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ABSTRACT

The heavy metals (HMs) concentrations in a farmland at Aluu was studied in order to evaluate the
concentration in the soil and assess the health implications. Fresh soil samples were collected at the
farmland and analyzed for heavy metals contents using a standard analytical method. The results of the
analysis indicate that the soil contains iron (Fe), Copper (Cu), Manganese (Mn), Nickel (Ni), Chromium
(Cr), Zinc (Zn), Calcium (Ca), Lead (Pb). The HMs occurred in increasing order of
Zn>Cu>Fe>Mn>Ca>Ni>Pb. The results of the HMs were compared with World Health Organization
(W.H.O) Standard for permissible levels of HMs in Soil. The results indicate that some of the HMs in the
farmland are higher than the W.H.O standard and the farmland is heavily contaminated by Zn and Cu but
moderately -excessive polluted by Ni. Pb Mildly contaminate the study area. The average concentrations
of the HMs in the farmland are (Fe = 45.34ppm; Cu = 60.20ppm; Mn=18.5ppm; Ni=7.3ppm; Cr =0.6
ppm; Zn = 229.10ppm; Ca =7.87ppm; Pb =0.67ppm) with range of ( Fe 3.00-108.95ppm ; Cu = 4.25-
153.50ppm; Mn = 0.60-43.95ppm; Ni = 3.45-42.85ppm, Cr = 0.06-1.29ppm; Zn = 96.60-498.00ppm; Ca
= 1.25-49.35ppm; Pb 2.30-3.7ppm). The implication of HMs contamination in farmland is that it poses
health risk to crops through soil to crop phenomenon as well as potential health challenge to human
through crop to man transmission/food chain. High concentrations of heavy metals in soil and crops have
resulted to soil pollutions and phytotoxicity whereas in humans, excessive HMs in the body have resulted
to lots of health issues and death. There is need for remediation procedures to be carried out in HMs
contaminated farmland in order to ensure food security and sustainable environment.
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INTRODUCTION

The study area Aluu is a sedimentary environment within the Niger Delta basin. The study area is an
evacuated dumpsite which have been converted to a farmland. The poor yield of the agricultural products
in the study area indicates that heavy metals (HMs) probably have played negative effects on the soil of
the study area. Waste of diverse natures such as urban waste, industrial waste, agricultural waste, animal
waste, biomedical waste, and construction materials waste constitute the varieties of waste that generated
heavy metals at the study area. Excessive heavy metals accumulation in agricultural soil makes the crop
unhealthy (Wuana and okiemen, 2011). Heavy metals are elements with high density. The non-
biodegradable and persistence nature of heavy metals in soil cause much risk to plants and humans. Briffa

35


http://www.seahipaj.org/

Ojeh & Onwualu-John ..... ..... Int. Innovative Agric. & Bio. Res 12(1):35-42, 2024

et al.2020 mention about inorganic pollutant associated with heavy metals which are being discarded in
the soil and water and they are not degradable.

Heavy metals can percolate into the underground water and pollute the water thereby jeopardizing water
sources for agriculture and domestic use. HMs can also be absorbed by the plant roots and cause
phytotoxicity and food insecurity to human. Heavy metals can occur in the human body through food
chain (Alengebawy et al 2021). HMs have the tendency to occur in the soil for a very long time
(Adikesavan 2019). Heavy metals emanated from the anthropogenic source(waste dump) can react with
the geo-accumulated heavy metals to create more heavy metals that are greater than the background
values, (Zhigiang et al, 2020, Rui-Ping et al 2020, Tian et al, 2022). Soil is host/sink for HMs (Wadar et
al, 2021). Reactions of the metals can result to metal genesis. Elevated heavy metals in the soil distort the
soil chemistry, soil health, microbial activity, nutrient distribution and plant growth (Abdullahi et al 2020,
Pankaj and Ravin 2023). 2021). HMs accumulation alters soil pH, microbial activities, nutrient quality
and crop yields (Adamczyk-Szabela and Wolfm,2022; Zhang et al 2023;).Heavy metals cause tremendous
environmental risk to soil, agriculture and human health (Philomene and. Komariah) Farmland
contamination by heavy metals have health implications to human being(Probha et al,2019; Osae et al
2023, Philomene and .Komariah 2021). Farmers are exposed to heavy metals during farming activities via
contact with the soil and consumption of heavy metals contaminate plants poses much risk to human
being (Sadi et al 2023, Alengebawy 2021). This research addresses the implications and consequences of
elevated heavy metals in a farm land of the study area.
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Figure 1. Map showing the study area in red. (Modified after google map of 19:03:2024, 10:34pm)

GEOLOGIC SETTING

The study area is in Niger delta Basin. The Niger delta basin consist of Benin Formation, Agbada
Formation and Akata Formation. Reyment, 1965 described the three Formations, stating that Benin
Formation is deposited in partly marine, estuarine, lagoonal and fluvio-lacustrine environment. It’s made
up of coastal and delta top yellow and white sand that contains gravel. They are poorly sorted and cross
bedded with clay, the sediment thickness is about 2000m, it contains some lenses of lignite and marine
fossils whereas, the agbada Formation underlies the Benin Formation. it’s made up of marine sands that
were laid down during marine transgression, it contains shales, Reyment, 1965 described Agbada
Formation is form in paralic environment. It has thickness of over 4000m. it overlies the Akata Formation
while the Akata Formation is described as continental -slope mud and fine sands that has thickness of
between 600 and 6000m.

METHODOLOGY
Field and Laboratory method are employed in this research.
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Figure 3: Portion of the evacuated dumpsite which has become
Infertile for agriculture and awaits remediation

igure 4: IS experiencing poor yield and

Plant discoloration probably due to phytotoxicity

The field method involved selection of the sample points based on land use (farming and dumpsite).
Random method of sampling was used in collecting the samples. Trowel was used to collect the fresh soil
samples at a depth of about 0-10inches and care was taken to ensure that organic materials in the soil was
not involved/collected. The sampling processes were done to cover the area of interest.
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The samples were put in nylon bags, labelled correctly and sent to laboratory for sample preparations and
analytical procedures

Sample Preparations: The samples were air dried at room temperature to dehydrate the moisture
content. The soil samples were further pulverized using mortar and pestle and sieved to maintain uniform
particle sizes.

Acid digestion: Nitric acid (HNO3) was used for the acid digestion methods in order to extract heavy
metals from the soil matrix. The mixture was heated to increase dissolution of the acid and soil sample,
then the solution is filtered to ensure homogeneity.

Analytical procedures: The analytical procedure involved the use of Atomic Absorption Spectroscopy
(AAS) to ascertain the concentration of heavy metals in the filtered sample /solution. The analysis was
carried out at Plant Anatomy and Physiology Research Laboratory, University of Port Harcourt.

RESULTS AND DISCUSSIONS
Table 1: Concentrations of the heavy metals in the farmland (study area)

m;?g Sample Identity in ppm
OAS1 | OAS2 | OAS3 | OAS4 | OAS5 | OAS6 | OAS7 | OAS8 | OAS9 | OAS OAS OAS AV. RANGE | W.H.O
10 11 12
Fe 4475 | 69.15 | 3.00 12.15 | 108.95 | 30.85 | 74.65 | 57.80 | 3345 | 3580 | 25.60 | 47.95 | 45.34 | 3.00- 4255
108.95
Cu 132.70 | 153.50 | 55.15 | 36.70 | 63.25 | 4.25 4450 | 5430 | 26.75 | 4150 | 29.40 | 80.10 | 60.20 | 4.25- 36
153.50
Mn 3435 | 7.50 23.00 | 0.60 1830 | 1655 | 30.05 | 18.90 | 1.00 2.40 2540 | 43.95 | 18.50 | 0.60- <100
43.95
Ni - 8.25 - - - 42.85 - 3.45 27.35 - 6.10 - 73 3.45- 10
42.85
Cr 0.75 0.89 0.94 0.18 0.71 0.76 0.45 0.39 0.45 1.29 0.68 0.06 0.6 0.06- 1.30
1.29
Zn 498.00 | 96.60 | 134.70 | 147.60 | 143.50 | 366.50 | 294.50 | 226.00 | 306.50 | 105.80 | 176.30 | 252.70 | 229 96.60- 50
498.00
Ca 5.20 - - - 23.55 - - 1.25 4.15 49.35 3.10 7.85 7.87 1.25- <100
49.35
Pb 2.30 - - 3.70 - - - - - - - - 0.67 | 2.30-3.7 | 2
Table 2: Results of the Pollution /Contamination Status of the soil at the farmland (study area) using
Pollution index model of Edori and Kpee, 2017
Heavy Range of concentrations in the soil | Contamination/Pollution Contamination /Pollution index model (Extracted
Metals at the farmland Index Result of the soil at the farmland | from Edori and Kpee, 2017)
(study area)
Cu 4.25-153.50 Severely polluted to Excessively 2.1-4.0 = Moderate pollution
polluted
Zn 96.60-498 Excessively polluted 4.1-8.0 =Severe Pollution
Ni 3.45-42.85 >16.0 = Excessive Pollution
Moderately- Excessively polluted
Pb 2.30-3.7 Moderately Polluted

DISCUSSIONS

Iron (Fe): The iron content in all the samples are less than W.H.O standard, which implies that Fe is not a
contaminant at the farmland of the study area

Copper (Cu): All the samples have Cu content greater than W.H.O. standard except three samples
(OAS6, OAS 9, OAS 11) which have Cu content lower than W.H.O standard, though the average
concentrations of all the Cu is higher than W.H.O. standard. The farmland is Severely to Excessively
polluted by Cu.
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Manganese (Mn): All the soil samples have Mn content which falls within the W.H.O. standard and this
depicts that Mn is not a contaminant in the farmland

Nickel (Ni): Two soil samples show concentrations of Ni being higher than W.H.O. standard for soil. The
soil is Moderately to Excessively polluted by Ni.

Chromium (Cr): The whole soil samples analyzed showed chromium content which are within the
W.H.O standard. The result of the analysis indicate that Cr is not a contaminant in the soil of the study
area.

Zinc (Zn): Zinc concentrations in all the soil samples are elevated above W.H.O. standard. Zn appears to
be a major contaminant in the farmland.

Calcium (Ca): Calcium is within the W.H.O. standard for soil. The results show that calcium is not a
contaminant in the farm land of the studied area.

Lead (Pb): Pb contents in the soil of the study area is above W.H.O. standard. This value is classified as
moderately polluted when compared with contamination and pollution index model

(Edori and Kpee,2017)

Sources of the HMs: The farmland was an evacuated dumpsite, the contamination of the farmland by Zn,
Cu, Ni and Pb probably emanated from anthropogenic sources which are associated with the nature of the
wastes than geogenic source. The waste dump probably was enriched with Zn, Cu, Ni and Pb made
materials.

Health risk of the HMs

Human contact with zinc-contaminated soil can lead to skin irritation, rashes, or dermatitis and excessive
zinc concentrations in the soil can as well hinder root development, impair photosynthesis, and ultimately
reduce crop Yields (Shimizi et al. 2003, Kaur and Garg, 2021).

Cu toxicity in the body causes gene mutation, liver damage. stomach irritation, nausea, pain, diarrhea,
headache and respiratory disorder, jaundice, alopecia, anaemia, high blood pressure, rheumatism, asthma,
autism, depression, infertility, insomnia, collapse, seizure and coma then death, Copper also have adverse
effects on soil and plants by negatively affecting the nutrient uptake of the plants and distort the soil
microbial activities thereby altering the soil health and fertility (Barber et al, 2021, Badiye et al, 2013,
Mir AR and Hayata, 2021).

Excess Nickel (Ni) in the body can have negative impact on the blood, immune system, brain,
reproduction organ, and also cancerous in man, Cu toxicity can also result to nausea, vomiting, irritation,
shortness of breath, cough, palpitations, sweating, blurred vision and weakness (Das et al, 2019,
Aleksandra, 2008, Lu, 2021 ). Nickel toxicity can hinder plant growth, reduce seed germination, and
affect the nutrient uptake (Zafar et al, 2023, Babar et al, 2018).

Lead toxicity affects every organ in the body, it affects the nervous system, causes behavioural problems,
lows the 1Q, cause anaemia, increase the blood pressure, damage the brain , kidneys and eventually death
(Samuel et al 2022). Lead contamination in farmland causes risks to both soil and plant. Lead result to
stunted growth in plants, reduced photosynthetic activity, reduced crop yield, lead can pose health risks to
humans, animals and soil. (Wani et al.,2015,)

Remediation Strategy

Phytoremediation: This is the use of plants to detoxify heavy metals in the soil. When detoxified or
absorbed by the plant, the metals are removed by cutting off the plants, in so doing, the level of
contamination in soil is reduced (Nedjimi,2012; Yan et al., 2020; Arjun et al,2022).

Cover Cropping: Hai et al 2022, documented the importance of crop rotation in removing heavy metals in
the soil, it also involves planting cover crops, addition of manure as a way to improve soil physiochemical
features thereby reducing heavy metal availability in the soil.

Bioremediation: Bioremediation incorporates the use of bacteria (microorganism) to disintegrate heavy
metals and make it less toxic(Abo-Alkasem et al., 2023, Henao and Hererra 2021)

Soil Clean up: Soil clean up is a process of removing contaminants from soil through techniques like
washing, or solvent extraction. It involves chemical or physical process. Vikas et al 2023, Priya et al,
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2023, commented that soil clean-up is a technique that remove pollutant from soil and it’s an eco-friendly
approach to removal of heavy metals from the soil.

Chemical Stabilization: This is the addition of other elements (Chemical) to the soil to destabilize heavy
metals contents in the soil and reduce their availability. This process prevents the heavy metals from
being taken up by plants(Tak et al 2023; Da-Mao et al,2021; Qi Jiang 2022,).

Land Reclamation and Restoration: In land reclamation, the contaminated soil is being removed and
replaced by uncontaminated soil because soil particle size helps to control the distribution of heavy metals
in the soil. Soil particle size is a controlling factor for the distribution of heavy metal concentrations in the
soil (Yan, et al. 2017)

CONCLUSION

Contamination of farmland with heavy metals such as copper, zinc, lead, and nickel causes challenges to
agricultural productivity, environmental sustainability, and human health. These metals were probably
introduced through the waste dump that initially existed at the farmland

Copper, zinc, lead, and nickel are vital micronutrients that helps in biochemical processes of plants at
permissible concentrations, but, excessive accumulation of these metals in soil can resulted to toxicity
which hindered the plant growth, nourishment and eventually affect man that depends on the crops.
Remediation can help reduce metal contamination and restore soil fertility. Proper waste managements,
best agricultural practices, and regular monitoring of soil quality can help to safeguard the farmland for
sustainable development and food security
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