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Abstract

Avrticle History

Soil forms an integral part of our agricultural resources and plays an important role in the production of foods and
its security. Agricultural lands have become increasingly contaminated by organic, inorganic and metallic
pollutants. Metals are introduced into the environment through weathering of rock, mining activities and waste
from industries. Phytoremediation is the use of plant species mainly in the remediation of environmental
contamination. It is an emerging technology that is non-invasive, cost-effective and it is environmentally friendly.
The study aimed to evaluate heavy metals concetntrations in abandoned mine sites of Jos-South, Plateau State,
Nigeria. Soil samples from among the native plant species surrounding the abandoned mine areas were collected
and analyzed for total concentrations of lead, arsenic, cadmium, chromium and copper using an Atomic
Absorption Spectrophotometer. The result indicated that the lead, arsenic, cadmium, chromium and copper
contents in the soil samples were 1050-11570, 50-5160, 30-3165, 1120-46293.33 and 3506.67-38376.67mg/kg,
with average contents of 5148.75, 2072.25, 1300.29, 16522.58 and 15114.12mg/kg respectively. The variation
indexes of lead, arsenic, cadmium, chromium and copper were 58.49%, 65.25%, 68.44%, 57.84% and 54.99%
respectively. Various other concentrations were also identified in the samples. Therefore, the study recommends
the use of phytoremediation plants in areas of Jos- South Plateau, Nigeria to remove and stabilize heavy metals in
the mining area.
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1. Introduction

Heavy metals are associated with toxicity effects to human,

Phytoremediation is the use of plant species mainly in the
remediation of environmental contaminants such as heavy
metals, petroleum hydrocarbons, effluent from industries
among others (Sharma et al., 2023). These plants bind and
extract toxic elements including heavy metals from the soil
and water and accumulate in its biomass. Various metal-
binding proteins in the plants are involved in the
absorption, accumulation, translocation, and detoxification
of heavy metals and hence provide tolerance to the plants
(Feki et al., 2021; Sharma et al., 2021). The metal-binding
proteins include phytochelatins, metallothioneins and
transporter proteins, which are known as heavy-metal
ATPases (Chaudhary et al., 2018; Mathur & Chauhan,
2020). The phytoremediation mechanisms mainly involved
phytoextraction, phytostabilization, phytovolatilization, and
rhizofiltration. It is an emerging technology that is non-
invasive, cost effective and it is environmentally friendly
(Shi et al, 2023).

animal and plant systems. Heavy metals are obtained from
natural and anthropogenic sources. The metals from the
natural sources cause less harm to environment, whereas
the metals from anthropogenic sources such as smelters,
thermal power plants, mines, foundries pose a threat to
mankind (Alsafran et al., 2022). Soil microorganisms can
degrade organic contaminants, while metals need
immobilization or physical removal.

Some heavy metals such as Cobalt (Co), Iron (Fe),
Manganese (Mn), Molybdenum (Mo), Nickel (Ni),
Vanadium (V), Copper (Cu) and Zinc (Zn), though consider
as a group of inorganic chemical hazards, are beneficial
microelements required in minute quantities by organisms
for proper growth and wellbeing, while other metals,
particularly cadmium, arsenic, mercury and lead are toxic
and considered as cumulative poison because they do not
have any known beneficial effect in humans (Negahdari et
al., 2021). Chromium (Cr), cadmium (Cd), mercury (Hg),
lead (Pb), arsenic (As), copper (Cu) and zinc (Zn) are the
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most common heavy metal pollutants of soils. Chromium
(IV) compounds are known as human carcinogens, whilst
chromium (111) is considered as an essential element.

The maximum permissible limit of chromium in
agricultural soils established by World Health Organization
is 100 mg/kg (Ajani et al., 2022). Metals are essential, but
all metals are toxic at higher concentrations, because they
cause oxidative stress by formation of free radicals.
However, heavy metals bind to protein- binding sites by
displacing original metals from their natural binding sites
and result in distortion of cells (Varshney et al., 2021;
Janeena et al., 2023). Due to their existence in the
environment for very long period, they negatively impact
human and animal health (Alengebawy et al., 2021). This
causes toxic effect to human, animals and plant which
disrupt the whole ecosystem. A typical example was acute
widespread lead poisoning in  Zamfara state, Nigeria
(Bartrem, 2017). The rising price of gold in the
international  market sent  villagers  prospecting.
Unfortunately, what the local miners found was gold ore
laced with high concentrations of lead (concentration as
high as 10% in most cases). Consequently, thousands of
villagers were exposed to mass lead poisoning. Over 735
children died and thousands were sickened by the
neurotoxin in what is believed to be the worst lead
poisoning epidemic in modern history (Bartrem, 2017). The
aim of the study is to evaluate heavy metals concetntrations
in abandoned mine sites of Jos-South, Plateau State,
Nigeria.

2. Materials and Methods
3.1 Description of Study Area

In Plateau State, Jos has high bounding scarp, by bare
grassland and its Africa’s chief tin- mining region. Its
central area covers about 3,000 square meters and has an
average elevation of 4,200 fts (1,280m). The Plateau has a
cool rainy climate and its source of numerous rivers include
the Kaduna, Krami, and N’gell. Average temperature of
plateau range from 15.5°C to 18.5°C in the coolest months
to 27.5°C to 30.5°C during the hottest months. Plateau share
border with Kaduna state to the North, Kaduna and
Nassarawa state to the East, Benue state to the South and
Taraba state to the East. Jos —South is a local government
area in Plateau state, Nigeria. It houses the Governor’s
office in Rayfied and can thus be described as the de facto
capital of plateau state. Its headquarters are in the town of
Bukuru at 9°48°00”N 8°52°00’E. Jos-South local
government area consists of three main districts; Du, Kuru
and Vwang, and has approximately 510km making it the
second — largest in plateau state with a population of about
306,716 persons as of 2006 census.
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Figure 1: Mape of Plateau State showing the study area
and other Local Government

Source:https://soluap.com;
https://www.nigeriagalleria.com

3.3 METHODS
Collection of samples

The natural plants around the abandoned mine site of
Jos -South were investigated and sampled. Soil
samples from around the plant roots were collected at
the same time as the plant samples. The soil sampling
depth was 0-20 cm.

3.4 Sample processing and determination

The soil samples were dried after removing impurities,
such as stones and animal and plant residues. These
samples were then ground with mortar through a 200
mesh nylon sieve, and bagged until needed. Then, 1.0g
subsamples of the soil were digested in a microwave
digester under a H,SO4- HNOs-HCLO, digestion
system (H,SO,; HNO3: HCLO) = 3:1:1, volume ratio)
until the liquid clarified. The resultant solution were
allowed to cool and filtered through the filter paper, the
solution were made up to 100ml with deionized
water.The content of five heavy metals (Arsenic,
Lead, Cadmium, Chromium and Copper) were
determined by Absorption Spectrophotometer.

3. Results and Discussion

The range of the concentrations of lead, arsenic, cadmium,
chromium and copper in the soil samples were at different
concentrations. Results indicated that the range of the
concentrations of lead, arsenic, cadmium, chromium and
copper were 1050-11570, 50-5160, 30-3165, 1120-
46293.33 and 3506.67-38376.67mg/kg respectively. The
mean concentrations were 5148.75, 2072.25, 1300.29,
16522.58 and 15114.12mg/kg respectively. The variation
indexes of lead, arsenic, cadmium, chromium and copper
were 58.49%, 65.25%, 68.44%, 57.84% and 54.99%
respectively (Table 1).
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According to the results, lead, arsenic, cadmium, chromium
and copper contents in the soil samples were very high
which could be of great threat to living organism around
abandoned sites. The maximum permissible limit of
chromium in agricultural soils established by World Health
Organization is 100 mg/kg (Ajani et al., 2022). The release
of large amount of chromium into soil, ground water, and
air can cause health issues in humans, animals, and marine
life (Fang et al., 2014). Chromium can cause a variety of
diseases through bioaccumulation in human body. This
ranges from dermal, renal, neurological, and Gl diseases to
the development of several cancers including lungs, larynx,
bladder, kidneys, testicles, bone, and thyroid (Fang et al.
2014). Both Cr (V1) and Cr (l11) are capable of producing
Reactive oxygen species (Pavesi & Moreira, 2020). Cr
carcinogenicity is followed by DNA damage as disruption
of transcription regulation. Cr-induced DNA damage
includes DNA-Cr—protein crosslinks, DNA inter/intra-
strand crosslinks, single- and double-strand breaks (SSBs
and DSBs, respectively), and p53 point mutations (Urbano
et al., 2012; Thompson et al., 2013).

The international level of lead poisoning is 10ug/dl
in the blood (Burki, 2012; Kianoush et al, 2013). Anemia
may develop with lead poisoning, this is because lead is
capable of inhibiting ferrochelatase and d-aminolevulinic
acid dehydratase (ALAD), the two of many enzymes
involved in heme biosynthesis the inhibition of
ferrochelatase and ALAD by lead decreases heme synthesis
can leads to anemia (Mense & Zhang, 2006). Arsenic can
inhibit sulfhydryl group containing enzymes which leads to
their dysfunction. Moreover, Arsenic inhibits the pyruvate
dehydrogenase by binding to the lipoic acid moiety of the
enzyme. Pyruvate dehydrogenase inactivation can block the
Krebs cycle and inhibits oxidative phosphorylation. As a
result, ATP production decreases, resulting in cell damage
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(Shen et al., 2013). Human studies on the association
between As-contaminated drinking water and adverse
pregnancy outcomes have shown that arsenic can easily
cross the placenta, particularly during early gestation,
leading to spontaneous abortion, stillbirth, preterm birth,
and low birth weight (Balali et. al 2021).

The lead concentration in the soil, in which soil
sample 27 and 26 had very high concentration of lead
which were sampled from Bar Gaida Doi and soil 37 was
high , which was sampled from Latya Doi. From this
research, Bar Gaida and Latya have high concentration of
lead in the soil. Arsenic concentration in the soil in which
soil sampled of 6 and 37 had very high concentration of
arsenic, they were sampled from Behind Rafied Resort
and Latya, Du, these locations have high concentration of
arsenic in the soil. Cadmium concentration in the soil, in
which soil sampled 40, 37, 38 and 27 have high
concentration of cadmium which were sampled from
Dumpa Doi, Latya Du and Bar Gaida respectively. Dumpa
Doi, Latya and Bar Gaida have high concentration of
Cadmium in the soil. Concentration of Chromium in
the soil in which soil sampled 32, 31,29, 30 and 27 have
high concentration of chromium in the soil which were
sampled at Behind Rafied Resort and 27 was Bar Gaida.
Therefore, Behind Rafied Resort and Bar Gaida have high
concentration of chromium. The concentration of copper in
the soil in which soil sampled 3, 4,5 and 33 have high
concentration of copper in the soil which were sampled
from Behind Rafied Resort and 33 was sampled from Shen
Doi.

Table 1; Mean concentrations of Pb, As, Cd, Cr and Cu in the soil around the abandoned mine site of

Jos —south Plateau, Nigeria.

Parameters Lead Arsenic  Cadmium Chromium  Copper
SOIL Mean £ SD 5148.75  2072.25 1300.29 16522.58  15114.12
(mg/kqg) +3011.47 +1352.18 £889.91  +9556.56  £8310.73
SEM 476.50 213.95 140.81 1512.11 1314.99
Max
(mg/kQ) 11570.00 5160.00 3165.00  46293.33  38376.67
Min
(mg/kQ) 1050.00 50.00 30.00 1120.00 3506.67
%
Coeff.Var 58.49 65.25 68.44 57.84 54.99

SD = Standard Deviation, SEM = Standard Error of Mean
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S1 Kusteletzkya virginica (L.)
S3 Urena lobata

S4Vernonia amygdalina Del.
S5 Psidium guajava L.

S6 Acacia xanthophloea Benth
S7 Sida rhombi folia

S9 Oclemena nemoralis
(Aiton)Greene

S10 Crotalaria spectabilis Roth.
S11 Dodonaea viscosa

S12 Solanum erianthum
S13 Lantana camara

S14 Baccharis salicifolia
S15 Persea Americana

S17 Mitracarpus villosus
S18 Woriona saharae Benth &
Coss

S19 Arctium minus

S20 Broussonetia papyrifera
S21 Eucalyptus camaldulensis

S22 Mangifera indica L.

S23 Sclerotinia
sclerotiorum(Lib.)de.Bary.

S24 Ipomoea pescaprae(L.)R.Br.
$25 Mimosa borealis

S26 Ficus religiosa L.
S27 Adansonia digitata L.
S28 Ziziphus oenoplia(L.) Mill

S29 Eucalyptus robusta
S30 Ipomoeba acquatica

S31 Carissa spinarum L.
§32 Catha edulis

$33 Volkameria inermis
S34 Acacia
catechu(L.F.)wild

S35 Terminalis mollis
M.A.Lawson

S37 Colocasia esculenta

$38 Hibiscus sabdariffa

S39 Ipomoea batatas
S41 Artcmisia californica

These locations have high concentration of copper in the
soil. High concentration of metal in the soil may be
attributed to anthropogenic activities, this is because mining
tailings are scattered in this area, increased
industrialization, industrial wastes and automobile wastes
may be released into the environment. Research conducted
in the vegetables from Jos-South revealed that all the
vegetables were contaminated with metals (Dabak, 2013).
Jos-South is an environment where mining tailing activities
is carried out day by day which may be contributing factor
of high concentration of metals in the soil. From the
foregoing, this studied revealed that the soil in Jos —South
were highly contaminated with heavy metals which is in
agreement with the work of Dabak in 2013 who reported
that the vegetables in Jos-South were highly contaminated
with heavy metals due to anthropogenic activities carried
out in the environment.

4. Conclusion

The findings of this study demonstrate that soils across
multiple locations in Jos-South are significantly
contaminated with heavy metals, posing substantial
ecological and public-health risks. Lead, arsenic, cadmium,
chromium, and copper exceeded permissible limits in
several sampled sites, particularly Bar Gaida, Latya,
Dumpa Doi, Behind Rafied Resort, and Shen Doi. The
elevated concentrations of these metals are consistent with

the intense anthropogenic activities in the region, especially
mining, industrial operations, and improper waste disposal.
The toxicological implications of these contaminants are
profound: chromium exposure can lead to oxidative stress,
DNA damage, and increased cancer risk; lead disrupts
heme synthesis and contributes to anemia; arsenic impairs
key metabolic enzymes and crosses the placenta, causing
adverse pregnancy outcomes; while cadmium and copper
also contribute to organ toxicity and environmental
degradation. The distribution pattern observed in the soil
samples aligns with earlier reports, including Dabak (2013),
which documented heavy metal accumulation in vegetables
cultivated in Jos-South. This correlation underscores that
contamination is persistent and bioavailable, entering the
food chain and endangering both humans and animals.
Overall, the study reaffirms the urgent need for
environmental monitoring, remediation strategies, and
stricter regulation of mining and industrial activities to
protect communities within the region.

Declarations

Ethics approval and consent to participate

Not Applicable

Consent for publication

All authors have read and consented to the submission of
the manuscript.

Availability of data and material

145



Available: https://doi.org/10.54117/72gmd845

Not Applicable.

Competing interests

All authors declare no competing interests.
Funding

There was no funding for the current report.

Reference

Ajani, M. B., Maleka, P. P., Penabei, S. & Usman, I. T.
(2022). Health risk assessment of heavy metals
concentration from soil; a case study of the Mayo-
Dallah in Southern area of Chad. Journal of
Radiation Research and Applied Sciences, 15(1),
130-138.

Alengebawy, A., Abdelkhalek, S. T., Qureshi, S. R. &
Wang, M. Q. (2021). Heavy metals and pesticides
toxicity in agricultural soil and plants: Ecological
risks and human health implications. Toxics 9, 42.

Bartrem, C. (2017). Environmental Heath and Risk
Assessment: Lead Poisoning, Remediation, and

Project Sustainability in Zamfara, Nigeria and
Lead-Arsenate Contamination in Washington,
USA (Doctoral dissertation, University of 1daho).

Chaudhary, K., Agarwal, S., and Khan, S. (2018). “Role of
phytochelatins (PCs), metallothioneins (MTs), and
heavy metal ATPase (HMA) genes in heavy metal
tolerance,” in Mycoremediation and environmental
sustainability (Cham: Springer)

Dabak, J. D., Solomon, M. D., & Gabriel, S. M. (2013).
Comparative study of some heavy and trace metals
in selected vegetables from four local government
areas of Plateau State, Nigeria

Fang, Z., Zhao, M., Zhen, H., Chen, L., Shi, P., and
Huang, Z. (2014). Genotoxicity of tri-and
hexavalent chromium compounds in vivo and their
modes of action on DNA damage in vitro. PloS
One 9 (8), €103194. doi:10.1371/journal.pone.
0103194

Feki, K., Tounsi, S., Mrabet, M., Mhadhbi, H., and Brini, F.
(2021). Recent advances in physiological and
molecular  mechanisms of heavy  metal
accumulation in plants. Environ. Sci. pollut. Res.
28.

Negahdari, S., Sabaghan, M., Pirhadi, M., Alikord, M.,
Sadighara, P., Darvishi, M., & Nazer, M. (2021).
Potential harmful effects of heavy metals as a toxic
and carcinogenic agent in marine food-an
overview. Egyptian  Journal  of  Veterinary
Sciences, 52(3), 379-385.

4®lntdllgcn sia Publishing Services

Antioxidant and Dietary Fibre C of Prod

This study found that adding banan
increasing dietary fiber and antioxidant content, while reducing glycemic index

!hors

areas
i e S DoI:
.,._ ~= 2! I Sarticle '
Beatons pubhshers Journal
self amh.v.ngagreements“ s
e i3

rt icles

Produced From Wheat an

Impact of Pr

Cite as: Oguntoyinbo, O. O., Olumu
nana Peel Flour. IPS Jourr

Research article

Sharma, P., Pandey, A. K., Udayan, A., and Kumar, S.
(2021). Role of microbial community and metal-
binding proteins in phytoremediation of heavy
metals from industrial wastewater. Bioresource
Technol. 326, 124750. doi:  10.1016/
j.biortech.2021.12475

Sharma, J. K., Kumar, N., Singh, N. P., & Santal, A. R.
(2023). Phytoremediation technologies and its
mechanism for removal of heavy metal from
contaminated soil: An approach for a sustainable
environment. Frontiers in Plant Science, 14, 78.

Shekhawat, K., Chatterjee, S., and Joshi, B. (2015).
Chromium toxicity and its health hazards. Int. J.
Adv. Res. 3 (7), 167-172.

Shen, S., Li, X.-F., Cullen, W. R., Weinfeld, M., and Le, X.
C. (2013). Arsenic binding to proteins. Chem. Rev.
113 (10), 7769-7792. doi:10.1021/cr300015c

Shi, J., Qian, W., Jin, Z., Zhou, Z., Wang, X., & Yang. X.
(2023). Evaluation of soil heavy metals pollution
and the phytoremediation potential of copper-
nickel mine tailings ponds. PL0oS ONE
18(3):e0277159.

Shi, L., Li, J., Palansooriya, K. N., Chen, Y., Hou, D.,
Meers, E., ... & Ok, Y. S. (2023). Modeling
phytoremediation of heavy metal contaminated
soils through machine learning. Journal of
hazardous materials, 441, 129904.

Urbano, A. M., Ferreira, L. M. R., and Alpoim, M. C.
(2012). Molecular and cellular mechanisms of
hexavalent chromium-induced lung cancer: an
updated perspective. Curr. Drug. Metab. 13 (3),
284-305. doi:10.2174/ 13892001279932

Varshney, A., Mohan, S., & Dahiya, P. (2021). Growth and

antioxidant responses in plants induced by heavy
metals present in fly ash. Energy, Ecology and
Environment, 6, 92-110.

ABOUT JOURNALS IPS BOOKS ARCHIVES SUBMISSION SERVICES CAREER CONTACT US

d From Wheat and Banana Peel Flour

a peel flour to wheat flour can improve the nutritional value of noodles, such as

rewa, J. A. V., & Omoba, O. S. (2023). Antioxidant and Dietary Fibre Content of Noodles
hal of Nutrition and Food Science, 2(2), 46-51.

on The Seed Germination Beha

This study found that
down the seed coat an

Submit your manuscript for publication: Home -

IPS Intelllqent5|a Publlshlnq SerVIces

of Sorghum (Sorghum bicolor)

146


https://ipsintelligentsia.com/

