impact of Zn in this current study area was of less 
significant concentration when compared with results derived near the impact zone of the 
Miasteczko zinc smelter in Poland. It was recorded that Zn concentrations were as high as 
614.50±46.96, 368.50±39.47, 4832.0±517.48, 246.0±31.10, 649.0±88.56, 202.0±7.62, 240.0±31.42 
(mg/kg) at the different seven sampling sites studied which resulted to an average mean of 
1062.98±124.22 mg/kg Zn concentration. It was also recorded that Zn concentrations in soils 
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collected at the vicinity of an Aluminium plant in Tajikistan, Slovakia, and Hungary; separate 
farmlands located in the western part of Nasarawa State, Nigeria was in the range 34.14 to 
89.25 mg/kg and 10.51 to 27.40 mg/kg (Mohammad et al., 2023; Rasulov et al., 2020) were 
comparable to the Zn concentrations in this study. The findings by (Wei et al., 2011) and 
(Parvez et al., 2023) revealed that Zn concentrations in soils collected from the vicinity of a 
mining area located in China and Rampal Power Station in Bangladesh were higher and in 
the range 42.3 to 148.4 mg/kg and 6.7 to 74.6 mg/kg respectively. The investigation carried 
out by (Magaji et al., 2020) revealed similar characteristics for the concentration of Zn. It was 
established that the concentration of Zn was found to be greater than that of Pb for soil 
samples derived from soils at the vicinity of major motor parks located in Gombe Metropolis, 
Nigeria. The findings revealed a range of 18.41 to 27.37 mg/kg for Zn and 10.29 to 14.67 
mg/kg for Pb, these results were however found to be however, lower than that of the 
European Union regulatory standard for heavy metals in soils (Magaji et al., 2020). 
 
European Regulatory Standards, EU 2002 have set distinctive most extreme contaminant 
limits for overwhelming metals. The greatest suggested by EURS for soil tests are cadmium 3 
mg/kg; chromium 100 mg/kg; copper 30 mg/kg; lead 150mg/kg, iron 1500mg/kg and zinc 
300 mg/kg (Chanda and Gupta., 2021). 
 
Zinc as such, was the only heavy metal detected in this study, the site control sample at BC1 
revealed an expected concentration which was collected at 50 m away from the roadside, it 
was found to be lesser when compared to concentrations detected at B1, B2 and B3 respectively 
but, varied insignificantly with the Zn concentrations detected at the A3 sampling point. Zinc 
is an essential element that partakes in the metabolism of plants, at extreme levels of 
concentration could impair the metabolic pathway of microorganisms and plants (Diatta et 
al., 2008). It could be concluded that the depletion or absence of Pb, Cu and Cd in the soils of 
the study area could have been as a direct result of the high reactivity of zinc and ease to 
compete with Pb, Cu and Cd in binding with the soil organic matter.  
 
It has been suggested that Zn is added during industrial activities, such as mining, coal, waste 
combustion and steel processing. Many foodstuffs contain certain concentrations of Zn 
(Wuana and Okieimen, 2011). According to WHO standards, the permissible limit is 0.6 
mg/kg and the target value in soil (desirable maximum levels in unpolluted soils) is 50 mg/kg 
(Wuana and Okieimen, 2011). It can be justified that the pollution of Zn in the area of study is 
within the acceptable limits set by WHO and EURS for zinc contamination in soils. 
 
Conclusion 
The roadside soil of Tumfure main market, Gombe was investigated for heavy metal contents 
and physico-chemical characteristics. The soils pH was found to be slightly acidic and slightly 
alkaline. The electrical conductivity revealed that the soil samples are not saline in nature with 
sand content forming the larger portion of all the soil samples. For the heavy metal contents, 
zinc was the only detected heavy metal observed in the study area with a concentration range 
of 23.45 to 36.03 mg/kg whilst, lead, copper and cadmium were not detected in the soil 
samples. The highest concentration of zinc was detected and recorded in samples collected 
from B2 and B3 with concentrations 36.03 and 35.48 mg/kg respectively whilst, least values 
were obtained at A3 and B1 with concentrations 23.45 and 27.45 mg/kg respectively from the 
roadside. However, the concentration of the only detected heavy metal (Zn) was found to be 
in the desirable maximum levels established by the WHO and EURS as such, the area of study 
is to be considered unpolluted. 
 
 



Evaluation of Heavy Metals in Roadside Soil of Tumfure Main Market, Gombe State  

 

Buhari M., Kalu M. K., Jirina J. E.., DUJOPAS 10 (1b): 184-192, 2024                                                              190 

 

References 
Abdullahi, A. O., Mohammed, A. B., and Kalu, K. M. (2016). Levels and Distribution of Some 

Heavy Metals in Soils in The Vicinity of a Kaolin Milling Plant in Alkaleri, Bauchi State 
Nigeria. Journal of Applied Chemical Science International (Vol. 6, Issue 3). O) International 
Knowledge Press. www.ikpress.org 

Akpoveta, O., Osakwe, S., Okoh, B., and Otuya, B. (2011). Physicochemical Characteristics and 
Levels of Some Heavy Metals in Soils around Metal Scrap Dumps in Some Parts of Delta 
State, Nigeria. Journal of Applied Sciences and Environmental Management, 14(4). 
https://doi.org/10.4314/jasem.v14i4.63258 

Al-Hamad, A. A., Al-Taani, A. A., Ghrefat, H., Khawajah, M., and Zoubi, A. (2023). 
Assessment of Heavy Metals in Greenhouse Cultivated Soils, Northern Jordan. Polish 
Journal of Environmental Studies. https://doi.org/10.15244/pjoes/171558 

Al-Jbury, M. M. S., and Al-Kasser, M. K. (2023). Evaluation Heavy Metals Pollution in the Soil 
from some Regions of Al-Diwaniyah City / Iraq. IOP Conference Series: Earth and 
Environmental Science, 1259(1). https://doi.org/10.1088/1755-1315/1259/1/012013 

Bhatti, S.S.; Kumar, V.; Kumar, A.; Gouzos, J.; Kirby, J.; Singh, J.; Sambyal, V.; Nagpal, A.K. 
Potential ecological risks of metal(loid)s in riverine floodplain soils. Ecotoxicol. Environ. 
Saf. 2018, 164, 722–731. 

Brouwer, C.; Goffeau, A.; Heibloem, M. Irrigation Water Management: Training Manual no.1-
Introduction to Irrigation. Rome, Italy; Food and Agriculture Organization of the United 
Nations Press: New York, NY, USA, 1985; pp. 189–193. 

Chanda Mishra Madan Mohan, A., and Gupta Madan Mohan, S. (2021). Analysis of Heavy 
Metal in Industrial Soil Through Atomic Absorption Spectroscopy and its Relationship with 
Some Soil Properties. https://doi.org/10.37591/JoMME 

Chen, T. Bin, Zheng, Y. M., Lei, M., Huang, Z. C., Wu, H. T., Chen, H., Fan, K. K., Yu, K., Wu, 
X., and Tian, Q. Z. (2005). Assessment of heavy metal pollution in surface soils of urban 
parks in Beijing, China. Chemosphere, 60(4), 542–551. 
https://doi.org/10.1016/j.chemosphere.2004.12.072 

Govil, P. K., Reddy, G. L. N., and Krishna, A. K. (2001). Contamination of soil due to heavy 
metals in the Patancheru industrial development area, Andhra Pradesh, India. 
Environmental Geology, 41(3–4), 461–469. https://doi.org/10.1007/s002540100415 

Diatta, J.B; Chudzinska E. and Wirth S. (2008). Assessment of heavy metal contamination of 
soils impacted by a zinc smelter activity. J. Elementol. 13 (1). 5–16.  

Huang, Y., Wang, L., Wang, W., Li, T., He, Z., and Yang, X. (2019a). Current status of 
agricultural soil pollution by heavy metals in China: A meta-analysis. Science of the Total 
Environment, 651, 3034–3042. https://doi.org/10.1016/j.scitotenv.2018.10.185 

Huang, Y., Wang, L., Wang, W., Li, T., He, Z., and Yang, X. (2019b). Current status of 
agricultural soil pollution by heavy metals in China: A meta-analysis. Science of the Total 
Environment, 651, 3034–3042. https://doi.org/10.1016/j.scitotenv.2018.10.185 

ISO 11277. Soil Quality-Determination of Particle Size Distribution in Mineral Soil Material-
Method by Sieveing and Sedimentation. ISO; Geneva, Switzerland: 2009. 

Jacob, H., Clarke G. Methods of Soil Analysis. Soil Science Society of America; Madison, WI, 
USA: 2002. Part 24. Physical method; p. 1692. 

Kaur, R.; Pakade, Y.B.; Katnoria, J.K. A study on physicochemical analysis of road and railway 
track side soil samples of Amritsar (Punjab) and their genotoxic effects. International 
Journal of Environ. Chem. Ecol. Geol. Min. Eng. 2014, 8, 498–501. 

Luo, N. (2023). Methods for Controlling Heavy Metals in Environmental Soils Based on 
Artificial Neural Networks Methods for Controlling Heavy Metals in Environmental 
Soils Based on Artificial Neural Networks. https://doi.org/10.21203/rs.3.rs-3047044/v1 

https://doi.org/10.1088/1755-1315/1259/1/012013
https://doi.org/10.1016/j.scitotenv.2018.10.185


Evaluation of Heavy Metals in Roadside Soil of Tumfure Main Market, Gombe State  

 

Buhari M., Kalu M. K., Jirina J. E.., DUJOPAS 10 (1b): 184-192, 2024                                                              191 

 

Oves, M., Saghir, K.M., Huda, Q.A., Nadeen, F.M. and Almeelbi, T. (2016). Heavy Metals: 
Biological Importance and Detoxification Strategies. Journal of Bioremediation and 
Biodegradation, 07(02). https://doi.org/10.4172/2155-6199.1000334 

Magaji, B., L. Danbature, W., Shehu, Z., M. Sani, M., M. Sani, A., and Abubakar, A. (2020). 
Evaluation of Some Heavy Metals in Soils around Major Parks in Gombe Town, Nigeria. 
Asian Journal of Applied Chemistry Research, 1–5. 
https://doi.org/10.9734/ajacr/2019/v4i430118 

Mohammad, I. A., Madaki, S. K., Tabugbo, B. I., and Rilwan, U. (2023). Assessment of Heavy 
Metals in Soil from Selected Farmlands in Nasarawa West, Nasarawa State, Nigeria. 
Journal of Applied Organometallic Chemistry, 3(3), 245–254. 
https://doi.org/10.48309/jaoc.2023.411962.1104 

Moore, F., Forghani, G., Qishlaqi, A., Moore, F., Forghani, G., and Qishlaqi, A. (2009). A1 
Printed in the Islamic Republic of Iran. In Iranian Journal of Science and Technology, 
Transaction A (Vol. 33). https://www.researchgate.net/publication/285964692 

Nelson, D.W., Sommer, L.E. Chemical and Microbiological Properties. 2nd ed. ASA-SSSA; 
Madison, WI, USA: 1982. Total carbon, organic carbon and organic matter. Methods of 
Soil Analysis, Part 2; pp. 579-595. 

Parvez, M. S., Nawshin, S., Sultana, S., Hossain, M. S., Rashid Khan, M. H., Habib, M. A., 
Nijhum, Z. T., and Khan, R. (2023). Evaluation of Heavy Metal Contamination in Soil 
Samples around Rampal, Bangladesh. ACS Omega, 8(18), 15990–15999. 
https://doi.org/10.1021/acsomega.2c07681 

Rasulov, O., Schwarz, M., Horváth, A., Zoirov, F., and Fayz, N. (2020). Analysis of soil 
contamination with heavy metals in (the three) highly contaminated industrial zones. SN 
Applied Sciences, 2(12). https://doi.org/10.1007/s42452-020-03813-9 

Ramachandra, T.V.; Chandran, S.M.D.; Joshi, N.V.; Rajinikanth, R.; Kumar, R. Water, Soil and 
Sediment Characterization: Sharavathi River Basin, Western Ghats., ENVIS Technical 
Report: 21; Energy and Wetlands Research Group, Centre for Ecological Sciences, Indian 
Institute of Science: Bangalore, India, 2012. 

Rehman, M. U., Ahmad, N., Ullah, A., Pangilinan, P. J., and Alebachew, E. (2023). Hazardous 
effects of heavy metal toxicity on soil and plants and their bioremediation: a review. 
Agricultural Sciences, 15(38), 12–32. https://doi.org/10.22620/agrisci.2023.38.002 

Shaapera, U., Nnamonu, L. A., and Eneji, I. S. (2013). Assessment of Heavy Metals in 
andlt;iandgt;Rana esculentaandlt;/iandgt; Organs from River Guma, Benue State 
Nigeria. American Journal of Analytical Chemistry, 04(09), 496–500. 
https://doi.org/10.4236/ajac.2013.49063 

Smyrnov, V., Mitryasova, O., Salamon, I., Smyrnova, S., Chvyr, V., and Mats, A. (2023). The 
Distribution of Heavy Metals Mobile Forms in the Industrial-Urban Agglomeration Soil. 
Journal of Ecological Engineering, 24(11), 303–313. 
https://doi.org/10.12911/22998993/171774 

Steffan, J. J., Brevik, E. C., Burgess, L. C., and Cerdà, A. (2018). The effect of soil on human 
health: an overview. European Journal of Soil Science, 69(1), 159–171. 
https://doi.org/10.1111/ejss.12451 

Tüzen, M. (2003). Determination of heavy metals in soil, mushroom and plant samples by 
atomic absorption spectrometry. Microchemical Journal, 74(3), 289–297. 
https://doi.org/10.1016/S0026-265X(03)00035-3 

Wei, Z., Wang, D., Zhou, H., and Qi, Z. (2011). Assessment of soil heavy metal pollution with 
Principal component analysis and Geoaccumulation index. Procedia Environmental 
Sciences, 10(PART C), 1946–1952. https://doi.org/10.1016/j.proenv.2011.09.305 

https://www.researchgate.net/publication/285964692
https://doi.org/10.1007/s42452-020-03813-9


Evaluation of Heavy Metals in Roadside Soil of Tumfure Main Market, Gombe State  

 

Buhari M., Kalu M. K., Jirina J. E.., DUJOPAS 10 (1b): 184-192, 2024                                                              192 

 

Wuana, R. A., and Okieimen, F. E. (2011). Heavy Metals in Contaminated Soils: A Review of 
Sources, Chemistry, Risks and Best Available Strategies for Remediation. ISRN Ecology, 
2011, 1–20. https://doi.org/10.5402/2011/402647 

  
 
 
 


