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Abstract
The Niger Delta environment is under serious threat due to heavy metal pollution. Many studies have been conducted on 
the heavy metal contamination in soils, water, seafood and plants in the Niger Delta ecosystem. However, there is a lack 
of clear understanding of the health consequences for people and strategies for attaining One Health, and a dispersion of 
information that is accessible. The study focused on investigating the contamination levels, distributions, risks, sources and 
impacts of heavy metals in selected regions of the Niger Delta. Prior studies revealed that the levels of certain heavy metals, 
including Cd, Pb, Cu, Cr, Mn, Fe and Ni, in water, sediment, fish and plants in most Niger Delta ecosystems were higher 
than the acceptable threshold attributed to various anthropogenic stressors. In the reviewed Niger Delta states, ecosystems 
in Rivers state showed the highest concentrations of heavy metals in most sampled sites. Groundwater quality was recorded 
at concentrations higher than 0.3 mg/L World Health Organization drinking water guideline. High concentrations of cop-
per (147.915 mg/L) and zinc (10.878 mg/L) were found in Rivers State. The heavy metals concentrations were greater in 
bottom-dwelling organisms such as bivalves, gastropods and shrimp than in other fishery species. Heavy metal exposure 
in the region poses risks of communicable and non-communicable diseases. Diverse remediation methods are crucial to 
reduce contamination levels, but comprehensive strategies and international cooperation are essential to address the health 
hazards. Actively reducing heavy metals in the environment can achieve One Health objectives and mitigate disease and 
economic burdens.
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Introduction

Heavy metals are amongst the persistent organic contami-
nants pervasive in the environment and bioaccumulate 
[1]. They are naturally occurring metallic elements with 
atomic weights and densities greater than those of water 
[2, 3]. Although certain heavy metals, such as iron and 
zinc, are physiologically essential and play vital functions 
in the body, cadmium, chromium, copper and lead are not 
essential and have adverse effects at low concentrations 
that cause acute and chronic toxicities [4]. As a result of 
the effects it has on the ecosystem, heavy metal contamina-
tion has received more attention from the general popula-
tion [5]. They pose severe risks to man and biota due to 
their persistence in the environment and capacity to accu-
mulate in humans through the food chain [6–8]. Amongst 
these risks include impairments of the brain system, vas-
cular system, immunological system, gastrointestinal and 
renal malfunction, cancer and skin lesions [2, 6].

Heavy metal diverse environmental sources may have 
either natural or anthropogenic origins [2, 9, 10]. How-
ever, anthropogenic sources are the primary contributors 
of heavy metals in diverse environmental media. They 
include residential and commercial sewage, urbanization, 
mining and oil and gas exploration. According to Ihunwo 
et al. [11], the Niger Delta ecosystems are extensively 
impacted by sewage input, exacerbated by poor waste man-
agement techniques. Most coastal communities’ popula-
tions appear to dump garbage into nearby rivers, estuaries 
and the ocean without much or any treatment.

The Niger Delta is a fan-shaped region in southern 
Nigeria with a size of over 70,000  km2 [12]. The region 
is rich in natural resources, particularly hydrocarbon 
reserves, which boost oil and gas development operations, 
which are crucial to the stability of the nation's economy 
[13]. It is amongst the richest petroleum tertiary deltas in 
the world, collectively making for around 5% of global oil 
and gas reserves [14]. The area also has vast mangrove 
forests, brackish swamp forests and rainforests, as well 
as substantial fish resources and agricultural fields [15]. 
Although fragile, the Niger Delta region’s ecology is dis-
tinguished by various indigenous terrestrial, aquatic and 
animal species [16, 17]. Environmental concerns are posed 
by these toxic heavy metals, which are found in signifi-
cant amounts in domestic and industrial effluents released 
into the ecosystems of the Niger Delta [18, 19]. Industrial 
waste discharged into rivers contributes to river pollution, 
threatening aquatic life, lowering water quality, resulting 
in ecological imbalances [20], and eventually affecting the 
food chain.

Furthermore, uncontrolled oil exploration operations 
are now a significant source of heavy metal contamination 

and have been the focus of various research projects in the 
area [21]. Given the ongoing oil and gas exploration in the 
area, the population of the Niger Delta are often exposed 
to environmentally toxic metals. The United Nations Envi-
ronment Programme (UNEP) study on environmental 
assessment of Ogoni land, Niger Delta, revealed that heavy 
metal levels in the drinking water, air and agricultural soils 
examined in 10 settlements were higher than the permis-
sible threshold [22]. The Niger Delta ecosystems are also 
affected by shipbreaking yards, gas production facilities, 
aquaculture facilities, untreated port waste, plastic bottles 
and other disposable items. The several synergistic human 
activities pollute water, endanger aquatic species and cre-
ate long-term health risks to people.

In polluted waters, fish, crabs and other aquatic biota get 
contaminated and accumulate in different organs like mus-
cles, liver and kidney. Human get exposed through inhaling 
gas released during gas flare-ups, consumption of contami-
nated food such as shellfish and vegetables and drinking 
contaminated water [4, 8, 23]. Since fishing for both sub-
sistence and commercial purposes, as well as agricultural 
and aquaculture production is one of the primary activities 
of the Niger Deltans, there is a chance that infected fish or 
crops will be harvested. The consumption of these fish and 
other seafood from these waters impairs human health over 
the long run and may damage organs [24, 25].

According to the Lancet Commission on Pollution and 
Health, pollution causes an estimated 9 million prema-
ture deaths worldwide yearly. Pollution is, thus, the lead-
ing environmental cause of illness and death [26]. Also, 
the World Health Organization [27] stated that one of the 
leading environmental health concerns is water pollution, 
which increases the burden of illness in the kidneys, liver, 
lungs and brain, as well as carcinogenic risks affecting 
human health and the environment. Environmental Sustain-
able Development (ESD) may be possible with the help of 
emerging technology, such as bioremediation techniques, 
which might provide mitigating strategies for the increas-
ing heavy metal impact on water resources. The ESD entails 
improving people’s quality of life, enabling them to live in 
a healthy environment and improving socioeconomic and 
environmental conditions for current and future genera-
tions [28]. The 2030 Agenda for Sustainable Development 
calls for everyone, from individuals to stakeholders, to take 
action to solve the challenges highlighted in the Sustainable 
Development Goals (SDGs) [29]. The SDG 14, ‘Life below 
Water’, is particularly concerned with the effects of pollu-
tion on the aquatic environment. Also, people’s health is 
pertinent, which is also affected by the environment (water, 
soil and air), and is related to SDGs 3 and 11.

Therefore, heavy metal and water pollutant effects and 
responses are interdisciplinary, necessitating the One 
Health perspective to support sustainable environmental 
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management properly. So it is crucial to promote One Health 
as an integrated, unified strategy to balance and improve 
the health of humans, animals and ecosystems [30]. One 
Health initiative integrates human, animal and environmen-
tal health to enhance outcomes and solve the global prob-
lem [31]. Despite the World Health Organization’s extensive 
work on environmental pollution, there are few reports on 
heavy metal contamination. The Niger Delta area contin-
ues to experience an upsurge in the burden of heavy metal 
pollution and related health risks. Although several studies 
on heavy metals in the Niger Delta environment have been 
conducted, there has not been a comprehensive synthesis of 
these studies covering the previous decade. This research 
conducts a thorough literature review to methodically evalu-
ate the heavy metal contamination situation in the Niger 
Delta, focusing on the effects on the environment, plants, 
water, sediment, fish and human health.

Methodology

A comprehensive and extensive compilation was utilised 
to assess previously published research and review articles 
on heavy metal pollution. The studies focused on various 
aspects of heavy metal pollution and their routes in plants, 
sediment, water and soil, as well as their health effects on 
human health and ecosystems. The three central Niger Delta 
states, Bayelsa, Delta and Rivers state (Fig. 1), were the only 
focus of the study between 2012 and 2022. The selection of 
Bayelsa, Delta and Rivers states as central Niger Delta states 
is based on their representation of the oil-rich Niger Delta 

region. With abundant oil and gas reserves, these states have 
emerged as prominent centers for petroleum exploration and 
production in Nigeria over many years. As a result, they 
play a crucial role in contributing significantly to Nigeria’s 
oil revenue compared to other states within the Niger Delta 
region.

The search item used included ‘Heavy metals in sedi-
ments’, ‘Heavy metals exposure’, ‘Heavy metals in water 
of Niger Delta’, ‘Trace elements in water’, ‘Heavy metals 
in sediments’, ‘Heavy metals in river sediment’, ‘Heavy 
metal contamination in fishes’, ‘Heavy metals remediation’, 
‘remediation of heavy metal contamination’ and ‘Heavy 
metal effects on human health’. The inclusion and exclu-
sion criteria approach collected 189 research publications 
on heavy metals and their exposure-related studies from 
globally known sources such as Science Direct, Web of Sci-
ence, Scopus, Springer and the World Health Organization 
(WHO). This review only considered studies and articles 
that specifically examined the presence of heavy metals in 
water and soil within Bayelsa, Delta and Rivers State. Stud-
ies that did not directly address this topic were excluded 
from the review. To ensure the relevance of the information, 
articles published within the last 10 years from the time of 
writing this manuscript were considered. Publications that 
were not accessible or lacked comprehensive information 
about the study in their abstracts were also excluded from 
the review. After abstracts were sorted, full-text publica-
tions and reports were reviewed to identify research that was 
wholly or partly related to the study’s objectives. Follow-
ing this, research that did not align with the purpose of the 
present study was excluded, leaving just the most relevant 

Fig. 1  The three significant 
hubs of petroleum exploration 
and production in Niger Delta, 
Nigeria, selected as case studies
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papers for the current review. The objectives of the identi-
fied studies were classified. Finally, the results were pro-
cessed and analysed to compare heavy metal concentrations 
from different sources.

Heavy Metal Sources in the Environment

Heavy metals in the environment may come from both 
natural and anthropogenic sources. Natural sources such 
as volcanic eruption, mineral dissolution, rock weathering, 
tsunami, hurricanes, forest fires, storm surges, leaching and 
evaporation from soil and water surfaces, droughts, flood-
ing, erosion and earthquakes all contribute to the heavy 
metal pollution in the environment [32, 33]. The Niger 
Delta is notably inundated during the rainy season; major 
floods happen when rivers surge past their normal levels. 
The Niger Delta experienced severe flooding in 2022, and 
several toxins from non-point sources are expected to have 
been released into the environment. Anthropogenic sources 
are generally considered the primary causes of rising levels 
of heavy metal pollution, as opposed to natural sources.

Domestic sources of heavy metals in the environment 
include burning kerosene, burning wood, incineration of 
trash and refuse, crop waste (agricultural), sewage and gar-
bage, plastic waste and electronic waste. Increased solid 
and liquid waste is dumped in the water due to increased 
human population and waste generation. Ezekwe and 
Edoghotu [34] and Asim and Nageswara Rao [35] stated 
that heavy metal-containing domestic garbage that has 
not been treated is continuously dumped into rivers and 
streams. Local communities with little or nonexistent 
waste management procedures are mostly affected. When 

dumped into the aquatic environment, these domestic 
wastes constitute ecosystem risks, ultimately lowering the 
water quality [36].

Heavy metals are one of the primary contaminants that 
the industrial sector releases into the environment, includ-
ing the air [37]. Heavy metals, including lead, cadmium 
and chromium, are amongst the heavy metals in industrial 
waste. Heavy metals cannot be degraded; instead, they build 
up inside living things, impair immunological function and 
damage vital organs (Fig. 2). Farmers who are ‘ignorant’ 
care little about the environment’s advantages or risks and 
exclusively focus on increasing agricultural yields and prof-
its may utilise municipal and industrial wastewater. Heavy 
metal accumulation in the soil and biota may eventually arise 
from continuously irrigating land with industrial wastewater 
[38]. According to reports, industrial activity caused nickel 
concentrations in sediments from the northwest Persian Gulf 
to adversely impact aquatic organisms [39]. High levels of 
cadmium, lead, chromium, copper, zinc, mercury and arse-
nic were discovered across industrial parks and developed 
towns along the Yangtze River in China [40].

Another source of heavy metals is fertilizer and chemicals 
in agriculture. Toxic metallic and metalloid elements are 
also abundant in mine soil, which is a significant source for 
the environment on the earth’s surface [41]. High metal con-
centrations are introduced during the oxidation of sulphide 
ores, especially those found near the earth’s surface rich in 
pyrite. The numerous pollutants in the topsoil are washed 
away by precipitation and deposited in the environment. A 
significant environmental issue is also the production of 
acidic wastewater and water discharge from mining wastes 
that contain high amounts of dissolved metals [42].

Fig. 2  Heavy metal contamination pathway and effect on humans
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Similarly, oil exploration and extraction have posed a 
significant environmental threat to the Niger Delta for more 
than six decades [21]. There is significant pollutant-atmos-
phere interaction, and environmental pollution in the form 
of crude and refined oil spillages, gas flares and artisanal 
refining has a detrimental influence on the air, vegetation, 
water, arable land and aquatic ecology [43–45]. Rainwater 
is a significant source of small pollution particles entering 
rivers from the air. According to the WHO, air pollution is a 
significant environmental health concern linked to increased 
chronic and acute respiratory conditions, such as asthma and 
cancer [46].

Higher amounts of heavy metals exposure to receptors is 
a global health concern. Due to increased human activity, 
heavy metal concentrations and severity are increasing in the 
Niger Delta. Evidence shows that heavy metals adversely 
affect human health and the natural systems that sustain 
them [47, 48]. Therefore, it is vital to assess the level of 
heavy metal pollution of the entire ecosystem (including the 
surface, plants, sediment, soil and biota) to protect human 
life and preserve nature.

Current State of Heavy Metal Levels 
in Different Environmental Media 
of the Niger Delta Ecosystem

Heavy Metals in Waters of Niger Delta

Heavy metal contamination in water columns deteriorates 
water quality in Niger Delta [49–54]. Heavy metals have 
been identified at alarming levels in rivers in the previous 
decades, as shown in Table 1.

Fe concentration range in surface waters Edagberi creek 
0.028 ± 0.00–0.075 ± 0.03 mg/L [67] and from Aguobiri 
community [93] all in Rivers state were below the allowed 
limit [99, 101]. Groundwater quality recorded concentrations 
higher than 0.3 mg/L World Health Organization drinking 
water guideline in the study of Olalekan et al. [72]. How-
ever, it was found to be less in the study of Oyem et al. 
[61]. Odekina et al. [63] discovered high Fe concentra-
tions (36.9 mg/L) in interstitial Water from Isaka-Bundu 
Water Front in Rivers State above the standard specifica-
tion. Ihunwo et al. [1] determined significant Cd concentra-
tions in Woji Creek (0.146 mg/L), and 4.45 ± 2.43 mg/L in 
water samples was observed in Okirika Rivers state [90], 
which was above Standard Organization Nigeria (SON) 
[101] permissible limit. Copper concentrations were shown 
to be higher during the dry season than in the wet season 
and, in these cases, were above permissible limits [62, 
66, 98]. High concentrations of copper (147.915 mg/L) 
and zinc (10.878 mg/L) were found in Isaka-Bundu Water 
Front in Rivers State [63]. The level of Pb found in the 

Okuluagu creek (3.95 mg/L) was above the WHO [100], 
SON [101] and NER [99] threshold limits [75]. Similarly, 
2.04 ± 0.01 mg/L Pb was observed in Elebele waters [57]. 
In contrast, several studies recorded lower levels of Pb 
(0.02 ± 0.00–0.06 ± 0.00 mg/L) in Aghoro Community [56], 
Yenegoa Metropolis (0.036–0.098 mg/L) [53] and Elelen-
won (0.428 ± 0.001 mg/L) but were still above permissible 
levels.

Mercury in water is harmful to man, animals and food 
crops. While < 0.001 mg/L of Hg was found in Sagbama 
creek [59], 0.02 ± 0.02 mg/L in Owubu creek Rivers and 
0.05 ± 0.01 mg/L from an Imiringi Oil field in Bayelsa state 
[49]. However, in Andoni Rivers, Hg level ranged between 
0.02 and 0.04 mg/L across the different seasons [54]. In the 
Oginigba river, the content of Cr (3 mg/L) was found to be 
much over the WHO [100] (0.5 mg/L) and SON [101] limits 
(0.05 mg/L) [86]. Lower Cr values were found by George 
and Abowei [3] and Ekweozor et al. [75]. The level of Ni 
discovered (0.221 mg/L) in the Bonny River (Onojake et al. 
(2017) and 3 mg/L in Bomu river and Oginigba river [86] 
in Rivers state surpassed the WHO [100] of 0.07 mg/L, and 
the SON [101] permitted limit (0.01 mg/L). However, an 
earlier study showed 16.45 ± 23.49 µg/L of Ni during the 
dry season and 27.51 ± 34.01 µg/L during the wet season 
in Bonny River Marcus et al. [92]. The Mn content in efflu-
ent from paint industries in Yenagoa Metropolis was found 
(0.037–1.769 mg/L) [53], which was within the National 
Environmental Regulations’ permissible limit of 0.05 mg/L 
[102]. Aluminium levels were recorded in Amadi creek at 
0.01–0.08 mg/L [89] and 0.88 mg/L in Soku [71], higher 
than NER levels of 0.2 mg/L.

The studies of Marcus and Ekpete [90], Imasuen and 
Egai [93] and Marcus et al. [92] also recorded concentra-
tions of vanadium in various water samples. Cobalt con-
centrations were found above 0.2 mg/L in the Niger Delta 
[53, 70, 78, 85]. Co is good for health at lower concentra-
tions but causes lung and heart problems and dermati-
tis by exposure to higher levels [102]. Edori et al.’s [70] 
studies observed the presence of silver 1.428 ± 0.384 in 
the Elelenwo River. Bekeowei and Bariweni [53] reported 
very high arsenic levels 1.195 to 5.022 compared to the 
studies of Edori and Kpee [85], which recorded (0.15 to 
0.37 mg/L) and Aleru-Obogai et al. [54] that observed 
approximately 0.2  mg/L. These values exceeded 0.01 
WHO [100] and SON [101] threshold levels. Magnesium 
content was found to be 23.03 ± 4.74 mg/L in Brass river 
[77] and 0.91 mg/L in Otuoke [60] and were significantly 
below the SON [101] and NER [99] acceptable limits 
(30 mg/L and 40 mg/L, respectively). The levels of heavy 
metals in the Southeast region of Nigeria have shown 
higher concentrations in groundwater sources from mining 
communities in Abakaliki, particularly in areas close to 
active mines [103]. A seasonal analysis revealed a decrease 
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1 3

in the concentration of chemical constituents during the 
rainy season compared to the dry season [103]. Similarly, 
in Northwest Nigeria, the water samples obtained from 
artisanal and local mining sites exhibited concentrations of 
heavy metals above the permissible limits [104]. The water 
in the Niger Delta communities is potentially hazardous 
due to its high concentration of hydrocarbons and other 
pollutants, which can cause serious health risks if ingested 
directly or indirectly.

Heavy Metals in Soil and Sediment of Niger Delta

Given the anthropogenic activities and impacts of oil 
industries and artisanal refining during the past six decades 
in the Niger Deltas, ecological restoration of contaminated 
soils has been a significant concern [21]. As a result, the 
soils of the Niger Delta (Table 2) are contaminated with 
heavy metal concentrations [105, 109, 117, 122].

Sediment is a significant and dynamic component of 
aquatic ecosystems, including various ecosystems and 
conditions. Since sediments are typically sinks for vari-
ous anthropogenic stressors, sediments are widely used to 
evaluate environmental contamination levels [1]. Due to 
dissolution, precipitation, sorption and other complex pro-
cesses, heavy metals in sediment experience considerable 
speciation changes as they travel through the river system 
[125]. Heavy metal concentrations in sediment are sig-
nificantly higher than in the water column as metals accu-
mulate in the substratum [1, 126]. Sediments in aquatic 
ecosystems may be contaminated by leachates transporting 
chemicals from various urban, industrial and agricultural 
activities, traffic emissions, terrestrial runoff and effluent 
disposal [53, 84]. Gijo and Alagoa [127] stated that the 
leading causes of heavy metal contamination in sediment 
include domestic wastes, industrial effluents, fertilisers and 
pesticides.

High levels of heavy metals are found in sediment and 
water due to the significant amounts of heavy metals emit-
ted by industrial and urban effluents. Cadmium contami-
nation was found in sediment from Bodo creek [84], Oku-
luagu creek [75], Kolo creek [71, 128] and Woji creek [1] 
(Table 3). In contrast, heavy metal concentrations in sedi-
ments from the Ethiope river [134] and Diebu creek [58] 
were all reduced and within DPR permissible limit [124]. 
However, the continuous use of crops, water and fisheries 
from the Niger Delta could negatively affect public health. 
Elevated concentrations of heavy metals have been observed 
in various ecosystems beyond the area under review [138]. 
These high concentrations are primarily attributed to mining 
and industrial activities, and other anthropogenic contribu-
tions such as the direct discharge of used-lubricant oil, scrap 
metals, tire wear and emissions from traffic [139].Ta
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1 3

Heavy Metals in Fish and Shell Fishes of the Niger 
Delta

Toxic heavy metals can bioaccumulate and biomagnify 
in seafood, subsequently transmitted to humans through 
the food chain [6, 8]. Ingestion of chemically contami-
nated foods generates anthropogenic foodborne diseases 
[140]. Fish and fishery products are essential components 
of a healthy diet [141, 142]. They contain several essen-
tial nutrients, including omega-3 fatty acids, are low in 
saturated fat and are a cheap source of animal protein in 
developing countries [143, 144]. The diverse ecosystems 
of the Niger Delta are potential hotspots for numerous spe-
cies and economic trends, with local and rural communi-
ties engaging in commercial fishing [1]. Since fish is the 
primary source of animal protein in the Niger Delta, heavy 
metals in the aquatic diet have become the principal pol-
lutant in this region, as detailed in Table 4 for the various 
heavy metal pollution.

Heavy metals have become the principal pollutants in 
fish diets due to the increased entry of heavy metals into 
the aquatic environment from anthropogenic activities 
such as oil extraction, industrial waste and metal effluent 
discharge [18, 19]. Untreated industrial waste, discarded 
battery particles, painting paints derived from Pb sources, 
gasoline from cargos, motorised boat transit routes and 
inappropriately discharged domestic wastes all contribute 
to the accumulation of heavy metals in the environment 
[145]. The use of polluted seafood poses serious health 
risks worldwide [146]. As a result, heavy metal contami-
nation in food is considered one of the most severe risks 
to human health [91].

Heavy metals enter the aquatic environment via natural 
and anthropogenic sources, posing significant hazards to 
aquatic biota and humans [32, 33]. Absorption of particu-
late particles in sediment-to-water interactions, types of 
feed ingestion, adsorption on tissue and skin surfaces and 
ion exchange into lipophilic tissues are significant path-
ways of heavy metal fish accumulation [5]. These heavy 
metals absorbed in fish are transported to humans through 
the food chain and deposited in various tissues and vital 
organs [84, 86]. Many food safety studies have been linked 
to the risk of consuming heavy metal-contaminated foods 
[147, 148], particularly concerning metal accumulation in 
fish [1, 149]. The presence of metal concentrations in fish 
implies environmental contamination that threatens human 
health and is highlighted in Table 4.

In the Woji Creek Rivers state, Mugil cephalus was dis-
covered to have a mean concentration of Cu higher than 
the national and international food safety standard lim-
its at 33.48 ± 15.54 mg/kg [1]. Moslen [150] states that 
Mugil cephalus recorded levels of 4.12 ± 1.07 mg/kg at 
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Azuabie Creek in Rivers State and 1.49 ± 0.06 mg/kg at 
Forcados Terminal in Delta State [151]. Copper is essen-
tial for health, especially in synthesising many enzymes, 
including haemoglobin [152]. However, excessive copper 
consumption has been linked to altered liver and renal 
function [153]. Tympanotonus fuscatus and Pachymelania 
aurita from Bayelsa, in contrast, observed higher Cu con-
centration values of 33.3 ± 1.43 mg/kg and 57.0 ± 4.0 mg/
kg, respectively [154].

The maximum permitted limit of lead contaminants in 
fish is 0.5 mg/kg, according to FSANZ [155]. Mean Pb 
values of 10.59 ± 9.12 mg/kg in Mugil cephalus [1] and 
0.74 ± 0.002 mg/kg in Calamichthys carabaricus [156] 
were above the safety guidelines. According to Patrick-
Iwuanyanwu et al. [156], the mean concentrations of sea-
food from the three Bayelsa markets (Swali, Mbiama and 
Kpansha) ranged from 0.016–0.741 mg/kg for Pb, Cd, Ni 
and Cr, 0.044 to 0.385 mg/kg for Cd, 0.430 to 2.283 mg/
kg for Ni, and 1.504 to 4.943 mg/kg for Cr. While Ni and 
Cr exceeded the threshold level established by the World 
Health Organization [157], Pb and Cd were below the 
permissible limits. Dietary chromium regulates lipid and 
glucose metabolism [5]. However, excessive Cr can cause 
severe respiratory issues and liver, lung and kidney dam-
age [158].

Tympanotonus fuscatus from freshwater ecosystems have 
been shown to have higher iron and zinc contents in their 
tissues than those from marine environments, perhaps due 
to the higher dissolved mineral content of the former [159]. 
Tissue concentrations of Hg, Zn, Fe and Pb also exceeded 
the WHO/FAO maximum levels for seafood. Acute lead 
(Pb) exposure can cause nausea, headaches, hypertension, 
stomach pain, renal failure, lethargy, sleeplessness, arthri-
tis, psychosis and vertigo [160]. Mercury exposure causes 
acrodynia disease and can alter brain structure, causing 
tremors, cognitive loss, anger and optical or hearing impair-
ment [161]. The heavy metal concentrations in most of the 
selected Niger Delta States were found to be higher com-
pared to studies conducted in the Lagos Lagoon [162, 163]. 
In contrast, a comparative study by Onyena and Udensi [142] 
in Imo State, Nigeria, revealed that Clarias gariepinus (cat-
fish) harvested from rivers and fish ponds accumulated high 
levels of Hg concentrations (> 1.40 mg/kg) in their sample 
sites, while the concentrations recorded in the Niger Delta 
states reviewed were generally lower. Furthermore, catfish 
sampled from the Nworie River exhibited a high Cd concen-
tration (8.33 mg/kg). The elevated levels of heavy metals in 
the fishes were attributed to the discharge of waste products 
from industries, institutions, breweries and automobiles into 
the sampled rivers. The concentration of Fe recorded in the 
study was above 4 mg/kg, with the highest concentration 
being 30.8 mg/kg, which was lower than the values obtained 
from the ecosystems in the Niger Delta.NA
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Heavy Metals in Plants of Niger Delta

Increased metal accumulation in plants occurs after long-
term exposure to soils contaminated by heavy metal depo-
sition because of direct interactions between sediment and 
plants. Studies have been conducted on heavy metals in 
plant species (Table 5) [113, 164, 169]. Iron, cadmium 
zinc, lead and nickel levels in Telfairia accidentalis were 
higher in Alimini than in Ebubu city in Rivers state [114]. 
Root tubers of Manihot esculenta in Choba, Kpean and 
Bodo City exhibited elevated amounts of heavy metals, 
and the heavy metal hazard index values for children 
were > 1. Thus, it was determined that the heavy metal 
contamination of root tubers cultivated in Ogoni land Riv-
ers state poses a serious health concern to the local popu-
lation, particularly children who constantly consume the 
tubers [113].

Similarly, Patrick-Iwuanynwu and Chioma [166] found 
high levels of heavy metals in 16 vegetables purchased 
from Kpanahia and Swali markets in Bayelsa state, leading 
them to conclude that market-bought vegetables may be a 
significant component in the heavy metal load of consum-
ers. High quantities of Fe, Zn, and Cr were found in dried 
cassava leaves and tubers from farms along a major high-
way in Delta state [109], even more significant than those 
found in crops grown in an oil-polluted area of Gokana 
Rivers state [119]. Omeka and Igwe [173] conducted a 

study at mining sites in Nigeria, which revealed that heavy 
metals have a higher tendency to accumulate in the leaves 
of plants rather than in the tubers. In the case of Challawa 
in Kano State, Nigeria, the concentration of Cd and Cr in 
vegetables exceeded the permissible limits, posing a sig-
nificant health risk for the residents who consume these 
vegetables [174].Therefore, bioaccumulating these heavy 
metals in plants from contaminated water, soils and sedi-
ments poses a significant human health risk.

Heavy Metals and Health Risks Assessments: 
Implications for the Niger Deltans

Communicable diseases (CDs) are caused by pathogens 
and the disease severity depends on several factors such 
as the prevalence, virulence of the pathogen, transmission 
and host response [175]. Heavy metal deficiencies or toxic-
ities and CDs contribute significantly to the global burden 
of morbidity and death. The global disease burden (GDB) 
from zinc deficiency was 9.14 million disability-adjusted 
life years (DALYs) in 2010 [176]. Iron (Fe) depletion from 
hemolytic malaria and parasitic and bacterial diseases 
such as hookworm, trichuriasis, amoebiasis and schisto-
somiasis causes Fe-deficiency anaemia [175]. Also, human 
immunodeficiency virus (HIV)-infected persons from the 

Fig. 3  Collaborative pathway towards achieving One Health objectives
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USA exhibited higher concentrations of cadmium, lead 
and mercury than non-HIV-infected individuals [177]. Xu 
et al. [177, 178] concluded that HIV-infected people had 
more chronic ailments, such as cardiovascular disease, due 
to cadmium exposure. Folorunso et al. [179] found that 
HIV-positive patients had decreased serum zinc levels and 
higher blood lead, cadmium and mercury levels.

Malaria is reported to be prevalent in several gold-
mining sites, a major source of heavy metal contamination 
and global disease burden [180]. Malaria and gold mining 
exposure were linked in the Brazilian Amazon community 
study. This study found that the chances of reporting a prior 
malaria infection amongst those exposed to mercury (Hg) 
through fish ingestion were four times greater for those who 
also worked with Hg in mining [181], indicating that Hg 
exposure may increase the risk of infection. Small-scale 
gold miners in Tapajos watersheds in Amazonian Brazil 
were coexposed to high rates of infective mosquito bites 
and high levels of methyl-mercury from the fish diet [182, 
183]. Miners from downstream communities exposed to 
methyl-mercury had higher malaria risks than miners in 
comparable areas that did not utilise mercury. According to 
Douine et al. [180], malaria cases were linked to deforesta-
tion (Brazil, Colombia), gold extraction (Colombia), gold 
prices (Guyana) and mining regions (Peru, Colombia, Ven-
ezuela, Guyana).

Comparatively, a range of non-communicable diseases 
(NCDs), including neurobehavioral disorders (lead, mer-
cury), cardiovascular disease (lead, cadmium), renal disease 
(lead, cadmium) and malignancies (arsenic, chromium), 
have progressively been linked to environmental exposures 
to heavy metals [184–186]. Other diseases include con-
genital anomalies, autoimmune disorders, diabetes, mental 
health issues and endocrine, gastrointestinal and cardiac 
diseases [27, 187, 188]. Heavy metal intake has also been 
linked to metabolic disorders such as obesity, insulin resist-
ance and dyslipidemia [189]. Their exposure has also been 
linked to an increased risk of non-lymphoma Hodgkin's 
[185] and hormone-responsive malignancies such as those 
of the breast, ovary and prostate [190–192].

These diseases kill around 41 million people annually, 
74% of global human deaths [27] and over 14 million people 
under 70 die prematurely [193, 194]. The Global Burden 
of Disease research found that NCDs caused 21 of the top 
30 causes of age-standardized years lived with disability in 
2019 [188]. The leading causes of disability include head-
ache, low back pain, osteoarthritis, melancholy, anxiety, 
diabetes, asthma and vitamin A deficiency. Cardiovascular 
diseases kill 17.9 million people yearly, followed by can-
cer (9.3 million), chronic respiratory diseases (4.1 million) 
and diabetes (2.0 million, including diabetes-related kidney 
disease mortality) [27]. The epidemiologic transition from 
infectious diseases to NCDs has been documented since the 

twentieth century, and 86% of premature NCD deaths occur 
in low- and middle-income countries [27, 195, 196]. There is 
a substantial economic loss on the global economy as NCDs 
will cost the global economy $47 trillion between 2010 and 
2030, averaging over $2 trillion yearly [194]. NCDs impede 
economic growth and impoverish millions in emerging 
nations. The burden of NCDs continues to increase signifi-
cantly in low- and middle-income nations as NCD research, 
prevention and treatment are grossly underfunded compared 
to their population burden [197].

Numerous studies conducted in various regions have pro-
vided insights into the potential health consequences associ-
ated with heavy metal exposure. China’s rapid industrializa-
tion and urbanization have resulted in extensive heavy metal 
pollution, with lead, cadmium and mercury exposure in con-
taminated areas linked to adverse health effects, including 
neurological disorders, respiratory problems and develop-
mental issues [186, 198, 199]. In India, urban areas have 
also encountered substantial heavy metal pollution due to 
industrial activities, vehicular emissions and improper waste 
disposal [200]. Notably, elevated levels of lead and chro-
mium have been identified in soil, water and food sources, 
contributing to increased risks of kidney damage, impaired 
cognitive function and various cancers. Bangladesh faces 
a significant health risk with excessive levels of arsenic in 
groundwater, leading to conditions such as skin lesions, 
cardiovascular diseases and various cancers, including 
those affecting the skin, lungs, bladder and kidneys [145]. 
In Mexico, industrial activities and mining operations have 
resulted in heavy metal contamination in specific regions, 
causing heightened rates of respiratory problems, gastro-
intestinal issues and adverse neurological effects amongst 
communities residing near contaminated sites. These effects 
are primarily associated with exposure to heavy metals like 
lead, arsenic and mercury [201, 202]. Moreover, artisanal 
small-scale gold mining in Ghana has led to mercury pollu-
tion in water bodies and their surroundings, posing health 
risks such as neurological disorders, kidney damage and 
developmental issues in children [203, 204].

Yet, heavy metals have been identified in practically every 
environment studied in the Niger Delta. When heavy met-
als proliferate across ecosystems, human exposure becomes 
unavoidable and ubiquitous. Heavy metal assessments in 
animal and human tissues indicate widespread disease bur-
dens. The amounts of certain heavy metals vary depend-
ing on geography, age, dietary patterns and accumulation 
potentials. Human health risk assessment is regarded as one 
method of assessing the possible adverse health impacts of 
environmental risks on people [205]. This procedure utilizes 
scientific and statistical techniques to identify and quantify a 
hazard, establish possible routes of exposure and finally cal-
culate a numerical number to reflect the potential risk [205].
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Olawoyin et al. [206] observed the greatest cancer risk 
values for lead (2.62 ×  10−2) and chromium (1.50 ×  10−2) in 
soil obtained from Bonny and Delta State, Nigeria. Telfairia 
occidentalis and Achatina achatina fish samples from the 
Ogale River State in the Niger Delta revealed carcinogenic 
hazards, particularly for lead and cadmium [115]. The pres-
ence of nickel (Ni), cadmium (Cd), chromium (Cr), lead (Pb) 
and copper (Cu) in the tissues of grey mullet (Mugil cepha-
lus) from the River State were highlighted to pose a threat 
to the health of adults and children who consume them. The 
hazard index (HI) for males and females (adults) was 7.612 
and 7.840, while the HI for males and females (children) 
was 9.567 and 10.842, both exceeding > 1 USEPA stand-
ard. Hazard index values for vegetables harvested in Bayelsa 
were greater than 1, suggesting a possible health concern 
[166]. The studies indicate significant health concerns 
linked with eating fisheries and vegetables harvested from 
the Niger Delta, and it is alarming that children are at the 
most significant risk. These findings emphasize the need for 
comprehensive measures and international collaboration to 
mitigate heavy metal-related health risks in affected regions. 
One Health co-participatory approach should be conducted 
to address this issue to lower the heavy metal contaminants 
prevalent in the Niger Delta region.

The NCDs and CDs in the Niger Delta are not currently 
researching the impacts of the environment to enhance the 
health and well-being of adults and children and to increase 
knowledge of the role of various factors in health and dis-
ease. Relevant factors are the impacts of the air, water, nutri-
tion, community and cultural factors and genetics on the 
growth, development and health of children in the Niger 
Delta. There is a need for further evidence to determine 
potential comorbidities owing to exposure to heavy metals. 
Monitoring terrestrial and aquatic populations may offer 
early warnings of environmental hazards to human health 
professionals.

Remediation Approaches of Heavy Metal 
Contamination

Remediation involves restoring contaminated land, water or 
air to its original condition [207]. Heavy metal pollution has 
become a global environmental problem [208, 209]. Glob-
ally, 5 million soil pollution sites spanning 500 million hec-
tares of land are polluted by heavy metals at concentrations 
greater than the geo-baseline or regulatory thresholds [210].

Remediation of heavy metal-contaminated soil may be 
done in various ways, and these techniques have proven 
effective over time. When utilised exclusively, the tradi-
tional approaches including chemical and physical methods, 
typically produce by-products (toxic sludge or pollutants) 

and are costly. At the same time, the biological process is 
exceedingly slow and time-consuming [211].

Physical Remediation

Soil Replacement

The process of substituting or partially removing polluted 
soil with non-contaminated soil is known as soil replace-
ment. This approach reduces the concentration of heavy met-
als in the soil, enhancing the soil’s efficiency. The soil may 
be replaced by spading and fresh soil importation, which 
dilutes the heavy metal content [212].

Soil Isolation

Soil isolation involves separating soil polluted with heavy 
metals from uncontaminated soil. This technique limits 
heavy metals and other pollutants transport in a restricted 
area. When alternative remediation approaches are not eco-
nomically or physically feasible, soil isolation technology 
is used to avoid additional heavy metal pollution of ground-
water [208, 213].

Vitrification

High-temperature treatment of polluted ecosystems lowers 
heavy metal mobility in soil by forming vitreous material 
[214]. Mercury and other metals are volatilized during vitri-
fication and collected for disposal or treatment. For example, 
heating zinc and lead-rich ceramic debris to 1850 °C effec-
tively remediates heavy metal-contaminated sites [215]. The 
temperature during vitrification immobilizes heavy metals 
and remediates heavy metal-contaminated waste and large 
amounts of soil. In Spain, vitrification immobilized Zinc, 
Manganese, Iron, Copper, and Nickel at 1350 °C and mobi-
lized them at 1050 °C [216]. However, in situ vitrification 
method is more cost-effective and energy-efficient than ex-
situ [208].

Chemical Remediation

Immobilization Technique

Immobilizing chemicals in soil reduces metal mobility, bio-
availability and bioaccessibility of heavy metals. Binding, 
precipitation and adsorption processes transfer heavy met-
als from soil solution to solid particles, limiting soil trans-
port and bioavailability. Cement, clay, zeolites, phosphates, 
minerals, microorganisms and organic soil amendments are 
used to immobilize heavy metals [217, 218]. Studies show 
that low-cost industrial wastes such termitaria, industrial 
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eggshell, red mud and manure byproducts may immobilize 
heavy metals in polluted soil [38, 208, 219, 220].

Encapsulation

Encapsulation combines polluted soils with other materials, 
such as asphalt, concrete or lime. This procedure renders the 
polluted soil immobile, so preventing the spread of contami-
nation. Cement is a binding material due to its accessibility, 
flexibility, and affordability [221].

Phytoremediation

Phytoremediation utilizes plants to restore polluted ecosys-
tems. The method grows metal hyperaccumulators in pol-
luted soil to recover heavy metals [222]. Phytoremediation 
is environmentally safe, non-invasive, energy-efficient and 
cost-effective for areas with low-to-moderate heavy metal 
levels [223]. This method can be used with other remedia-
tion methods and depends on many plant and soil factors, 
such as soil physicochemical properties, the bioavailability 
of metals in soil, microbial and plant exudates and living 
organisms’ ability to uptake, accumulate, sequester, trans-
locate and detoxify metals [224].

Phytoremediation cleans up polluted sites using plant 
processes and traits from energy from the sun. Given that 
plants absorb heavy metals, therefore, plant-based metal 
remediation methods sound more promising [225]. Phytore-
mediation of crude oil-impacted soil in Niger Delta, Nigeria, 
indicated that Axonopus sp. could phytoremediate hydrocar-
bon concentration in soil [226]. Eleusine indica combined 
with cow manure effectively reduced the amount of PAH 
and led in crude oil-contaminated soil in the Niger Delta 
[227]. Heavy metals accumulate in the root and plant parts 
throughout remediation process [228]. The bioavailability of 
heavy metals in soil and plant nutrition determines the plant 
absorption rates. Techniques for phytoremediation include 
phytovolatilization, phytostabilization and phytoextraction 
[229].

Phytovolatization

Phytovolatilization converts soil heavy metals into less lethal 
vapours that plants discharge into the atmosphere through 
transpiration. Phytovolatization converts metals into volatile 
organic chemicals released into the atmosphere as biomol-
ecules [230]. Arabidopsis thaliana, Brassica juncea and 
Chara canescens can absorb heavy metals and release them 
into the environment [231]. Plant enzymes and genes help 
to convert heavy metals into volatile forms [208, 232].

Phytostabilization

Plants stabilize soil heavy metals, reducing their bioavail-
ability and mobility [228]. Phytostabilization prevents heavy 
metals from spreading off-site but does not reduce soil con-
centration. Roots or rhizosphere precipitation prevent heavy 
metals from entering the unsaturated zone. Unlike other 
phytoremediation approaches, phytostabilization minimizes 
media/area pollution rather than soil remediation [233]. 
Phytostabilization is utilised for soils that cannot be phyto-
extracted. Plants may prevent metal migration by reducing 
leaching, soil erosion and runoff through transpiration, root 
stability and above-ground vegetation [233]. Phytostabili-
zation increases soil fertility without producing secondary 
waste. These plants are effective phytostabilizers but limited 
potential as metal extractors [228].

Phytoextration

Plants can absorb heavy metals from soil using the phytoex-
traction method. This method employs energy from the sun 
and is based on the ability of plant roots to ingest, translocate 
and concentrate heavy metals from soil to harvestable plant 
parts. Phytoextraction effectively removes metals from con-
taminated areas, although most plant species cannot survive 
in highly polluted environments [219, 234].

Transgenic Plants

Transgenic plants containing bacterial genes (merA and 
merB) can volatilize 100–1000 times more Mercury than 
native plants [235, 236]. Plants can be engineered to adjust 
their rhizosphere to increase target metal mobility, mod-
ify metal speciation for better root-to-shoot translocation, 
increase metal tolerance, transfer metals into less toxic forms 
by binding with organic acids and thiol-rich chelators and 
sequester heavy metals in vacuoles [237]. Targeted genes 
that absorb, transport and accumulate heavy metals from an 
efficient source to the host improve host tolerance. Heavy-
metal-binding peptides such as phytochelatins, glutathione 
and metalothionones detoxify and sequester heavy metals 
[238]. The vacuole stores or detoxifies harmful metal ions 
bound to organic or sulfur-rich peptide complexes [239]. 
Volatilized heavy metals in the atmosphere are difficult to 
manage, but studies show that volatile substances are diluted 
and diffused and provide little environmental risk [240].

Nanotechnological Approach to Remediation

In recent years, nanotubes, nanosheets and nanolayers have 
remediated soil, soil sediments, solid waste and wastewa-
ter in situ and ex-situ [241]. Researchers have synthesized 
surface-functionalized nanoparticles (less than 50 nm) to 
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adsorb heavy metals, organic pollutants and pigments from 
contaminated streams [242].

Nanoremediation uses nanomaterials to transform, reme-
diate, stabilize and detoxify pollutants [239]. Nanoparticles 
are prominent recently due to their size, large surface area 
to unit mass ratios, short intra-particle diffusion distance, 
magnetic properties, surface modifiability, biocompatibility, 
tunable surface chemistry, increased adsorption sites, reus-
ability, increased porosity, higher gas permeability, ease of 
separation, enhanced catalytic activity, greater dispersion 
degree and comparative cost [243].

Nanotechnology’s adaptability and development show 
great promise for the environmental remediation of contami-
nants and heavy metals [244]. These approaches are fast, 
versatile and cost-effective [239].

Newer Approaches to Remediation

Metagenomics allows direct access to microbial communi-
ties in polluted environments regardless of their culturabil-
ity, metabolomics measures all metabolites at a specific time 
point, reflecting all regulatory occurrences responding to 
external environmental conditions and proteomics identi-
fies and quantifies differentially expressed proteins [239]. 
They are essential tools for identifying all unknown micro-
bial communities that digest heavy metals and the numerous 
metabolites organisms make to withstand stress. Thus, merg-
ing both ‘omics’ will provide a complete picture of microbial 
populations and biodegradation mechanisms [229].

Challenges Faced in Optimal Remediation 
in the Niger Delta

In the Niger Delta, heavy metal pollution is gaining sig-
nificant attention from the environmental pollution field. 
Environmental contamination in the area continues to rise 
due to inconsistent environmental management rules, which 
result in lax enforcement and compliance with waste dis-
posal, resource exploitation and environmental degradation. 
Additionally, several regulatory bodies with conflicting 
regulatory responsibilities provide various interpretations 
of the law, confusing those involved in environmental 
management.

More research is urgently needed to understand the dis-
tribution and remediation of heavy metals in Nigeria due to 
the growing human population, industrialization and associ-
ated rising levels of heavy metals in the environment [245]. 
On the other hand, it is still unclear how heavy metals get 
into the sediment, water, fish and plants. Future research 
will need to pay more attention to this issue. Given the 
possible effects of these contaminants on aquatic life and 
human health, there is ignorance underlying their environ-
mental behaviour and the absence of adequate analytical 

and sampling methodologies [246]. In economically signifi-
cant species, monitoring and study on the combined health 
impacts of concurrent chronic and acute exposures are only 
emerging. Contamination mechanisms must be carefully 
investigated to measure the number of toxic substances that 
might enter our food and become biomagnified.

Organisms and genes may withstand heavy metal inges-
tion more efficiently with the aid of physiological, genetic 
and new developments in researching biotechnological 
approaches based on sediment, water, fish and plant treat-
ments. Research on the incorporation of advanced remedial 
approaches is still in its development. The Niger Delta’s 
potential for large-scale remediation (including nanoreme-
diation, transgenic techniques, metabolomics analyses and 
omics technology) is untapped. Another difficulty is that, 
whereas ambient environments include a variety of contami-
nants, current approaches tend to concentrate on a particular 
pollutant [239].

The long-term remediation of heavy metal contamination 
in the Niger Delta is a significant concern and is lacking. 
The efficacy of plants in removing heavy metals from the 
environment may be improved through transgenic plants 
that express efficient genes from other species [247]. In 
transgenic plant cells, specific proteins and natural chela-
tors are overexpressed [208, 248–250]. In order to assist 
plants in adapting to increased heavy metal concentrations 
and hyper-accumulators, foreign genes may be injected into 
plant genomes. Transgenic techniques produce hybrid plants 
that can remove certain metals from the environment [250]. 
One of the most promising options for eliminating chemical 
and biological pollutants and heavy metals from wastewater 
or coastal waters is the systematic integration of bioremedia-
tion, nanoremediation, and molecular approaches.

Improving the health of humans, animals and the environ-
ment is the goal of a One Health approach to public health 
[251]. Everyone who eats or lives in a polluted environ-
ment may have one health concern. To maintain One Health, 
partnerships and dialogue amongst specialists in ecological, 
human and environmental health are required. It is necessary 
to develop workable strategies, discuss objectives and pro-
gress, develop a collaborative mitigation strategy and par-
ticipate to have the highest expected influence on improving 
the health of both people and the environment (Fig. 3).

Research Gaps and Future Perspectives

Several studies reveal the effects of heavy metals in the 
Niger Delta [1, 115, 206]. Bioremediation is a viable option 
for mitigating heavy metal-contaminated sites since it 
improves the ecosystem and leaves tiny environmental foot-
prints. Although large-scale field applications of developing 
nanoremediation technologies have not yet been achieved 
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in Nigeria, as research advances, there will be less uncer-
tainty about their potential applications. Future development 
and widespread use of these remedial strategies for heavy 
metals face several challenges, calling for more in-depth 
study. Intensive field studies with process optimization 
and improvements in the suitability of methods in particu-
lar environments should be carried out successfully. This 
will reduce heavy metal contamination in the food chain 
and ensure sustainability and widespread applicability for 
future generations and resources.

In order to determine the overall effect that risk factors for 
a disease have on human health, public health professionals 
need to conduct a burden of disease assessment. It may be 
possible to accomplish the anticipated decrease in disease 
burden and economic burden by lowering or removing expo-
sure to the risk factor (for example, reducing different heavy 
metal sources) [175]. Future studies should be influenced 
by a collaborative global effort to reduce the high disease 
burden related to communicable and non-communicable 
diseases that are attributed to the deficiency and toxicity of 
trace metals.

More pertinent is the poor knowledge of rural and coastal 
community members on the health risks associated with 
heavy metals and ESD. Communities may be more willing 
to actively participate in preserving and protecting human 
life if they are aware of the risks that specific actions (such 
as dumping of wastes in rivers) entail. There is also little 
understanding of the One Health perspective’s importance 
as a criterion for addressing the significant issues with heavy 
metal contamination. It is necessary to provide a sustain-
able platform for heavy metal pollution mitigation measures 
and a sustainable aquatic environment due to the rise in the 
concentration and accumulation of heavy metals in different 
types of soil, sediment, water, fisheries and plants. In order 
to reduce health risks from heavy metals and implement One 
Health, the WHO could take a holistic approach to attain 
the Sustainable Development Goals (SDGs) by including 
health professionals, coastal communities, ecologists and 
researchers and industrial companies. Without a One health 
framework, it will be challenging to attain One Health in 
areas where pollution mitigation measures are insufficient, 
given the nature of water and ecosystem depletion [30, 31].

Conclusions and Recommendations

This review study thoroughly examined the presence of 
heavy metals in the Niger Delta and their threats to human 
and environmental health. This study establishes that the lev-
els of specific heavy metals, such as Cd, Pb, Cu, Cr, Mn, Fe, 
and Ni, in water, sediment, fish, and plants within the major-
ity of Niger Delta ecosystems exceeded acceptable threshold 
values. These elevated concentrations can be attributed to 

various human activities. Notably, Rivers State exhibited 
the highest concentrations of heavy metals. Furthermore, 
macroinvertebrates, being sedentary organisms, accumulated 
higher concentrations of heavy metals compared to other fish 
species in the region. The analysis of this review showed 
the considerable risks that heavy metal pollution presents 
to the general population, particularly children, in terms of 
carcinogenic effects. Surface water, soil parent materials 
and erosion contribute less to the accumulation of heavy 
metals; instead, wastewater, solid waste, crude oil spills and 
agricultural inputs were the main primary sources of heavy 
metals in the Niger Delta. The contamination of cultivated 
soils and seafood by the deposition or discharge of heavy 
metals increases the amounts of toxic compounds in food 
chains. Intake of contaminated foods may lead to various 
diseases in life forms.

However, modern and sustainable heavy metal abatement 
techniques are currently lacking in the region. The neces-
sity for epidemic surveillance, vigilance for endemic and 
pandemic diseases and overall ecosystem deterioration can-
not be ignored as we continue to explore our environment 
and all the natural resources that nature has provided us. 
The Niger Delta requires appropriate remediation methods 
due to the high incidence of heavy metals due to increased 
oil exploratory activities. Effective remediation of polluted 
areas uses a variety of remedial approaches. While chemi-
cal remediation methods are quick, straightforward, simple 
to apply, have high public acceptability and are relatively 
inexpensive, physical remediation methods can completely 
remove heavy metals from contaminated soil.

Nevertheless, physical remediation is destructive and 
costly and can only be applied to small soil areas. How-
ever, these remediation techniques are not environmentally 
friendly since they restrict the number of toxins they may 
release into the environment. Combining phytoremediation 
with other conventional remediation methods like chelate-
assisted, microbial-assisted and transgenic plants may be 
quite efficient. A particularly successful technique to sup-
port this technology for an application is using genetically 
modified plants with beneficial remediation traits tailored to 
the needs of contaminated sites. Transgenic techniques have 
effectively increased the phytoextraction capability of hyper-
accumulators through metal transporters and improved the 
production of antioxidant enzymes and metal-detoxifying 
chelators. Nanoabsorbents, phytoremediation and genetic 
techniques are improved and advanced, effective, effi-
cient and commercially feasible remediation technologies. 
However, the range of applications for these techniques is 
currently limited, and the Niger Delta lacks in-depth field 
research.

Therefore, practical and cost-effective restoration, 
remediation strategies and co-participatory framework are 
urgently required to attain One Health. In the Niger Delta’s 
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poor communities and overburdened economy, bioreme-
diation offers a sustainable alternative at the very least 
due to its low net emissions and environmental footprints. 
However, combining biological and physicochemical 
remedial techniques with the One Health paradigm might 
address different kinds and quantities of heavy metal pol-
lution. Additional study is required to evaluate the large-
scale application of developing technologies in the Niger 
Delta environment.

The existing One Health challenges in the Niger Delta and 
the possibility for additional heavy metal contamination in 
the area need a comprehensive evaluation in the future based 
on the proposed sustainable approach. Different stakeholders 
could implement the following key recommendations:

• A standardized minimum and maximum permitted heavy 
metal limit

• Regular monitoring of heavy metal-contaminated water, 
sediments, and soils

• Comprehensive policy implications for managing con-
taminated areas effectively

• Coordinating global mitigation measures for long-term 
heavy metals remediation in the interest of environmental 
sustainability

• Going transdisciplinary and cross-sectoral to benefit from 
cross-linked sciences

• Establishing national and regional research agencies on 
heavy metal-related diseases

• Mapping areas for heavy metals mitigation prioritization
• Improved and stringent policies implementation and 

operationalization
• Industrial companies should ensure that effluents are 

within discharge permissible limits before discharge into 
the environment

• Companies should strictly observe safety precautions to 
prevent accidental oil spill discharges or ship breakages

• The comprehensive understanding of heavy metal accu-
mulation in the food chain and their toxicity in cells

• Ecologists and researchers should identify models for 
tracking heavy metal pollution and give technical advice 
for preventive measures

• Provision of funding opportunities to continue heavy 
metal and health risk monitoring

• Routine medical examinations are essential to guarantee 
that people’s health is protected

• Coastal communities should help protect waters by not 
exploiting them as landfills for garbage, plastics, and 
other household waste

• Proper drainage systems are essential to reduce the sever-
ity of floods during the rainy season

• Continuous seminars and workshops could achieve heavy 
metal awareness for One Health

• Heavy metals source reduction is pertinent to prevent 
heavy metals from entering the food chain

Acknowledgements All authors are grateful to anonymous reviewers 
for the comments provided in improving the manuscript.

Author Contribution APO; OEO: conceptualization. APO; OMF., 
N.N.: methodology, data collection; visualization, investigation, writ-
ing original draft preparation. A.P.O, GJU, OCE, CF, BB: data curation, 
review and editing. OEO.: Supervision, writing, review and editing.

Funding No funding was received for this research.

Data Availability Data sharing is not applicable to this article as no 
datasets were generated or analysed during the current study.

Declarations 

Ethics Approval Not applicable.

Consent for Publication Not applicable.

Competing Interests The authors declare no competing interests.

References

 1. Ihunwo OC, Dibofori-orji AN, Olowu C, Ibezim-Ezeani MU 
(2020) Distribution and risk assessment of some heavy metals 
in surface water, sediment and grey mullet (Mugil cephalus) 
from contaminated creek in Woji. Southern Nigeria Mar Poll 
Bull 154:111042

 2. Tchounwou PB, Yedjou CG, Patlolla AK, Sutton DJ (2012) 
Heavy metals toxicity and the environment. Mol Clin Environ 
Toxicol 101:133–164

 3. George ADI, Abowei JFN (2018) Physical and chemical param-
eters and some heavy metal for three rainy season months in 
water and sediments of upper new Calabar River, Niger delta. 
Nigeria Open Access Library Journal 5(5):1–4

 4. Engwa GA, Ferdinand PU, Nwalo FN, Unachukwu MN (2019) 
Mechanism and health effects of heavy metal toxicity in humans. 
In: Poisoning in the modern world - new tricks for an old dog? 
Intechopen. https:// doi. org/ 10. 5772/ intec hopen. 82511

 5. Ahmed M, Baki MA, Islam M, Kundu GK, Habibullah-Al-
Mamun M, Sarkar SK, Hossain M (2016) Human health risk 
assessment of heavy metals in tropical fish and shellfish col-
lected from the river Buriganga. Bangladesh Environ Sci Poll 
Res 22(20):15880–15890

 6. Balali-Mood M, Naseri K, Tahergorabi Z, Khazdair MR, Sadeghi 
M (2021) Toxic mechanisms of five heavy metals: mercury, lead, 
chromium, cadmium, and arsenic. Front Pharmacol 12:643972

 7. Gao Y, Wang R, Li Y, Ding X, Jiang Y, Feng J, Zhu L (2021) 
Trophic transfer of heavy metals in the marine food web based 
on tissue residuals. Sci of The Total Environ 772:145064

 8. Mitra S, Chakraborty AJ, Tareq AM, Emran TB, Nainu F, Khusro 
A, Idris AM, Khandaker MU, Osman H, Alhumaydhi FA, Simal-
Gandara J (2022) Impact of heavy metals on the environment and 
human health: Novel therapeutic insights to counter the toxicity. 
J King Saud Univ-Sci 34(3):101865

https://doi.org/10.5772/intechopen.82511


1383Engaging One Health in Heavy Metal Pollution in Some Selected Nigerian Niger Delta Region: a…

1 3

 9. Aigberua A, Tarawou T (2018) Speciation and mobility of 
selected heavy metals in sediments of the nun river system, 
Bayelsa State, Nigeria. Environ Toxicol Stud J 2(1):1

 10. Alengebawy A, Abdelkhalek ST, Qureshi SR, Wang MQ (2021) 
Heavy metals and pesticides toxicity in agricultural soil and 
plants: Ecological risks and human health implications. Toxics 
9(3):42

 11. Ihunwo O, Chisom E, Okon M, Isaiah O, Obunwo C, Mmom C 
(2018) Effect of urban effluent on River water quality in the Niger 
Delta. Front Environ Microbiol 4(4):110–114

 12. Chinedu E, Chukwuemeka CK (2018) Oil spillage and heavy 
metals toxicity risk in the Niger Delta. Nigeria. J Health Poll 
8(19):180905. https:// doi. org/ 10. 5696/ 2156- 9614-8. 19. 180905

 13. Adegoke JO, Fageja M, James G, Agbaje G, Ologunorisa TE 
(2010) An assessment of recent changes in the Niger Delta coast-
line using satellite imagery. J Sustain Dev 3(4):277

 14. Nduka JK, Okafor VN, Odiba IO (2016) Impact of oil and gas 
activities on acidity of rain and surface water of Niger Delta, 
Nigeria: an environmental and public health review. J Environ-
mental Prot 7(04):566

 15. Onyena AP, Sam K (2020) A review of the threat of oil exploita-
tion to mangrove ecosystem: insights from Niger Delta. Nigeria 
Global Ecol Conserv 22:e00961

 16. Izah S (2018) Ecosystem of the Niger-Delta region of Nigeria: 
Potentials and threats. Biodiversity Int J 2(4):338–345

 17. Seiyaboh EI, Izah SC (2019) Impacts of soil pollution on air 
quality under Nigerian setting. J Soil Water Sci 3(1):45–53

 18. Ibanga LB, Nkwoji JA, Usese AI, Onyema IC, Chukwu LO 
(2019) Hydrochemistry and heavy metals concentrations in sedi-
ment of Woji creek and Bonny estuary, Niger Delta. Niger Reg 
Stud Mar Sci 25:100436

 19. Ekwere AS, Kudamnya EA, Osung WE (2021) Assessment of 
potentially toxic metals and their mineral species in soils of 
arable farmlands in the southeastern Niger Delta basin, Nigeria. 
Soil Environ 40:119–126

 20. Onyena AP, Nkwoji JA, Chukwu LO (2021) Hydrochemistry and 
community structure of benthic macroinvertebrates in Chanomi 
creek, Niger Delta. Niger Reg Stud Mar Sci 46:101907

 21. Sam K, Coulon F, Prpich G (2017) Management of petroleum 
hydrocarbon contaminated sites in Nigeria: current challenges 
and future direction. Land Use Policy 64:133–144. https:// doi. 
org/ 10. 1016/j. landu sepol. 2017. 01. 051

 22. UNEP (2011) Environmental Assessment of Ogoniland. UNEP, 
Switzerland (https:// www. unep. org/ resou rces/ report/ envir onmen 
tal- asses sment- ogoni land. Accessed 13 Nov 2022 )

 23. Anyanwu BO, Ezejiofor AN, Igweze ZN, Orisakwe OE (2018) 
Heavy metal mixture exposure and effects in developing nations: 
an update. Toxics 6(4):65

 24. Davies IC, Onyena AP, Sam K (2023) Evaluation of human 
health and ecological risk of heavy metals in water, sediment 
and shellfishes in typical artisanal oil mining areas of Nige-
ria. Environ Sci Pollut Res 1–15. https:// doi. org/ 10. 1007/ 
s11356- 023- 27932-z

 25. Numbere AO, Gbarakoro TN, Babatunde BB (2023) Environ-
mental degradation in the Niger delta ecosystem: the role of 
anthropogenic pollution. Sustainable Utilization and Conserva-
tion of Africa’s Biological Resources and Environment. Singa-
pore, Springer Nature Singapore, pp 411–439

 26. Lancet commission (2017) Lancet commission on pollution and 
health https:// www. thela ncet. com/ commi ssions/ pollu tion- and- 
health. Accessed 14 December 2022

 27. WHO (World Health Organization) (2022b) Non communicable 
diseases. Available online at: https:// www. who. int/ news- room/ 
fact- sheets/ detail/ nonco mmuni cable- disea ses. Accessed 5th 
December 2022

 28. Ortiz O, Castells F, Sonnemann G (2009) Sustainability in the 
construction industry: a review of recent developments based on 
LCA. Constr Build Mat 23(1):28–39

 29. UN (2015) UN Transforming Our World: the 2030 Agenda for 
Sustainable Development https:// susta inabl edeve lopme nt. un. org/ 
post2 015/ trans formi ngour world. Accessed 14 December 2022

 30. WHO (2022a) One Health. https:// www. who. int/ news- room/ fact- 
sheets/ detail/ one- health. Accessed  14th December 2022

 31. UNEP (2022) One Health. https:// www. unep. org/ news- and- stori 
es/ opini on/ one- health- one- planet. Accessed 14 December 2022

 32. Ali MM, Rahman S, Islam MS, Rakib MRJ, Hossen S, Rah-
man MZ, Phoungthong K (2022) Distribution of heavy metals in 
water and sediment of an urban river in a developing country: a 
probabilistic risk assessment. Int J Sediment Res 37(2):173–187

 33. Balogun VS, Onokerhoraye AG (2022) Climate change vulner-
ability mapping across ecological zones in Delta State, Niger 
Delta Region of Nigeria. Clim Serv 27:100304

 34. Ezekwe CI, Edoghotu MI (2015) Water quality and environmen-
tal health indicators in the Andoni River estuary, Eastern Niger 
Delta of Nigeria. Environ Earth Sci 74(7):6123–6136

 35. Asim M, Nageswara Rao K (2021) Assessment of heavy metal 
pollution in Yamuna River, Delhi-NCR, using heavy metal pol-
lution index and GIS. Environ Monit Assess 193(2):1–16

 36. Langston WJ (2018) Toxic effects of metals and the incidence 
of metal pollution in marine ecosystems. Heavy metals in the 
marine environment, pp 101–120. https:// doi. org/ 10. 1201/ 97813 
51073 158-7

 37. Azimi A, Azari A, Rezakazemi M, Ansarpour M (2017) Removal 
of heavy metals from industrial wastewaters: a review. ChemBio 
Eng Rev 4(1):37–59

 38. Wuana RA, Okieimen FE (2011) Heavy metals in contaminated 
soils: a review of sources, chemistry, risks and best available 
strategies for remediation. Int Sch Res Notices. https:// doi. org/ 
10. 5402/ 2011/ 402647

 39. Pejman A, Bidhendi GN, Ardestani M, Saeedi M, Baghvand A 
(2015) A new index for assessing heavy metals contamination in 
sediments: a case study. Ecol Indica 58:365–373

 40. Wang Y, Duan X, Wang L (2020) Spatial distribution and source 
analysis of heavy metals in soils influenced by industrial enter-
prise distribution: Case study in Jiangsu Province. Sci Total 
Environ 710:134953

 41. Hudson-Edwards KA, Jamieson HE, Lottermoser BG (2011) 
Mine wastes: past, present, future. Elements 7(6):375–380

 42. Nieva NE, Borgnino L, García MG (2018) Long term metal 
release and acid generation in abandoned mine wastes contain-
ing metal-sulphides. Environ Poll 242:264–276

 43. Orisakwe OE, Nduka JK, Amadi CN, Dike DO, Bede O (2012) 
Heavy metals health risk assessment for population via consump-
tion of food crops and fruits in Owerri, South Eastern. Niger 
Chem Cent J 6(1):1–7

 44. Aigberua AO, Okere UV (2019) The impact of oil spills 
on prevailing metal-soil associations. Int J Sci Eng Res 
10(5):1339–1365

 45. Iyama WA, Okpara K, Techato K (2021) Assessment of heavy 
metals in agricultural soils and plant (Vernonia amygdalina 
Delile) in Port Harcourt Metropolis. Nigeria Agricul 12(1):27

 46. WHO (2021) Air quality and health. https:// www. who. int/ teams/ 
envir onment- clima te- change- and- health/ air- quali ty- and- health/ 
ambie nt- air- pollu tion. Accessed  5th November, 2022

 47. Saha N, Mollah MZI, Alam MF, Rahman MS (2016) Seasonal 
investigation of heavy metals in marine fishes captured from the 
Bay of Bengal and the implications for human health risk assess-
ment. Food Contr 70:110–118

https://doi.org/10.5696/2156-9614-8.19.180905
https://doi.org/10.1016/j.landusepol.2017.01.051
https://doi.org/10.1016/j.landusepol.2017.01.051
https://www.unep.org/resources/report/environmental-assessment-ogoniland
https://www.unep.org/resources/report/environmental-assessment-ogoniland
https://doi.org/10.1007/s11356-023-27932-z
https://doi.org/10.1007/s11356-023-27932-z
https://www.thelancet.com/commissions/pollution-and-health
https://www.thelancet.com/commissions/pollution-and-health
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://sustainabledevelopment.un.org/post2015/transformingourworld
https://sustainabledevelopment.un.org/post2015/transformingourworld
https://www.who.int/news-room/fact-sheets/detail/one-health
https://www.who.int/news-room/fact-sheets/detail/one-health
https://www.unep.org/news-and-stories/opinion/one-health-one-planet
https://www.unep.org/news-and-stories/opinion/one-health-one-planet
https://doi.org/10.1201/9781351073158-7
https://doi.org/10.1201/9781351073158-7
https://doi.org/10.5402/2011/402647
https://doi.org/10.5402/2011/402647
https://www.who.int/teams/environment-climate-change-and-health/air-quality-and-health/ambient-air-pollution
https://www.who.int/teams/environment-climate-change-and-health/air-quality-and-health/ambient-air-pollution
https://www.who.int/teams/environment-climate-change-and-health/air-quality-and-health/ambient-air-pollution


1384 A. P. Onyena et al.

1 3

 48. Munawer ME (2018) Human health and environmental impacts 
of coal combustion and post-combustion wastes. J Sustain Min-
ing 17(2):87–96

 49. Meindinyo RK, Agbalagba EO (2012) Radioactivity concentra-
tion and heavy metal assessment of soil and water, in and around 
Imirigin oil field, Bayelsa state. Nigeria J Environ Chem Ecotox 
4(2):29–34

 50. Ogbeibu AE, Omoigberale MO, Ezenwa IM, Eziza JO, Igwe JO 
(2014) Using pollution load index and geoaccumulation index for 
the assessment of heavy metal pollution and sediment quality of 
the Benin River. Niger Nat Environ 2(1):1–9

 51. Edori OS, Nwoke IB, Iyama WA (2016) Heavy metals and 
physico-chemical parameters of selected borehole water from 
Umuechem, Etche local government area, Rivers State, Nigeria. 
Int J Chem Chem Eng 6(1):45–57

 52. Ezemonye LI, Adebayo PO, Enuneku AA, Tongo I, Ogbomida 
E (2019) Potential health risk consequences of heavy metal con-
centrations in surface water, shrimp (Macrobrachium macrobra-
chion) and fish (Brycinus longipinnis) from Benin River, Nigeria. 
Toxicol Rep 6:1–9

 53. Bekeowei AR, Bariweni PA (2021) Physico-chemical charac-
teristics and heavy metals in wastewater from paint industries in 
Yenagoa Metropolis, Bayelsa State, Nigeria. Int J Res Environ 
Stu 8:48–54

 54. Aleru-Obogai CP, Ollor AO, Mbata CA, Bartimaeus ES (2022) 
Determination of bacterial composition, heavy metal pollution 
and physicochemical parameters of Andoni River, Rivers State, 
Nigeria. Int J Trop Dis Health 43(19):21–29

 55. Ogamba EN, Charles EE, Izah SC (2021) Distributions, pollu-
tion evaluation and health risk of selected heavy metal in sur-
face water of Taylor creek, Bayelsa State. Niger Toxicol Environ 
Health Sci 13(2):109–121

 56. Ihayere CA, Igben JL (2021) Water quality assessment using 
heavy metal indicators in Aghoro Community, Bayelsa State. 
Nigeria FUTY J Environ 15(3):56–63

 57. Nwankwoala HO, Omemu SO (2019) Quality implications of 
physico-chemical properties and heavy metals concentration lev-
els in groundwater sources in Elebele community, Bayelsa State. 
Niger J Environ Health Sci 5(1):52–58

 58. Leizou KE, Ashraf MA (2018) Status of heavy metals in water, 
sediments and clam (Galatea Paradoxa, Born 1778) of the Diebu 
Creek, Bayelsa State, Niger Delta Region, Nigeria. Acta Chem 
Malay 2:6–10

 59. Iyama WA, Edori OS, Ede PN (2018) Heavy metals and nutrient 
status of surface water quality around Sagbama Creek, Bayelsa 
State. Niger J Appl Chem Sci Int 9(3–4):161–167

 60. Abadom CD, Nwankwoala HO (2018) Interpretation of ground-
water quality using statistical techniques in Federal University, 
Otuoke and Environs, Bayelsa State, Nigeria. World Sci News 
95:124–148

 61. Oyem HH, Oyem IM, Usese AI (2015) Iron, manganese, cad-
mium, chromium, zinc and arsenic groundwater contents of 
Agbor and Owa communities of Nigeria. Springerplus 4(1):1–10

 62. Raimi MO, Sawyerr HO, Ezekwe CI, Opasola AO (2022) Qual-
ity water, not everywhere: assessing the hydrogeochemistry of 
water quality across Ebocha-Obrikom oil and gas flaring area in 
the core Niger Delta Region of Nigeria. Poll 8(3):751–778

 63. Odekina UM, Davies IC, Akoko S, Vincent-Akpu IF (2021) 
Bioaccumulation of heavy metals in Periophthalmus papillio, 
sediment and interstitial water from Isaka-Bundu water front in 
Rivers State. Acad J Current Res 8(11):19–38

 64. Akankali JA, Davies IC (2021) Heavy metals and phys-
icochemical parameters evaluation in the upper reaches of 
Bonny River, Niger Delta, Nigeria. J Appl Sci Environ Manag 
25(8):1341–1348

 65. Davies CI, Ekperusi AO (2021) Evaluation of heavy metal con-
centrations in water, sediment and fishes of New Calabar River 
in Southern Nigeria. J Limnol Freshw Fish Res 7(3):207–218

 66. Uwah EI, Nwoke IB, Inam EJ, Udosen IE, Udosen ED (2020) 
Human health risk assessment of heavy metal contamina-
tion in New Calabar River. Bull Environ Contam Toxicol 
105(2):317–324

 67. Edori OS, Iyama WA (2020) Status of heavy metals contamina-
tion in water from Edagberi Creek, Engenni, Rivers State, South-
South, Nigeria. Biomed J Sci Tech Res 29(3):22482–22488

 68. Balogun BA, Owuama CO, Onukogu OA (2019) The effects 
of an industrial wastewater effluent on the seasonal variations 
of Ekerekana Creek, Rivers State Nigeria. Int J Environ Clim 
Chang 9(11):671–681

 69. Akankali JA, Davies IC, Kpaniku N (2019) Assessment of 
heavy metals concentrations in the upper reaches of Bonny 
River, Niger delta, Nigeria. Afr J Agr Technol Environ 
8(1):62–73

 70. Edori OS, Iyama WA, Amadi MC (2019) Status of heavy metals 
contamination in water from the Elelenwo River, Obio-Akpor, 
Rivers State, Nigeria. Direct Res J Chem Mater Sci 6(3):25–31

 71. Olu U, Ugbomeh AP, Bob-Manuel KNO, Ekweozor IKE (2019) 
Levels of selected heavy metals in water and sediment of the 
Soku Oil Field area of the Niger Delta. Niger J Aquat Poll Toxi-
col 3(1):1–9

 72. Dibofori-Orji AN, Ihunwo OC, Udo KS, Shahabinia AR, Ony-
ema MO, Mmom PC (2019) Spatial and temporal distribution 
and contamination assessment of heavy metal in Woji Creek. 
Environ Res Commun 1(11):111003

 73. Olalekan R, Omidiji A, Nimisngha D, Odipe O, Olalekan A 
(2018) Health risk assessment on heavy metals ingestion through 
groundwater drinking pathway for residents in an oil and gas 
producing area of Rivers State, Nigeria. Open J Yangtze Oil Gas 
3:191–206

 74. Moslen M, Aigberua A (2018) Heavy metals and hydrocarbon 
contamination of surface water in Azuabie Creek within Bonny 
Estuary, Nigeria. J Appl Sci Environ Manag 22(7):1083–1088

 75. Ekweozor IKE, Ugbomeh AP, Ogbuehi KA (2017) Zn, Pb, Cr 
and Cd concentrations in fish, water and sediment from the Azua-
bie Creek, Port Harcourt. J Appl Sci Environ Manag 21(1):87–91

 76. Ogbonna DN, Ajubo TA (2017) Assessment of the impact of 
municipal sewage disposal on the water quality in Obio/Akpor 
LGA Rivers State. Int J Geogr Environ Manag 3(1):13–22

 77. Leizou KE, Nduka JO, Verla AW (2017) Evaluation of water 
quality index of the brass river, Bayelsa State, south-south. Nige-
ria Int J Res Granthaalayah 5(8):277–287

 78. Onojake MC, Sikoki FD, Omokheyeke O, Akpiri RU (2017) Sur-
face water characteristics and trace metals level of the Bonny/
New Calabar River estuary, Niger delta. Niger Appl Water Sci 
7(2):951–959

 79. Ngah AS, Braide S, Dike CC (2017) Physico-chemistry of elechi 
creek in the upper bonny estuary, Rivers State. Niger J Geosci 
Environ Protect 5(8):181–197

 80. Nkpaa KW, Onyeso GI, Achugasim O (2017) Heavy metals lev-
els in shellfish from Bodo City and B-Dere, Ogoniland, Rivers 
State, Nigeria, and evaluation of possible health risks to consum-
ers. Sustain Water Resour Manag 3(1):83–91

 81. Nwankwoala HO, Angaya YB, Amadi AN, Ameh IM (2017) 
Contamination risk assessment of physico-chemical and heavy 
metal distribution in water and sediments of the Choba section of 
the New Calabar River. Nigeria. Nig J Eng App Sci 4(1):15–24

 82. Vincent-Akpu IF, Nwachukwu LC (2016) Comparative water 
quality assessment of Nembe, Bonny, and Iwofe ferry termi-
nals in Port Harcourt, Nigeria. J Environ Sci Toxicol Food Tech 
10(7):15–19



1385Engaging One Health in Heavy Metal Pollution in Some Selected Nigerian Niger Delta Region: a…

1 3

 83. Edori OS, Nwoke IB, Iyama WA (2016) Heavy metals and 
physicochemical parameters of selected borehole water from 
Umuechem, Etche Local Government Area, River State, Nigeria. 
Int J Chem and Chemical Engineer 6(1):45–57

 84. Abu OM, Nwokoma GC (2016) Bioaccumulation of selected 
heavy metals in water, sediment and blue crab (Callinectes 
amnicola) from Bodo Creek, Niger Delta. Nigeria J Fisheries 
Sci 10(3):77–83

 85. Edori OS, Kpee F (2016) Physicochemical and heavy metal 
assessment of water samples from boreholes near some abattoirs 
in Port Harcourt, Rivers State. Niger Am Chem Sci J 14(3):1–8

 86. Marcus AC, Edori OS (2016) Assessment of contamination sta-
tus of Bomu and Oginigba Rivers, Rivers State, Nigeria, using 
some trace metals and Callinectes gladiator as indices. Chem Sci 
Int J 17(4):1–10

 87. Wokoma OAF (2015) Bioaccumulation of trace metals in water, 
sediment and crab (Callinectes) from Sombreiro River, Niger 
Delta, Nigeria. Int J Sci Technol Res 3:295–299

 88. Iyama WA, Edori OS (2014) Analysis of the water quality of 
imonite creek in ndoni, Rivers State. Niger IOSR J Appl Chem 
7(1):6–9

 89. Ezeilo FE, Agunwamba JC (2014) Analysis of heavy metal pol-
lution status of Amadi creek, Port Harcourt. Niger Health Saf 
Environ (HSE) 2(3):88–96

 90. Marcus AC, Ekpete OA (2014) Impact of discharged process 
wastewater from an oil refinery on the physicochemical quality of 
a receiving waterbody in Rivers State. Niger IOSR J Appl Chem 
7(12):1–8

 91. Favour VA, Obi YL (2014) Levels of lead, iron and cadmium 
contamination in fish, water and sediment from Iwofe site on 
New Calabar River, Rivers State. Int J Extensive Res 3:10–15

 92. Marcus AC, Okoye COB, Ibeto CN (2013) Bioaccumulation 
of trace metals in shellfish and fish of bonny river and creeks 
around Okrika in Rivers State. Niger Bull Environ Contam Toxi-
col 90(6):708–713

 93. Imasuen OI, Egai AO (2013) Concentration and environmental 
implication of heavy metals in surface water in Aguobiri commu-
nity, southern Ijaw local government area. Bayelsa state, Nigeria

 94. Essien EB, Abbey BW, Chinwe N, Odeghe OB (2013) Physico-
chemical evolution, Gill Mda concentration and histology of 
tilapia exposed to mixed effluent in Okrika River, Rivers State. 
Nigeria J Environ Earth Sci 3(2):88–96

 95. Friday U, Wokoma OAF, Edoghotu AJ (2013) Levels of bioac-
cumulation of some heavy metals in Fish (Tilapia zilli) and their 
concentration in water and sediment of Owubu Creek, Niger 
Delta. Nig Resour Environ 3(3):59–64

 96. Ideriah TJK, David-Omiema S, Ogbonna DN (2012) Distribu-
tion of heavy metals in water and sediment along Abonnema 
Shoreline. Niger Resour Environ 2(1):33–40

 97. Vincent-Akpu IF, Mmom TC (2012) Trace metals in water, fish 
and sediments from Elechi Creek. Port Harcourt, River State, 
Nigeria

 98. Kpee F (2012) Pollution levels of heavy metals in sediment, biota 
and water of Kalabari Creeks, Rivers State, Nigeria (Doctoral 
Dissertation, Department of Pure and Industrial Chemistry, Fac-
ulty of Physical Sciences, University Of Nigeria, Nsukka)

 99. NER (2011) National Environmental (Surface and Groundwater 
Quality Control) Regulations 2011:693–727. https:// www. fao. 
org/ faolex/ resul ts/ detai ls/ en/c/ LEX- FAOC1 45947/ 

 100. World Health Organization (2017) Guidelines for drinking water 
quality. 4th Edition. p 631. https:// www. who. int/ publi catio ns/i/ 
item/ 97892 41549 950

 101. SON (2007) African forum for utility regulators and nigeria 
industrial standards (NIS) 5542:2007 of Standard Organization 
of Nigeria (SON). ICS 13.060.20 14-18

 102. ATSDR (2004) Toxicological Profile. U.S. Public Health Ser-
vice Agency for Toxic Substances and Disease Registry, Atlanta. 
https:// www. atsdr. cdc. gov/ toxpr ofile docs/ index. html

 103. Obasi PN, Akudinobi BB (2020) Potential health risk and levels 
of heavy metals in water resources of lead–zinc mining commu-
nities of Abakaliki, southeast Nigeria. Appl Water Sci 10(7):1–23

 104. Akpanowo MA, Bello NA, Umaru I, Iyakwari S, Joshua E, Yusuf 
S, Ekong GB (2021) Assessment of radioactivity and heavy met-
als in water sources from Artisanal mining areas of Anka. North-
west Niger Sci Afri 12:e00761

 105. Agbai WP, Efenudu UI (2022) Land use types and their influence 
on heavy met-als concentration in soils of Yenagoa and Southern 
Ijaw local government area of Bayelsa State. Bulg J Soil Sci 
Agrochem Ecol 56(3):3–16

 106. Osioma E, Hamilton-Amachree A (2019) Heavy metal accumu-
lation and biomarker responses in the earthworm (Lumbricus 
terrestris) collected from kolo creek, bayelsa state, Nigeria. FUW 
Trends Sci Technol J 4:319–323

 107. Osioma E, Iniaghe PO, Chibogu IF (2018) Evaluation of heavy 
metals content in soil and Talinum Triangulare from Kolo Creek, 
Bayelsa State, Nigeria. Mambilla: J Sci Environ 5(1):26–32

 108. Ogbaran AN, Uguru H (2021) Evaluating the contamination 
degree and risk assessment of heavy metals around active dump-
site environment: a case study of Ozoro community, Delta State. 
Niger Phy Sci Int J 25(1):39–51

 109. Osakwe SA, Okolie LP (2015) Physicochemical characteristics 
and heavy metals contents in soils and cassava plants from farm-
lands along a major highway in Delta State, Nigeria. J Appl Sci 
Environ Manag 19(4):695–704

 110. Anapuwa OS (2014) Heavy metal contamination and physico-
chemical characteristics of soils from automobile workshops in 
Abraka, Delta State. Niger Int J Nat Sci Res 2(4):48–58

 111. Iwegbue CMA, Bassey FI, Tesi GO, Nwajei GE, Tsafe AI (2013) 
Assessment of heavy metal contamination in soils around cas-
sava processing mills in sub-urban areas of Delta State, Southern 
Nigeria. Niger J Basic Appl Sci 21(2):96–104

 112. Aigberua AO, Inengite AK (2019) Chemical speciation and 
mobility of heavy metal (Pb, Cd, Zn, Mn) pollutants in crude oil 
contaminated soils of Niger Delta, Nigeria. Elixir Appl Chem 
126:52543–52548

 113. Peters DE, Eebu C, Nkpaa KW (2018) Potential human health 
risk assessment of heavy metals via consumption of root tubers 
from Ogoniland, Rivers State. Niger Biol Trace Element Res 
186(2):568–578

 114. Ogunka-Nnoka C, Assor K, Onuoha S, Amadi P (2018) A study 
of the toxicants and biomarkers of oxidative stress in samples 
from Ebubu and Elele-Alimini communities in Rivers state. 
Ovidius Univ Annal Chem 29(1):1–7

 115. Abarikwu SO, Essien EB, Iyede OO, John K, Mgbudom-Okah 
C (2017) Biomarkers of oxidative stress and health risk assess-
ment of heavy metal contaminated aquatic and terrestrial organ-
isms by oil extraction industry in Ogale, Nigeria. Chemosphere 
185:412–422

 116. Verla EN, Verla AW, Enyoh CE (2017) Pollution assessment 
models of surface soils in Port Harcourt city, Rivers State. Niger 
World News Nat Sci 12:1–20

 117. Okereke CJ, Essien EB, Wegwu MO (2016) Human health risk 
assessment of heavy metal contamination for population via con-
sumption of selected vegetables and tubers grown in farmlands in 
Rivers State. South-South Niger J Anal Pharm Res 3(6):00077

 118. Fatoba PO, Ogunkunle CO, Folarin OO, Oladele FA (2016) 
Heavy metal pollution and ecological geochemistry of soil 
impacted by activities of oil industry in the Niger Delta. Niger 
Environ Earth Sci 75(4):1–9

 119. Nwaichi EO, Wegwu MO, Nwosu UL (2014) Distribu-
tion of selected carcinogenic hydrocarbon and heavy 

https://www.fao.org/faolex/results/details/en/c/LEX-FAOC145947/
https://www.fao.org/faolex/results/details/en/c/LEX-FAOC145947/
https://www.who.int/publications/i/item/9789241549950
https://www.who.int/publications/i/item/9789241549950
https://www.atsdr.cdc.gov/toxprofiledocs/index.html


1386 A. P. Onyena et al.

1 3

metals in an oil-polluted agriculture zone. Environ Monit Assess 
186(12):8697–8706

 120. Ameh EG (2014) A preliminary assessment of soil samples 
around a filling station in Diobu, Port Harcourt, Rivers State, 
Nigeria. Res J Environ and Earth Sci 6(2):57–65

 121. Tanee FBG, Albert E (2013) Heavy metals contamination of 
roadside soils and plants along three major roads in Eleme, Riv-
ers State of Nigeria. J Biol Sci 13(4):264–270

 122. Onojake MC, Frank O (2013) Assessment of heavy metals in a 
soil contaminated by oil spill: a case study in Nigeria. Chem Ecol 
29(3):246–254

 123. Ekpete OA, Festus C (2013) Heavy metal distribution in 
soil along Iwofe Rumuolumeni road. Int J Sci and Technol 
8(1):450–455

 124. DPR (2002) Environmental Guidelines and Standards for the 
Petroleum Industry in Nigeria (Revised Edition). Department 
of Petroleum Resources of Nigeria, Ministry of Petroleum and 
National Resources Abuja, Nigeria. pp 171

 125. Pradhan D, Sukla LB, Sawyer M, Rahman PK (2017) Recent 
bioreduction of hexavalent chromium in wastewater treatment: 
A review. J Ind Eng Chem 55:1–20

 126. Onojake MC, Sikoki FD, Babatunde BB, Akpiri RU, Akpuloma 
D, Omokheyeke O (2015) Bioaccumulation of heavy metals in 
two matrices of the Bonny/New Calabar River Estuary in Niger 
Delta. Niger Ocean Sci J 50(2):203–208

 127. Gijo AH, Alagoa KJ (2022) The concentration of heavy metals in 
the sediments of the River Nun Estuary, Around Akassa, Niger 
Delta. Niger Haya Saudi J Life Sci 7(8):234–239

 128. Elijah LK, Young E, Tobin EA (2016) Bioavailability of heavy 
metals in epipelagic sediments and tissues of African Catfish 
(Clarias gariepinus) of the Kolo Creek, Bayelsa State. Niger J 
Multi Eng Sci Tech 3(1):3803–3807

 129. Aigberua AO, Ogbuta AA, Izah SC (2020) Selected heavy met-
als in sediment of Taylor creek due to anthropogenic activities 
in the Niger Delta region of Nigeria: geochemical spreading and 
evaluation of environmental risk. Biodivers Int J 4(2):67–80

 130. Aghoghovwia OA, Izah SC, Miri FA (2018) Environmental risk 
assessment of heavy metals in sediment of Nun River around 
Gbarantoru and Tombia Towns, Bayelsa State. Nigeria, Biol Evi, 
p 8

 131. Elijah LK, Junior HM, Ibuteme SA (2015) Speciation of some 
heavy metals in sediments of the Pennington River, Bayelsa 
State, Nigeria. Amer Chem Sci J 5:238–246

 132. Ehiemere VC, Ihedioha JN, Ekere NR, Ibeto CN, Abugu HO 
(2022) Pollution and risk assessment of heavy metals in water, 
sediment and fish (Clarias gariepinus) in a fish farm cluster in 
Niger Delta region. Niger J Water and Health 20(6):927–945

 133. Akporido SO, Ipeaiyeda AR (2014) An assessment of the oil 
and toxic heavy metal profiles of sediments of the Benin River 
adjacent to a lubricating oil producing factory, Delta State. Niger 
J Issues ISSN 2360:8803

 134. Osakwe SA, Peretiemo-Clarke BO (2013) Evaluation of heavy 
metals in sediments of River Ethiope, Delta State, Nigeria. IOSR 
J Appl Chem 4:1–4

 135. Bubu A, Ononugbo CP, Avwiri GO (2017) Determination of 
heavy metal concentrations in sediment of Bonny River, Nigeria. 
Arch Curr Res Int 11:1–11

 136. Kpee F, Ekpete OA (2014) Levels of trace metals in surface 
sediments from Kalabari Creeks, Rivers State. Niger J App Sci 
Environ Manag 18(2):189–195

 137. Babatunde BB, Sikoki FD, Onojake MC, Akpiri RU, Akpuloma 
D (2013) Heavy metal profiles in various matrices of the Bonny/
New Calabar River Estuary, Niger delta. Niger Global J Environ 
Sci 12(1):1–11

 138. Sani A, Idris KM, Abdullahi BA, Darma AI (2022) Bioaccu-
mulation and health risks of some heavy metals in Oreochromis 

niloticus, sediment and water of Challawa river, Kano. Northwest 
Niger Environ Adv 7:100172. https:// doi. org/ 10. 1016/j. envadv. 
2022. 100172

 139. Kolawole TO, Ajibade OM, Olajide-Kayode JO, Fomba KW 
(2023) Level, distribution, ecological, and human health risk 
assessment of heavy metals in soils and stream sediments around 
a used-automobile spare part market in Nigeria. Environ Geo-
chem Health 45(5):1573–1598

 140. Bari ML, Yeasmin S (2018) Foodborne diseases and responsi-
ble agents. In Food Safety and Preservation. Academic Press. 
195–229

 141. Carlucci D, Nocella G, De Devitiis B, Viscecchia R, Bimbo F, 
Nardone G (2015) Consumer purchasing behaviour towards fish 
and seafood products. Patterns and insights from a sample of 
Intational studies. Appet 84:212–227

 142. Onyena AP, Udensi JU (2019) Evaluation of heavy metals con-
centrations in Oreochromis niloticus and Clarias gariepinus from 
river and aquaculture systems within Owerri Metropolis, Imo 
State Nigeria. J Food Sci and Eng 9:131–138. https:// doi. org/ 10. 
17265/ 2159- 5828/ 2019. 04. 002

 143. Otero P, Carpena M, Fraga-Corral M, Garcia-Oliveira P, Soria-
Lopez A, Barba FJ, Xiao J, Simal-Gandara J, Prieto MA (2021) 
Aquaculture and agriculture-by products as sustainable sources 
of omega-3 fatty acids in the food industry. EFood 2(5):209–233

 144. Ashraf SA, Adnan M, Patel M, Siddiqui AJ, Sachidanandan M, 
Snoussi M, Hadi S (2020) Fish-based bioactives as potent nutra-
ceuticals: exploring the therapeutic perspective of sustainable 
food from the sea. Mar drugs 18(5):265. https:// doi. org/ 10. 3390/ 
md180 50265

 145. Rakib MRJ, Rahman MA, Onyena AP, Kumar R, Sarker A, Hos-
sain MB, Islam ARMT, Islam MS, Rahman MM, Jolly YN, Idris 
AM (2022) A comprehensive review of heavy metal pollution 
in the coastal areas of Bangladesh: abundance, bioaccumula-
tion, health implications, and challenges. Environ Sci Poll Res 
29(45):67532–67558

 146. Ali H, Khan E, Ilahi I (2019) Environmental chemistry and 
ecotoxicology of hazardous heavy metals: environmental per-
sistence, toxicity, and bioaccumulation. J Chem. https:// doi. org/ 
10. 1155/ 2019/ 67303 05

 147. Rai PK, Lee SS, Zhang M, Tsang YF, Kim KH (2019) Heavy 
metals in food crops: health risks, fate, mechanisms, and manage-
ment. Environ Int 125:365–385

 148. WHO (2022) Food Safety https:// www. who. int/ news- room/ fact- 
sheets/ detail/ food- safety. Accessed  20th January, 2023

 149. Okoye EA, Bocca B, Ruggieri F, Ezejiofor AN, Nwaogazie IL, 
Domingo JL, Rovira J, Frazzoli C, Orisakwe OE (2021) Metal 
pollution of soil, plants, feed and food in the Niger Delta, Nige-
ria: Health risk assessment through meat and fish consumption. 
Environ Res 198:111273

 150. Moslen M (2017) Risk assessment and bioconcentration of heavy 
metals in Mugil cephalus (Mullet) obtained from Azuabie Creek 
in Port Harcourt, Nigeria. J Res Environ Earth Sci 3:01–07

 151. Oyibo JN, Wegwu MO, Uwakwe AA, Osuoha JO (2018) Analy-
sis of total petroleum hydrocarbons, polycyclic aromatic hydro-
carbons and risk assessment of heavy metals in some selected 
finfishes at Forcados Terminal, Delta State, Nigeria. Environ 
Nanotech Monit Manag 9:128–135

 152. Dawood MA, Koshio S, Esteban MÁ (2018) Beneficial roles of 
feed additives as immunostimulants in aquaculture: a review. Rev 
Aquacul 10(4):950–974

 153. Baki MA, Hossain MM, Akter J, Quraishi SB, Shojib MFH, 
Ullah AA, Khan MF (2018) Concentration of heavy metals in 
seafood (fishes, shrimp, lobster and crabs) and human health 
assessment in Saint Martin Island, Bangladesh. Ecotox Environ 
Saf 159:153–163

https://doi.org/10.1016/j.envadv.2022.100172
https://doi.org/10.1016/j.envadv.2022.100172
https://doi.org/10.17265/2159-5828/2019.04.002
https://doi.org/10.17265/2159-5828/2019.04.002
https://doi.org/10.3390/md18050265
https://doi.org/10.3390/md18050265
https://doi.org/10.1155/2019/6730305
https://doi.org/10.1155/2019/6730305
https://www.who.int/news-room/fact-sheets/detail/food-safety
https://www.who.int/news-room/fact-sheets/detail/food-safety


1387Engaging One Health in Heavy Metal Pollution in Some Selected Nigerian Niger Delta Region: a…

1 3

 154. Markmanuel DP, Horsfall MJ, Orubite OK, Adowei P (2017) 
Evaluation of concentrations and human health risk of Cu, Zn, 
Fe in two periwinkles species from three local government 
areas, Bayelsa State, Nigeria. J Appl Sci and Environ Manag 
21(2):323–328

 155. FSANZ (2008) Contaminants and natural toxicants, Food 
Standards Australia and New Zealand, Australian Government 
Health Portfolio. https:// www. foods tanda rds. gov. au/ code/Docu-
ments/1.4.1%20Contaminants% 20v157.pdf.

 156. Patrick-Iwuanyanwu KC, Obasi MO, Ogbo AB, Egbuna C (2020) 
Human health risk assessment of heavy metals via consumption 
of selected seafoods from three different open markets in Bayelsa 
state. Ann Biol Sci 8(1):19

 157. FAO/WHO (2001) Report on the 32nd Session of the Codex 
Committee on Food and Contaminants, ALINORM 01/12. Bei-
jing, China

 158. Pandey G, Madhuri S (2014) Heavy metals causing toxicity in 
animals and fishes. Res J Ani Vet and Fishery Sci 2(2):17–23

 159. Chioma DL, Okechukwu ND, Reminus O (2021) Determination 
of heavy metals in salt water Periwinkle and fresh water Periwin-
kle in Port-Harcourt, Rivers-State. Scholars Int J Chem Mater Sci 
4(1):1–5

 160. Zaynab M, Al-Yahyai R, Ameen A, Sharif Y, Ali L, Fatima M, 
Khan KA, Li S (2022) Health and environmental effects of heavy 
metals. J King Saud University-Sci 34(1):101653

 161. Guzzi G, Ronchi A, Pigatto P (2021) Toxic effects of mercury in 
humans and mammals. Chemosphere 263:127990

 162. Ayodele OS, Adelodun AA, Oluwagbohunmi A (2023) Trace 
metal concentration in common fishes from the Lagos lagoon, 
Southwestern Nigeria. Reg Stud in Mar Sci 60:102844

 163. Soyinka OO, Raman PM, Alalor EE, Fatungase FO, Alayaki OA, 
Inyang UE (2021) Assessment of heavy metals and public health 
concern in selected fish species in Lagos Lagoon, Nigeria. West 
Afr J Fish Aquat Sci 2(1):22–30

 164. Assayomo E, Brepi Patrick S, Angobrakumor Ajimmy R, David 
Odikeme E, Bright OA (2021) Heavy metals contamination and 
human health risk asssessment via consumption of medicinal 
plants from Amassoma community, Bayelsa State of Nigeria. J 
Appl Life Sci Int 24(9):53–65

 165. Enearepuadoh OV, Elijah LK, Epoweidei SE (2019) The effect 
of leaching on the uptake of heavy metals (As, Cd, Cr, Ni and 
Pb) by Pawpaw (Carica Papaya Linn.) Growing in Dumpsite and 
Near Dumpsite in Amarata, Yelga Bayelsa State. Sumerianz J 
Scientific Res 2(7):89–96

 166. Patrick-Iwuanyanwu K, Chioma NC (2017) Evaluation of heavy 
metals content and human health risk assessment via consump-
tion of vegetables from selected markets in Bayelsa State. Niger 
Biochem Anal Biochem 6(332):2161–1009. https:// doi. org/ 10. 
4172/ 2161- 1009. 10003 32

 167. Chukwuemeka PIK, Hephzibah NU (2018) Potential health risk 
from heavy metals via consumption of leafy vegetables in the 
vicinity of warri refining and petrochemical company, Delta 
State. Niger Annal Biol Sci 6(2):31–38

 168. Bassey FI, Iwegbue CMA, Obi-Iyeke GE, Tesi GO, Rotu AR, 
Gobe OA, Tsafe AI (2014) Heavy metals in soils and tomatoes 
grown in urban fringe environment in Asaba, Delta State, Nige-
ria. Niger J Basic Appl Sci 22(1–2):27–31

 169. Ogbo AB, Patrick-Iwuanyanwu K (2019) Heavy metals con-
tamination and potential human health risk via consumption of 
vegetables from selected communities in ONELGA, Rivers State. 
Nigeria Eur J Nutr Food Saf 9(2):134–151

 170. Oladele AT, Fadare OO (2015) Heavy metals and proximate 
composition of forest leafy vegetables in oil producing area of 
Nigeria. Ethiopian J Environ Stud Manag 8(4):451–463. https:// 
doi. org/ 10. 4314/ ejesm. v8i4. 10

 171. Kalagbor IA, Barisere V, Barivule G, Barile S, Bassey C (2014) 
Investigation of the presence of some heavy metals in four edible 
vegetables, bitter leaf (Vernonia amygdalina), scent leaf (Oci-
mum gratissimum), water leaf (Talinum triangulare) and fluted 
pumpkin (Telfairia occidentalis) from a cottage farm in Port Har-
court. Res J Environ and Earth Sci 6(1):18–24

 172. Kalagbor I, Diri E (2014) Evaluation of heavy metals in orange, 
pineapple, avocado pear and pawpaw from a farm in Kaani, Bori. 
Rivers State Niger J Issues ISSN 2360:8803

 173. Omeka ME, Igwe O (2021). Heavy metals concentration in soils 
and crop plants within the vicinity of abandoned mine sites in 
Nigeria: an integrated indexical and chemometric approach. Int 
J Environ Anal Chem 1–19

 174. Edogbo B, Okolocha E, Maikai B, Aluwong T, Uchendu C 
(2020) Risk analysis of heavy metal contamination in soil, veg-
etables and fish around Challawa area in Kano State. Niger Sci 
Afr 7:e00281

 175. Ackland ML, Bornhorst J, Dedoussis GV, Dietert RR, Nriagu JO, 
Pacyna JM, Pettifor JM (2015) Gaps and Opportunities. Trace 
Met Infect Dis 16:271

 176. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-
Rohani H, AlMazroa MA, Amann M, Anderson HR, Andrews 
KG, Aryee M (2012) A comparative risk assessment of bur-
den of disease and injury attributable to 67 risk factors and 
risk factor clusters in 21 regions, 1990–2010: a systematic 
analysis for the Global Burden of Disease Study 2010. lanc 
380(9859):2224–2260

 177. Xu X, Hu H, Dailey AB, Kearney G, Talbott E, Cook RL (2013) 
Potential health impacts of heavy metals on HIV-infected popula-
tion in USA. PLoS ONE 8(9):e74288

 178. Xu X, Hu H, Hong YA (2017) Body burden of heavy met-
als among HIV high risk population in USA. Environ Poll 
220:1121–1126

 179. Folorunso OM, Frazzoli C, Chijioke-Nwauche I, Bocca B, Ori-
sakwe OE (2021) Toxic metals and non-communicable diseases 
in HIV population: a systematic review. Medicina 57(5):492

 180. Douine M, Lambert Y, Musset L, Hiwat H, Blume LR, Marches-
ini P, Moresco GG, Cox H, Sanchez JF, Villegas L, De Santi VP 
(2020) Malaria in gold miners in the Guianas and the Amazon: 
current knowledge and challenges. Curr Trop Med Rep 7(2):37–
47. https:// doi. org/ 10. 4314/ ejesm. v8i4. 10

 181. Crompton P, Ventura AM, De Souza JM, Santos E, Strickland 
GT, Silbergeld E (2002) Assessment of mercury exposure and 
malaria in a Brazilian Amazon riverine community. Environ Res 
90(2):69–75

 182. Silva IA, Nyland JF, Gorman A, Perisse A, Ventura AM, Santos 
EC, De Souza JM, Burek CL, Rose NR, Silbergeld EK (2004) 
Mercury exposure, malaria, and serum antinuclear/antinucleolar 
antibodies in Amazon populations in Brazil: a cross-sectional 
study. Environ Health 3(1):1–12

 183. Silbergeld EK, Silva IA, Nyland JF (2005) Mercury and autoim-
munity: implications for occupational and environmental health. 
Toxicol Appl Pharmacol 207(2):282–292

 184. Briffa J, Sinagra E, Blundell R (2020) Heavy metal pollution in 
the environment and their toxicological effects on humans. Heliy 
6(9):e04691

 185. Li L, Zhang M, Men Y, Wang W, Zhang W (2020) Heavy metals 
interfere with plasma metabolites, including lipids and amino 
acids, in patients with breast cancer. Oncol Let 19(4):2925–2933

 186. Xu H, Jia Y, Sun Z, Su J, Liu QS, Zhou Q, Jiang G (2022) Envi-
ronmental pollution, a hidden culprit for health issues. Eco-Envi-
ron Health 1(1):31–45

 187. Rabinowitz P, Scotch M, Conti L (2009) Human and animal sen-
tinels for shared health risks. Vet Itali 45(1):23

 188. Global Burden of Disease (2019). Global burden of disease col-
laborative network, results (2020, Institute for Health Metrics and 

https://www.foodstandards.gov.au/
https://doi.org/10.4172/2161-1009.1000332
https://doi.org/10.4172/2161-1009.1000332
https://doi.org/10.4314/ejesm.v8i4.10
https://doi.org/10.4314/ejesm.v8i4.10
https://doi.org/10.4314/ejesm.v8i4.10


1388 A. P. Onyena et al.

1 3

Evaluation – IHME) https:// vizhub. healt hdata. org/ gbd- resul ts/. 
Accessed  24th December, 2022.

 189. Planchart A, Green A, Hoyo C, Mattingly CJ (2018) Heavy metal 
exposure and metabolic syndrome: evidence from human and 
model system studies. Curr Environ Health Rep 5(1):110–124

 190. Canaz E, Kilinc M, Sayar H, Kiran G, Ozyurek E (2017) Lead, 
selenium and nickel concentrations in epithelial ovarian cancer, 
borderline ovarian tumor and healthy ovarian tissues. J Trace 
Elem Med Biol 43:217–223

 191. Marouf BH (2018) Association between serum heavy metals 
level and cancer incidence in darbandikhan and Kalar Area, 
Kurdistan Region. Iraq Niger J Clinical Pract 21(6):766–771

 192. Tarhonska K, Lesicka M, Janasik B, Roszak J, Reszka E, Braun 
M, Kołacińska-Wow A, Jabłońska E (2022) Cadmium and 
breast cancer—current state and research gaps in the underly-
ing mechanisms. Toxicol Let 361:29–42

 193. WHO (World Health Organization).  (2013)  Global action 
plan for the prevention and control of noncommunicable dis-
eases 2013–2020. Rep., WHO, Geneva. http:// apps. who. int/ 
iris/ bitst ream/ handle/ 10665/ 94384/ 97892 41506 236_ eng. pdf; 
jsess ionid= 71BCE A94B3 F8573 7AB42 F3C84 216E5 4A? seque 
nce=1

 194. NCD Alliance (2022) The financial burden of NCDs. https:// 
ncdal liance. org/ why- ncds/ the- finan cial- burden- of- ncds. 
Accessed 11th December 2022.

 195. Adogu POU, Ubajaka CF, Emelumadu OF, Alutu COC (2015) 
Epidemiologic transition of diseases and health-related 
events in developing countries: a review. Am J Med Med Sci 
5(4):150–157

 196. Ezzati M, Pearson-Stuttard J, Bennett JE, Mathers CD (2018) 
Acting on non-communicable diseases in low-and middle-
income tropical countries. Nat 559(7715):507–516

 197. Beran D, Zar HJ, Perrin C, Menezes AM, Burney P (2015) Bur-
den of asthma and chronic obstructive pulmonary disease and 
access to essential medicines in low-income and middle-income 
countries. Lancet Resp Med 3(2):159–170

 198. Patel N, Chauhan D, Shahane S, Rai D, Ali Khan MZ, Mishra 
U, Chaudhary VK (2021) Contamination and health impact of 
heavy metals. Heavy Metals, Water Pollution and Remediation, 
pp 259–280

 199. Huang W, Shi X, Wu K (2021) Human body burden of heavy 
metals and health consequences of Pb exposure in Guiyu, an 
E-waste recycling town in China. Int J Environ Res Pub Health 
18(23):12428

 200. Gautam K, Sharma P, Dwivedi S, Singh A, Gaur VK, Varjani S, 
Srivastava JK, Pandey A, Chang JS, Ngo HH (2023) A review 
on control and abatement of soil pollution by heavy metals: 
emphasis on artificial intelligence in recovery of contaminated 
soil. Environ Res e115592

 201. Perrelli M, Wu R, Liu DJ, Lucchini RG, Bosque-Plata D, Vergare 
M, Akhter MP, Ott J, Gragnoli C (2022) Heavy metals as risk 
factors for human diseases—a Bayesian network approach

 202. Pérez Castresana G, Castañeda Roldán E, García Suastegui WA, 
Morán Perales JL, Cruz Montalvo A, Handal Silva A (2019) 
Evaluation of health risks due to heavy metals in a rural popula-
tion exposed to Atoyac River pollution in Puebla. Mexico Water 
11(2):277

 203. Mantey J, Nyarko KB, Owusu-Nimo F, Awua KA, Bempah CK, 
Amankwah RK, Akatu WE, Appiah-Effah E (2020) Mercury 
contamination of soil and water media from different illegal 
artisanal small-scale gold mining operations (galamsey). Heliy 
6(6):e04312

 204. Azevedo LF, Karpova N, Rocha BA, Barbosa Junior F, Gobe 
GC, Hornos Carneiro MF (2023) Evidence on neurotoxicity after 
intrauterine and childhood exposure to organomercurials. Int J 
Environ Res and Publ Health 20(2):1070

 205. USEPA (2022) Human Health Risk Assessment. https:// www. 
epa. gov/ risk/ human- health- risk- asses sment. Accessed 2nd Feb-
ruary 2023

 206. Olawoyin R, Oyewole SA, Grayson RL (2012) Potential risk 
effect from elevated levels of soil heavy metals on human health 
in the Niger delta. Ecotoxicol Environ Saf 85:120–130

 207. Zabbey N, Sam K, Onyebuchi AT (2017) Remediation of con-
taminated lands in the Niger Delta, Nigeria: Prospects and chal-
lenges. Sci Total Environ 586:952–965

 208. Khalid S, Shahid M, Niazi NK, Murtaza B, Bibi I, Dumat C 
(2017) A comparison of technologies for remediation of heavy 
metal contaminated soils. J Geochem Explor 182:247–268

 209. Hu Z, Li J, Wang H, Ye Z, Wang X, Li Y, Liu D, Song Z (2019) 
Soil contamination with heavy metals and its impact on food 
security in China. J Geosci Environ Prot 7(05):168

 210. Liu L, Li W, Song W, Guo M (2018) Remediation techniques for 
heavy metal-contaminated soils: principles and applicability. Sci 
Total Environ 633:206–219

 211. Sharma S, Tiwari S, Hasan A, Saxena V, Pandey LM (2018) 
Recent advances in conventional and contemporary methods 
for remediation of heavy metal-contaminated soils. 3 Biotech 
8(4):1–18. https:// doi. org/ 10. 1007/ s13205- 018- 1237-8

 212. Yao Z, Li J, Xie H, Yu C (2012) Review on remediation technolo-
gies of soil contaminated by heavy metals. Procedia Environ Sci 
16:722–729. https:// doi. org/ 10. 1016/j. proenv. 2012. 10. 099

 213. Zhu L, Ding W, Feng LJ, Kong Y, Xu J, Xu XY (2012) Isola-
tion of aerobic denitrifiers and characterization for their poten-
tial application in the bioremediation of oligotrophic ecosystem. 
Bioresource Technol 108:1–7

 214. Mallampati SR, Mitoma Y, Okuda T, Simion C, Lee BK (2015) 
Dynamic immobilization of simulated radionuclide 133Cs in 
soil by thermal treatment/vitrification with nanometallic Ca/CaO 
composites. J Environ Radioact 139:118–124

 215. Dellisanti F, Rossi PL, Valdrè G (2009) In-field remediation of 
tons of heavy metal-rich waste by Joule heating vitrification. Int 
J Mineral Proce 93(3–4):239–245

 216. Navarro A, Cardellach E, Cañadas I, Rodríguez J (2013) Solar 
thermal vitrification of mining contaminated soils. Int J Mineral 
Proce 119:65–74

 217. Austruy A, Shahid M, Xiong T, Castrec M, Payre V, Niazi NK, 
Sabir M, Dumat C (2014) Mechanisms of metal-phosphates for-
mation in the rhizosphere soils of pea and tomato: environmental 
and sanitary consequences. J Soils Sed 14(4):666–678

 218. Sun L, Wu Q, Liao K, Yu P, Cui Q, Rui Q, Wang D (2016) Con-
tribution of heavy metals to toxicity of coal combustion related 
fine particulate matter (PM2. 5) in Caenorhabditis elegans with 
wild-type or susceptible genetic background. Chemosphere 
144:2392–2400

 219. Soares MA, Quina MJ, Quinta-Ferreira RM (2015) Immobilisa-
tion of lead and zinc in contaminated soil using compost derived 
from industrial eggshell. J Environ Manag 164:137–145

 220. Venegas A, Rigol A, Vidal M (2015) Viability of organic wastes 
and biochars as amendments for the remediation of heavy metal-
contaminated soils. Chemosphere 119:190–198

 221. Pandey B, Kinrade SD, Catalan LJ (2012) Effects of carbonation 
on the leachability and compressive strength of cement-solidi-
fied and geopolymer-solidified synthetic metal wastes. J Environ 
Manag 101:59–67

 222. Senthil Kumar KJ, Gokila Vani M, Wang CS, Chen CC, Chen 
YC, Lu LP, Lai HCH, CS, Wang SY, (2020) Geranium and 
lemon essential oils and their active compounds downregulate 
angiotensin-converting enzyme 2 (ACE2), a SARS-CoV-2 spike 
receptor-binding domain, in epithelial cells. Plants 9(6):770

 223. Babu SOF, Hossain MB, Rahman MS, Rahman M, Ahmed AS, 
Hasan MM, Rakib A, Emran TB, Xiao J, Simal-Gandara J (2021) 

https://vizhub.healthdata.org/gbd-results/
http://apps.who.int/iris/bitstream/handle/10665/94384/9789241506236_eng.pdf;jsessionid=71BCEA94B3F85737AB42F3C84216E54A?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/94384/9789241506236_eng.pdf;jsessionid=71BCEA94B3F85737AB42F3C84216E54A?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/94384/9789241506236_eng.pdf;jsessionid=71BCEA94B3F85737AB42F3C84216E54A?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/94384/9789241506236_eng.pdf;jsessionid=71BCEA94B3F85737AB42F3C84216E54A?sequence=1
https://ncdalliance.org/why-ncds/the-financial-burden-of-ncds
https://ncdalliance.org/why-ncds/the-financial-burden-of-ncds
https://www.epa.gov/risk/human-health-risk-assessment
https://www.epa.gov/risk/human-health-risk-assessment
https://doi.org/10.1007/s13205-018-1237-8
https://doi.org/10.1016/j.proenv.2012.10.099


1389Engaging One Health in Heavy Metal Pollution in Some Selected Nigerian Niger Delta Region: a…

1 3

Phytoremediation of toxic metals: a sustainable green solution 
for clean environment. Appl Sci 11(21):10348

 224. Tangahu BV, Sheikh Abdullah SR, Basri H, Idris M, Anuar N, 
Mukhlisin M (2011) A review on heavy metals (As, Pb, and Hg) 
uptake by plants through phytoremediation. Int J Chem Eng

 225. González HS (2021) Heavy metals in soils and the remediation 
potential of bacteria associated with the plant microbiome/H. S 
González. T Ghneim-Herrera Front Environ Sci 9:1–15

 226. Ighovie ES, and Ikechukwu EE (2014) Phytoremediation of 
crude oil contaminated soil with Axonopus compressus in the 
Niger Delta region of Nigeria. Nat Resourc

 227. Essien EB, Efeanacho MO, Nwachukwu GA (2015) The impact of 
cow dung augmentation for remediation of crude oil polluted soil 
by Eleusine indica. J Appl Sci and Environ Manag 19(1):103–107

 228. Yan A, Wang Y, Tan SN, Mohd Yusof ML, Ghosh S, Chen Z 
(2020) Phytoremediation: a promising approach for revegetation 
of heavy metal-polluted land. Front Plant Sci 11:359

 229. Das A, Osborne JW (2018) Bioremediation of heavy metals. 
Nanotechnology, food security and water treatment. Springer, 
Cham, pp 277–311

 230. Oseni OM, Okunlola GO, Olowolaju ED, Akinropo MS, Afolabi 
AM, Akinlabi AA (2020) Phytoremediation technology, plant 
response to environmental contaminants and the need for soil 
augmentation. Notulae Scientia Biol 12(3):486–499

 231. Rai GK, Bhat BA, Mushtaq M, Tariq L, Rai PK, Basu U, Dar AA, 
Islam ST, Bhat DTU, JA, (2021) Insights into decontamination 
of soils by phytoremediation: a detailed account on heavy metal 
toxicity and mitigation strategies. Physiol Plant 173(1):287–304

 232. Mateo C, Navarro M, Navarro C, Leyva A (2019) Arsenic phy-
toremediation: finally a feasible approach in the near future. 
In Environmental chemistry and recent pollution control 
approaches, IntechOpen, p 189

 233. Miller RR (1996) Phytoremediation, technology overview report. 
Ground-Water Remediat Technol Anal Center, Ser O 3:26

 234. DalCorso G, Fasani E, Manara A, Visioli G, Furini A (2019) 
Heavy metal pollutions: state of the art and innovation in phy-
toremediation. Int J Mol Sci 20(14):3412

 235. Memon AR, Aktoprakligil D, Özdemir A, Vertii A (2001) Heavy 
metal accumulation and detoxification mechanisms in plants. 
Turkish J Bot 25(3):111–121. https:// journ als. tubit ak. gov. tr/ 
botany/ vol25/ iss3/1

 236. Suman J, Uhlik O, Viktorova J, Macek T (2018) Phytoextrac-
tion of heavy metals: a promising tool for clean-up of polluted 
environment? Front Plant Sci 9:1476

 237. Singh S, Fulzele DP, Kaushik CP (2016) Potential of Vetiveria 
zizanoides L. Nash for phytoremediation of plutonium (239Pu): 
chelate assisted uptake and translocation. Ecotoxicol Environ Saf 
132:140–144. https:// doi. org/ 10. 1016/j. ecoenv. 2016. 05. 006

 238. Shruti M, Dubey RS (2010) Heavy metal uptake and detoxifica-
tion mechanisms in plants. Int J Agricul Res 5(7):482–501

 239. Kumar S, Prasad S, Yadav KK, Shrivastava M, Gupta N, 
Nagar S, Bach QV, Kamyab H, Khan SA, Yadav S, Malav LC 
(2019) Hazardous heavy metals contamination of vegetables 
and food chain: role of sustainable remediation approaches-A 
review. Environ Res 179:108792

 240. Sakakibara M, Watanabe A, Inoue M, Sano S, Kaise T (2010) 
Phytoextraction and phytovolatilization of arsenic from As-
contaminated soils by Pteris vittata. Proc Annu Int Conf Soils, 
Sediments, Water Energy 12(1):26

 241. Anjum NA, Rodrigo MAM, Moulick A, Heger Z, Kopel P, Zítka 
O, Adam V, Lukatkin AS, Duarte AC, Pereira E, Kizek R (2016) 
Transport phenomena of nanoparticles in plants and animals/
humans. Environ Res 151:233–243

 242. Badawi AK, Abd Elkodous M, Ali GA (2021) Recent 
advances in dye and metal ion removal using efficient adsor-
bents and novel nano-based materials: an overview. RSC Adv 
11(58):36528–36553

 243. Anastasiadis SH, Chrissopoulou K, Stratakis E, Kavatzikidou P, 
Kaklamani G, Ranella A (2022) How the physicochemical prop-
erties of manufactured nanomaterials affect their performance 
in dispersion and their applications in biomedicine: a review. 
Nanomat 12(3):552

 244. Gupta A, Joia J, Sood A, Sood R, Sidhu C, Kaur G (2016) 
Microbes as potential tool for remediation of heavy metals: a 
review. J Microb Biochem Technol 8(4):364–372

 245. Mezynska M, Brzoska MM (2018) Environmental exposure to 
cadmium—a risk for health of the general population in industri-
alized countries and preventive strategies. Environ Sci Poll Res 
25(4):3211–3232

 246. Geissen V, Mol H, Klumpp E, Umlauf G, Nadal M, Van der 
Ploeg M, Van de Zee SE, Ritsema CJ (2015) Emerging pollutants 
in the environment: a challenge for water resource management. 
Intational Soil Water Conserv Res 3(1):57–65

 247. Jagtap UB, Bapat VA (2015) Genetic engineering of plants for 
heavy metal removal from soil. Heavy metal contamination of 
soils. Springer, Cham, pp 433–470

 248. Yadav KK, Gupta N, Kumar V, Singh JK (2017) Bioremediation 
of heavy metals from contaminated sites using potential species: 
a review. Indian J Environ Prot 37(1):65

 249. Agrawal S, Kumar V, Singh S, Shahi SK (2022). Gene mediated 
phytodetoxification of environmental pollutants. In Phytoreme-
diation Technology for the Removal of Heavy Metals and Other 
Contaminants from Soil and Water. Elsevier. 405–433

 250. Ahmed I, Sebastain A, Prasad MNV, Kirti PB (2019) Emerging 
trends in transgenic technology for phytoremediation of toxic 
metals and metalloids. Transgenic plant technology for remedia-
tion of toxic metals and metalloids 43–62.

 251. Centre for Disease and Control and Prevention, CDC (2022). 
Working together for one health. https:// www. cdc. gov/ onehe 
alth/ in- action/ worki ng- toget her- for- one- health. html. Accessed 
21 December 2022

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://journals.tubitak.gov.tr/botany/vol25/iss3/1
https://journals.tubitak.gov.tr/botany/vol25/iss3/1
https://doi.org/10.1016/j.ecoenv.2016.05.006
https://www.cdc.gov/onehealth/in-action/working-together-for-one-health.html
https://www.cdc.gov/onehealth/in-action/working-together-for-one-health.html

	Engaging One Health in Heavy Metal Pollution in Some Selected Nigerian Niger Delta Cities. A Systematic Review of Pervasiveness, Bioaccumulation and Subduing Environmental Health Challenges
	Abstract
	Introduction
	Methodology
	Heavy Metal Sources in the Environment

	Current State of Heavy Metal Levels in Different Environmental Media of the Niger Delta Ecosystem
	Heavy Metals in Waters of Niger Delta
	Heavy Metals in Soil and Sediment of Niger Delta
	Heavy Metals in Fish and Shell Fishes of the Niger Delta
	Heavy Metals in Plants of Niger Delta

	Heavy Metals and Health Risks Assessments: Implications for the Niger Deltans
	Remediation Approaches of Heavy Metal Contamination
	Physical Remediation
	Soil Replacement
	Soil Isolation
	Vitrification

	Chemical Remediation
	Immobilization Technique
	Encapsulation
	Phytoremediation
	Phytovolatization
	Phytostabilization
	Phytoextration

	Transgenic Plants
	Nanotechnological Approach to Remediation
	Newer Approaches to Remediation
	Challenges Faced in Optimal Remediation in the Niger Delta

	Research Gaps and Future Perspectives
	Conclusions and Recommendations
	Acknowledgements 
	References


