Environmental Science and Pollution Research (2022) 29:82660-82680
https://doi.org/10.1007/511356-022-23390-1

REVIEW ARTICLE q

Check for
updates

Concentrations, bioaccumulation, and health risk assessments
of heavy metals in fishes from Nigeria’s freshwater: a general overview

Oluwaseyi Aderemi Ajala’2 - Margret Racheal Oke3 - Temitope Fausat Ajibade*>57 .

Fidelis Odedishemi Ajibade*®78® . Bashir Adelodun®'® . Joshua O. Ighalo'"'? . Margaret Opeyemi Ajala’3 -
Pankaj Kumar'# - Hailu Demissie’® - Adamu Yunusa Ugya'® - Ishaq Dimeji Sulaymon'” - Luis F. O. Silva'®

Received: 31 January 2022 / Accepted: 27 September 2022 / Published online: 11 October 2022
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract

Heavy metals (HMs) have attracted global attention due to their toxicity, persistence, and accumulation in aquatic fish in the
polluted water environment. The consumption of these fishes exposed humans to a higher risk of non-carcinogenic and car-
cinogenic risks. In this study, we provided a critical overview of the potential sources and concentration of HMs in Nigeria’s
freshwater. Furthermore, we reported their pollution level in widely eaten fish species in the country. Our findings show that
effluent from anthropogenic and industrial activities is one of the major sources HMs in the country. The mean concentra-
tion of Zn (9.02 mg/L), As (7.25 mg/L), Cu (4.35 mg/L), Fe (1.77 mg/L), and Pb (1.46 mg/L) in Nigeria’s freshwaters were
found to be high than Nigerian Standard for Drinking Water Quality permissible limit. This study demonstrated considerable
health risks associated HMs via dietary consumption of different fishes from polluted waters. Therefore, we recommended
an urgent need for effective management HMs in water bodies in order to protect the lives of people living in the country.
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Introduction

Over the last 50 years, several adverse environmental effects
and human disasters have been associated with rapid indus-
trialization and urbanization, thereby raising concerns for
human safety. Simultaneously, the release of harmful pol-
lutants into virtually all forms of environmental matrices
has become a great deal (Ajibade et al. 2021a; Nwogwu
et al. 2022a, b; Ajala et al. 2022). Worldwide, the integrity
of aquatic ecosystems is affected by heavy metals (HMs)
pollution, and as a result, assessing the quality of water is a
pressing issue today (Anyakora et al. 2011; Adelodun et al.
2021; Ighalo et al. 2021). Mining and anthropogenic activi-
ties are responsible for HM pollution in water (Ugya et al.
2018; Oluwatuyi et al. 2020; Ajibade et al. 2021b), but it
is the bioaccumulation of these pollutants that affects the
aquatic fishes (Nouri et al. 2008; Maruf et al. 2021). Owing
to the inherent bioaccumulation potentials of HMs as well
as their long-term persistence in a different environment,
concerns have been raised about the monitoring of these pol-
Iutants (Dahunsi et al. 2012; Koki et al. 2015; Ceballos et al.
2021). This is to ensure the desired sustainability of various
aquatic ecosystems and functions via the monitoring of the
integrity of freshwaters (Wang et al. 2014; Adewumi and
Ajibade 2019). HM pollution has become one of the major
problems in developing countries mainly due to the lack of
or inadequate pollution checks, driven largely by unplanned
industrial growth and other developmental quests (Adewumi
and Ajibade 2015; Akinbile et al. 20164, b; Ilori et al. 2019).

Due to this, HMs are released into the aquatic environment
which contaminates the freshwaters, accumulates in the aquatic
fishes, and as a result enters the human system through the food
chain, thereby causing serious adverse human health effects
(at higher contamination and exposure levels) (Papagiannis
et al. 2004; Tiirkmen et al. 2005; Fernandes et al. 2007). Con-
sequently, HMs have been listed by the United States Envi-
ronmental Protection Authority (USEPA) according to their
potential for toxic effects on human health (Birungi et al. 2007).
Human health risk evaluation from HMs is usually examined
through the consumption of fishes grown in polluted freshwa-
ter. This is because the fish populations are stable and easy to
nurture and collect (Renieri et al. 2014). Also, fish living in
polluted waters tend to accumulate HMs in their system (Salem
et al. 2014; Renieri et al. 2017). According to the Food and
Agriculture Organization (FAO), fish accounted for approxi-
mately 16% of the global intake of animal protein and 6% of all
consumed protein (FAO 2010). Generally, dietary consumption
of HMs accumulated in fish has been widely associated with
human poisoning (Kumar et al. 2021; Zhuang et al. 2009). The

assimilation of HMs in fish occurs via the ingestion of water-
suspended particles including food or by the exchange of ions
via lipophilic membranes such as the gills and tissue, and/or
through membrane surface adsorption. The concentration of
HMs in aquatic fishes have been given special consideration
due to their potential risks to human via dietary consumption.
Chronic illness and potential damage to human health can result
from the accumulation of HMs in the tissues of aquatic fishes
(Amirah et al. 2013). Detrimental effects and non-carcinogenic
hazards such as neurologic problems, headaches, and liver/kid-
ney diseases have been associated with the chronic intake of
HMs above the safety threshold (Farmer et al. 2011; Guadie
et al. 2021). The development of target hazard quotients (THQ)
was done by the USEPA (1989) for the evaluation of possible
health risks associated with long-term exposure to chemical
contaminants and as well as other parameters such as estimated
daily intake (EDI), cancer risk (CR), relative risk (RR), and
hazard index (HI) used for assessing the carcinogenic and non-
carcinogenic effects of chemical contaminants, which have
helped in recognizing harmful contaminants.

Blessed with a vast freshwater ecosystem (Fig. 1), fishing
is one of the major sources of livelihood for many Nigerians.
Despite the introduction of modern aquaculture to increase
fish production, the demand for fish consumption still out-
weighs national production. Approximately 40% of the fish
produced in the country are from local freshwaters while
the remainder 60% are imported fish (Iwegbue et al. 2015).
Therefore, the need to complement modern aquaculture pro-
duction from natural water is inevitable. Fishing from the
wild in order to augment national demand presented several
challenges as water bodies are largely polluted with effluents
from industrial and other anthropogenic activities (Chinedu
and Chukwuemeka 2018). Other studies have drawn attention
to the high level of HMs in freshwaters used in the production
of aquatic fish in Nigeria (Ighalo and Adeniyi 2020; Abalaka
et al. 2020; Edogbo et al. 2020; El-Ishaq et al. 2016).

This study set out to critically review and compile the pre-
sent knowledge on HMs. We carefully examine useful trends
on the sources and concentration of different HMs such as
chromium (Cr), cadmium (Cd), lead (Pb), copper (Cu), man-
ganese (Mn), nickel (Ni), iron (Fe), mercury (Hg), cobalt (Co),
zinc (Zn), and arsenic (As) in Nigeria’s freshwater. We evalu-
ate the useful trend in the bioaccumulation of HMs in widely
eaten fishes (Tilapia zilli, Oreochromis niloticus, Chrysicthys
walkeri, Chrysicthys furcatus, Arius gigas, llisha africana,
Ethmalosa fimbriata, Parachana obscura, Clarias lazera,
Clarias gariepinus, Auchenoglanis occidentalis, Genyonemus
lineatus, Mormyrus rume, Cololabis saira, Mugil cephalus,
Tylosurus crocodilus, Trichiurus lepturus) in polluted waters
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Fig. 1 Map of Nigeria showing
different geolocations alongside
the river networks (a: geoloca-
tions of Nigeria; b: major river
network; ¢: complete river
network)
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and possible health risk via dietary intake. We expounded
our findings regionally, and to the best of our knowledge, no
detailed article has put such into consideration. Lastly, research
gaps were identified to highlight future research prospects.

Methodology of the review

Different keywords such as HMs, freshwater, aquatic
fishes, HM contamination in fresh waters in Nigeria,
HM bioaccumulation in aquatic fish, fish toxicity, and
health risk associated with HM accumulation in fish
were used to source peer-reviewed literature and original
research papers from 2000 to 2021 from four databases,
namely, Scopus database, ScienceDirect, ResearchGate,
and Google Scholar. All sourced articles were checked,
and unrelated ones were sectioned out. Those related to
the focus of this study were further sectioned regionally.
This was done to understand the regional perspectives.
In addition, references of related sourced articles were
checked and screened for relevance.

Sources of heavy metals (HMs) in Nigeria's
freshwaters

Figure 2 shows different sectors which are responsible for
HM pollution. Across different regional zones of Nige-
ria, industrial and pharmaceutical effluents (Anyakora
et al. 2011; James et al. 2013; Ayeni 2014), agricultural
and food processing effluents (Okunade and Adekalu
2013), leachate from dumpsites (Afolayan 2018; Ogunlaja
et al. 2019), effluents from chemical plants (Agah et al.
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2014), open-cast mining (Okolo and Oyedotun 2018),
crude oil refinery and petrochemical effluent (Okonofua
et al. 2021; Uzoekwe and Oghosanine 2011), gas flaring
(Nwankwo and Ogagarue 2011), and cement production
and mining activities (Inyinbor et al. 2012; Muhammad
et al. 2014; Sanusi et al. 2017) are reported sources of
HM pollution. Table 1 presents the various kinds of fishes
in Nigeria with their common and species names.

Concentration of HMs in Nigeria’s freshwater

Compared with the Nigerian Standard for Drinking Water
Quality (NSDWQ), European Union (EU), and World Health
Organization (WHO), this section discusses the concentration
of HMs in Nigeria’s freshwaters across different geographical
distributions (Table 2). It is noticed in Table 2 that most of the
concentrations of HMs are above the maximum permissible
limits given by NSDWQ, EU, and WHO. Lo et al. (2010) and
Omanayi et al. (2011) have demonstrated lead poisoning of
rural water bodies caused by illegal mining activities has killed
several children in northern Nigeria. Figure 3 summarizes the
concentration HMs in both rainy and dry seasons as presented
in Table 2. The major HM pollutants in Nigeria’s freshwater
are Zn (9.02 mg/L mean), As (7.25 mg/L mean), Cu (4.35
mg/L mean), Fe (1.77 mg/L mean), and Pb (1.46 mg/L mean).

Chromium (Cr)

According to the NSDWQ, EU, and WHO, 0.05 mg/L is
the maximum allowable concentration of Cr in freshwater
(Table 2). A high concentration of Cr in Nigeria’s freshwa-
ter is reported in the Ndawuse River in Abuja (Enitan et al.
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Fig. 2 Different sectors responsible for HM pollution and their bioaccumulation by aquatic biota including fishes

Table1 Fish categories with their English names and species in
Nigeria

Fish types English name Species

Fresh water fin Snake head Parachanna africana
Tilapia Tilapia zilli
Tilapia Oreochromis niloticus

Electric fish
Freshwater cat fish

Malapterus electricus

Heterobranchus bidor-

salis
Marine water fin ~ Croaker Pseudotolithus senega-
lensis
Croaker Pseudotolithus elongatus
Croaker Pseudotolithus typus
Bonga fish Ethmalosa fimbriata
Catfish Chrysichthys nigrodigi-
tatus
Freshwater shell ~ Blue crab Callinectes pallidus
Shrimp Panaeus notialis
Shrimp Macrobrachium macro-

Marine water shell

Brackish water prawn

Crab

Costate cockle
Senegal ark
Deep water rose

West African Geryon

Guinea shrimp

braction

Macrobrachium vollen-
hoevenii

Callinectes amnicota
Cardium costatum
Anaadara senegalensis
Parapenaens congirostris
Geryon maritae

Parapenaeopsis altantica

2018), Samberiro River in Rivers State (Ihunwo et al. 2020),
Asejire River and Dandura River in south-west Nigeria (Adesi-
yan et al. 2018), River [jana in Warri (Emoyan et al. 2006),
River Kaduna in Kaduna (Abui et al. 2017), Niger-Benue
River in Lokoja (Ekere et al. 2018), Elelenwo River in Rivers
State (Edori et al. 2019), Silver River in Bayelsa (Ekpet et al.
2019), freshwaters in southern Benue (Igwe et al. 2020), River
Atuwara in south-western Nigeria (Emenike et al. 2020), and
Nkalagu dam River in Ebonyi (Ugbede et al. 2020). The con-
centration of Cr ranged from not-detected limit (ND) (Atomic
Absorption Spectrophotometer (AAS)) to 7.05 mg/L. How-
ever, the lowest concentrations of Cr are found in freshwa-
ter in Niger Delta (Nwankwo and Ogagarue 2011), Asejire
River, Eleyele River, and Erinle River in south-western Nigeria
(Adesiyan et al. 2018). The highest concentration of Cr was
found in River Atuwara (7.05 mg/L at dry season) in south-
western Nigeria (Emenike et al. 2020) and followed by River
Kaduna (3.72 mg/L) in Kaduna (Abui et al. 2017) and Silver
River (3.725 mg/L) in Bayelsa State (Ekpet et al. 2019).

Cadmium (Cd)

Except in the surface water (<0.001 mg/L) of Bayelsa State
(Uzoekwe and Aigberua 2019), the concentrations of Cd
in most of the freshwater are observed to be higher than
the maximum permissible values (Table 2). The concentra-
tion of Cd ranged from <0.001 to 11.01 mg/L. The highest
concentration of Cd is reported at 11.01 mg/L in the Ebonyi
River in south-eastern Nigeria and is attributed to open-cast
mining (Okolo and Oyedotun 2018).
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Fig.3 Mean HM concentration in polluted surface waters across both
rainy and dry seasons in Nigeria compared with SON standard (upper
limits are considered for intervals)

Lead (Pb)

The concentration of lead ranged from ND (AAS) to 14.8
mg/L (Table 2). Compared to the maximum permissi-
ble limit, a higher concentration of Pb is reported in the
Ndawuse River in Abuja (Enitan et al. 2018), Samberiro
River in Rivers State (Thunwo et al. 2020), Asejire River,
Dandura River, Eleyele River, and Erinle River in south-
western Nigeria (Adesiyan et al. 2018), Olosuru stream
in Osun State (Oyewale et al. 2019), River Ijana in Warri
(Emoyan et al. 2006), River Kaduna in Kaduna (Abui et al.
2017), surface water in Lagos (Addey et al. 2018), Igbokoda
River in Ondo (Arojojoye et al. 2018), Niger—-Benue River
in Lokoja (Ekere et al. 2018), Koko River in southern Nige-
ria (Ezemonye et al. 2019), Elelenwo River in Rivers State
(Edori et al. 2019), Silver River in Bayelsa (Ekpet et al.
2019), surface water in southern Benue (Igwe et al. 2020)
and Nwerugvu pond in south-eastern Nigeria (Okolo and
Oyedotun 2018), River Atuwara in south-western Nigeria
(Emenike et al. 2020), and Nkalagu Dam River in Ebonyi
(Ugbede et al. 2020). The highest concentration of Pb (14.8
mg/L) is found in the Igbokoda River in Ondo State and
is attributed to crude oil exploration activities (Arojojoye
et al. 2018).

Copper (Cu)
Copper is an essential element of human nutrition. How-
ever, exposure to higher concentrations can be dangerous.

Compared with the maximum permissible values, a con-
siderably high level of Cu is reported in freshwaters across

@ Springer

different states in Nigeria (Table 2). The highest concentra-
tion of Cu is reported in the Igbokoda River in Ondo State
(Arojojoye et al. 2018) and followed by River Atuwara in
south-western Nigeria (Emenike et al. 2020), all associ-
ated with crude oil pollution. However, River [jana in Warri
(Emoyan et al. 2006), River Kaduna in Kaduna (Abui et al.
2017), Niger—Benue River in Lokoja (Ekere et al. 2018),
Koko River in Southern Nigeria (Ezemonye et al. 2019),
Elelenwo River in Rivers State (Edori et al. 2019), River
Atuwara in southwestern Nigeria (Emenike et al. 2020),
River Balogun in South-West Nigeria (Tenebe et al. 2018),
and Nkalagu dam River in Ebonyi (Ugbede et al. 2020) have
a safe concentration of Cu. The level of Cu ranged from 0.02
to 36.2 mg/L.

Manganese (Mn)

The concentration of Mn in freshwaters ranged from ND
(AAS) to 2.891 mg/L (Table 2). Generally, as low as >0.1
mg/L concentration of Mn could be detrimental. A high con-
centration of Mn is found in the Ndawuse River in Abuja
(Enitan et al. 2018), Asejire River, Dandura River, Eleyele
River, and Erinle River in southwest Nigeria (Adesiyan et al.
2018), Olosuru Stream in Osun (Oyewale et al. 2019), Koko
River in Southern Nigeria (Ezemonye et al. 2019), Silver
River in Bayelsa (Ekpet et al. 2019), and surface water in
Southern Benue (Igwe et al. 2020). The highest concentra-
tion of Mn is reported in Silver River in Bayelsa due to the
river receiving effluents from activities such as oil explo-
ration, outboard engines, sewage and waste disposal from
the communities and laundry, as well as runoffs from agri-
cultural fields containing fertilizers, pesticides, and other
agrochemicals (Ekpet et al. 2019).

Nickel (Ni)

Ni ranged from <0.001 to 2.717 mg/L in Nigeria’s fresh-
water surface (Table 2). Compared with recommended val-
ues, a high concentration of Ni is reported in Samberiro
River in Rivers State (IThunwo et al. 2020), surface water in
Bayelsa State (Uzoekwe and Aigberua 2019), [jana in Warri
(Emoyan et al. 2006), Koko River in Southern Nigeria (Eze-
monye et al. 2019), Elelenwo River in Rivers State (Edori
et al. 2019), Silver River in Bayelsa (Ekpet et al. 2019),
surface water in Southern Benue (Igwe et al. 2020), and
Nkalagu dam River in Ebonyi (Ugbede et al. 2020).

Iron (Fe)

The permissible limit recommended for iron is 0.02 mg/L
(EU), 0.3 mg/L (WHO) (Azizullah et al. 2011), and 0.3
mg/L (NSDWQ) (Table 2). However, the concentration of
Fe is found to exceed the maximum safe limit recommended
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by NSDWQ as in Ndawuse River in Abuja (Enitan et al.
2018), surface water in Bayelsa State (Uzoekwe and Aig-
berua 2019), River Kaduna in Kaduna (Abui et al. 2017),
surface water in Lagos (Addey et al. 2018), Niger—Benue
River in Lokoja (Ekere et al. 2018), Elelenwo River in Riv-
ers State (Edori et al. 2019), Silver River in Bayelsa (Ekpet
et al. 2019), and surface water in Southern Benue (Igwe
et al. 2020). The concentration of Fe in surface water sources
ranged from 0.00 to 7.34 mg/L, and the highest concentra-
tion was reported in Elelenwo River in Rivers State (Edori
et al. 2019).

Mercury (Hg)

The information on the level of mercury in Nigeria’s surface
waters is not widely reported. Yet, Hg is a harmful metal
that is not needed in water sources due to its adverse health
effects. Table 2 presents data on the maximum permissible
value for Hg. Ekpet et al. (2019) have reported the concen-
tration of Hg in the Silver River in Bayelsa State to range
from 0.0011 to 0.0024 mg/L. However, the reported concen-
tration is higher than the safe limit prescribed by WHO and
NSDWQ. To better report the mobility of these elements,
after all, when forming HgCH3, the risk to health is much
greater than in other phases of Hg

Cobalt (Co)

Addey et al. (2018) reported the concentration of cobalt
in surface water from the Commodore channel in Lagos
to be 0.075 mg/L. However, there is no maximum permis-
sible value set for Co including EU, NSDWQ, and WHO
(Table 2). In other freshwaters, Co concentration ranged
from 0.538 to 0.805 mg/L in Elelenwo River of Obio-Akpor
in Rivers State (Edori et al. 2019). Ezemonye et al. (2019)
reported the concentration of Co in the Koko River located
in the coastal belt of Southern Nigeria to be 0.14 mg/L.

Zinc (Zn)

Zn is an essential metal. However, at a concentration above
recommended permissible limit, it could pose a serious risk.
In addition, 0.01 to 65.38 mg/L is observed as the concen-
tration range of Zn (Table 2) in freshwaters like Elelenwo
River in Rivers State (Edori et al. 2019) and Silver River in
Bayelsa (Ekpet et al. 2019), and surface water in southern
Benue (Igwe et al. 2020) and Akpara Izzi stream, Nwerugvu
pond, and Ebonyi River in south-eastern Nigeria. Okolo and
Oyedotun (2018) reported a high concentration of Zn above
the prescribed safe limit by NSDWQ and WHO. The highly
polluted freshwaters include Ndawuse River in Abuja (Eni-
tan et al. 2018), [jana in Warri (Emoyan et al. 2006), River
Kaduna in Kaduna (Abui et al. 2017), surface water in Lagos

(Addey et al. 2018), Niger—Benue River in Lokoja (Ekere
et al. 2018), Elelenwo River in Rivers State (Edori et al.
2019), and River Balogun in South-West Nigeria (Tenebe
et al. 2018) based on the EU permissible value.

Arsenic (As)

Arojojoye et al. (2018) and Okolo and Oyedotun (2018)
reported the highest concentration of As in Igbokoda River
(61.3 mg/L) and Nwerugvu pond (61.44 mg/L), respectively.
However, there is no maximum permissible value set for As
by EU, NSDWQ, and WHO. The concentration of As ranged
from 61.44 to 0.005 mg/L. Adesiyan et al. (2018) and Oye-
wale et al. (2019) recorded seasonal variations in As concen-
tration. Other reported concentrations of As include 0.005
mg/L in Ndawuse River (Enitan et al. 2018), 0.448-2.59
mg/L in River Kaduna (Abui et al. 2017), and 0.04 mg/L in
River Balogun (Tenebe et al. 2018).

Concentration of heavy metals in Nigeria’s
freshwater fishes

Compared with the maximum permissible values prescribed
by WHO, Food and Agricultural Organization (FAO)/WHO,
and the United State Environmental Protection Agency
(USEPA), this section discusses the concentration of HMs
in different parts of various fish species. The concentrations
of HMs that have been reported in different parts of fish are
presented in Table 3.

Several fish species such as Tilapia zilli, Oreochromis
niloticus, Chrysicthys walkeri, Chrysicthys furcatus, Arius
gigas, llisha africana, Ethmalosa fimbriata, Parachana
obscura, Clarias lazera, Clarias gariepinus, Auchenog-
lanis occidentalis, Genyonemus lineatus, Mormyrus
rume, Cololabis saira, Mugil cephalus, Tylosurus croco-
dilus, and Trichiurus lepturus have been examined for the
accumulation of HMs. Aghoghovwia et al. (2016) col-
lected the samples of Tilapia zilli, Oreochromis niloticus,
Chrysicthys walkeri, Chrysicthys furcatus, Arius gigas,
llisha africana, Ethmalosa fimbriata, Parachana obscura,
and Clarias lazera from the Warri River in Bayelsa State.
They reported an order of Fe>Zn>Pb>Ni>Cr>Cu>Cd in
gills and Fe>Zn>Pb>Ni>Cu>Cr>Cd in kidneys, livers,
and muscles of the fishes. Also, they reported an order of
liver>kidney> gill>muscle for the concentration of the HMs
in the various parts of the fish. Besides Cu, they reported
that the concentration of Ni, Cr, Cd, Fe, Zn, and Pb exceeded
the maximum permissible limit (Table 3). Similarly, Abalaka
et al. (2020) reported liver and muscle bioaccumulation for
Zn, Cr, Fe, and Cu in Clarias gariepinus from Abuja. They
also concluded that the bio-accumulated HMs were higher
than the permissible values, especially for liver samples.
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In the northern part of Nigeria, Abalaka (2015) reported
the liver concentration of HMs in the order of Zn > Fe >
Cd > Pb in Auchenoglanis occidentalis collected from the
Tiga dam situated in Kano State. Moreover, Edogbo et al.
(2020) assessed the level of HMs in Oreochromis aureus
and Oreochromis niloticus from Challawa River in the same
Kano State and reported the concentration of metals in the
order of Cr > Zn > Cd > Pb and Zn > Cr > Cd > Pb in the
fishes, respectively. These studies revealed an increase in the
concentration of HMs in the organs of the fishes than their
respective concentrations in the surface water and attributed
such difference to the pollution of the fish’s external environ-
ment and the rate of ingestion and excretion in the exposed
fish. A similar assertion was made by Olaifa et al. (2004)
in the analysis of HM contamination in Clarias gariepinus
collected from a lake in Ibadan, Oyo State. Other studies
from northern Nigeria include bioaccumulation of HMs
in Clarias gariepinus tissues from River Galma, River
Kubanni, and fish farms in Zaria (Udiba et al. 2014); Tila-
pia zilli and Clarias gariepinus organs from River Benue in
North-Central Nigeria (Eneji et al. 2011); the gills, muscle,
and tissues of Claria gariepinus and Oreochromis niloticus
from River Yobe (El-Ishaq et al. 2016); fish from Ibrahim
Adamu lake in Jigawa, Nigeria (Sambo et al. 2013); Clarias
gariepinus from some polluted zones of River Kaduna
(Emere and Dibal 2013); fish samples from River Benue
in Adamawa State (Akan et al. 2012); and fish from UKE
stream in Nasarawa State (Opaluwa et al. 2012).

In the southern part of Nigeria, Abarshi et al. (2017)
reported the concentrations of Cu (52.64 mg/g), Zn (166.50
mg/g), and Fe (801.50 mg/g) and Cu (45.00 mg/g), Zn (49.90
mg/g), and Fe (216 mg/g) in the liver of fish collected from
Finima River and Bonny River, respectively (Table 3). Their
findings depict a higher level of some HMs above the rec-
ommended maximum permissible limits (Table 3) in fish
organs (muscles, liver, and gills). This high concentration of
HM:s in fish tissues was attributed to the frequent crude oil
spills as well as other industrial discharges around the region.
A similar conclusion was made by Oyibo et al. (2018) and
Thunwo et al. (2020). However, Oyibo et al. (2018) reported
the peak concentration of Fe (46.59 mg/kg), Zn (10.56 mg/
kg), and Cu (5.95 mg/kg) in S. scrombrus, C. saira, and S.
scrombrus, respectively, from Focados terminal Rivers Ogu-
lahan in Delta State. At the same time, Thunwo et al. (2020)
reported the mean concentration of Cu (33.48 mg/kg) > Cd
(24.62 mg/kg) > Pb (10.59 mg/kg) > Cr (0.43 mg/kg) in the
fish tissues. Other studies from the region include bioaccu-
mulation of HMs in Chrysichthys nigrodigitatus and Tilapia
nilotica from Okumeshi River in Delta State (Ekeanyanwu
et al. 2010); three commercial fish species, namely, Pseudo-
tolithus elongatus, Chrysichthys nigrodigitatus, and Mugil
cephalus, from Sombreiro River in Niger Delta (Wokoma
2014); in the gill and liver of Clarias garepinus from Niger

Delta wetland (Ogamba et al. 2016a); in the bones and tissues
of Oreochromis niloticus and Clarias camerunensis from Ikoli
creek in Niger Delta (Ogamba et al. 2016b); in the bones and
muscles of Citharinus citharus and Synodontis clarias from
River Nun in Niger Delta (Ogamba et al. 2015); and so on.

In southwest Nigeria, Adeniyi et al. (2008) examined the
level of HMs in two fish species (Tilapia and Chrysichthys)
from the Ogun Rivers in Lagos. They inferred that the con-
centrations of the HMs in the fishes varied to a great extent
depending on the sampling locations. That is, fish species
sampled near the lagoon in front of the river tend to have
a greater concentration of HMs. A similar observation was
made by James and Okolo (2003) in assessing the level of
HM concentrations in water and freshwater fish in Niger
Delta waters. Also, Ayanda et al. (2019) documented Pb and
Ni contamination in muscles of Oreochromis niloticus and
Parachanna obscura, respectively. However, they discovered
that the liver and gills accumulated more metals than the
muscles, and finally concluded that the concentrations of
the metals in all four fish species (Oreochromis niloticus,
Malapterurus electricus, Parachanna obscura, and Chrysi-
chthys nigrodigitatus) from the Ogun River were beyond
regulatory limits by International Standards. Other studies
from the southwest include Aladesanmi et al. (2014), Titi-
layo and Olufemi (2014), Olawusi-Peters and Ayo-Olalusi
(2014), and Murtala et al. (2012).

From southeast Nigeria, Ezemonye et al. (2019) assessed
the level of HM concentration in Brycinus longipinnis from
the Koko River, Benin. They concluded that aquatic organ-
isms take up HMs from water and accumulate them in their
tissues at higher levels than that of their surrounding milieu.
Thus, these metals in the tissues of aquatic organisms could
accumulatively be passed on to humans via food. Okogwu
et al. (2019) reported the trend of HMs (Fe > Zn > Mn
> Cu > Cr > Pb) in commercially important fish species
(Chrysichthys nigrodigitatus, Clarias anguillaris, Tilapia
zillii, and Mormyrus rume) in surface water from the Cross
River ecosystem. A similar observation was made for other
fishes by Edem Christopher et al. (2009) and Joseph et al.
(2016). Several studies have reported an increase in HM
contents in fish species and attributed the phenomenon to
biomagnification along the food chain as well as the uptake
of metals from the environment. Hence, it can be deduced
that the occurrence of HMs in the aquatic ecosystem is a
major concern because of their toxicity potential, and in the
following section, we addressed the potential health risk.

The mean concentration of HMs in contaminated sur-
face water fishes in Nigeria (across all tissues and organs)
is summarized in Fig. 4. This was derived from an analysis
of Table 3. The analysis did not, however, consider results
in parts per million or percent as these are unconventional
units for such a parameter. It can be observed that the major
HMs in Nigeria’s freshwater fishes are Mn (180.9 mg/kg

@ Springer



82674

Environmental Science and Pollution Research (2022) 29:82660-82680

200

180.9

150

Mean (mg/kg)
=
o

50 ~ 44.46 4584 406

2.476 0,041

Mn Fe Zn Co Cu Cr Ni
Hezavgonistsite (R

Pb Cd As Hg

Fig.4 Mean concentration of HMs in contaminated surface water
fishes in Nigeria (across all tissues and organs)

mean) and Fe (129.5 mg/kg mean). The other HMs are also
an insignificant amount in fish (10-45 mg/kg mean). These
are all far above the WHO/FAO limits (Table 3) and hence
bear a significant human health risk.

Fig.5 Human health risks
associated with heavy metal
contamination of surface and
drinking water sources

Health risk studies

There are several possible pathways of HM exposure to
humans (Fig. 5). However, the pathway considered for this
study is narrowed down to the intake of potentially HMs
from fishes from polluted freshwaters. Hence, the com-
pilation of the health risk covering the target hazard quo-
tient (THQ), hazard index (HI), and cancer risk (CR) for
adults and children in Nigeria via the consumption of fish is
reported in this section. The THQ of HMs via the consump-
tion of fish by average Nigerian adult and child is presented
in Table 4. Highlighted in bold are THQ values greater than
1. Nevertheless, it is on record that if the THQ is >1, then
there is a possibility of hazard (Ekere et al. 2018; Thunwo
et al. 2020). Thunwo et al. (2020) demonstrated that the
Mugil cephalus was unsafe for human consumption since
all the HI for adults and children are greater than 1. Specifi-
cally, they reported the highest THQ value such as 7.49 adult
male and 7.72 adult female, and 9.41 children male and 10.7
children female for Cd, respectively (Table 4).

Similarly, Ekere et al. (2018) reported an unsafe value
for Cd via the consumption of Nile tilapia and sharptooth
by children, and Nile tilapia by an adult. With their find-
ings, the potentially hazardous risk is associated with the
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consumption of fish across different age groups. Also, Ade-
biyi et al. (2020) demonstrated that the consumption of Pal-
aemon hastatus poses a health risk for children since the
THQ values for Cr and Cd were greater than 1. The THQ
in Cd and Cr were greater than 1 in the muscle of the Oreo-
chromis aureus and Oreochromis niloticus (Edogbo et al.
2020). Cd as a toxic HM is associated with chronic renal
failure and skeletal damage (Ahmad and Al-Mahageri 2015).
Therefore, carcinogenic occurrence in human kidney and
lung damage, stomach irritation, vomiting, as well as diar-
rhea have been related to long-term exposure to Cd (Ukoha
et al. 2014). Also, deleterious effects, such as cancer, contact
dermatitis, and premature dementia, among others, are asso-
ciated with long-term exposure to Cr (Basketter et al. 2000).

The cancer risk (CR) of Pb was raised by Adebiyi et al.
(2020) and Abalaka et al. (2020) indicating the concern for
the consumption of Palaemon hastatus and Clarias gariepi-
nus in Nigeria, respectively. Okogwu et al. (2019) reported
the carcinogenic risk values for Pb (2.96 to 4.78 X 10~ and
Cr (9.85 x 107 to 1.12 x 1073) in commercially important
fish species greater than the permissible limit (Varol et al.
2017). Finally, from Table 4, the THQ showed that the con-
centrations of the investigated potential HMs such as Cr, Cd,
and Pb pose a threat to health.

Future research needs

The behavior and fate of HMs in Nigeria’s freshwater fishes
are still very much unknown. As such, HM pollution is still
a serious, persistent, and threatening problem to aquatic
environments. Hence, more precise and sophisticated
research is needed in this area. Aquatic vertebrates such
as fishes absorb HMs through ingestion of water and con-
taminated food. HMs are transferred to humans through the
dietary consumption of fish and other aquatic organisms. It
is important to note that the current toxicity experiments in
Nigeria are not designed in a way to explore the similari-
ties and dissimilarities in the modes of actions of HMs in
aquatic bio-indicators resembling those in humans, rather
general and established test systems and traditional organ-
isms are used based on the assessment of the traditional
endpoint such as bioaccumulation, biomagnification, and
trophic transfer. Due to this, sophisticated toxicological
data are still lacking. Also, the majority of fish species
studied so far are exposed to HM pollution over a short
period. Information on the continuous exposure of fishes to
HM pollution over a long period or even throughout their
entire life cycle is lacking. Hence, such data is needed for
an accurate ecotoxicological and risk assessment over a
short- and long-term period of exposure. These data can
aid to proffer key recommendations to the government
in crucial policymaking for the proper monitoring and

@ Springer

management of HMs in fishes and other aquatic organ-
isms in freshwaters.

Conclusion

This study reviewed the level of HM contamination in fresh-
waters, in different parts of fish (such as intestine, gills, fin,
intestine, muscles/tissues, kidney, heart, and bones) and
associated hazards via dietary intake of fishes in Nigeria. It
is observed that most freshwaters are highly contaminated
by anthropogenic activities (e.g., burning of fossil fuels,
mining, use of fertilizers and pesticides, industrial effluent
discharge). It was also noticed that the concentration of most
HMs in freshwaters exceeds the permissible limit prescribed
by WHO and NSDWQ. Considering the mean concentra-
tion of HMs, only Mn and Hg did not significantly exceed
NSDWQ limits. The major HMs pollutants are Zn (9.02
mg/L), As (7.25 mg/L), Cu (4.35 mg/L), Fe (1.77 mg/L),
and Pb (1.46 mg/L). From the synthesis of the literature,
it was observed that the major HMs in Nigerian freshwa-
ter fishes from polluted freshwaters are Mn (180.9 mg/kg)
and Fe (129.5 mg/kg). The other heavy metals were also an
insignificant amount in fish (10—45 mg/kg). Since fish is a
popular source of food protein in Nigeria, this study demon-
strated considerable health risks associated with some HMs
such as Cr, Cd, and Pb due to their high bioaccumulation
in fish organs from contaminated surface water. Hence, to
protect the lives of people, especially the most vulnerable
ones who rely on fish from polluted freshwater sources, this
review suggests that strict government regulations should
be enforced on the indiscriminate discharge of industrial
wastes/wastewater. Finally, grassroots sensitization should
be provided by relevant environmental and health authorities
in the country.
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