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Abstract 

The heavy metals content of soils where determined in Gombe state, North-Eastern Nigeria, the heavy metals analyzed in this 

study are, Cd, Cr, Pb, and Zn using an Atomic Absorption Spectrophotometer (AAS), Perkin Elmer 400ASS (9).  A general over 

view of the study shows that Pb had the highest concentration, and Cr had the least concentration. The trend of heavy metals in 

the study is as follows; Cr < Cd < Zn < Pb. the result of the heavy metal analysis shows that the concentrations of heavy metals in 

the soils at the study sites where below the permissible limits of the various metals for soil and thus are of no environmental or 

health consequences and the soil is relatively safe for cultivation of agricultural crops.   
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1.0 INTORDUCTION 

Soils are made up of particles, gaseous and liquid constituents. They act as sink for pollutants through the adsorption process which 

bind inorganic and organic pollutant with varying strength to the surface of soil colloids, Soil may become contaminated due to the 

accumulation of metals via emissions from industrial sites, mining operations, and disposal of wastes containing metals, leaded 

gasoline, and paints, application of fertilizers and animal manures, other agrochemicals and spillage of petrochemicals (1). Heavy 

metals are natural components of the earth’s crust that that are not biodegradable. Heavy metals tend to be transferred into the human 

body trough the ingestion of food materials, water and air. At low concentration levels, certain heavy metals such as copper, 

manganese, zinc and iron are essential in maintaining certain body functions. However above the recommended concentrations they 

pose health risk (2). Examples of heavy metals include, Ar, Cd, Cd, Co, Cu, Au, Ag, Fe, Mn, Hg, Ni, Pb, and Zn (1). Some heavy 

metals become toxic at levels slightly above the background concentrations normally present in nature. It is necessary to provide 

information about the health impact of metals and carry out proactive measures to prevent excessive exposure to heavy metals. Heavy 

metal toxicity is a critical medical condition when it occurs. If not detected or not properly treated, it leads to serious health issues and 

reduce the quality of human life (3). The presence of toxic heavy metals (at levels that contaminate ) in soil pose risk and creates 

health issues in humans and also affects the ecosystem via the direct intake of food and drinking of contaminated ground water. It also 

affects the quality of food (affecting the safety and market value of such foods) via reduction in land usability for agricultural 

production, leading to food insecurity (4). Living organisms require trace amounts of some heavy metals e.g. cobalt, vanadium, 

strontium and zinc (5). The increase in the uptake of these heavy metals by plants and animals (most of which ends up as food for 
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man) pose as health risk to humans. Excessive levels of essential metals can have environmental effects on organisms. Non- essential 

metals of such as Cd, Cr, Hg, and Pb even at low concentrations pose threats to the health of humans. The main threats to human well-

being however, are associated with lead, arsenic, cadmium, and mercury (5). Plants have the capacity to accumulate metals (from 

water, and soil) that are essential for growth and development; examples of these metals are Fe, Mn, Zn, Cu, and Ni (6). Heavy metals 

are toxic if they cannot be metabolized by the human body and thus accumulate in the soft tissues of the human body. Heavy metals 

tend to get into the human body via food, water, air, or absorption by skin due to contact with humans during agriculture and 

manufacturing processes, also in pharmaceuticals, industrial, and residential environments. Exposure from industries is a means of 

exposure in humans. Ingestion serves is the most common means of exposure in children. The no hand-to-mouth activity of small 

children often result to toxic levels of heavy metals concentrations when they come in contact with soil contaminated with the metals 

or by consuming  substances which are not eatable foods such as dirt or paint chips, (7). Less common routes of exposure are from a 

suicide or homicide attempt involving the use of substances containing the toxic metals (8). 

This study involves the determination of heavy metals (Cd, Cr, Zn and Pd) concentrations in soil at Gombe town, North-Eastern 

Nigeria. The significance of this study is to provide information on the heavy metal content of soil in certain parts of Gombe town and 

also enlighten the public on the ability of food crops to absorb and bio-accumulate heavy metals from soils and also the adverse 

effects of these metals on human health. 

2.0 MATERIALS AND METHODS  

2.1 Study Site 

Gombe is the capital of Gombe state located in the North- Eastern part of Nigeria with an estimated population of 261,536, and a 

geographical location of Latitude; 100 16’ N, and Longitude 110 09’ E. 

2.2 Sample collection, preservation and pretreatment 

Soil samples were collected from five different sites at Gombe town (Pantami, Bolari, G. R. A., Herwagana, Tudun Wada). Samples 

were obtained from soil surface from a depth of 0 – 20cm, at ten different spots for each sample site with the help of stainless steel 

spoons and made into a composite sample. The soil samples were placed into a nitric acid treated polythene bags to prevent metals 

from adhering to the containers, transported to the laboratory, air dried for about 3days then oven-dried to constant weight at 105℃, 

ground to powder in a ceramic pestle and mortar, sieved, and stored for further treatment. 

(5, 2). 

2.3 Sample digestion 

Soil samples were digested with 15mL of concentrated acid mixtures (5mL conc.HClO4, 15mL conc.HNO3, and 10mL conc. H2SO4) 

was poured into the 100mL beaker containing the soil sample (1g), covered with watch glasses, and heated over a water bath in a 

fume cupboard until the digestion was complete. The content of the beaker was then diluted to 100mL with de-ionized water and 

transferred to dispersing bottles for heavy metal analysis (2, 9). 
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2.4 Apparatus/ reagents 

All apparatus used such as glass wares, sample bottles, burette, and pipettes were washed cleaned and rinsed with HNO3, and rinsed 

further using distilled water to avoid errors arising from contamination. All reagents used were of analytical grade (10, 11). 

2.5 Method of Analysis 

The Atomic Absorption Spectrophotometric (AAS) method is employed in this study, because it is readily accessible, has a wide 

range of application, also for its specificity, and having a low detection limit (11). The heavy metals content of soil samples where 

determined using an Atomic Absorption Spectrophotometer (AAS), Perkin Elmer 400ASS (9).  

2.5 Statistical Analysis 

The minimum, maximum, average values, and standard deviations of the concentrations of heavy metals in soil samples were 

determined using Microsoft excel (windows 2007).  

3.0 RESULTS /DISCUSSION  

Cadmium 

The average concentration of Cd in soils at Gombe 0.88 mg/Kg was greater than the values for irrigated soils in Gombe state, Nigeria 

reported by Babangida et al., (2017) and by Ibrahim et al., (2014) also greater than the maximum concentration in soils at Mwazan 

Region in Tanzania reported by Kisamo, (2003), but less than the recommended limit for soil set by USEPA. Pantami had the highest 

concentration of Cd this could be due to the use of agrochemicals, presence of waste dumps in the area (13). The lowest concentration 

was at Bolari, this could be as a result of low agricultural activities, absence of industries and dumpsite at Bolari.  Cd nonessential to 

the health of humans and animal, at higher concentrations in organisms above the recommended limits it is toxic (14). Cadmium 

accumulates in human body creating adverse effects on the soft tissues and organs (kidney, lungs, placenta, liver, and brain) as well as 

the bones (1, 15). Cadmium accumulation in humans also leads to certain health issue affecting systems of the body such as 

reproduction, growth and development, renal functions, blood and immune systems (15).  

 

Chromium 

Cr concentration in the soil samples was an average value of, 0.54 mg/Kg was within the range of Cr concentration in irrigated soils at 

Gombe state, Nigeria reported by Babangida et al., (2017), but less than the concentration of Cr in soils at Makurdi reported by Ogidi, 

(2015), the maximum value at Mwazan Region in Tanzania reported in Kisamo, (2003), the content of soils at Keritis, Chania, Greece 

reported in Papafilippaki1, et al. (2007) and also less than the recommended limit for soil (3000 mg/kg) set by USEPA. The highest 

concentration of Cr was observed from soils at Pantami, this could be due to the use of agrochemicals, and dumping of domestic and 

agricultural waste (13). The least concentration was at G.R.A and Herwagana both having the same concentration; this could be due to 

the absence of serious agricultural activities, absence of industries and dumpsites. The Cr content in the soils could have originated 

from domestic, industrial and agricultural waste disposal, application of organic manures, inorganic fertilizers with the use of 

pesticides, insecticides and herbicides on the soil. Excessive concentration in soils has adverse implication on the health of humans 

and animals due to it bioaccumulation in plants (1, 15). 

Lead 

The concentration of Pb in soils has a mean value of 6.54 mg/Kg this is greater than the concentration in irrigated soils at Gombe 

state, Nigeria reported by Babangida et al., (2017), the value for soils reported in Papafilippaki1, et al. (2007), but less than the mean 
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concentration of Pb in soil at Makurdi, North Central Nigeria reported by Ogidi, (2015), and the recommended limit for soils set by 

USEPA. The highest concentration of Pb was observed in Tundun Wada; this could be due to vehicle emission, use of leaded gasoline 

and disposal of waste paint cans e.t.c. (9). The lowest concentration was observed at Herwagana. Excess Pb content of soils above 

regulatory limits create serious health hazards to humans and animals as a result of its ability to bio-accumulate in soft tissues (brain, 

liver, lungs, kidneys) and other tissue like bones, hair and teeth, creating organ and tissue failures (17). 

Zinc 

The Zn concentration of soils in this study has an average value of 2.74 mg/Kg which is less than the value range in irrigated soils at 

Gombe state, Nigeria reported by Babangida et al., (2017), less than the mean concentration of Zn in soil at Makurdi, North Central 

Nigeria reported by Ogidi, (2015), and the mean value for soils at Mwazan Region in Tanzania reported by Kisamo, 2003 also below 

the regulatory limit of Zn in soils (50mg/Kg) set by WHO (2007). The highest concentration was observed at Herwagana this could be 

due to the presence of Zn smelting, and fabrication industries around the area. The lowest concentration of zn was observed at 

Pantami. The Zn content of the soil has no serious toxicity hazard to humans, animals or plants, but often zinc contaminated soils are 

also contaminated with non essential elements such as Cd and Pb (20). 

 

 

 

 

 

 

 

 

Figure 1: Heavy Metals Content of Soils at Gombe. 

 

Table 1: Statistics of heavy metal content of soils at Gombe. 
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(a) Max = maximum, (b) Min = minimum, (c) Std Dev = standard deviation 

4.0 Conclusion 

Heavy metals were found to be present in all soil samples at the various sites sampled, Pb was present in all sample and had the 

highest concentration at Pantami, G.R. A and Tundu Wada this could be as a result of vehicular emission, use of gasoline containing 

lead and lead paints, e.t.c., Cr had the least concentrations in soil at study sites except at Patami where Cd had the least concentration 

in soil samples. At G.R.A. Zn was not detected in the soil. A general over view of the study shows that Pb had the highest 

concentration, and Cr had the least concentration. The trend of heavy metals in the study is as follows; Cr < Cd < Zn < Pb. The heavy 

metals were all below the recommended limits required for soils. 

4.1 Recommendation.  

Heavy metals contents of soils need to be monitored at all times to ensure safety of agricultural products for consumption, and also 

prevent heavy metals poisoning due to soil ingestion. Soil serves as a sink for many pollutants and some are transferred into ground 

waters. Plants have ability of absorbing and adsorbing heavy metals from the soil, thus if crops are planted on heavy metals 

contaminated soils the plants absorb the metals, and when eating by humans and animals this heavy metals bio accumulates in tissues 

and organs in the body. There is a need to determine and analysis the heavy metal content of soils before cultivation of crops. The 

government needs to enforce regulations on indiscriminate dumping of industrial, domestic and agricultural waste. 
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