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ABSTRACT: Heavy metals occur during natural processes and are also obtained during
anthropogenic activities. Heavy metals include chromium, cadmium, arsenic, lead, zinc, nickel,
mercury, selenium and copper hence their presence in the aquatic habitat are highly toxic to fishes
and shell fishes. Heavy metals are found in the aquatic environment as a result from contamination
by heavy metals from industrial, agricultural waste and by-products and domestic waste and by
products. The increasing level of heavy metals in fish is alarming and has spurred scientists to
make researches on the dangers caused by the heavy metals resulting to heavy metal accumulation
and bioaccumulation of life cells. The aim of this study was to assess the possible sources of heavy
metal in the aquatic environment, impact of heavy metals in the aquatic environment, its
bioaccumulation in fish and human health impact. Several reports tell of the detrimental effect of
heavy metals in fish (some of which include; poisonous effect in the blood such as anemia,
eosinophilia, lymphocytosis, renal lesions, convulsions and ataxia, detachment of gills, fusion of
secondary gill filaments, acute inflammation in the liver, amongst several others) and in man
(some of which include, skin diseases, Irritation of the gastrointestinal mucosa, nephritis, lung
cancer, liver and kidney damage, necrosis, neurological and behavioral disorders and death
amongst others). In conclusion, the toxic effects of heavy metals in fish and the effect of
bioaccumulation and bio-magnification have been reviewed in this paper. It is therefore
recommended that the treatment of all forms of wastewaters, agricultural waste, sewage, industrial
effluents be carried out before their discharge in to the environment. Also, the enforcement of all
laws, legislations regarding the protection of aquatic life and environment should be enforced and
sanctions meted out against defaulters.
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INTRODUCTION

Heavy metals are metals which have a density of above 5mg/cm3 and negatively affect life in any
form. They are harmful when they exceed threshold limits. (WHO 2011). Heavy metals occur
during natural processes such as erosion, volcanism and weathering. HM are also obtained during
anthropogenic activities that takes place in the; industry, mining, metal smelting, oil refining,
agriculture and fertilization and drainage (Wei et al., 2018)
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These heavy metals are substances that occur naturally in the environment but in trace amounts
with no important biological role to play in human existence; causing many toxic effects that lead
to malfunctioning of the body systems and disruption of metabolic process. (Yarson and Yipel,
2013).

Heavy metal pollution in rivers, streams and lakes is of severe threat to fisheries and public water
supplies. (Auta et al., 2005; Agbugui and Deekae, 2013; Mensor and Said, 2018). Heavy metals
are found in the aquatic environment as a result from contamination by heavy metals from
industrial, agricultural waste and by-products and domestic waste and by products. When HM
become highly concentrated in a medium or niche such as air, water and soil such medium becomes
toxic and then accumulate in the environment because they do not degrade. Gradual, persistent
and increasing accumulation of these heavy, toxic metals can lead to devastating effects to life and
aquatic biomes, fish life, diversity and conservation. (Mensor and Said, 2018; Agbugui et al.,
2019). Living organisms especially humans become contaminated by association with aquatic
systems polluted by organic and inorganic HM and from the consumption of contaminated fish
and other aquatic foods from such environment (Baharom and Ishak, 2015).

Fish is a basic and important food for human nutrition, providing protein, healthy fatty acid with
low cholesterol level that is healthy for consumption and capable of reducing the risk of heart
diseases and stroke as well as essential minerals and vitamins (Agbugui et al., 2011). The role of
Fisheries in the ecosystem serving as food along the food chain, hence their presence and
importance cannot be overlooked as the heavy metal accrued in fish results to an impact in human
health (Azaman et al., 2015; Agbugui et al., 2019).

In recent years, the increasing level of heavy metals in fish is alarming and has spurred scientist to
make researches in the dangers caused by the heavy metals resulting to heavy metal accumulation
and bioaccumulation to life cells.

Heavy metals are easily accumulated in fishes because they are readily taken up by body parts of
fishes such as body surface, gills, digestive tract, liver and muscles. The highest point of HM levels
of concentration in the organs of organisms are often the gills then the liver and then the muscle
shows the lowest concentration levels. However, the muscles are the most source of heavy metal
intake to the body since the muscles are the largest consumed parts of the body hence the ability
to cause negative impact towards health (Mahmood and Alkhafaji 2016). Caution must be taken
to assess the levels of heavy metals for consumption (Mensoor and Said 2018, Azaman et al., 2015;
WHO 2011)

Heavy metals include Chromiun (Cr) cadmium (Cd), Arsenic (As) lead (Pb), Zinc (Zn), Nickel
(Ni), Mercury(Ag), Selenium(Se)and copper (Cu) hence their presence in the aquatic habitat are
highly toxic to fishes and shell fishes. Freshwater fishes are more prone to HM pollution because
of their higher ability to bioaccumulate thus are easily exposed and vulnerable (Authman et al.,
2013a; Authman et al., 2013b)
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The aim of this study was to assess the possible sources of heavy metal in the aquatic environment,
impact of heavy metals in the aquatic environment, its bioaccumulation in fish and human health
impact.

Heavy metals are introduced into the aquatic environment by activities from the use of:
Agricultural sector
Pesticides:

Pesticides are all chemicals and substances that are used to kill or control pest and diseases which
includes herbicides (weed), insecticides (insects), rodenticides (rodents), fungicides (fungi),
nematocides (nematodes) or in public health programs to protect humans from vectors-borne
diseases such as malaria, dengue fever and schistosomiasis. In addition to the aforementioned are;
pet shampoos, skin care and tick sprays for live stock and boat bottoms in order to eliminate or
prevent the presence and growth of unwanted species (Nicolopoulou- Stamati, 2016).

Pesticides and other forms of HM used in the agricultural sector often find their way in the aquatic
environment through run off from the environment. They are however subject to airborne and
water borne hazards. An example is the insecticide made from organochlorine such as dichloro-
diphenyl- trichloroethane (DDT) and lindane (-HCH), which were widely and popularly used from
the 1950s to the 1970s became ubiquitous in the environment due to their high environmental
persistence and potential for long-range atmospheric transport (USEPA 1979; Nicolopoulou-
Stamati, 2016).

The waterborne hazard is often of derived by precipitation and then irrigation. These processes
often wash compounds from the farm lands into waters bodies via runoff or subsurface flow or
into the groundwater (Kim et al., 2008; Witczak and Abdel-Gawad 2014; Blaznik et al., 2015).

Pesticides are also organic micro pollutants that have ecological impact when introduced into
agriculture to enhance and promote the production of food and produce. These heavy pesticides
often get into water bodies and cause adverse effect to the life it inhabits and the environment.

The high rise in pesticides concentration and deposition in the environment causing pollution is
often attributed to the rapid urbanization, industrialization, economic growth, development of
dynamic agricultural practices, increased human and domestic activities. (Sharma et al., 2019).

Fertilizers:

Streams, lakes and rivers surrounded by farmlands engaged in use of heavy metal enriched
fertilizers have shown possible and positive correlation to the rise in heavy metals in from the use
of chemical, organic and water soluble fertilizers for a long period. Wei (2020) reported highly
positive correlations between TN and ACd, TN and PPb, and TN and PZn. Again, stating that
nitrogen fertilizer significantly elevated the levels of Cd, Pb, and Zn availability in source water.
Furthermore, it was confirmed that the sources of Cd, Cu, and Zn were related to the sources of
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AP, especially when phosphate fertilizers were used. Furthermore, it is reported that source water
from along farms from the application of manure, chemical fertilizer, organic fertilizer, compound
fertilizer, and watersoluble fertilizer reveal the availability and accumulation of heavy metals to
be significantly influenced by AP, TN, and IN, which are associated with fertilizer application thus
posing health risk to biodiversity in habitat (Mortvedt 1995; Guo et al., 2010; Li et al., 2019; Wei
et al., 2020)

Industrial Sector
Geo-mining (quarry, blasting, crude oil mining)

The introduction of heavy metal into water bodies can be through natural occurrences such as
volcanic eruption, land slide and anthropogenic activities like all forms of mining, crude oil spills,
pipe line vandalism, illegal bunkering of crude oil, and untreated waste effluents containing metals.
Surface water can easily be polluted by contaminants washed into it through run-off either from
far polluted sites as non-point source pollution or through direct introduction into water bodies
(dumping sites), as point source pollution (Akinnifesi et al., 2021). Recent reports from researchers
in China state that water contamination by Heavy metals (As, Mn, Cr, Ni, Cu, Cd, Pb, and Zn) has
evaluated. This was carries out by comparing water from industrial sites as against their
concentrations with the guidelines for drinking water and surface water established by the China
Environment Protect Agency (EPA) in 2002 and 2006 and it was reported that mining activity has
significantly increased the seven Heavy metals in surface sediments. The mean concentrations of
the HMs (As, Cr, Ni, Cu, Cd, Pb, and Zn) were significantly higher than the background mean
value compared with the mean background sediment metal concentrations in the Heihe River basin
(Wei et al., 2018). In Hudun-Ore and Environs in South-West Nigeria, the mining activities of
tantalum niobium concentrates showed high level of Pb, Fe, Cr, Sr, Mn and Ni (Oyebamiji et al.,
2018). Oyetibo et al. (2021), reported the capacity of characteristic sulphates
(313.0+15.9 mg I-1), carbonate (253.0 +22.4 mg I-1), and nitrate (86.6 +41.0 mg 1-1), having
extreme tendencies to enrich receiving environments with extremely high pollution load index
(3110+£942) for toxic metals/metalloid were observed in drains from Onyeama coal mine in
Nigeria. The drains contained extreme levels of toxic metals/metalloid contamination and
consequent astronomically high ecological risks in the order:
Lead > Cadmium > Arsenic > Nickel > Cobalt > Iron > Chromium.

In Jos, Nigeria, high levels of HM associated with mineral ores were found in soils and
underground water from Tin mines. The eight HM (CR, Cu, ZN, PB, Co, As, Cd, and Ni) had
concentration above the Nigerian referred levels (Olarinoye et al., 2021).

Domestic waste (Waste water).

Processed water from cosmetic industries, detergent industries, textile industries often contain high
levels of HM. The release of such waste into surrounding water bodies cause the disruption of the
ecological balance of organisms.
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In the study of the Common carp Cyprinus carpio, the scheme of accumulation of heavy metals in
reported to be at maximum in the gills, liver and then fish flesh. Most absorbed HM are for Cd and
Pb respectively. In all heavy metals, the bioaccumulation of lead and cadmium proportions was
extensively augmented in tissues of (Ashref et al., 2019).

Effects of Heavy Metal in Fish and Man
Chromium (Cr) In Fish

Chromium is reported to have lesser accumulation on fish muscles compared to fish gills.
Chromium shows poisonous effect in the blood such as anemia, eosinophilia and lymphocytosis,
branchial and renal lesions. EPA recommendation for possible level are 50 to 100ugCr/L for
protection of human health and aquatic life respectively (Ashref et al., 2019)

Chromium in Man.

Workers in the textile and steel industries are often affected by Cr (IVV) which is harmful to human
health. Tobacco smokers also have higher possibility of disclosure to Cr. Chromium (V1) can cause
many health effects. Chromium in leather products can cause skin rash-like allergies. Exposure to
Cr can cause nose irritations and nosebleeds. Other health problems caused by Cr (V1) are: Faded
immune system, Skin diseases, Irritation of the gastrointestinal mucosa, Nephritis, Lung cancer,
liver and kidney damage, Necrosis, death in man (Karadede et al., 2004).

Mercury (Hg) in fish

Mercury is taken up during ingestion and passed on the liver where its action is distributed. In the
liver, it binds, stores, and redistributes the mercury through peripheral circulation for
bioaccumulation in different tissues, mostly in the kidney, liver and gill tissues. Methyl mercury
is one of the most toxic compounds to fish usually generated through methylation of inorganic
mercury by anaerobic microorganism as sulfate-reducing bacteria SRB, methagens MPA and iron
reducers FeRP (Pack et al., 2014). The lethal concentration of Hg varies according to fish species.
Svoboda, (1993) reported a range from 0.3-1mg/I in Salamon fish, while in cyprinid, it reaches
0.2- 4mg/I and 0.20-0.70 mg/l.

The toxicity of Mercury is accompanied by convulsions and ataxia, detachment of gills, fusion of
secondary gill filaments, acute inflammation in the liver with degeneration of the blood vessels
(Selvanathan et al., 2013 Raihan et al., 2020). Low levels Hg in the reproductive system in Zebra
fish affect the survival rate of eggs and fry, degenerative ovary tissue, leads to reduces egg
production, also in Gymnotus carapo, it affects spermatogenesis and availability of spermatozoa
as a result of histopathological alteration in the testes structure, disorganization of seminiferous
tubules with a reduction in the germ cells proliferation (Vergilio et al., 2013; Zhang et al., 2016).

Mercury (Hg) in Man
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Inhalation of elemental mercury vapours can cause neurological and behavioural disorders such as
tremors, emotional instability, insomnia, memory loss, ulcers and cancers in the thyroid and
kidneys. Mercury is poisonous causing mutagenic effects, disturbs the cholesterol levels and high
exposures can lead to death (greenfacts.org).

Lead (Pb) in fish

Pb is a hazardous substance commonly characterized as a persistent heavy metal. (Abadi et al.,
2014). Pb is a naturally occurring metal however, its concentrations in the environment are largely
increased by anthropogenic activities such as base metal mining, battery manufacturing, lead-
based paints and lead-gasoline (Abadi et al., 2014; Krishnani et al., 2003; Kennedy 2011). Lead in
water may come from industrial and smelter discharges; from the dissolution of old lead plumbing,
lead containing pesticides, through precipitation, fallout of lead dust, street runoff, and municipal
wastewater. Pb can become toxic to fishes when it is accumulated to a substantially high level
(Yildirim, et al., 2009). Pb as a potent environmental pollutant affects the trophic levels in a food
chain. Pb from system run offs, industrial and sewage waste and are taken up by fish through
ingestion and inhalation from aquatic medium. High doses of Pb in the water can cause metabolic
poisoning, generative damage in some aquatic life and cause blood and nervous changes,
irritability, anemia and behavioural changes in fish. (MacCoy et al., 1995; Vincent-Akpu and
Yanadi, 2014).

Lead (Pb) in Man

Man can be affected by Pb through food ingestion and breathing and then accumulated in the
muscles, bones, blood and fat. Leads is reported to affect Newborns and young children even at
low levels.(MacCoy et al., 1995).

Pb is known to severely damage to liver, kidneys, brain, nerves and other organs, reproductive
disorders osteoporosis (brittle bone disease) heart disease, high bloodpressure, especially in men,
anemia, memory problems, behavioral disorders, mental retardation while lesser levels of Pb
damage thenerves and brain in fetuses and young children, resulting inlowered 1Q and learning
deficits (Elder and Collins 1991; Healey 2009).

Arsenic (As) in Fish

Arsenic is a substance used in the agricultural sector for the production of pesticides and defoliants.
It is significantly used to kill aquatic plants to reduce the difficulty encountered during hook-and-
line fishing of areas overgrown with aquatic vegetation (kinuthia et al., 2020). Just like other HM,
Arsenic is able to accumulate in large quantities in the sediments in the beds of water courses and
reserviours and in turn aquatic organisms (Suhendrayatna et al., 2002). Suhendrayatna et al.,
(2002) reported the LCso for Oryzias laticepes were 14.6 and 30.3 mg /I, acute exposure to arsenic
causing sudden death of fish because of increase in mucus secretion damage to gill epithelium and
then suffocation. It is mentioned by Sorensen (1991) also that Arsenic toxicity causes
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histopathological changes and defects in internal organs such as kidneys, liver with focal hepatic
necrosism bie duct proliferation with plugs, parenchymal hepatocytosis. Apoptosis of the heart
muscles, enlargement of intestinal mucosa and submucosa (Hossain, 2012). Acute exposures can
lead to death. Chronic exposures can result in the accumulation of the metalloid to toxic levels and
is responsible for several disease conditions (Sorensen (1991; Suhendrayatna et al., 2002; Hossain,
2012).

Arsenic (As) in Man

The ingestion of high levels of inorganic arsenic causes negative effects to the human system.
Some of such effects include skin diseases, vascular disease including arteriosclerosis (Peripheral
vascular disease and ischemic heart disease (ISHD), renal disease, neurological effects,
cardiovascular disease, chronic lung disease, cerebrovascular disease, reproductive effects and
cancers of skin, melanosis, keratosis, lungs, liver, kidney and bladder, non insulin dependent
diabetes mellitus and visual impairment in children (Singh et al., 2007; Singh et al., 2010).

Cadmium (Cd) in Fish

Increased industrial activities in the 20", and 21% century has lead to enormous cadmium
production, consumption and emissions to the environment due to its uses and consequently lead
to contamination of aquatic habitats (Jitar et al., 2014). The use of cadmium for industrial uses
such as manufacturing of batteries, electroplating, plastic stabilizers, pigments and fertilizers,
agricultural chemicals, pesticides and sewage sludge in farm lands that often runoff into
groundwater and surface water, might also contribute to the contamination of aquatic habitat hence
fishes through bioaccumulation. Benaduce etal., (2008) and Sassi et al., (2010), have reported
morphological and histological alterations in liver of fishes exposed to cadmium stating that higher
doses of cadmium caused visible external lesions such as discoloration and necrosis on livers
of Cyprinus carpio, Carassius auratus and Corydoras paleatus.

Cadmium (Cd) in Man.

Cadmium is a deleterious heavy metal and a byproduct of Zinc production. It has an instant
destructive impact on humans. Ingestion of significant amount of Cadmium causes immediate
poisoning and damage to the liver and kidney. Respiratory tract diseases and kidney problems
resulting to kidney failure are the commonest diseases gotten from inhalation of cadmium dust.
Compounds containing cadmium are carcinogenic thus easily causing cancer, it also causes
weakening and total damage to bones (Rahi zadeh et al., 2017).

Aluminum (Al) in Fish

Aluminum in acid waters is acutely toxic to fish. The gill is the principal target organ mainly

disrupting the lamellar epithelial cells and the gill epithelium. These aforementioned dysfunctions

results in accelerated cell necrosis, sloughing and death of the fish (Exley et al., 1991). Slaninova

et al., (2014), reported that a significant reduction in the growth of fish was observed with
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concentrations as of Al as low as 0.52 mg/l. Physiological and histological alterations are also
frequently observed in different fish species exposed to Al. Some of such alterations are mainly
related to cardiovascular, respiratory, reproductive and structural gill damage as well as liver and
kidney damage (Lappivaara et al., 1999).

Aluminum (Al) in Man

Al is not easily detected in the human body in trace amounts consequently it is believed that
aluminium is rapidly excreted within a short time of uptake from the body. Residual aluminium
has been detected in organs and tissues in the body-most probably within the skeleton, and brain
(Priest, 2004).

Chromium (Cr) in Fish:

Chromium is an essential nutrient metal necessary for metabolism of carbohydrates (WHO, 2011).
Chromium will find its way into the aquatic ecosystem through effluents discharged from leather tanneries,
textiles, metal fishing, electroplating dyeing, mining, printing industries, ceramics, photographic and
pharmaceutical industries (WHO, 2011). Poor treatment of these effluents can lead to the presence
of Cr (IV) in the surrounding water bodies, where it is commonly found at potentially harmful
levels to fish (Rohasliney et al., 2014). The physicochemical parameters of a given water body
especially surface waters determines the stability of chromium. The most stable forms of
chromium are the oxidation states trivalent Cr (I11) or (Cr3+) and the hexavalent Cr(\V1) or (Cr6+).
The hexavalent chromium (Cr6+) is considered to be toxic (i.e carcinogenic) because of its
powerful oxidative potential and ability to cross call membranes (Ashraf et al., 2010). Fish
assimilate Cr by ingestion, gill uptake or by accumulation in the tissues mainly through the liver
and kidney. The concentration found in fish and other aquatic organisms are often higher and at
lethal doses than those found in the environment (karadede et al., 2010). The overall toxic impact
on organs like gill, livers, kidneys, heart may seriously affect the catabolic, anabolic and
physiological activities which may deter the optimal growth and behavior of fish (Yilmaz et al.,
2010). Common toxic effect of Chromium in fish include: anatomical, histological, hematological
and morphological alterations, inhibition and reduction in growth, and impaired immune function
(Yilmaz et al., 2007; Weber et al., 2013).

Chromium (Cr) in Man:

Chromium in man causes mucosal irritation, phytotoxic corrosion, irritation f the central nervous
system which is followed by depression and in rare cases death (Weber et al., 2013).

Copper (Cu) in Fish:

Copper (Cu) is an essential trace metal. It is a necessary element needed in living organisms for
cellular respiration. It is a natural element that occurs in abundance and widely used for many
purposes (Coad, 2010). Copper pollution comes from the persistent use of pesticides, fungicides,
insecticides, nematocides, molluscides, algaecides and discharge of waste where copper is an
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active ingredient (Balasim et al., 2013). The concentration of copper in these chemical products is
extremely toxic to intracellular mechanisms in aquatic animals at high concentrations which are
above the world acceptable limits (Zaikov et al., 2017). Copper is easily absorbed by the gills and
readily stored in the fish liver. This accumulation is possible through diet or ambient exposure
even at low temperatures in the environment (Azaman et al., 2015; Zaikov et al., 2017). Common
effects include large amount of mucus on body surface, under the gill covers and in between gill,
gill and kidney alterations. At high doses, visible external lesions such as discoloration and
necrosis on livers of of Cyprinus carpio, Carassius auratus and Corydoras paleatus, alterations in
gills (edema; vasodilatation of the lamellar vascular axis), alterations in the testes (testicular
hemorrhage; pyknosis; disintegration of primary spermatogonia and interstitial tissue), reduced
egg production per female, abnormalities in newly hatched-fry, reduced survival of young, induced
poor growth, decreased immune response, shortened life span, reproductive problems, low fertility
and changes in appearance and behavior (Authman and Abbas 2007; Limbo et al., 2009; Fazio et
al., 2014; Dhanakumar et al., 2015; Engwa et al., 2019; Jyothi, 2020).

Copper (Cu) in Man

High and lethal doses of Copper exposed to man can lead to oxidative damage in the brain which
causes the Mense disease which is about a fatal disorder (Jyothi 2020). Wilson disease could occur
due to accumulated Cu in the brain and eyes in the form of Kayaer-Fleischer ring (Arthri 2006;
Sakar 2009). Other negative effects of excessive intake of Cu include abdominal disorders, kidney
damage and even death. US dept 2004; Engwa 2019; Jyothi 2020).

Iron (Fe) in Fish

Iron is a prevalent component of industrial and mining effluents that are often discharged into
aquatic environments (Andromeda 2021). Ferrous iron (Fe?+) is considered to be more toxic than
ferric (Fe3+) form. At normal levels, iron is not deadly to any aquatic animals. At higher levels,
iron does not dissolve in water, fish and other living organisms cannot process all the iron they
take from the water or their food. The iron then accumulates in the animal’s internal organs thus
eventually causing harm (Andromeda 2021). Report has shown that excess iron dissolved in the
water can cause iron flakes to form in the gills of the fish resulting in their obstruction,
causing respiratory disorders (Bury and Grossel 2003). In severe cases, the gill tissues are lost to
necrosis. The highest bio concentration of iron in fish tissues was found in the liver and gonads,
decreasing in brain, muscle and heart (Omar et al.2014). Report have been given by Andersen et
al., (2014) showing iron deposits in the chronically inflamed central nervous system, neuro-
degeneration. Gemaque et al. (2019), reported that Fe3+ are more lethal than Fe2+, thus
toxicological effects are more conspicuous in the groups contaminated with this pollutant. Again,
researchers have shown that the most important effect of iron on fish refers to the ability of
this compound to oxidize Hb in the blood, converting itto MeHb thus making it impossible to
transport oxygen to tissues and possibly causing the death of the animal through asphyxia (Jensen
2003; Avilez et al. 2013; Anderson et al., 2014; Gemaqgue 2019; Romano et al., 2021).
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Iron (Fe) in Man

Excess Fe in humans causes the malfunctioning of the general body metabolism. It generates
oxidative stress and the production of oxygen radicals. Excess Fe is also related to inflammatory
problems such as disorder of the central nervous system, neuronal degradation, Parkinson’s and
Alzheimer’s disease (Chen et al., 2012; Kozlowski et al., 2003; Anderson et al., 2014; Romano et
al., 2021).

Nickel (Ni) in Fish

Nickel is a ubiquitous element obtained from natural resources and widely distributed in the
environment, air, water, and soil through anthropogenic activity. Environmental pollution from
nickel may be obtained from the industry via the use of liquid and solid fuels, as well as municipal
and industrial waste. Reports on the adverse effect of lethal and high concentrations of Nickel are
reported by Javed 2013. In the study, Fish growth was monitored in terms of wet weight and fork
length increments, condition factor, feed intake and feed conversion efficiency (FCE). Fish species
showed exploratory behavior such as loss of appetite to cause significant reduction in growth
during exposure. (Javad, 2013). Nickel exposure is said to induce some histological changes in the
fish structure of Oreochromis niloticus. These changes influenced hyperplasia, hypertrophy,
shortening of secondary lamellae and fusion of adjacent lamella, significant rise in the level of
blood glucose, liver and pancreatic disorders causing hypercholesterolaemia, hyperproteinanaemia
and hyperalbuminanaemia (Yan et al., 2006; Al-Attar, 2007).

Effects of Nickel (Ni) in man

Extreme doses of Ni are reported to primarily cause contact dermatitis. Other include pulmonary
fibrosis, respiratory tract cancer, iatrogenic intoxication, liver damage and cardiovascular and
kidney diseases (ATSDR, 2006). If inhaled, it is said to be deposited and affect the lungs, heart,
diaphragm, bones, brain and spinal cord. High concentration can cause nasal fibroisis, DNA
damage (Genchi et al., 2020; Dudek-Adamska et al., 2021)

Effects of Zinc (Zn) in Fish

Zinc is an element occurring naturally in the environment. It is an essential trace element, a
micronutrient in ever living organism. Zn is found in almost every cell to be involved in nucleic
and acid synthesis (Tabari et al., 2010). The common sources of it are galvanized iron work, zinc
chloride used in plumbing and paints containing zinc (Khaled 2009). Zn wastes can have direct
toxicity of fish at increased water bone levels. Fisheries are easiest to be affected by either zinc
alone or more often together with copper and other metals at high levels. The main target of
waterborne Zn toxicity are the gills, leading to hypocalcemia and eventual death (Tabari et al.,
2010).At high concentrations it may be toxic to fish. Afshan et al. (2014) observed that Zn
accumulates in the gills of fish and creates adverse effects on fish by causing complications in
body functions such as the immune system, neurotransmission and cell signaling. Zn also causes
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structural damages that affect growth, development and survival. It also alters fish behaviour,
hatchability, hematological parameters, balance, and swimming ability (Eisler 2000; Kalay and
Canley 2000). Cicik (2003) studied the effects of Zn on common carp (Cyprinuscarpio) and found
out that most accumulation took place in gill tissue. Haseen and Mohamed, (2019) reported for the
study of Cyprinus carpio, Lazi abu and Grass carp, that high concentrations of Zn in the gills might
have occurred due to mucus secretion and structural alterations in gill tissue caused by
contamination. Furthermore, other target organs in fish include the muscles, kidney, kidney, and
skeletal muscle. The clinical symptoms of such damages were growth retardation, respiratory and
cardiac changes, inhibition of spawning, and a multitude of additional detrimental effects which
threaten survival of fish (Jaryum et al., 2016).

Effects of Zinc (Zn) in man

There are no known negative effets of toxicity of Zn in literature. However one study has it that
high doses and exposure of Zn to man may cause lack of muscular coordination (Al-Tae et al.,
2021).

DISCUSSION

In Nigeria, most of our water bodies serve as reservoirs for drinking and domestic uses, making
the distribution of heavy metals and pesticides in aqueous phase, suspended particles and
sediments unavoidable. These accumulation of pesticides in our water bodies is a major public
health concern (Wang et al., 2012). In the aquatic environment, organisms are exposed to
pesticides through contact with the gills, skin, ingestion or inhalation into the gastrointestinal tract
and muscles. Within the fish the HM is either metabolized, excreted, stored, or bio accumulated
(Alewu and Nosiri 2011).

Heavy metals are taken up by different fishes in different forms at different rates according to
various factors. It could be environmental (water chemistry, salinity, temperature, and levels of
contamination) or biological (species, size, gender, sexual maturity, and food source). These HM
are transported to human because of their higher uptake mechanism in their tissues towards these
elements (Baharon and Ishak 2015; Naeem et al., 2021)

The presence of these heavy metals in the aquatic environment makes the water toxic. The level
of toxicity depends on the type of metal, its biological role and the type of organisms that are
exposed to it (Ashref et al., 2019). Heavy metals do affect living organisms through
bioaccumulation. These heavy metals enters the food chain from the primary producers and affects
the whole chain most especially fishes (Lokhande et al., 2011; Naeem et al., 2021). Fishes are
often the most vulnerable and are affected directly particularly because they feed and live in the
aquatic environment therefore constantly exposed to pesticide and heavy metals. Consequently,
the toxic effect of these HM effect the fish through decreasing food sources, food chain is
disrupted, leading to lowering aquatic habitat (Haseen and Mohammed 2019; Naeem et al., 2021)
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Studies have shown that the accumulation of heavy metals by fish is mainly dependent on
concentrations and exposure period, nature of the water, pH, hardness and alkalinity and dissolved
oxygen (Naeem et al., 2021). Heavy metals are taken up primarily from the environment through
gills, food, and skin then are carried to organs by carrier proteins via blood path and can reach high
concentrations by bonding to metal binding proteins in these tissues (Sénmez et al., 2016). The
level of toxic element concentration in fish depends on sex and age of fish, season and habitat.
Pollution of water sources by anthropogenic activities leads to aquatic loss and therefore disrupts
the balance of food chain (Ashref et al., 2019).

Small fishes are affected more than larger ones (Kim et al., 2008). Again, freshwater fishes are
more affected than salt water fishes. Following a comparison in the magnitude of accumulation of
heavy metals between marine and fresh water fishes, it can be observed that freshwater fishes tend
to accumulate heavy metals in their organs 6 times more than marine fishes (Huseen and
Mohammed 2019). The reason for such a difference is that fresh water tends to lose salts and gain
water while marine fishes tend to gain salts and loose water. Consequently, freshwater fishes are
more exposed and vulnerable to heavy metal pollution (Huseen and Mohammed 2019).
Furthermore concentrations of heavy metals are elevated in the wet season in the environment and
is fish tissues than in the dry season (p<0.05) (Agbugui and Deekae, 2013).

Researchers have suggested that predatory fish (carnivorous), which are at a higher trophic level,
accumulate more heavy metals compared with Omnivorous fish and Herbivorous fish. (Kidwell et
al. 1995; Voigt 2004; Weber et al. 2013). This is because carnivorous fish, which mainly eat other
organisms at the lower trophic levels such as fingerlings, shrimp, crustacean and zooplankton, thus
will consume and accumulate high levels of heavy metals in the body unlike the non- predatory
and carnivorous fishes with varying diets that includes aquatic insects, shrimps, small fish,
crustacean, algae, plankton and detritus This is in agreement with the findings of (Karadede et
al. 2004; Bawuro et al., 2018). Thus, the accumulation of HMin fish may have been due to diversity
of feeding habit and behaviour.

Uptakes of Heavy Metals by Fish are mostly toxic, can cause severe damage and become lethal
for most organisms since they are degradable hence are able to bioaccumulate and biomagnify.
The high concentrations of heavy metals affect the growth and development o fish during early
life stages such as hatching, laval, fingerlings and juvenile life stages. This is so because the early
lif3e stages are more sensitive than during maturing and mature stages. Subsequently, fish form
the link for the transfer of toxic heavy metals from water to humans (Ashraf et al. 2010). The
harmful effect of trace elements when consumed above the recommended limits can be toxic.
(acute, sub-chronic and chronic). Heavy metals can be neurotoxic, carcinogenic teratogenic and
mutagenic. The general systems displayed by humans with regards to heavy metal (for instance,
Al, As, Cd, Cu, Fe, Hg, Ni, Pb, and Zn, ) poisoning include vomiting, convulsions, paralysis,
ataxia, hemoglobinuria, gastrointestinal disorder, diarrhoea, stomatitis, tremor, depression and
pneumonia (McCluggage 1991;Nyantakyi 2021).
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Bioaccumulation could be defined as an increase in the concentration of a heavy metal in an
organism over time compared with heavy metal concentration in the environment
Biomagnification means transfer of a heavy metal food sources to an organism, resulting in a
higher concentration in the organism that from its source.

CONCLUSION AND RECOMMENDATIONS

In conclusion, the toxic effects of heavy metals in fish and the effect of bioaccumulation and bio-
magnification have been demonstrated in the present study. Heavy metals induce early life
responses in fish as evidenced by alterations both at structural and functional levels of different
organs such of which include enzymatic and genetic effects, thereby affecting the innate immune
system of exposed fish and increasing susceptibility to numerous diseases.

It is therefore recommended that the treatment of all forms of wastewaters, agricultural waste,
sewage, industrial effluents be carried out before their discharge in to the environment. Also, the
enforcement of all laws, legislations regarding the protection of aquatic life ans environment be
enforced and sanctions mitted against defaulters.

References

Abadi, D.R.V., Dobaradaran, S., Nabipour, 1., Lamani, X. and Ravanipour, M, (2014) Comparative
investigation of heavy metal, trace, and macro element contents in commercially valuable
fish species harvested off from the Persian Gulf. Environ. Sci. Adeyemo, O.K, Adedeji
OB, Offor CC (2010) Blood lead level as biomarker of environmental lead pollution in
feral and cultured African catfish (Clarias gariepinus).Nigerian Vet J 31: 139-147.

Agbugui M. O., Abhulimen E. F., Inobeme, A. and Olori, E. (2019). Biodiversity of Fish Fauna
in River Niger at Agenebode, Edo State, Nigeria. Egyptian Journal of Aquatic Biology and
Fisheries. 23(4): 159-166.www.ejabf.journals.ekb.eg(Scopus)

Agbugui, M. O, Oniye, S. J., Auta, J. and Abeke, F. O. (2011). Growth performance and feed
utilization of fingerlings of Clarias gariepinus (Teguels) fed processed Pauletia monandra
(Kurz) seed meal. Journal of Aquatic Sciences, 26 (1): 21-27.

Agbugui, M.O and Deekae, S.N. (2013). Assessment of the physico-chemical parameters and
quality of water of the New Calabar-Bonny River, Port-Harcourt, Nigeria. Cancer Biology
4 (1):1-9. www.cncerbio.net.1

Agency for Toxic Substances and Disease Registry (ATSDR) (2005) Toxicological profile for
nickel: U.S. Department of Health and Human Services, Public Health Service

Akinnifesi, O., Adesina, F., Germaine Ogunwole, G and Abiya, A. (2021). Occurrence and Impact
of Heavy Metals on Some Water, Land, Flora and Fauna Resources across Southwestern
Nigeria. Heavy Metals - Their Environmental Impacts and Mitigation. Mazen Khaled
Nazal and Hongbo Zhao, IntechOpen, DOI: 10.5772/intechopen.94982. Available from:
https://www.intechopen.com/chapters/74260

Al-Attar, M. (2007). The influences of Nickel exposure on selected physiological paremeters and
gill structure in Teleost Fish, Oreochromis niloticus. Journal of Biologicla Sciences
7(1)77-85. DOI: 10.3923/

59
@ECRTD-UK https://www.eajournals.org/
Journal Level DOI: https://doi.org/10.37745/bjesr.2013



https://www.eajournals.org/
http://www.ejabf.journals.ekb.eg/
http://www.cncerbio.net.1/

British Journal of Earth Sciences Research
Vol.10, No.1, pp.47-66, 2022

Print ISSN: 2397-7728(Print),

Online I1SSN: 2397-7736(Online)

Al-Taee,S.K., Karam H And, Ismail , K.H.K. (2021). Some Heavy Metals Toxicity On Freshwater
Fishes. (2021). (10) (Pdf) Review On Some Heavy Metals Toxicity On Freshwater Fishes.
https://www.researchgate.net/publication/342861896 Review_On_Some_Heavy Metals
_Toxicity_On_Freshwater_Fishes

Alewu, B, and Nosiri, C. (2011). Pesticides and human health. In: Stoytcheva M, editor. Pesticides
in the Modern World — Effects of Pesticides Exposure. InTech (2011). p. 231-50. Available
from: http://www.intechopen.com/books/pesticides-in-the-modern-world-effects-of-
pesticides-exposure/pesticide-and-human-health

Andersen, H.H., Johnsen, K.B., Moos, T. (2014). Iron deposits in the chronically inflamed central
nervous system and contributes to neuro-degeneration. Cellular and Molecular Life
Sciences 71(9): 1607-1622

Andromeda, R. (2021). The Effects of 1Iron in Water on Aquatic Life.
https://www.cuteness.com/article/effects-iron-water-aquatic-life

Ashraf, MA, Maah MJ, Yusoff I, Wajid A, Mahmood K (2010). Sand mining effects, causes, and
concerns: A case study from Bestari Jaya, Selangor, Peninsular Malaysia. Scientific
Research and Essays. 6(6):1216-1231.

Ashfan, S., Ali, Q., Zahir, A.Z. and Ashar, H.N. (2019). Phytoremediation: Environmentally
sustainable way for reclamation of heavy metal polluted soils. Ecotoxicology and
Environmental Safety 174:714-727. DOI: 10.1016/j.ecoenv.2019.02.068

ATSDR (Agency for Toxic Substances and Disease Registry) (2003) Toxicological Profile for
Cadmium, U.S. Department of Health and Humans Services, Public Health Service,
Centres for Diseases Control, Atlanta, GA.

Attri, S., Sharma, N., Jahagirdar, S., Thapa, B. R., & Prasad, R. (2006). Erythrocyte Metabolism
and Antioxidant Status of Patients with Wilson Disease with Hemolytic Anemia. Jurnal
Teknologi (Sciences & Engineering) 77:1 (2015) 61-69

Auta, J., Yaji, A. and Onwude, U. M. (2005). Acute toxicity of endosulfan to the fresh water fish
Oreochromis niloticus (Trewavas). Proceedings of the 20th conference of the Fisheries
Society of Nigeria (FISON) Pp 388-391

Authman MMN, Abbas HHH (2007) Accumulation and distribution of copper and zinc in both
water and some vital tissues of two fish species (Tilapia zillii and Mugil cephalus) of Lake
Qarun, Fayoum Province, Egypt Pak J Biol Sci 10: 2106-2122.

Authman, M.M.N., Abbas, H.H, Abbas, W.T. (2013). Assessment of metal status in drainage canal
water and their bioaccumulation in Oreochromis niloticus fish in relation to human health.
Environ Monit Assess 185: 891-907.

Authman, M.M.N., lbrahim, S.A, El-Kasheif, M.A, Gaber, H.S. (2013). Heavy metals pollution
and their effects on gills and liver of the Nile Catfish Clariasgariepinus inhabiting El-
Rahawy Drain Egypt. Global Vet 10: 103-115.

Avilez, I.M, Aguiarl, H, Hori, T.S. and Moraes, G. (2013) Metabolic responses of matrinxa,
Brycon amazonicus (Spix & Agassiz, 1829) exposed to environmental nitrite.
Aquaculture Research 44(4): 596-603. 36.

Azamana, F., Hafizan Juahira, Kamaruzzaman, Y., Azman, A., Mohd -Khairuln Amri
Kamarudina, Mohd Ekhwan Torimana, Ahmad Dasuki Mustafaa, Mohammad Azizi
Amrana, Che Noraini Che Hasnama, Ahmad Shakir Mohd Saudia (2015). Heavy Metal In

60

@ECRTD-UK https://www.eajournals.org/
Journal Level DOI: https://doi.org/10.37745/bjesr.2013



https://www.eajournals.org/
http://dx.doi.org/10.1016/j.ecoenv.2019.02.068

British Journal of Earth Sciences Research
Vol.10, No.1, pp.47-66, 2022

Print ISSN: 2397-7728(Print),

Online I1SSN: 2397-7736(Online)

Fish: Analysis And Human Health-A Review. Jurnal Teknologi. 77:(1) 61-69 |
www.jurnalteknologi.utm.my | eISSN 2180-3722 |

Baharoma, Z.S. and Ishaka, M.Y (2015). Determination of heavy metal accumulation in fish
species in Galas River, Kelantan and Beranang mining pool, Selangor. Procedia
Environmental Sciences 30 320 — 325. doi: 10.1016/j.proenv.2015.10.057.

Balasim, H.M., Al-Azzawi, M.N. and Rabee, A.M. Assessment of pollution with some heavy
metals in water, sediments and Barbus xanthopterus fish of the Tigris River—Iraq. Iraqi J.
Sci. 2013, 54, 813-822

Bawuro, A.A., Voegborlo, R.B. and Adimado,A.A. (2018). "Bioaccumulation of Heavy Metals in
Some Tissues of Fish in Lake Geriyo, Adamawa State, Nigeria", Journal of Environmental
and Public Health, vol. 2018, Article
ID 1854892, 7 pages, 2018. https://doi.org/10.1155/2018/1854892

Benaduce, APS, Kochhann D, Flores EMM, Dressler VL, Baldisserotto B (2008) Toxicity of
cadmium for silver catfish Rhamdia quelen (Heptapteridae) embryos and larvae at different
alkalinities. Arch Environ Contam Toxicol 54: 274-282.

Blaznik, U., Yngve, A., Erzen, 1., Hlastan, R. C. (2015). Consumption of fruits and vegetables and
probabilistic assessment of the cumulative acute exposure to organophosphorus and
carbamate pesticides of schoolchildren in Slovenia. Public Health Nutr. 19(3):557-63.
doi:10.1017/S1368980015001494

Bury, N, Grosell, M. (2003). Iron acquisition by teleost fish. Comparative Biochemistry and
Physiology 135(2): 97-105

Chen, PJ, Tan SW, Wu, W.L. (2012) Stabilization or Oxidation of Nanoscale Zerovalent Iron
at Environmentally Relevant Exposure Changes Bioavailability and Toxicity in Medaka
Fish. Environmental Science and Technology 46(15): 843

Cicik, B. (2003). The effects of copper-zinc interaction on the accumulation of metals in liver, gill
and muscle tissues of common carp (Cyprinus carpio L.). Ekoloji 12:32-36

Coad, B.W. (2010). Freshwater Fishes of Iraq, 1st ed.; Pensoft: Sofia, Bulgaria, 2010; pp. 86-89,
ISBN 978-954-642-530-0.

Dhanakumar S, Solaraj G, Mohanraj R (2015) Heavy metal partitioning in sediments and
bioaccumulation in commercial fish species of three major reservoirs of river Cauvery delta
region, India. Ecotoxicol. Environ. Saf., 113: 145-151.

Dudek-Adamska, D., Lech, T., Konopka, T. et al. Nickel Content in Human Internal Organs. Biol
Trace Elem Res 199, 2138-2144 (2021). https://doi.org/10.1007/s12011-020-02347-w

Eisler R., 2000. Handbook of chemical risk assessment: Health hazards to humans, plants, and
animals. Boca Raton: CRC Press, Lewis publishers. 4141, ISBN 9781566705066

Elder, J.F. and Collins, J.J. (1991). Freshwater molluscs as indicators of bioavailability and toxicity
of metals in surface systems. Rev. Environ. Contam. Toxicol. 122: 37-79.

Engwa, G.A., Ferdinand, P.U., Nwalo, F.N and Unachukwu, N.M. (2019). Mechanism and Effects
of Heavy Metal Toxicity in Humans- In Poisoning in the Modern World — New tricks for
an old dog. . (Ed) Karcioglu, O and Arslan B. In DOI: 10.5772/intechopen.82511.

Exley C, Chappell JS, Birchall JD. (1991). A mechanism for acute aluminium toxicity in fish. J
Theor Biol. 1991 Aug 7;151(3):417-28. doi: 10.1016/s0022-5193(05)80389-3. PMID:
1943151.

61
@ECRTD-UK https://www.eajournals.org/
Journal Level DOI: https://doi.org/10.37745/bjesr.2013



https://www.eajournals.org/

British Journal of Earth Sciences Research
Vol.10, No.1, pp.47-66, 2022

Print ISSN: 2397-7728(Print),

Online I1SSN: 2397-7736(Online)

Fazio F, Piccione G, Tribulato K, Ferrantelli V, Giangrosso G, Arfuso F, Faggio C (2014)
Bioaccumulation of heavy metals in blood and tissue of striped mullet in two Italian Lakes.
J. Aquat. Anim. Health, 26(4): 278-284.

Gemaque, T.C., Pereira da Costa, D., Vaz-Pereira, L., and Filho, C.M. (2019). Evaluation of Iron
Toxicity in the Tropical Fish Leporinus friderici. Biomed J Sci & Tech Res 18(2)-13436-
13440. DOI: 10.26717/BJSTR.2019.18.003127. BJSTR. MS.1D.003127.

Genchi G, Carocci A, Lauria G, Sinicropi MS, Catalano A. (2020). Nickel: Human Health and
Environmental Toxicology. Int J Environ Res Public Health. 17(3):679. Published 2020
Jan 21. doi:10.3390/ijerph1703067

Guo, J., Liu, X., Zhang, Y., Shen, J., Han, W., Zhang, W., Christie, P., Goulding, K.W., Vitousek,
P.M. and Zhang, F. (2010). Significant acidification in major Chinese croplands. Science.
327, 1008-1010.

Healey N (2009). Lead toxicity, vulnerable subpopulations and emergency preparedness. Rad.
Prot. Dosim. 134:143-151.

Hossain, M. (2012). Effects of Arsenic (NaAsO2) on the histological change of snakehead fish,
Channapunctate. J. Life Earth Sci.,7: 67-70 https:// banglajol.info.index.php/JLES

Huseen, H.M. and Mohammed, A.J. (20190. J. Phys.: Conf. Ser. 1294 062028

Jaryum, H., Gazuwa, K.Y., Wuti, S.I. and Ameh, J. (2016). Levels of Zinc, Iron and Lead in
Canned Fish Sold in Jos, Nigeria. Advances in Research, 7(4), 1-6.
https://doi.org/10.9734/AIR/2016/26444

Javed, M. (2013). Chronic effects of nickel and cobalt on fish growth. International Journal of
Agriculture and Biology 15(3):575-579.

Jensen, F.B. (2003). Nitrite descripts multiple physiological functions in aquatic animals.
Comparative Biochemistry and Physiology Part A. 135(1): 9-24. 35.

Jitar O, Teodosiu C, Oros A, Plavan G, Nicoara M (2014) Bioaccumulation of heavy metals in
marine organisms from the Romanian sector of the Black Sea. N. Biotechnol. 2014 Dec 9.
pii: S1871-6784(14)02197-9. doi: 10.1016/j.nbt.2014.11.004.

Jyothi, N. R. (2020). Heavy Metals- Their environmental impacts and Mititgation (Ed) Mazal M.K
and Ahoa, H. Open Access. DOI: 10.5772/intechopen.95370

Kalay M, Canli M (2000) Elimination of essential (Cu, Zn) and non-nssential (Cd, Pb) metals from
tissues of a freshwater fish Tilapia zilli. Turk J Zool 24: 429-436.

Karadede H, Oymak SA, Unli E. (2010). Heavy metals in mullet, Liza abu, and catfish, Silurus
triostegus, from the Ataturk Dam Lake (Euphrates) Turkey Environment
International. 2004;30:183-188.

Karadede, H., Oymak, S.A, Aoen, A. E. (2004). Heavy metals in mullet, Lizaabu and catfish,
Silurustriostegus, from the AtatArk Dam Lake (Euphrates), Turkey. Environ. Inter.
30:183-188.

Kennedy, C.J. (2011). The toxicology of metals in fishes.

Khaled, A. (2009): Trace metals in fish of economic interest from the west of Alexandria, Egypt.
Chem Ecol 25: 229-246.

Kidwell J M, Philips L J and Birchard G F. (1995). Comparative analyses if contaminant
levels in bottom feeding and predatory fish using the national contaminant

62
@ECRTD-UK https://www.eajournals.org/
Journal Level DOI: https://doi.org/10.37745/bjesr.2013



https://www.eajournals.org/
https://doi.org/10.9734/AIR/2016/26444

British Journal of Earth Sciences Research
Vol.10, No.1, pp.47-66, 2022

Print ISSN: 2397-7728(Print),

Online I1SSN: 2397-7736(Online)

biomonitoring program data. Bulletin of Environmental Contamination and
Toxicology 54(6):919-923.

Kim, Y., Jung, J., Oh, S., and Choi, K. (2008). Aquatic toxicity of cartap and cypermethrin to
different life stages of Daphniamagna and Oryziaslatipes. Journal of Environmental
Science and Health, 43(1), 56-64.

Kinuthia, G.K., Ngure, V., Beti, D. et al. Levels of heavy metals in wastewater and soil samples
from open drainage channels in Nairobi, Kenya: community health implication. Sci
Rep 10, 8434 (2020). https://doi.org/10.1038/s41598-020-65359-5

Koslowski, H, Luczkowski M, Remelli M, Valensin D (2012) Copper, zinc and iron
neuroregenerative diseases (Alzheimer’s, Parkinson’s and Prion diseases). Coordination
Chemistry Reviews 256(19-20): 21292141

Krishnani, KK, Azad, IS, Kailasam, M, Thirunavukkarasu, AR. and Gupta, BP. (2003) Acute
toxicity of some heavy metals to Lates calcarifer fry with a note on its histopathological
manifestations. J Environ Sci Health A 38: 645-655.

Lappivaara J., Kiviniemi, A, Oikari, A. (1999): Bioaccumulation and subchronic physiological
effects of waterborne iron overload on whitefish exposed in humic and nonhumic water.
Archives of Environmental Contamination and Toxicology 37, 196-204.

Li, F.; Li, Z.; Mao, P.; Li, Y.; Li, Y.; McBride, M.B.; Wu, J.; Zhuang, P. (2019). Heavy metal
availability, bioaccessibility, and leachability in contaminated soil: Effects of pig manure
and earthworms. Environ. Sci. Pollut. Res. 26, 20030—-20039

Linbo TL, Baldwin DH, Mclntyre J, Scholz NL (2009) Effects of water hardness, alkalinity, and
dissolved organic carbon on the toxicity of copper to the lateral line of developing fish.
Environ Toxicol Chem 28: 1455-1461.

Mahmood, R. and Alkhafaji, N. (2016). Distribution of heavy metals in parts of Diyala River, Iraq.
Int. J. Sci. Res. 2016, 6, 879-884.

McCluggage D. (1991). Heavy metal poisoning. Colorado, USA: NCS Magazine.

McCoy, CP, Hara, TM, Bennett LW, Boyle CR, Lynn BC (1995). Liver and kidney concentrations
of zinc, copper and cadmiumin channel catfish (Ictalurus punctatus): variation due to size,
season and health status. Vet. Hum. Toxicol. 37 (1): 11-15.

Mensoor M. and Said, A. (2018). Determination of Heavy Metals in Freshwater Fishes of the
Tigris River in Baghdad. Fishes. 3, 23 6pp; doi:10.3390/fishes3020023.

Mortvedt, J.J. (1995). Heavy metal contaminants in inorganic and organic fertilizers. Fertilizer
Research 43, 55-61. https://doi.org/10.1007/BF00747683

Naeem, S., Ashraf, M., Babar, M.E. (2021). The effects of some heavy metals on some fish
species. Environ Sci Pollut Res 28, 2556625578 (2021). https://doi.org/10.1007/s11356-
021-12385-z

Nicolopoulou- Stamati, P., Maipas, S., Kotompasi, C., Stamatis P. and Hens, L. (2016). Chemical
Pesticides and Human Health: The Urgent Need for a New Concept in Agriculture. Public
Health, 12pages | https://doi.org/10.3389/fpubh.2016.00148

Nyantakyi, A.J., Wiafe, S., Akoto, O., Fei-Baffoe, G. (2021). "Heavy Metal Concentrations in Fish
from River Tano in Ghana and the Health Risks Posed to Consumers", Journal of
Environmental and Public Health, vol. 2021, Article
ID 5834720, 11 pages, 2021. https://doi.org/10.1155/2021/5834720

63
@ECRTD-UK https://www.eajournals.org/
Journal Level DOI: https://doi.org/10.37745/bjesr.2013



https://www.eajournals.org/
https://doi.org/10.1038/s41598-020-65359-5
https://doi.org/10.1007/BF00747683
https://doi.org/10.1007/s11356-021-12385-z
https://doi.org/10.1007/s11356-021-12385-z
https://doi.org/10.3389/fpubh.2016.00148
https://doi.org/10.1155/2021/5834720

British Journal of Earth Sciences Research
Vol.10, No.1, pp.47-66, 2022

Print ISSN: 2397-7728(Print),

Online I1SSN: 2397-7736(Online)

Olarinoye, O. Atipo, M.K. and Awojoyogbe, O.B. (2021). Assessment of Heavy Metals in Mine
soils and Tailings from Jos, Nigeria. Earth and Environmental Sciences. 849. 01210. 1-8pp

Omar, W.A, Saleh YS, Marie MAS (2014) Integrating multiple fish biomarkers and
riskassessment as indicators of metal pollution along the Red Sea coast of Hodeida, Yemen
Republic. Ecotoxicol. Environ. Saf., 110: 221-231.

Oyebamiji, A., Amanambu, A., Zafar, T., Adewumi, A.J. and Akinyemi, D.S. (2018) Expected
impacts of active mining on the distribution of heavy metals in soils around Iludun-Oro
and its environs, Southwestern Nigeria, Cogent Environmental
Science, 4:1, DOI: 10.1080/23311843.2018.1495046

Oyetibo, G.O., Enahoro, J.A., Ikwubuzo, C.A. et al. Microbiome of highly polluted coal mine
drainage from Onyeama, Nigeria, and its potential for sequestrating toxic heavy metals. Sci
Rep 11, 17496 (2021). https://doi.org/10.1038/s41598-021-96899-z

Pack, E.C., Kim, C.H., Lee, S.H., Lim, C.H., Sung, D.G., Kim, M.H., Park, K.H., Hong, S.S., Lim,
K.M., Choi, D.W. & Kim, S.W., 2014. Effects of environmental temperature change on
mercury absorption in aquatic organisms with respect to climate warming. J. Toxicol.
Environ. Health, Part A. 77, 1477-1490.

Priest, N. D (2004). The biological behaviour and bioavailability of aluminium in man, with
special reference to studies employing aluminium-26 as a tracer: review and study update.
J Environ Monit. 6(5):375-403. doi: 10.1039/b314329p.

Raihan Sm., Moniruzzaman M, Park Y, Lee S, And Bai Sc.2020. Evaluation Of Dietary Organic
and Inorganic Mercury Threshold Levels on Induced Mercury Toxicity in a Marine
Fish Model.Animals,10:405. DOI:10.3390/ani10030405

Rahimzadeh, M.F., Rahimzadeh, M.F., Kazemi, S. and Moghadamnia A. 2017). Cadmium
Toxicity and Treatment: An update. Capsian Journal of Internal Medicine. 8(3):135-145

Rohasliney, H., Tan, H.S., Noor- Zuhartini, Md.M. and Tan, P.Y (2014). Determination of Heavy
Metal Fishes from the lower reach of Kelantan River. Kelantan, Malaysia. Tropical Life
Sciences Research. 25(2):21-39

Romano, N., Kumar, V. and Sinha, A.K. (2021). Implications of excessive water iron to fish health
and some mitigation strategies. Health & Welfare.

Sarkar, B. (2009). Treatment of Wilson and Menkes Diseases. Chem. Rev. 99: 2535-2544.

Sassi A, Annabi A, Kessabi K, Kerkeni A, Said K et.al. (2010) Influence of high temperature on
cadmium-induced skeletal deformities in juvenile mosquitofish (Gambusia affinis). Fish
Physiol Biochem 36: 403-4009.

Selvanathan J, Vincent S, And Nirmala A.2013. Histopathology Changes In Freshwater Fish
Clarias Batrachus(Linn.)  Exposed To  Mercury And Cadmium. Research
Article.3(2):11-21 http://www.ijlpr.com/admin/php/uploads/177_pdf

Sharma, A., Kumar, V. and Shahzad, B. (2019). Worldwide pesticide usage and its impacts on
ecosystem. SN Applied Science. 1, 1446. https://doi.org/10.1007/s42452-019-1485-1

Singh, N., Kumar, D. and Sahu, P. (2007). Arsenic in the environment: Effects on human health
and possible prevention. Journal of Environmental Biology 28(2) 359-365.

Singh, A., Sharma, R.K., Agrawal, M. & Marshall, F.M.(2010). Health risk assessment of heavy
metals via dietary intake of foodstuffs from the wastewater irrigated site of a dry tropical

64
@ECRTD-UK https://www.eajournals.org/
Journal Level DOI: https://doi.org/10.37745/bjesr.2013



https://www.eajournals.org/
https://doi.org/10.1080/23311843.2018.1495046
https://doi.org/10.1038/s41598-021-96899-z

British Journal of Earth Sciences Research
Vol.10, No.1, pp.47-66, 2022

Print ISSN: 2397-7728(Print),

Online I1SSN: 2397-7736(Online)

area of India. Food Chem. Toxicol. 48, 611-619.Pediatric Research. 59(4): 593-597.
d0i:10.1203/01.pdr.0000203098.77573.39.

Slaninova, A., Machova, J. and Svobodova, Z. (2014). Fish kill caused by aluminium and iron
contamination in a natural pond used for fish rearing: a case report A.Veterinarni Medicina,
59, 2014 (11): 573-581.

Sorensen E.M.B. (1991). Metal poisoning in fish: Environmental and Life Sciences Associates.
Boca Raton: CRC Press, Inc

Suhendra, Y., Ohki, A., Nakajima, T., Maeda, S. (2002)b. Studies On The Accumulation And
transformation of arsenic in freshwater organisms I. Accumulation, transformation and
toxicity of arsenic compounds on the Japanese Medaka, Oryziaslatipes. Chemosphere, 46:
319-324 DOI: 10. 1016/s0045- 6535(01)00084-4

Tabari, S., Saravi, S.S.S., Bandany, G.A., Dehghan, A. and Shrodekhe, M. (2010). Heavy metals
(Zn, Pb, Cd and Cr) in fish, water and sediments sampled form Southern Caspian Sea, Iran.
Toxicology and Industrial Health. 26(10). https://doi.org/10.1177/0748233710377777

US Environmental Protection Agency (EPA) (2000). EPA’s terms of environment. US
Environmental Protection Agency 2000.

USEPA (1979). DDT - A review of scientific and economic aspects of the decision to ban its use
as a pesticide. Washington US EPA; 1975.

Vergilio Cs, Moreira Rv, Carvalho Ce, Melo Ejt. (2013). Histopathological Effects of
mercury on male gonad and sperm of tropical fish Gymnotus carapo in vitro. E3S
Web of Conferences 12004: 3-6. DOI: 10.1111/jfd.12148

Vincent-Akpu, 1.J. and Yanadi, O. L. (2014). Levels of Lead, Iron and Cadmium Contamination
in Fish, Water and Sediment from Iwofe site on New Calabar River, Rivers State.

Voigt H R. (2004). Concentration of mercury and cadmium and the condition of some
coastal Baltic fishes. Environmentalica Femnica 21: 1-26.

Weber, P., Behr, E.R., Knorr, C.D.L, Vendruscolo, D.S, Flores, E.M.M, Dressler, V.L,
Baldisserotto, B (2013). Metals in the water, sediment, and tissues of two fish species from
different trophic levels in a subtropical Brazilian river. Microchemical Journal. 106(1):61—
66.

Wang Y, Qiao M, Liu Y, Zhu Y. Health risk assessment of heavy metals in soils and vegetables
from wastewater irrigated area, Beijing-Tianjin city cluster, China. J Environ Sci (China).
2012;24(4):690-8. doi: 10.1016/s1001-0742(11)60833-4. PMID: 22894104.

Wei, W., Ma, R., Sun, Z., Zhou, A., Bu, X., Long, X and Liu, Y. (2018). Effects of Mining
Activities on the Release of Heavy Metals (HMs) in a Typical Mountain Headwater
Region, the Qinghai-Tibet Plateau in China. International Journal of Environmental
Research and Public Health. 15, 1-19. doi:10.3390/ijerph15091987.

Wei, B., Yu, J.,, Cao, Z.,, Meng, M., Yang, L. and Chen, Q. (2020). The Availability and
Accumulation of Heavy Metals in Greenhouse Soils Associated with Intensive Fertilizer
Application. International Journal of Environmental Research and Public Health. 17, 5359;
d0i:10.3390/ijerph17155359

WHO (World Health Organization) (1990). Chromium, Nickel and Welding. International Agency
for Research on Cancer. IARC Monographs on the Evaluation of Carcinogenic Risks to
Humans, France

65
@ECRTD-UK https://www.eajournals.org/
Journal Level DOI: https://doi.org/10.37745/bjesr.2013



https://www.eajournals.org/
https://doi.org/10.1177/0748233710377777

British Journal of Earth Sciences Research
Vol.10, No.1, pp.47-66, 2022

Print ISSN: 2397-7728(Print),

Online I1SSN: 2397-7736(Online)

WHO. (2011). Guide lines for drinking water quality, 4th Edition.

Witczak, A. and Abdel-Gawad, H. (2014). Assessment of health risk from organochlorine
pesticides residues in high-fat spreadable foods produced in Poland. J Environ Sci Health
49:917-28. doi:10.1080/03601234.2014.951574

World Health Organization (WHO) Guidelines for drinking water quality (ii): Health criteria and
supporting information. Geneva: WHO; 1985. p. 130.

Yan, O., Yao, X., Dai, L C., Zhang, G.L., Ping, J.L., He, J.F. and Han, C.F. (2006). Effect of early
administration of exogenous basic fibroblast growth factor on acute edematous pancreatitis
in rats. World J. Gastroenterol. 21: 3060-3064,

Yarsan, E. and Yipel, M. (2013). The important terms of marine pollution “Biomarkers and
biomonitoring, bioaccumulation, bioconcentration, biomagnification”. J. Mol. Biomark
Diagn. S1

Yildirim, Y, Gonulalan, Z, Narin, I, Soylak, M. (2009). Evaluation of trace heavy metal levels of
some fish species sold at retail in Kayseri, Turkey. Environ. Monitor. Asses. 149:223-228

Yilmaz, A.B, Sangiin, M.K, Yaglioglum D. and Turan C. (2010). Metals (major, essential to non-
essential) composition of the different tissues of three demersal fish species from
Iskenderun Bay, Turkey. Food Chemistry. 123(2):410-415.

Yilmaz, F., Nozdemir N, Demirak A, Tuna AL. (2005). Heavy metal levels in two fish
species Leuciscus cephalus and Lepomis gibbosus. Food
Chemistry. 2005;100(2007):830-835

Zaikov, G.E., Weisfeld, L.I., Bekuzarova, S.A., Lisitsyn, E.M., Opalko, A.l., Haghi, A. (2017).
Heavy Metals and Other Pollutants in the Environment: Biological Aspects, 1st ed.; Apple
Academic Press: Oakville, ON, Canada, 2017; pp. 402—-403, ISBN 9781315341804.

Zhang H, Zhang Y, Wang Z, Ding M, Jiang Y, Xie Z (2016) Traffic-related metal(loid) status and
uptake by dominant plants growing naturally in roadside soils in the Tibetan plateau, China.
Sci Total Environ 573:915-923.

66
@ECRTD-UK https://www.eajournals.org/
Journal Level DOI: https://doi.org/10.37745/bjesr.2013



https://www.eajournals.org/

