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Abstract

Heavy metals are due to accumulate over time in the soils thereby act as a sink reservoir from which toxicants are
released to the groundwater and eventually for the uptake by plants. This study was aimed at investigating the heavy
metal concentrations and the consequent effects on two common food crops (maize and cowpea). Three sites of ten soil
samples at two points (0 and 50 meters apart) were collected with two samples from various manufacturing area of:
Sango-Otta (highly industrialized), Oluyole industrial estate (less industrialized) and Saki with no industrial activities.
Suitable spot nearest to the production area on the site were located and fifty meters away from the first site. The top
soil layer was scrapped off using a shovel, and a portion of soil was scooped inclining the shovel beneath the earth. Soil
samples were collected from depths of one feet and four feet respectively. The sample were put in a clean plastic
container weighing about 200 g and was subsequently air dried and transported to the laboratory for test.
Concentrations of heavy metals were found to be very high in the highly industrialized than in the less industrialized
cities. Conversely, the F-calculated value was 2.906 > 0.096 which was significant in soil samples of post-planting in
cowpea, and the F-calculated value was 1.021 > 0.319" F-Sig for the soil samples post planting in Zea mays. As reported
in this study, the concentration of heavy metals impacted on the field performance of the selected crops. The
concentration of heavy metals in the soil should be continuously monitored by farmers before planting especially those
in the highly industrialized cities.

Keywords: Groundwater; Industrialized; Spectrophotometer; Toxicants; Post-planting.

1. Introduction

Contamination of the environment by heavy metals due to certain industrial activities has been on the rise in recent
times. Toxicity of these compounds has been reported extensively [1, 2, 3]. They accumulate over time in soils which
act as a sink from which these toxicants are released to the groundwater and plants, and end up through the food chain
in man thereby causing various toxicological manifestations. Occupationally exposed individuals to Lead poisoning tend
to have high blood pressure [4], and are at an increased risk for cardio-vascular diseases, myocardial infarction and
stroke [2]. The effect can be acute or chronic nephropathy and others are gastrointestinal disturbances-abdominal pain,
cramps, constipation, anorexia and weight loss, immune suppression, and slight liver impairment [5].

Toxicity of Chromium is associated with allergic condition in humans; arsenic is associated with skin damage, increased
risk of cancer and problems with circulatory system while mercury is associated with kidney damage [6]. Aluminum
toxicity has been shown to produce excessive headaches, abnormal heart rhythm, and depression, numbness of the
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hands and feet and blurred vision [7]. Other effects of aluminum include: impairment in choice reaction time, long-term
memory, psychomotor speed [8]. Heavy metals occur in the environment naturally and are released during
anthropogenic activities. Soil contamination with heavy metals results from human-related activities such as mining
[9], smelting procedures [10] and agriculture [11] as well as earth-related activities. Chemical and metallurgical
industries are the most important sources of heavy metals in the environment, sewage-treated sludge, known as bio-
solids and used as fertilizers on the soil can contribute to heavy metal levels in the soil [12]. [13] and [14] opined that
major sources of contamination are by the accumulation of heavy metals and metalloids through emissions from the
rapidly expanding industrial areas, mine tailings, disposal of high metal wastes, leaded-gasoline and paints, land
application of fertilizers, animal manures, sewage sludge, pesticides, wastewater irrigation, coal combustion residues,
spillage of petrochemicals and atmospheric deposition. Particularly, zinc and cadmium may also be added to soils
adjacent to roads, the sources being car tyres and lubricant oils [15].

Each contamination source has peculiar damaging effects on plants and animals and consequently on human health, but
sources that add heavy metals to soils and waters are of serious concern due to their persistence in the environment
and carcinogenic tendencies to humans. They cannot be destroyed biologically but are only transformed from one
oxidation state or organic complex to another [16, 17]. Therefore, heavy metal pollution poses a great potential threat
to the environment and human health. In most countries (developed and developing alike), despite overwhelming
literature on the toxicity of these metals, avoidable contaminations are on the rise. Recent studies on some New Zealand
soils treated with bio-solids have shown increased concentrations of cadmium, nickel and zinc in drainage leachates
[18, 19]. In the United States, an estimated 70% of heavy metals in landfills come from discarded electronics, further
buttressing the potential toxicity tendencies on the residents. Soil pollution is also a serious challenge in China, where
one-sixth of total arable land has been polluted by heavy metals, and more than 40% has been degraded to varying
degree due to erosion and desertification. In Western Europe, over a million sites were affected by heavy metals [20],
of which, over 300 000 were contaminated, and the estimated total number in Europe could be much larger, as a result
of the contribution from the Central and Eastern European countries [21].

In Nigeria in 2010, there was a report of over 300 deaths in Zamfara state due to Lead contamination [22]. On the whole,
all countries have been affected with soil heavy metals contamination through one source or the other, though at varying
rates and intensities. Monitoring the endangerment of soil with heavy metals is of interest due to their influence on
groundwater and surface water [23, 24], on plants [25, 26] on animals and humans [27, 28, 29] and on any entity that
has life. The aim of this study was to determine to what extent, human and industrial activities have affected the quality
of soil due to contamination of soil with heavy metals and the consequent effects on the health status of the inhabitants.
Soils play a critical role in delivering ecosystem services. Management to change an ecosystem process in support of
one regulating ecosystem service can either provide co-benefits to other services or require trade-offs [30, 31]. Recent
reviews have provided examples of some of these synergies and trade-offs and illustrated the role of soils in supporting
ecosystem services and underpinning natural capital [30, 31, 32].

2. Material and methods

2.1. Materials

Materials used for the study were cowpea, Zea mays, soil samples, plastic container, digger, shovel, masking tape, nose
cover, hand gloves, goggle, meter rule, measuring tape, watering can, and soil test kits (Luster leaf rapidest soil test kit
No. 1601).

2.1.1. Source of soil sample

The soil samples for this study were collected from three different locations classified according to the concentration of
industries into: highly industrialized (Sango-otta) area, less industrialized area (Oluyole), and non-industrialized (Saki).
The first category included was Sango-otta Lagos - Abeokuta express way which was located at 6°43'18”N, 3913’09”E,
with an estimated 526,565 (2006 population census) residents living in or around it. Oluyole industrial estate, Oluyole
Ibadan in Oyo State 7°21°26”N, 3950°58”E, with an approximately 204,000 (2006 population census). And lastly an area
with no industrial activities: Saki, 8938°12"N, 3024’16"E, total population of 388,225 (2006 population census).

2.2. Sampling Technique

For collection of the soil samples a suitable spot nearest to the production area on the site were located at fifty meters
away from the first site. The top soil layer was scrapped off using a shovel, and a portion of soil was scooped inclining
the shovel beneath the earth. A hole one to four feet was dug. Soil samples were collected from depths of one feet and
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four feet. The samples were put in a clean plastic container, of about 200 g was air dried and transported to the
laboratory for macronutrient test, pH test, and heavy metal analysis.

2.2.1. Procedure for pH test

The green comparator was removed and take out the package of capsules, fill test chamber to soil fill line with soil
sample. Holding the capsule horizontally over the test chamber, carefully separate the two halves of the green capsule
and pour powder into the test chamber. Using the dropper provided, add distilled water to fill line. Fit the cap onto
comparator, making sure it is seated properly and caps tightly. Shake thoroughly. Allow soil to settle and colour to
develop for about a minute. Compare colour of solution against pH chart.

2.2.2. Procedure for macronutrients test

A clean container was filled with 1 cup of soil and 5 cups of water after it was thoroughly shaken; the soil and water
together for at least one minute; then the mixture was allowed to stand undisturbed until it settled to have a clear
solution for about 24 hours. The mixture was selected with the appropriate comparator for the test by removing the
cap and taken out; the capsules were the same colour as the cap. By using the dropper provided with the kit, the test
chambers was filled up to mark on the chart with solution from the soil sample. The test chamber were held horizontally
over the test chamber, by carefully separated the two halves of the green capsule and the powder was poured into the
test chamber. The cap on the comparator was made to be seated properly and the caps were tightly capped. This was
shaken thoroughly in order to allow the colour to develop for 10 minutes. This was compared with the colour of the
solution in the test chamber to the colour chart.

2.2.3. Procedure for heavy metals analysis

The soil sample was sieve-dried soil with 0.5 mesh sieve and weight of 0.5 grams of the 0.5 mm sieved soil into a 75 ml
beaker. About 5mls of acid was diluted in (3:1 Nitric acid and Perchloric acid) to the soil in the beaker and placed the
beaker on a laboratory hotplate at 80°c and heat for 25 - 30 mins for digestion to occur. This was heated until a light
yellowish fluid/creamy substance was obtained”. After digestion, the beaker was allowed to cool and then make up the
digest to 25 mL in a standard volumetric flask with distilled water. This was diluted (if necessary), and then read the
digest for the presence and concentration of Heavy metals using the AAS (atomic absorption spectrophotometer)
machine. The soil samples were replicated in a perforated container. Four healthy seeds of Zea mays and cowpea were
planted on each replicate. The seeds were periodically wet with water every day for twenty-eight consecutive days.
About 200 g of the soil sample was air dried and transported to the laboratory for post-planting analysis.

3. Results

Table 1 pH and micronutrients analysis result pre planting.

pH Nitrogen Phosphorus Potash
Si1ft 6.0 N1 P3 Ko

Acid Deficient Sufficient Depleted
S14ft 7.0 N1 P2 K2

Neutral Deficient Adequate Adequate
S21ft 7.5 N1 P1 Ko

Alkaline Deficient Deficient Depleted
Sq4ft 7.0 N2 P1 Ko

Neutral Adequate Deficient Depleted
l11ft 7.5 N2 P2 K1

Alkaline Adequate Adequate Deficient
[14ft 7.0 N1 P1 Ko

Neutral Deficient Deficient Depleted
I21ft 7.0 No Po Ko

Neutral Depleted Depleted Depleted
[24ft 6.5 N1 P1 Ko

Slight acid Deficient Deficient Depleted
SC1 1ft 6.5 No Po K1

Slight Acid Depleted Depleted Deficient
SC1 4ft 6.5 N3 P3 K1

Slight acid Sufficient Sufficient Deficient
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pH Nitrogen Phosphorus Potash
S1 1ft 7.0 N1 P1 Ko
Neutral Deficient Deficient Depleted
S1 4ft 7.0 No Po K1
Neutral Depleted Depleted Deficient
Sz 1ft 7.5 N2 P1 Ko
Alkaline Adequate Deficient Depleted
Sz 4ft 7.5 N1 P2 KO
Alkaline Deficient Adequate Depleted
1 1ft 6.5 N2 P2 Kz
Slight acid Adequate Adequate Adequate
[1 4ft 7.5 N1 P1 Ko
Alkaline Deficient Deficient Depleted
[z 1ft 7.5 No P1 Ko
Alkaline Depleted Deficient Depleted
I2 4ft 7.5 N2 P2 Kz
Alkaline Adequate Adequate Adequate
SCy 1ft 7.0 N2 P1 Ko
Neutral Adequate Deficient Adequate
SCi 4ft 7.0 N1 P1 K2
Neutral Adequate Deficient Adequate
SC1 4ft 7.0 N1 P1 Ko
Neutral Deficient Deficient Depleted
Table 3 pH and micro nutrients analysis post planting Zea mays
pH Nitrogen Phosphorus Potash
S1 1ft 7.0 N1 P1 Ko
Neutral Deficient Deficient Depleted
S1 4ft 7.0 N1 P3 K3
Neutral Deficient Sufficient Sufficient
Sz 1ft 7.5 N2 Po Ko
Alkaline Adequate Depleted Depleted
S2 4ft 7.5 N1 P1 Ko
Alkaline Deficient Deficient Depleted
1 1ft 7.0 N1 P1 Ko
Neutral Deficient Deficient Depleted
[1 4ft 7.5 N1 Po Ko
Alkaline Deficient Depleted Depleted
I 1ft 7.0 N1 P1 Ko
Neutral Deficient Deficient Depeleted
2 4ft 7.5 Ni P3 Kz
Alkaline Deficient Sufficient Adequate
SCy Ift 6.5 Ni P2 Kz
Slight acid Depleted Adequate Adequate
SCi1 4ft 7.0 N1 P2 Ko
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Neutral Deficient Adequate Depleted
Table 4 Soil Sample Results (Pre-planting)
No Site-code @ Feet Co Mg/Kg Cd Mg/Kg Pb Mg/Kg Ni Mg/Kg
1 SC1 1 2.65 49.35 22.25 16.70
2 SC1 4 2.10 59.65 28.75 32.85
3 S1 1 1.75 44.90 23.45 15.80
4 S1 4 1.90 47.60 29.15 21.50
5 S2 1 3.25 64.20 34.4 20.60
6 S2 4 8.95 58.35 34.85 38.40
7 11 1 8.50 54.15 20.30 20.95
8 11 4 8.95 61.95 32.80 27.20
9 12 1 9.70 59.90 19.45 27.10
10 12 4 10.75 54.05 37.70 29.85
Table 5 Post planting cowpea heavy metals results
No Sample code Site-code Feet Co Mg/Kg Cd Mg/Kg Pb Mg/Kg Ni Mg/Kg
1 A Cowpea Sc1 1 6.85 47.1 43.65 20.70
2 B Cowpea Sc1 4 6.50 50.50 36.30 26.20
3 C Cowpea S1 1 5.80 50.00 33.05 21.50
4 D Cowpea S1 4 6.05 60.00 27.10 27.25
5 E Cowpea S2 1 7.20 56.00 36.35 18.75
6 F Cowpea S2 4 5.65 52.10 46.95 15.95
7 G Cowpea 11 1 8.90 60.90 44.85 17.35
8 H Cowpea 1 4 7.90 62.80 44.80 46.55
9 [ Cowpea 12 1 6.85 62.75 39.35 22.15
10 ] Cowpea 12 4 9.80 74.85 49.75 83.35
Table 6 Soil Sample Results Post Planting Zea mays
No Samplecode Site-code Feet CoMg/Kg CdMg/Kg PbMg/Kg Ni Mg/Kg
1 AMaize Sc1 1 9.25 73.80 45.70 52.60
2 BMaize Sc1 4 8.75 61.95 44.70 23.05
3  CMaize S1 1 9.65 56.05 52.10 13.05
4 D Maize S1 4 11.30 48.45 48.40 7.95
5  E Maize S2 1 10.85 64.00 62.50 24.80
6  F Maize S2 4 11.35 72.65 49.00 28.20
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7 G Maize 1 1 12.05 65.45 73.30 25.65
8  H Maize 1 4 11.60 63.10 55.95 24.20
9 I Maize 12 1 11.40 71.65 63.65 28.45
10 ] Maize 12 4 10.75 70.75 64.55 21.85
Table 7 Showing the soil sample result analysis
Model Sum of Squares Df Mean Square F Sig.
1 Regression 1.693 1 1.693 1.331 .256b
Residual  48.307 38 1.271
Total 50.000 39
Table 8 Post planting effect on Cowpea
Model Sum of Squares Df Mean Square F Sig.
1  Regression 3.552 1 3.552 2906 .096b
Residual 46.448 38 1.222
Total 50.000 39
Table 9 Post planting effect on Zea mays
Model Sum of Squares Df Mean Square F Sig.
1 Regression 1.308 1 1.308 1.021  .319b
Residual 48.692 38 1.281
Total 50.000 39

4. Discussion

A comprehensive analysis of published data indicates that heavy metals such as arsenic cadmium, chromium, lead, and
mercury, occur naturally. However, anthropogenic activities contribute significantly to environmental contamination.
These metals are systemic toxicants known to induce adverse health effects in humans, including cardiovascular
diseases, developmental abnormalities, neurologic and neurobehavioral disorders, diabetes, hearing loss, hematologic
and immunologic disorders, and various types of cancer. The main pathways of exposure include ingestion, inhalation,
and dermal contact. Recent reports have pointed out that these toxic elements may interfere metabolically with
nutritionally essential metals such as iron, calcium, copper, and zinc [33, 34]. In table 7, 8, and 9 above, there was
significant effect of heavy metals on pre planting and post planting of cowpea planted as well as in the soil where maize
was grown. These results were all expected because of the concentration of industries in these areas. Also, Nitrogen,
Phosphorus and Potash were found to be deficient in the highly industrialized and the less industrialized which
indicated that the soil should not be used for agricultural purpose even though the pH was and Neutral. In the same vein
concentrations in (mg/kg) of Cobalt (Co), Cadmium (Cd), Lead (Pb), Nickel (Ni) of soil samples were depicted in Table
4-6. The result of data used to test the first null hypothesis revealed that the sum of squares between regressions was
1.693 with a mean square of 1.693. Similarly, the sum of squares within residual is 48.307 with a mean square of 1.271.
The degrees of freedom were 1 and 39 respectively. The F-calculated was 1.331 greater than 0.256 F-Sig. The null
hypothesis (Ho) was Rejected since F-calculated was greater than F-obtained. The result of data used to test the first null
hypothesis revealed that the sum of squares between regressions was 3.552 with a mean square of 3.552. Similarly, the
sum of squares within residual was 46.448 with a mean square of 1.222. The degrees of freedom are 1 and 39
respectively. The F-calculated value was 2.906> 0.096P F-Sig. The Ho was Rejected since F-calculated was greater than
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F-sig. The result corroborated earlier studies of [23, 26] which invariably showed that there is effect of heavy metals in
the post planting cowpea soil sample.

Furthermore, the result of data used to test the first null hypothesis reveals that the sum of squares between regressions
is 1.308 with a mean square of 1.308. Similarly, the sum of squares within residual is 48.692 with a mean square of
1.281. The degrees of freedom are 1 and 39 respectively. The F-calculated value was 1.021> 0.319b F-Sig. Ho was
Rejected too since F-calculated was greater than F-sig. The result indicated that there was an effect of heavy metals on
post planting maize soil sample.

The progression of metal accumulation in soil samples did not only indicated the level of current contamination but
could also portray an history of activities over a long period of time since soil serves as a sink for these contaminants
[35, 36]. All the metal ions analyzed were present in varying concentrations. Various agencies including World Health
Organization (WHO), United States Environmental Protection Agency (US-EPA) and European Regulatory Standards
(EURS) have set different maximum contaminant limits for heavy metals. The maximum recommended by EURS for soil
samples are: cadmium 3 mg/kg; lead 150 mg/kg. Heavy metals were the most dangerous because they tend to bio
accumulate over time [3].

5. Recommendations

The following could be recommended from this study:

e The levels of heavy metals in the soil should be continuously monitored to check on their levels. Heavy metals
levels in the soil. The heavy metals are very poisonous even in their smallest quantities.

e Sources of heavy metals in soils like inorganic fertilizers, pesticides and acaricides need to be controlled.
Fertilizers, pesticides and acaricides are known to be the sources of some of the heavy metals like lead, zinc
and Cd which have been detected in the soil samples.

e Governments should promote harmonized data collection, research, legislation and regulations, and consider
the use of indicators

e Precautionary measures should thus be taken to avoid chronic toxicity in humans resulting from planting
food crops on soils in high-exposure areas and other human activities which can cause ingestion of edibles
contaminated with these metals.

6. Conclusion

This study obtained these heavy metals: Cobalt (Co), Cadmium (Cd), Lead (Pb), and Nickel (Ni) in higher concentration
in the study areas. Heavy metals have been proven to be toxic to both human and environmental health. Owing to their
toxicity and their possible bioaccumulation, these compounds should be subjected to mandatory monitoring. Several
suitable separation and detection methods are available for laboratories engaged in daily routine analysis of a large
number of biological or environmental samples.
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