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Chapter 1
Concerns and Threats of Heavy Metals’ 
Contamination on Aquatic Ecosystem

Mehvish Hameed, Zulaykha Khurshid Dijoo, Rouf Ahmad Bhat, 
and Irteza Qayoom

1.1  �Heavy Metal Sources

Heavy metals (HMs) gain their entry into the environs by natural plus anthropo-
genic sources, thereby impairing the soil, water, and air plus their interface consid-
erably if they are present above certain level. Figure 1.1 shows heavy metal sources 
and their cycling through various components of environmental settings (Brady 
et al. 1994).

1.2  �Natural Sources

Most studies have reported various natural sources of HMs. The discharge of HMs 
by natural sources depends on certain environmental conditions. These sources 
comprise of emissions from volcanoes, sea salt, natural forest fires, breaking of 
heavy metal containing rocks, biological sources, and windblown soil particles. 
Heavy metals are released as hydroxides, oxides, sulfides, sulfates, phosphates, sili-
cates, as well as in the form of organic composites. These toxic HMs enter the water 
bodies and change the water chemistry, thus affecting the aquatic biota present 
there. The most common HMs are Pb, Ni, Cr, Cd, As, Hg, Zn, and Cu. Even though 
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they are present in trace quantities, these metals have extreme consequences on all 
organisms (Herawati et al. 2000).

1.3  �Anthropogenic Sources

Anthropogenic activities are chiefly behind HM pollution. The main sources are 
untreated water discharge from industries, agricultural inputs, and domestic efflu-
ents; mining and metallurgical processes all add a bulk of HMs into the environ-
ment. The introduction of these HMs into an ecosystem due to anthropogenic 
activities has changed the natural fluxes of these metals. Some significant HM con-
taminants released from anthropogenic sources which considerably add to the bio-
sphere include lead from vehicular exhaust; arsenic, copper, and zinc from smelting 
processes; arsenic by insecticides; and nickel, vanadium, mercury, tin, and selenium 
released from combustion of fossil fuels. To meet the needs of rising human popula-
tion, humans have significantly contributed to the environmental pollution (He et al. 
2005; Bhat et al. 2017)

1.4  �Pollution by Heavy Metals

Presently, environmental pollution is among the most paramount existential chal-
lenges to mankind. HM presence in the environment at such high concentrations 
poses a great danger to the environment and may harm environmental components 

Fig. 1.1  Sources of heavy metals with their cycling in the environment. (Brady et al. 1994)
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if they are present above certain levels. The combination of population growth and 
economic development has resulted in amassing of hazardous amount of HMs in the 
environment. In addition to this, heavy metal mobilization as well as transport in the 
surroundings has significantly augmented ever since 1940. The HM enters the water 
bodies via numerous means like effluent/waste discharges, surface runoff, and 
leachates besides atmospheric depositions through various activities taking place in 
urban and industrial areas. HMs are often cumulative toxins and strongly affect 
people when ingested. Accumulated toxic substances tend to increase in concentra-
tion and are often present in single tissue (Ansari et al. 2004). The bioaccumulative 
potential of HMs can result into a wide-ranging concerns fluctuating from molecu-
lar alterations to elimination of local fish populations (Massaquoi et  al. 2015). 
Moreover, the existence of deadly concentrations of HMs in bottom-dwelling spe-
cies has considerably decreased their diversity and affected their development as 
well as reproductive potential. Sediments cast a noteworthy role in growth, develop-
ment, and evolution of aquatic beings in addition to acting as a pollutant sink. River 
hydrodynamics and biogeochemical cycles, besides environmental settings, are 
among the various processes which govern the dynamics of toxic pollutants in the 
aquatic ecosystem.

1.5  �Heavy Metal Pollution in Aquatic Environs

Heavy metals are among the leading hazards to both terrestrial and marine habitats 
(Slaveykova and Cheloni 2018). Once they are discharged from natural and anthro-
pogenic sources, HMs contaminate water bodies, underlying sediments, air, and the 
soil (Singh et al. 2018). HMs gain their entry into the air by volcanic eruptions and 
from industries. This ultimately reaches to the land, thereby resulting in water and 
soil pollution. Due to its persistent nature in the environs, HMs either accumulate in 
biota or are leached into groundwater. Globally heavy metal pollution is becoming 
a grave subject of alarm as it has protracted motivation due to the rise in the usage 
and handling of HMs during numerous activities to encounter the requirements of 
the fast increasing populace. Heavy metal concentration in various environments is 
ruled by its dose plus the contact period (Khan et al. 2011). Hydrosphere, litho-
sphere, and biosphere are the chief notable constituents of the environment being 
affected by heavy metal pollution.

1.6  �Effect on Water

Heavy metals released from different sources contaminate the water bodies. It is an 
environmental concern that has a negative influence on flora, fauna, and human 
well-being (Rezania et  al. 2016). Even at lower quantities, heavy metals pose 
extreme danger to aquatic species (Akif et al. 2002). HMs can be a source for chief 
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histopathological modifications in bodies of aquatic creatures such as fish (Ahmed 
et al. 2014). Industrialization and urbanization are the two most important sources 
which have contributed significantly in the heavy metal water contamination. HMs 
are transported to the water bodies through effluents from industries and sewage 
inputs besides from agricultural runoff (Afzal et al. 2018), most of which finish up 
amassing in the soil plus in sediments too (Musilova et al. 2016).The influx of indus-
trial effluents into the aquatic bodies is the principle origin of surface water plus 
groundwater contamination (Afzal et al. 2018). Effluents from mining operations 
also result in accumulation of HMs in the aquatic settings (Zhuang et  al. 2013). 
Because of their environmental persistence and bioaccumulation and biomagnifica-
tion of HMs in food chains, they have become a worldwide problem (Rajaei et al. 
2012). Even its presence in smallest amount in aquatic environments can be much 
toxic to humans as well as other species plus posing serious health challenges. The 
metal toxicity level depends on various factors like its type, biological functioning, 
and duration of exposure to the toxic metal. In fact, all aquatic organisms get affected 
by the contamination of heavy metals. Humans are much susceptible to serious 
health issues due to the process of biomagnification (Lee et al. 2002) and its pres-
ence at upper trophic level. The health impacts of heavy metals are listed in Fig. 1.2.
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1.7  �Sediments

Sediment in the aquatic systems is the chief repository and source of HMs. Sediments 
execute a substantial role in the relocation and in storing of potent toxic heavy met-
als (Yan et al. 2010; Gao and Chen 2012). It is like a needle pointing to the fact that 
the water is polluted (Zahra et al. 2014). Sediments are the sink and source of HMs, 
liberating the HMs into the water column back upon any disturbance (Fernandes 
and Nayak 2012). The HM buildup in sediments nearby inhabited zones can deliver 
the confirmation of the human influences on this ecological unit and aids in evaluat-
ing the threats linked with the discarding of human waste (Demirak et  al. 2006; 
Balls et al. 1997). Sediments contaminated with HMs are an environmental concern 
having consequences on aquatic species plus human health. Unending accretion of 
HMs in sediments may likewise add to the pollution of groundwater (Sanyal et al. 
2015). A number of physical and chemical factors regulate the adsorption, desorp-
tion, and content of HMs in sediments. These factors include temperature, hydrody-
namic settings, redox conditions, number of microbes, salt levels, as well as size of 
sediment particles (Zhao et al. 2014). In addition to these physical and chemical 
factors, concentration of HMs in sediments is dependent on chemical composition 
and concentration of organic matter (Azadi et al. 2018). The bioavailability of metal 
in sediments has a relationship with the pH also. pH decline impacts binding of 
metal ions and H+ in sediments resulting in dissolution of metal complexes, thus 
liberating free heavy metal ions into the water (Nowrouzi et al. 2014). In riverine 
sediments, if concentration of heavy metals is high, it may be an ecological risk to 
benthic organisms (Decena et al. 2018).

1.8  �Heavy Metals: Bioavailability and Biological Role

Bioavailability of heavy metals is regulated by physical, chemical, as well as bio-
logical factors. The physical factors are temperature, phase association, adsorption, 
and sequestration. The chemical factors are speciation at thermodynamic equilib-
rium, complexation kinetics, lipid solubility, and octanol/water partition coefficients 
(Hamelink et al. 1994). Biological factors like species features, trophic connections, 
and biochemical/physiological variation are influential (Verkleji 1993). In biologi-
cal systems, it has been reported that heavy metals impact cellular organelles and 
other constituents like cellular sheath, mitochondria, lysosomes, endoplasmic retic-
ulum (ER), nucleus, and other metabolism-affecting enzymes and detoxification, 
besides cellular damage repairing (Wang and Shi 2001). Metal ions also influence 
cellular constituents like DNA and nuclear proteins, resulting in DNA interference 
plus conformational adjustments leading to the modification of the cell cycle, muta-
genesis, or apoptosis (Chang et  al. 1996; Wang and Shi 2001; Beyersmann and 
Hartwig 2008). The accumulation of lethal substances may result in biomagnifica-
tion in animals. In aquatic ecosystems, heavy metals of utmost alarm are Cu, Zn, 
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Hg, and Pb as well as Al, Cr, Se, Ag, Ar, and Sb. These heavy metals have magnified 
the issues associated with the aquatic systems (freshwater, coastal, as well as estua-
rine ecosystems). These heavy metals when present in a concentration exceeding 
the threshold are detrimental to organisms although few of them like copper and 
zinc are vital for metabolism at lesser concentrations.

Few heavy metals don’t have any influence on any biological processes of living 
beings. They remain there in the body in the harmful form and elicit harmful effects, 
thus affecting their biology. HMs cause biotoxic effects (effect of HMs to the body 
of living organisms when ingested above recommendation limits) as they interact 
with the body’s natural biochemistry in the normal metabolic processes . Most HMs 
have strong affinity toward sulfur. These toxic chemicals create bonds with S in 
enzymes, thus inhibiting essential enzyme functioning (Waseem and Arshad 2016).

A brief description of accumulation and physiological role (Ansari et al. 2004) of 
trace HMs in aquatic species and the potential threats to humans is shown as follows:

1.8.1  �Lead (Pb)

Lead is a highly toxic heavy metal; its excessive usage has given rise to major envi-
ronmental pollution problems and health issues everywhere in the world (Jaishankar 
et al. 2014).Various sources of environmental lead pollution are as follows: metal 
plating and finishing, exhaustive emissions from automobiles, pesticides and fertil-
izers, ores’ smelting processes, battery industry effluents, wastes from urban soil, 
gasoline and dye additives, and chimneys of manufacturing plants (Eick et al. 1999). 
Humans are exposed through consumption of food and water exposed to lead and 
also from inhalation (Ferner 2001). Excessive levels of lead cause neurological and 
physiological effects in humans. The teratogenic effect is particularly a serious con-
sequence of lead toxicity. Lead poisoning inhibits heme synthesis which leads to 
hematological damage, damage to CNS and PNS, and reproductive, bone, and kid-
ney dysfunction (Ogwuegbu and Muhanga 2005). There is also some evidence per-
taining to organolead compounds, regarding their acute toxicities to bottom-dwelling 
organisms although few studies have stated their chronic effects (Probst 1979).

1.8.2  �Mercury (Hg)

Hg is studied extensively due to its toxic behavior. High levels of Hg cause acro-
dynia, also known as pink disease. The sources of mercury are municipal wastewa-
ter, mining activities, incineration of hazardous waste, and discharges from 
industries (Chen et al. 2012). Mercury is present in the environment in three forms: 
metallic, organic, and inorganic. Each of these forms of Hg has varying toxicity 
potential and bioavailability (Jaishankar et  al. 2014). Mercury when present in 
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aquatic ecosystems like rivers, streams, and seas is being converted into methylmer-
cury by microbes. Organic forms of mercury are extremely toxic to marine life. 
Marine mammals amass considerable quantity of mercury coming from various 
food sources short of any harmful effects. Selenium adversely influences toxicity of 
mercury in organisms like seals, sea lions, and dolphins. Selenium retains stride 
with the concentration of mercury. The presence of Hg and Se in connective tissues 
of dolphin liver is actually a consequence of a purifying advancement for the methyl 
Hg assimilated through their diet (Price et al. 1972).

Mercury salts are exceedingly toxic. Methylmercury is a neurotoxic substance 
which causes devastation of microtubules and mitochondria and lipid peroxida-
tion. It also causes accretion of neurotoxins like serotonin and glutamate besides 
aspartate (Patrick 2002). The chief route through which humans are exposed to 
methyl Hg is intake of marine species having remarkably high concentrations of 
Hg (Trasande et al. 2005). Methyl Hg is principally toxic. It provokes teratogenic, 
carcinogenic, and mutagenic alterations in the organism’s body. Therefore, meth-
ylmercury is the central toxic form of Hg in the environs. The eating of crusta-
ceans as well as fishes poses a chief danger to humans and other animals. The 
oxidized mercury resides in the brain, while free metal can be eliminated (Rygg 
1985; Rule and Alden 1990). The CNS is severely damaged because of inorganic 
mercury (II).

1.8.3  �Cadmium (Cd)

Cadmium was reported to enhance the growth and photosynthesis of phytoplankton 
at concentrations up to 100 mg L−1. Cadmium because of its association with phos-
phates is supposed to be taken up by phytoplankton, although in two studies, it is 
being reported that it doesn’t show any biomagnification and bioaccumulation. 
Aquatic organisms have small concentrations of cadmium in the food web, of a few 
PPM. Cadmium is principally concentrated in kidneys. It is excreted when metal-
loprotein is formed in the kidneys. Exceeding quantities of cadmium occur in mol-
lusks too. Suzuki in 1979 studied the common limpet along the Bristol 
Channel-Severn estuary and established a relationship between high levels of Cd 
and a declined use of glucose. Cd is a by-product of the Zn making, leading the 
workers exposed to it. Cadmium is also bioaccumulative in nature. Cadmium is 
responsible for causing the itai-itai disease. Cadmium is exposed to man through 
ingestion and inhalation which ultimately leads to acute and chronic toxicity 
(Jaishankar et al. 2014). The signs of cadmium poisoning are associated with the 
kidneys, lungs, and bones. The chronic inhalation of cadmium causes kidney pro-
teinuria (Swarzenski et al. 2000; Szefer 1990).

1  Concerns and Threats of Heavy Metals’ Contamination on Aquatic Ecosystem
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1.8.4  �Arsenic (As)

The chemistry of As is multifarious besides being vital in development of aquatic 
species. Arsenic is present in various chemical forms: arsenate (AsO3

4−), arsenite 
(AsO3

3−), methyl arsenic acid [MeAsO(OH)2], and dimethyl arsenic acid [Me2 
AsOOH]. AsO3

4− is the main species in the photic zone of water. MeAsO(OH)2 and 
Me2AsOOH are present in high concentrations (Tay et al. 1992). Algae have extra 
accruing capability to arsenic than fish, with crustaceans amassing restrained quan-
tity. The arsenic forms are imperative with reference to toxicity. The toxic potential 
of the arsenic reduces as per the following pattern with As (III) followed by As (V) 
and then the organoarsenic. It gives the impression that one of the body’s resistance 
counter to arsenic is alkylation, resulting in generation of alkylarsenic (V) com-
pounds: CH3AsO(OH)2 and (CH3)2AsO(OH), which are less toxic forms of arsenic, 
and then these products are excreted from the body (Timmreck and Shook 1992). 
Acute effects of oral arsenic poisoning are strong abdominal pains, nausea, vomit-
ing, and gastric intestinal complications triggering diarrhea, only to end with coma 
followed by death. Exposure to arsenic through inhalation causes respiratory effects 
which comprise of nasal and throat irritation, headache, vertigo, restlessness, and 
irritability (Rinderhagen et al. 2000; Tsuchiya 1981). As and Se are incompatible in 
the body and thereby separately stabilize the toxicity of each other. As (III) is delib-
erated as having the utmost toxicity; arsenate can be troublesome by competing 
with phosphate, consequently resulting in interruption of oxidative phosphorylation 
process. Arsenic also impedes the DNA repair mechanism by substituting the phos-
phorus in DNA (Rinderhagen et al. 2000). It may intermingle with the biosynthesis 
of porphyrin and distress the white blood cells. Arsenic toxicity has been associated 
with impacts on the reproductive system such as miscarriages/stillbirths. Hearing 
impairment is also related with arsenic poisoning. Occurrences like milk adultera-
tion in Japan and discharges from Cu smelters have triggered auditory issues 
(Stauber and Florence 1990). Arsenic attacks the renal system, predominantly the 
reabsorption process. It causes destruction to peripheral nervous system (PNS) like 
peripheral neuritis plus motor sensory paralysis (Tsuchiya 1981).

1.8.5  �Barium (Ba)

Barium has no part in biological science. As per The British Pharmaceutical Codex 
(1907), barium chloride [“barii chloridum,” BaCl2.2H2O] has a stimulatory effect on 
cardiac muscles as well as other muscles. It increases blood pressure by narrowing 
the blood vessels. It has a tendency to empty intestines, urinary bladder, as well as 
gall bladder. Its toxic nature has also been verified. Barium sulfate (BaSO4) is insol-
uble and is useful in radiography. All barium combinations should be considered as 
exceptionally toxic even though there is authorization that its vulnerability is lim-
ited and such compounds are not easily accessible to humans. Its toxicity hinges on 
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the solubility of counterions. The nature of the counterions also plays a significant 
role. Baritosis is one of the forms of pneumoconiosis that is caused by longtime 
contact with barite and Ba dust. It has been stated that those workers are more prone 
to it who are being exposed to crushed and ground insoluble barium salts (US 
EPA 1992).

1.8.6  �Zinc (Zn)

Zinc (Zn) is typically existent in plants and animals in concentrations corresponding 
to iron and generally in far greater concentrations than many other trace elements. 
Many researches verify that Zn is crucial for bacteria, fungi, and blue-green as well 
as green algae. Just because Zn isn’t considered as highly toxic metal, hence it is 
being discharged into water bodies in considerable amounts. Limited number of 
reports shows that some species are susceptible to Zn toxicity at quantities fre-
quently seen in seawater and sediments of estuarine waters. Stauber and Florence 
(US EPA 1992) observed that the growing of cultural diatoms was restrained by 
20 μg L−1 of Zn. Impacts on fertilization as well as embryonic growth in Baltic 
spring-spawning herring at low salt levels were perceived at just 5 μg L−1. On the 
other hand, many accounts of zinc toxicity were observed in waters having concen-
trations of Zn beyond 100 μg L−1. Zn and Cd toxicity has an inclination to happen 
in the environs jointly. Zinc has a great number of biological purposes in humans 
besides being an essential component of more than 100 enzymes responsible for 
body’s metabolism. Zn is involved in the production and functioning of certain hor-
mones. It also executes an imperative part in reproductive as well as sexual maturity. 
Zinc is also present in the plasma, erythrocytes, leukocytes, and platelets (Van-Loon 
and Duffy 2000). Commonly found Zn compounds aren’t predominantly toxic, 
while zinc salts can be carcinogenic.

1.8.7  �Copper (Cu)

Copper (Cu) is a necessary element for some animals. A maximum concentration of 
it is present in gastropods, decapod, crustaceans, and cephalopods as their blood 
consists of pigment hemocyanin which holds Cu. Extra Cu is typically deposited in 
the liver (4800 μg g−1). Oysters may have similar extraordinary content of Cu that is 
hoarded typically in the WBCs consisting of 20,000 μg g−1 of Cu and 60,000 μg g−1 
of Zn in these blood cells. Cu is among the most toxic metal, following Hg and Ag, 
to marine life despite many purifying and storing systems. It has been experimen-
tally proved that many aquatic species are negatively affected by Cu levels of 
1–10  μg  L−1 (Price et  al. 1972). Vandecasteele and Block (1993) detected that 
2 μg L−1 of Cu had noteworthy impacts on young bay scallops and surf clams. Some 
bivalves like Mytilus edulis were able to tolerate high levels of Cu due to the 
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presence of Cu-binding metallothioneins (Viarengo et al. 1984). Cu-containing pro-
teins in mammals are cerebrocuprein, ceruloplasmin, erythrocuprein, hemocuprein, 
etc. Copper enzymes also have the capability to openly utilize molecular oxygen. It 
has been labelled indispensable for cross-linking of elastin. Cu deficit is responsible 
for anemia plus disparities in bone development. It is commonly found in popula-
tions having malnutrition, also in patients getting whole parental nourishment. The 
consequence of Cu intake in disproportionate concentrations is hemolysis (splitting 
of RBC) (Van-Loon and Duffy 2000).

1.8.8  �Manganese (Mn)

Manganese is among the many vital elements required by plants as well as animals. 
The biologically functioning form is the Mn2+ ion. It is as an enzyme activator 
widely distributed all over in the body tissues and fluids. In the human body, its 
content is projected to be 12–20  mg. It is also involved in mucopolysaccharide 
breakdown. It is also associated with superoxide dismutase. Pyruvate carboxylase is 
the single identified manganese-containing metalloprotein. Various experiments 
have been carried out to determine manganese deficiency in animals although none 
in humans. Manganese deficiency is responsible for skeletal irregularities. It is min-
imum toxic trace element to animals. Its prolonged exposure causes manganese 
poisoning that often occurs in mine workers. Manganese being toxic, when inhaled, 
causes neurological disorders (Van-Loon and Duffy 2000).

1.8.9  �Iron (Fe)

Iron is the central constituent of plant and animal life being crucial for their growth 
and development. In the human body, iron is bound to protein forming complexes 
as porphyrin or heme compounds, mostly hemoglobin plus myoglobin or as non-
heme protein-bound compounds such as ferritin plus transferrin. In humans, Fe 
binds to oxygen consequently assuring lungs to supply oxygen to the cells. The 
maximum amount of iron exists in the liver, spleen, kidney, and heart. Fe contami-
nation results in the decrease in the number and abundance of species like periphy-
ton, benthic invertebrates, and fishes (Vuori 1995). The iron precipitation results in 
substantial impairment to fishes because of clogging action in addition to hindering 
of respiration (EPA 1993). Iron deficiency is responsible for a number of diseases 
like anemia, lethargy, headache, as well as anorexia. Children are more susceptible 
to iron toxicity for the reason that they have maximum exposure to iron-containing 
products (Albretsen 2006). Excessive intake of soluble iron salts (>0.5 g) results in 
grave injuries to the digestive track followed by serious problems like hepatitis. 
Recurrent ingestion of exceedingly abundant quantities of Fe results in 
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hemochromatosis which finally results in liver cirrhosis (Van-Loon and Duffy 2000; 
Wang et al. 1995).

1.9  �Trophic Transfer of Heavy Metals

Being persistent pollutants, HMs amass in organisms and are then transmitted from 
lower trophic level to subsequently higher trophic levels. Food chains and food 
webs signify association amid organisms; hence all organisms get affected by con-
tamination. The amount of HMs amassed in biota hinges on their rate of absorption 
and depuration from the body. HMs are transported to living organisms from the 
abiotic environment (water, sediments, and soils). This can take place either directly 
or indirectly from its food/prey, e.g., HMs may come in bodies of fishes straight 
from water and sediments by way of the gills and/or the skin. It can also come from 
consuming contaminated prey. The concentration of the heavy metal may either rise 
or fall in subsequent trophic ranks. The buildup of HMs in organisms varies with 
metal species in consideration and the biological processes established for the 
homeostasis. It also depends on the detoxification mechanisms. Methylated forms 
like that of mercury accumulate in biota to larger levels consequently biomagnified 
due to affinity toward lipids (Fig.1.3). Metallophytes have developed exceptional 
mechanisms for enduring exceptionally high content of HMs in soil (Ali et  al. 
2019a, b).

1.10  �Factors Regulating HM Bioaccumulation

Many physical, chemical, biological, and environmental factors influence the intake 
plus withholding of heavy metals by marine organisms (Rashid et al. 2019). Various 
organisms are evaluated as indicators of heavy metal pollution owing to the fact that 
the bodily concentration of metal is proportional to the concentration of metal in 
seawater. For the evaluation of organisms as bioindicators, various factors like the 
organisms’ rate of metal uptake which in turn is dependent on the chemical species 
of the metal are taken into notice. The chemical factors affecting the rate of metal 
uptake are pH, temperature, and hardness besides salt levels. HMs normally influ-
ence each other and as a result constrain the uptake of another by a specific organ-
ism (Ansari et al. 2004). The metal content in an organism depends upon the size of 
the individual, age, and growth rate. In addition to this, position in the water column 
also plays important role (Ansari et al. 2004). Furthermore, seasonal variation of the 
metal concentrations has been observed because of the changes in the organism’s 
weight without any change in the total metal concentration of the organism. In few 
cases, the metal concentration is dependent on the organism’s sex to some extent.

1  Concerns and Threats of Heavy Metals’ Contamination on Aquatic Ecosystem
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1.11  �Bioaccumulation of Heavy Metals in Fish

Fishes contaminated by HMs have turned out to be a significant subject all around 
the globe owing to their antagonistic aftermaths on fish and its consumers (Rahman 
et al. 2012). Bioaccumulation is regulated by fish age, size, weight, and length, as 
well as feeding behaviors and body functioning. The environmental factors like 
content and bioavailability of metals, physicochemical properties of water, and cli-
matic factors also perform a key function. Varying with the structure and function-
ing of tissues, the degree of heavy metal buildup varies tissue-wise in fishes. In 
general, organs like gills, liver, and kidneys store much greater concentration of 
HMs than the skin and muscles because of metal-binding proteins called metallo-
thioneins (MTs) present in these tissues when being exposed to HMs. Fish gills are 
target tissues for amassing as well as removal of HMs like Ni (Mansouri et al. 2012). 
Fish muscles don’t accumulate HMs in high concentration, but they are important 
from the viewpoint of human consumption (Khaled 2009). Bioaccumulation of 
HMs in fish muscles is mostly species specific (Kumar et al. 2010). Elevated level 
of HMs in aquatic biota poses major health consequences and can result in popula-
tion decline of aquatic species (Luo et al. 2010). Heavy metals are powerful neuro-
toxic drivers distressing fish species. The heavy metal interfaces with chemical 
incitements in fish can interrupt the fish communication with their surroundings 
(Baatrup 1991). HMs have been connected to fish defects in natural populations. 
These aberrations have undesirable effects on populace of fish species as these 
defects impact their morphology, survival, rate of growth, as well as well-being and 
health. These defects in fish can be explored as exceptional biomarker of heavy 
metal pollution in the environment (Sfakianakis et al. 2015).

Accretion of toxic HMs in fish has significant environmental and ecological con-
sequences, besides societal concerns; it impacts both humans and aquatic carnivore 
species feeding on fish (Ali et al. 2017; Ali and Khan 2018a, b, 2019). HMs found 
in polluted seawater are assimilated in fish, and from there they pass into humans, 
thereby affecting human health (Dwivedi et al. 2015). In addition, toxic HMs also 
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affect fish health (Javed and Usmani 2015) have reported pollution of river with 
heavy metals resulting in stress of freshwater fish by weakening it and making it 
more vulnerable to diseases. Heavy metal pollution is considered among the poten-
tial reasons for the decrease in population of freshwater fish and other aquatic 
organisms (Mehmood et al. 2019). It has been stated that with the rise in pollution 
levels of Indus, a major river in Pakistan, diversity and abundance of aquatic life 
were drastically affected (Al-Ghanim et al. 2016).

1.12  �Heavy Metal Remediation Techniques

The remediation method for heavy metals should be cautiously evaluated so that the 
protection of the biotic and abiotic environment is ensured. All remediation proce-
dures entail treatment of extensive sludge quantity which destroys the natural habi-
tats in addition to being very costly (Nleya et al. 2016) (Fig. 1.4).

1.12.1  �Precipitation

Numerous alkaline chemical reagents are commonly used for neutralization of acid 
mine drainage (AMD). It helps in pH elevation which in turn results in the forma-
tion of precipitate, thereby helping in recovering of the metals. Commonly used 
reagents for the recovery of mineral from AMD are limestone (CaCO3), caustic soda 
(NaOH), soda ash (Na2CO3), quicklime (CaO), slaked lime (Ca(OH)2), and magne-
sium hydroxide (Mg(OH)2) (Masindi et al. 2016). The metal recovery takes place at 
different pH (Table 1.1). These recycled minerals are vended to metallurgical busi-
nesses, thereby offsetting the treatment charges (Nleya et al. 2016).

1.12.2  �Adsorption

The process of adsorption starts once an adsorbate collects or adheres against 
adsorbent’s surface. Adsorption is much competent and economical method for 
metal exclusion from aqueous solutions owing to its reversibility besides desorp-
tion abilities. Even though it is efficient, this process fails with concentrated solu-
tions. The reason for it is that the adsorbent gets saturated with the adsorbate easily. 
This method performs well in case of very dilute solutions. It’s a tedious task due 
to the reason that it entails recurrent regeneration in addition to being nonselective 
(Nleya et  al. 2016). Thus adsorption is not effective in metal remediation on a 
large scale.
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1.12.3  �Ion Exchange

Ion exchange refers to the procedure in which give-and-take of ions takes place 
among two or more electrolytic solutions. Clay and resins have great cation 
exchange capability; thus they are frequently employed for metal exchange from 
aqueous mixtures. The efficacy of this method depends on pH besides temperature. 
Natural and artificial clays, zeolites, and synthetic resins are utilized for separation 
and exclusion of metals (Nleya et al. 2016; Masindi 2016).

Fig. 1.4  Remediation 
practices for heavy metals. 
(Yusuf et al. 2015)

Table 1.1  pH for each metal ion at which precipitates formed in AMD

Metal ion pH Metal ion pH Metal ion pH

Al3+ 4.1 Hg2+ 7.3 Cd2+ 6.7
Fe3+ 3.5 Na+ 6.7 Fe2+ 5.5
Mn2+ 8.5 Pb2+ 6.0 Cu2+ 5.3
Cr3+ 5.3 Zn2+ 7.0

Masindi et al. (2016)

M. Hameed et al.
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1.12.4  �Biosorption

Biosorption is the process of removing toxins from water systems by making use of 
biological tools. It includes absorption, adsorption, surface complexation, ion 
exchange, and precipitation. Biosorbents are advantageous because of their perma-
nence, efficiency, and capability. They are steadily available and can be easily 
regenerated. However, the process easily reaches a breakthrough, therefore limiting 
further removal of pollutant (Silvas et al. 2011).

1.12.5  �Membrane Technologies

Usage of membrane technologies for the retrieval of AMD is highly resourceful in 
treating polluted waters having elevated pollutant content. These techniques use the 
concentration gradient phenomenon or reverse osmosis process. Diverse mem-
branes are used for treating mine waters. These includes ultrafiltration, nano- and 
micro-separation, reverse osmosis, and particle filtration (Nleya et al. 2016; Buzzi 
et al. 2013; Park et al. 2015)

References

Afzal MS, Ashraf A, Nabeel M (2018) Characterization of industrial effluents and groundwater of 
Hattar industrial estate, Haripur. Advances in Agriculture and Environmental Science: Open 
Access (AAEOA) 1:70–77

Ahmed MK, Parvin E, Islam MM, Akter MS, Khan S, Al-Mamun MH (2014) Lead- and cadmium-
induced histopathological changes in gill, kidney and liver tissue of freshwater climbing perch 
Anabas testudineus (Bloch, 1792). Chem Ecol 30:532–540

Akif M, Khan AR, Sok K et al (2002) Textile effluents and their contribution towards aquatic pol-
lution in the Kabul River (Pakistan). J Chem Soc Pak 24:106–111

Albretsen J (2006) The toxicity of iron, an essential element. Vet Med 101:82–90
Al-Ghanim KA, Mahboob S, Seemab S et  al (2016) Monitoring of trace metals in tissues of 

Wallagoattu (lanchi) from the Indus River as an indicator of environmental pollution. Saudi J 
Biol Sci 23:72–78

Ali H, Khan E (2018a) Assessment of potentially toxic heavy metals and health risk in water, 
sediments, and different fish species of River Kabul, Pakistan. Hum Ecol Risk Assess Int J 
24:2101–2118

Ali H, Khan E (2018b) Bioaccumulation of non-essential hazardous heavy metals and metalloids 
in freshwater fish. Risk to human health. Environ Chem Lett 16:903–917

Ali H, Khan E (2019) Bioaccumulation of Cr, Ni, Cadmium and Pb in the economically important 
freshwater fish Schizothorax plagiostomus from three rivers of Malakand Division, Pakistan: 
risk assessment for human health. Bull Environ Contam Toxicol 102:77–83

Ali H, Ali W, Ullah K et al (2017) Bioaccumulation of Cu and Zn in Schizothorax plagiostomus 
and Mastacembelus armatus from river swat, river Panjkora and river Barandu in Malakand 
division, Pakistan. Pak J Zool 49:1555–1561

1  Concerns and Threats of Heavy Metals’ Contamination on Aquatic Ecosystem



16

Ali H, Ali W, Ullah K, Akbar F, Khan H (2019a) Assessment of cu and Zn in water, sediments 
and in the carnivorous fish, Channa gachua from river swat and River Barandu, Malakand 
Division, Pakistan. Iran J Sci Technol Trans A Sci:1–11

Ali H, Khan E, Ilahi I (2019b) Environmental chemistry and ecotoxicology of hazardous heavy 
metals: environmental persistence, toxicity, and bioaccumulation. J Chem 2019:1–14

Ansari TM, Marr IL, Tariq N (2004) Heavy metals in marine pollution perspective–a mini review. 
J Appl Sci 4:1–20

Azadi A, Mansouri B, Spada L, Sinkakarimi MH, Hamesadeghi Y, Mansouri A (2018) 
Contamination of lead (Pb) in the coastal sediments of north and south of Iran: a review study. 
Chem Ecol 34:884–900

Baatrup (1991) Structural and functional effects of heavy metals on the nervous system, including 
sense organs, of fish. Comp Biochem Physiol C Comp Pharmacol 100:253–257

Balls PW, Hull S, Miller BS, Pirie JM, Proctor W (1997) Trace metal in Scottish estuarine and 
coastal sediments. Mar Pollut Bull 34:42–50

Beyersmann D, Hartwig A (2008) Carcinogenic metal compounds: recent insight into molecular 
and cellular mechanisms. Arch Toxicol 82(8):493–512

Bhat RA, Shafiq-ur-Rehman, Mehmood MA, Dervash MA, Mushtaq N, Bhat JIA, Dar GH (2017) 
Current status of nutrient load in Dal Lake of Kashmir Himalaya. J Pharmacogn Phytochem 
6(6):165–169

Brady D, Stoll AD, Starke L, Duncan JR (1994) Bioaccumulation of metal cations by 
Saccharomyces cerevisiae. Appl Microbiol Biotechnol 41:149–154

Buzzi DC, Viegas LS, Rodrigues MAS, Bernardes AM, Tenório JAS (2013) Water recovery from 
acid mine drainage by electrodialysis. Miner Eng 40:82–89

Chang LW, Magos L, Suzuki T (eds) (1996) Toxicology of metals. CRC Press, Boca Raton
Chen CW, Chen CF, Dong CD (2012) Distribution and accumulation of mercury in sediments of 

Kaohsiung River Mouth, Taiwan. APCBEE Procedia 1:153–158
Decena C, Arguilles M, Robel L (2018) Assessing heavy metal contamination in surface sediments 

in an urban river in the Philippines. Pol J Environ Stud 27:1983–1995
Demirak A, Yilmaz F, Tuna A, Ozdemir N (2006) Heavy metals in water, sediments and issues of 

Leuciscus cephalus from a stream in southwestern Turkey. Chemosphere 63:1451–1458
Dwivedi C, Tiwari A, Mayank P (2015) Seasonal determination of heavy metals in muscle, gill and 

liver tissues of Nile tilapia, Oreochromis niloticus (Linnaeus, 1758) from the tributary of the 
Ganga River, India. Zool Ecol 25:166–171

Eick MJ, Peak JD, Bady PV, Pesek JD (1999) Kinetics of lead absorption and desorption on goe-
thite: residence time effect. Soil Sci 164:28–39

Fernandes L, Nayak GN (2012) Heavy metals contamination in mudflat and mangrove sediments 
(Mumbai, India). Chem Ecol 28:435–455

Ferner DJ (2001) Toxicity, heavy metals. eMed J 2(5):1
Gao X, Chen CTA (2012) Heavy metal pollution status in surface sediments of the coastal Bohai 

Bay. Water Res 46:1901–1911
Hamelink JL, Landrum PF, Harold BL, William BH (1994) Bioavailability: physical, chemical, 

and biological interactions. CRC Press Inc, Boca Raton
He ZL, Yang XE, Stoffella PJ (2005) Trace elements in agroecosystems and impacts on the envi-

ronment. J Trace Elem Med Biol 19:125–140
Herawati N, Suzuki S, Hayashi K, Rivai IF, Koyoma H (2000) Cadmium, copper and zinc levels 

in rice and soil of Japan, Indonesia and China by soil type. Bull Environ Contam Toxicol 
64:33–39

Jaishankar M, Tseten T, Anbalagan N, Mathew BB, Beeregowda KN (2014) Toxicity, mechanism 
and health effects of some heavy metals. Interdiscip Toxicol 7(2):60–72

Javed M, Usmani N (2015) Stress response of biomolecules (carbohydrate, protein and lipid pro-
files) in fish Channa punctatus inhabiting river polluted by Thermal Power Plant effluent. Saudi 
J Biol Sci 22:237–242

M. Hameed et al.



17

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

Khan T, Muhammad S, Khan B, Khan H (2011) Investigating the levels of selected heavy metals 
in surface water of Shah Alam river (a tributary of River Kabul, Khyber Pakhtunkhwa). J Himal 
Earth Sci 44:71–79

Kumar K, Kumar S, Priya M, Mukhopadhyay D, Shah R (2010) Distribution, partitioning, bioac-
cumulation of trace elements in water, sediment and fish from sewage fed fish ponds in eastern 
Kolkata, India. Toxicol Environ Chem 92:243–260

Lee G, Bigham JM, Faure G (2002) Removal of trace metals by coprecipitation with Fe, Al and Mn 
from natural waters contaminated with acid mine drainage in the Ducktown Mining District, 
Tennessee. Appl Geochem 17(5):569–581

Luo W, Lu Y, Wang T, Hu W, Jiao W, Naile JE, Khim JS, Giesy JP (2010) Ecological risk assess-
ment of arsenic and elements in sediments of coastal areas of Northern Bohai and Yellow Seas, 
China. Ambio 39:367–375

Mansouri B, Ebrahimpour M, Babaei H (2012) Bioaccumulation and elimination of nickel in the 
organs of black fish (Capoeta fusca). Toxicol Ind Health 28:361–368

Masindi V (2016) A novel technology for neutralizing acidity and attenuating toxic chemical spe-
cies from acid mine drainage using cryptocrystalline magnesite tailings. J Water Process Eng 
10:67–77

Masindi V, Gitari MW, Tutu H (2016) Passive remediation of acid mine drainage. LAP Lambert 
Academic Publishing, Saarbrücken

Massaquoi LD, Ma H, Liu XH, Han PY, Zuo SM, Hua ZX, Liu DW (2015) Heavy metal accumu-
lation in soils, plants, and hair samples: an assessment of heavy metal exposure risks from the 
consumption of vegetables grown on soils previously irrigated with wastewater. Environ Sci 
Pollut R 22(23):18456–18468

Mehmood MA, Qadri H, Bhat RA, Rashid A, Ganie SA, Dar GH, Shafiq-ur-Rehman (2019) Heavy 
metal contamination in two commercial fish species of a trans-Himalayan freshwater ecosys-
tem. Environ Monit Assess Environ 191:104. https://doi.org/10.1007/s10661-019-7245-2.

Musilova J, Arvay J, Vollmannova A, Toth T, Tomas J (2016) Environmental contamination by 
heavy metals in region with previous mining activity. Bull Environ Contam Toxicol 97:569–575

Nleya Y, Simate GS, Ndlovu S (2016) Sustainability assessment of the recovery and utilisation of 
acid from acid mine drainage. J Clean Prod 113:17–27

Nowrouzi M, Mansouri B, Nabizadeh S, Pourkhabbaz A (2014) Analysis of heavy metals concen-
tration in water and sediment in the Hara biosphere reserve, southern Iran. Toxicol Ind Health 
30:64–72

Ogwuegbu MOC, Muhanga W (2005) Investigation of lead concentration in the blood of people in 
the copper belt province of Zambia. J Environ 1:66–75

Park SM, Shin SY, Yang JS, Ji SW, Baek K (2015) Selective recovery of dissolved metals from 
mine drainage using electrochemical reactions. Electrochim Acta 181:248–254

Patrick L (2002) Mercury toxicity and antioxidants: part 1: role of glutathione and alpha-lipoic 
acid in the treatment of mercury toxicity. Altern Med Rev 7(6):456–471

Price CA, Clark HE, Funkhauser EA (1972) Micronutrients in Agriculture. Society of 
America, Madison

Probst GS (1979) Cadmium: absorption, distribution and excretion in mammals. In: Mennear JE 
(ed) Cadmium toxicity. M. Dekker, New York, pp 29–59

Rahman MS, Molla AH, Saha N, Rahman A (2012) Study on heavy metals levels and its risk 
assessment in some edible fishes from Bangshi River, Savar, Dhaka, Bangladesh. Food Chem 
134:1847–1854

Rajaei G, Mansouri B, Jahantigh H, Hamidian AH (2012) Metal concentrations in the water of 
Chah nimeh reservoirs in Zabol, Iran. Bull Environ Contam Toxicol 89:495–500

Rashid A, Bhat RA, Qadri H, Mehmood MA (2019) Environmental and socioeconomic factors 
induced blood lead in children: an investigation from Kashmir, India. Environ Monit Assess 
191(2):76. https://doi.org/10.1007/s10661-019-7220-y

1  Concerns and Threats of Heavy Metals’ Contamination on Aquatic Ecosystem

https://doi.org/10.1007/s10661-019-7245-2.
https://doi.org/10.1007/s10661-019-7220-y


18

Rezania SM, Taib MF, Md Din FA, Dahalan, Kamyab H (2016) Comprehensive review on phyto-
technology: heavy metals removal by diverse aquatic plants species from wastewater. J Hazard 
Mater 318:587–599

Rinderhagen M, Ritterhoff J, Zanke GP (2000) Crustaceans as bioindicators. In: Gerhardt A (ed) 
Biomonitoring of polluted water-reviews on actual tpoics. Trans Tech Publications-Scitech 
Publications, Uetikon-Zuerich, pp 161–194

Rule JH, Alden RW (1990) Cadmium bioavailability to 3 estuarine animals in relation to geo-
chemical fractions to sediments. Arch Environ Contam Toxicol 19:878–885

Rygg B (1985) Effects of sediment copper on benthic fauna. Mar Ecol Prog Ser 25:83–89
Sanyal T, Kaviraj A, Saha S (2015) Deposition of chromium in aquatic ecosystem from efflu-

ents of handloom textile industries in Ranaghat-Fulia region of West Bengal, India. J Adv Res 
6:995–1002

Sfakianakis G, Renieri E, Kentouri M, Tsatsakis AM (2015) Effect of heavy metals on fish larvae 
deformities: a review. Environ Res 137:246–255

Silvas FPC, Buzzi DC, Espinosa DCR, Tenório JAS (2011) Biosorption of AMD metals using 
Rhodococcus opacus. Revista Escola de Minas 64:487–492

Singh DV, Bhat JIA, Bhat RA, Dervash MA, Ganei SA (2018) Vehicular stress a cause for heavy 
metal accumulation and change in physico-chemical characteristics of road side soils in 
Pahalgam. Environ Monit Assess 190:353. https://doi.org/10.1007/s10661-018-6731-2

Slaveykova I, Cheloni G (2018) Preface: special issue on environmental toxicology of trace metals. 
Environments 5:138

Stauber JL, Florence TM (1990) Mechanism of toxicity of zinc to the marine diatom Nitzschia 
closterium. Mar Biol 105:519–524

Swarzenski PW, Corbett DR, Smoak JM, Mckee BA (2000) The use of U-Th series radionuclides 
and transient traces in oceanography: an overview. In: Hester RE, Harrison RM (eds) Issues in 
environmental science and technology no. 13 chemistry in marine environment. Royal Society 
of Chemistry, Cambridge, pp 33–54

Szefer P (1990) Inter elemental relationships in organisms and bottom sediments of the Southern 
Baltic. Sci Total Environ 95:119–130

Tay KL, Doe KG, Wade SJ, Vaughan DA, Berrigan RE, Moore MJ (1992) Sediment bioassessment 
in Halifax Harbour. Environ Toxicol Chem 11:1567–1581

Timmreck TC, Shook G (1992) Environmental health and occupational health implication of bari-
tosis: a pneumoconiosis. J Environ Health 55:22–26

Trasande L, Landrigan PJ, Schechter C (2005) Public health and economic consequences of methyl 
mercury toxicity to the developing brain. Environ Health Perspect 113(5):590–596

Tsuchiya K (1981) Clinical signs, symptoms and prognosis of cadmium poisoning. In: Nriagu JO 
(ed) Cadmium in the environment. Part II health effects. Wiley, New York, pp 39–54

US Environmental Protection Agency (1992) Sediment classification methods compendium. US 
EPA, Washington, DC

US Environmental Protection Agency (1993) Standard methods for the examination of water and 
wastewater. American Public Health Association, Washington, DC

Vandecasteele C, Block CB (1993) Modern methods for trace element determination. Wiley, 
Chichester

Van-Loon GW, Duffy SJ (2000) Environmental chemistry: a global perspective. Oxford University 
Press, Oxford

Verkleji JAS (1993) The effects of heavy metals stress on higher plants and their use as biomoni-
tors. In: Markert B (ed) Plant as bioindicators: indicators of heavy metals in the terrestrial envi-
ronment. VCH, New York, pp 415–424

Viarengo A, Pertica M, Mancinelli G, Zanicchi J, Bouquegneau M, Orunesu M (1984) Biochemical 
characterisation of copper thioneins isolated from tissues of mussels exposed to the metal. Mol 
Phys 5:41–52

Vuori KM (1995) Direct and Indirect effects of iron on river ecosystems. Ann Zoo Fenn 32:317–329

M. Hameed et al.

https://doi.org/10.1007/s10661-018-6731-2


19

Wang S, Shi X (2001) Molecular mechanisms of metal toxicity and carcinogenesis. Mol Cell 
Biochem 222:3–9

Wang WX, Fisher NS, Luoma SN (1995) Assimilation of trace elements ingested by the mussel 
Mytilus, effects of algal food abundance. Mar Ecol Prog Ser 129:165–176

Waseem A, Arshad J (2016) A review of Human Biomonitoring studies of trace elements in 
Pakistan. Chemosphere 163:153–176

Yan C, Li Q, Zhang X, Li G (2010) Mobility and ecological risk assessment of heavy metals in sur-
face sediments of Xiamen Bay and its adjacent areas, China. Environ Earth Sci 60:1469–1479

Yusuf M, Elfghi FM, Zaidi SA, Abdullah EC, Khan MA (2015) Applications of graphene and its 
derivatives as an adsorbent for heavy metal and dye removal: a systematic and comprehensive 
overview. RSC Adv 5:50392–50420

Zahra A, Hashmi MZ, Malik RN, Ahmed Z (2014) Enrichment and geo-accumulation of heavy 
metals and risk assessment of sediments of the Kurang Nallah-Feeding tributary of the Rawal 
Lake Reservoir, Pakistan. Sci Total Environ 470-471:925–933

Zhao S, Shi X, Li S, Zhang H, Wu Y (2014) Seasonal variation of heavy metals in sediment of Lake 
Ulansuhai, China. Chem Ecol 30:1–14

Zhuang P, Li ZA, McBride MB, Zou B, Wang G (2013) Health risk assessment for consumption 
of fish originating from ponds near Dabaoshan mine, South China. Environ Sci Pollut Res 
20:5844–5854

1  Concerns and Threats of Heavy Metals’ Contamination on Aquatic Ecosystem


	Chapter 1: Concerns and Threats of Heavy Metals’ Contamination on Aquatic Ecosystem
	1.1 Heavy Metal Sources
	1.2 Natural Sources
	1.3 Anthropogenic Sources
	1.4 Pollution by Heavy Metals
	1.5 Heavy Metal Pollution in Aquatic Environs
	1.6 Effect on Water
	1.7 Sediments
	1.8 Heavy Metals: Bioavailability and Biological Role
	1.8.1 Lead (Pb)
	1.8.2 Mercury (Hg)
	1.8.3 Cadmium (Cd)
	1.8.4 Arsenic (As)
	1.8.5 Barium (Ba)
	1.8.6 Zinc (Zn)
	1.8.7 Copper (Cu)
	1.8.8 Manganese (Mn)
	1.8.9 Iron (Fe)

	1.9 Trophic Transfer of Heavy Metals
	1.10 Factors Regulating HM Bioaccumulation
	1.11 Bioaccumulation of Heavy Metals in Fish
	1.12 Heavy Metal Remediation Techniques
	1.12.1 Precipitation
	1.12.2 Adsorption
	1.12.3 Ion Exchange
	1.12.4 Biosorption
	1.12.5 Membrane Technologies

	References


