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Chapter 1
Concerns and Threats of Contamination 
on Aquatic Ecosystems

Ishrat Bashir, F. A. Lone, Rouf Ahmad Bhat, Shafat A. Mir, Zubair A. Dar, 
and Shakeel Ahmad Dar

1.1  Introduction

Anthropogenic activities bring almost contamination and subsequent pollution to 
our varied ecosystems. “Pollution is defined as the production and or introduction 
by man, directly or indirectly of substances or energy into the environment, result-
ing in deleterious effects to living resources, including human beings or interfere 
with amenities and other uses of the environment (Don-Pedro 1990).” Pollution is 
one of the prime problems that humans face in the whole world particularly in the 
developing countries. However, produced by humans and their activities, it has 
harmful effects on man’s environment and resources (Mendil and Uluözlu 2007). 
The discharge of various pollutants into the aquatic environments is the outcome of 
countless anthropogenic activities, threatening the health of the living beings and 
damaging the quality of the environment by rendering water bodies unsuitable 
(Abowel and Sikoki 2005; Ekubo and Abowel 2011). Aquatic environments are 
pickers for anthropogenic contamination and industrial wastes and leaks, whether 
chemicals or solid pollutants (Hampel et al. 2015; Bhat et al. 2017). These wastes 
can be “heavy metals, detergents, microfibers, plastic or non-plastic origin,” etc., 
and contribute to “aquatic pollution problems” (Hampel et al. 2015). Aquatic envi-
rons are addressee for plenty of pollutants and their outrageous toxic actions 
(Hampel et al. 2015). “Chemicals reaching aquatic ecosystems include radioactive 
elements” (“strontium, cesium, radon”), metals (“cadmium, mercury, lead”), indus-
trial solvents and “volatile organic compounds” (“tri- and tetrachloroethylene, chlo-
rofluorocarbons, benzene, xylenes, formaldehyde”), “agrochemicals” (“fertilizers 
and pesticides”), household products (“detergents, cleaners, paints”), “fuel combus-
tion” (“N and sulfur oxides,” “polycyclic aromatic hydrocarbons,” “carbon monox-
ide,” and “carbon dioxide”), “nanoparticles,” personal care products, “microplastics, 
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antibiotics,” as well as a huge variety of prescription (Hampel et  al. 2015)” and 
“nonprescription drugs and pharmaceuticals of human and veterinary medicine” 
(Hughes et al. 2013; Larsson 2014; Malaj et al. 2014; Hampel et al. 2015).

“Aquatic ecosystems, particularly the freshwater ecosystems, are exposed to 
supplementary contamination than other environs, as water is used in various indus-
trial practices as well as release of discharges commencing from industry” and 
urban growths (Demirak et al. 2006; Fernandesa et al. 2007). “Water pollution is a 
worldwide task that has augmented in both advanced and emerging nations” (Mateo- 
Sagasta et al. 2017). “Universally, 80% of municipal wastewater is discharged into 
water bodies untreated, and industry is responsible for dumping millions of tons of 
heavy metals” (Mateo-Sagasta et al. 2017), “solvents, toxic sludge and other wastes 
into water bodies each year” (WWAP 2017; Mateo-Sagasta et al. 2017). Agriculture, 
exploits “70% of water globally and plays a key part in water contamination” 
(Mateo- Sagasta et al. 2017). Huge amounts of “agrochemicals,” “organic matter,” 
“drug residues,” “sediments,” and “saline drainage” from agricultural lands are 
released into water bodies (Mateo-Sagasta et al. 2017) and hence poses significant 
threats to “aquatic environments,” “human health,” and “productive activities” 
(UNEP 2016; Mateo-Sagasta et al. 2017). Most aquatic ecosystems have a natural 
tendency to dilute pollution to some extent, but severe contamination of aquatic 
ecosystems results in alteration in the fauna and flora of the community (Mateo-
Sagasta et al. 2017). The onset of human civilization in itself discloses the history 
of aquatic pollution (Mateo-Sagasta et al. 2017). Moreover, aquatic pollution did 
not receive significant consideration until a threshold level was reached with hostile 
outcomes on the “ecosystems” and “living organisms” including “humans” (Halpern 
et  al. 2008; Mateo-Sagasta et  al. 2017). Therefore, “pollution and its effects are 
considered as one of man’s greatest crimes against himself. Pollutants may cause 
primary damage, with direct identifiable impact on the environment, or secondary 
damage in the form of minor perturbations in the delicate balance of the biological 
food web that are detectable only over long time periods” (Sharma 2012; Al Naggar 
et al. 2014; Ghani 2015). Thus, “maintaining the quality of aquatic ecosystems rep-
resents one of the most formidable challenges facing global society in the twenty-
first century” (Hampel et al. 2015).

1.2  Aquatic Ecosystems

Aquatic ecosystems are water-based environments in which biotic components 
interact with abiotic components of the aquatic ecosystem. “Aquatic ecosystems” 
are usually divided into two types: the “marine ecosystem” and the “freshwater 
ecosystem” (Barange et al. 2010). Marine ecosystem is the largest water ecosystem 
which covers over 70% of the Earth’s surface. The marine ecosystem is subdivided 
into “oceans,” “estuaries,” “coral reefs,” and “coastal ecosystems.” Freshwater eco-
systems cover less than 1% of the Earth’s surface. The various kinds of freshwater 
ecosystems are lotic ecosystem, lentic ecosystem, and wetland ecosystem.
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1.3  Human Activities Resulting in Contamination of Aquatic 
Ecosystems and Their Adverse Impacts

Anthropogenic activities such as “deforestation,” “filling and construction of 
canals,” “dams,” “roads and bridges,” “agricultural,” and “industrial and domestic 
activities” result in contamination of aquatic environments. Human settlements, 
industries, and agriculture are the main sources of water pollution (Table  1.1). 

Table 1.1 Sources and route of pollutant discharge into aquatic environs (NEST 1991; Mateo- 
Sagasta et al. 2017)

Contamination Source Route

“Oxygen- 
demanding wastes 
(organic 
pollutants)”

“Domestic sewage, human and animal 
wastes (such as wastes from canneries and 
wood pulp mills)”

“Thrown, dumped or 
released into streams and 
rivers or into gutters, drains 
from where they may get 
washed by run-off into 
water bodies”

“Infectious disease 
agents”

“Domestic sewage, human and animal 
wastes”

“Washing, swimming or 
working in paddy rice 
fields and on irrigated 
land”

“Plant nutrients 
such as nitrate, 
phosphate and 
others”

“Fertilized farm lands, ashes and detergent” “Run-off from fertilized 
farmlands”

“Pesticides 
(insecticides and 
herbicides)”

“Organic and inorganic chemicals” “Run-off from pesticides 
associated with farmlands”

“Industrial effluents 
which include DDT, 
dyes, mercury, 
cadmium”

“Textile factories, distilleries pulp and paper 
mills, fertilized plants, chemical and allied 
industry, food, beverages and tobacco 
industries, soap, detergents and 
confectionery industries”

“Human discharges”

“Eroded sediments” “Deforestation and accelerated soil erosion” “Soil erosion, urban storm 
water runoffs and dredging 
activities”

“Other solid 
wastes”

“Metals, plastics, artificial fibers etc.” “Dumping by human 
beings due to poor 
management of waste 
disposal”

“Petroleum 
products”

“Drill cuttings,” “drilling mud (fluids used to 
stimulate the production processes),” 
accidental discharges of “crude petroleum,” 
“refinery effluents” which include “oil” and 
“grease,” “phenol,” “cyanide,” “sulphide,” 
“suspended solids,” “chromium,” and 
“biologically oxygen demanding organic 
matter”

“Petroleum, exploration, 
exploitation, refining, 
transportation, storage, 
marketing, use and 
ruptured oil pipelines”

1 Concerns and Threats of Contamination on Aquatic Ecosystems



4

In  most developed nations, agriculture is the major factor in the degradation of 
water ecosystems. In the “European Union, 38% of water ecosystems are signifi-
cantly under agricultural pressure” (WWAP 2015; Mateo-Sagasta et al. 2017). In 
the USA, “agriculture is the leading source of pollution in rivers and streams” 
(Mateo-Sagasta et al. 2017), the second main source in wetlands, and the third main 
source in lakes (USEPA 2016; Mateo-Sagasta et al. 2017). In China, “agriculture is 
accountable for a huge portion of surface-water pollution and is responsible almost 
entirely for groundwater pollution” (Mateo-Sagasta et al. 2017) by nitrogen (FAO 
2013; Mateo- Sagasta et al. 2017). In emerging nations, the unlimited amounts of 
raw municipal and industrial wastewater are major threats (Mateo-Sagasta 
et al. 2017).

1.3.1  Agrochemicals

The ever-increasing “demand for food has led to the land clearance and the expan-
sion of agriculture” which have “contributed to the higher pollution loads in the 
water” (Mateo-Sagasta et al. 2017). Increase in the population growth has increased 
the food demand, which has resulted in the increase in the quantity of agrochemi-
cals used to increase the production (Schwarzenbach et al. 2010). The “unsustain-
able use of agrochemicals” (“fertilizers, pesticides, herbicides and plant hormones”) 
to rise the production has resulted in “greater pollution masses” in the environment, 
including “rivers,” “lakes,” “aquifers,” and “coastal waters” (Mateo-Sagasta et al. 
2017; Bhat et al. 2018; Mushtaq et al. 2018). More importantly, “agricultural areas 
gather an extensive variety of agrochemicals from nearby fields” due to “run off,” 
“direct drift,” and “leaching,” and these areas are “the principal receivers of agro-
chemicals” (Rathore and Nollet 2016).

1.3.1.1  Nutrients

When “fertilizers are applied at a higher rate than they are fixed by the soil, or taken 
up by the crops or when they are taken off through surface runoff from the soil sur-
face leads to water pollution.” “Excess nitrogenous fertilizers and phosphate fertil-
izers can leach into groundwater or reach into surface water bodies through surface 
runoff” (Mateo-Sagasta et al. 2017). If “organic manure” is applied “in excess in the 
agricultural fields,” it will lead to “diffuse water pollution.” Mostly, “manure is not 
stored in confined areas and during heavy rainfall events it can be washed into 
waterways via surface runoff.” The “high-nutrient concentration together with other 
substances results in the nutrient enrichment eutrophication” of “lakes,” “reser-
voirs,” “ponds,” and “coastal waters,” which leads to excessive growth of aquatic 
plants—“algae blooms” that destroy other aquatic plants and animals. “About 415 
coastal areas have been identified worldwide which experience eutrophication” 
(Mateo-Sagasta et al. 2017), of which 169 are hypoxic (WRI 2008; Mateo-Sagasta 
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et  al. 2017). The “excessive buildup of nutrients may also increase the adverse 
health effects” (Mateo-Sagasta et al. 2017), such as “blue-baby syndrome- due to 
high levels of nitrate in drinking water” (Mateo-Sagasta et al. 2017). “Nitrate from 
agriculture leaches into the groundwater is the most common chemical contaminant 
in the world’s groundwater aquifers” (Mateo-Sagasta et al. 2017).

1.3.1.2  Pesticides

Pesticides such as “insecticides,” “herbicides, and fungicides” are applied exten-
sively in agriculture fields in several nations (Schreinemachers and Tipraqsa 2012; 
Mateo-Sagasta et al. 2017; Bhat et al. 2018) and get washed into aquatic ecosystems 
and pollute the water resources (Mateo-Sagasta et al. 2017). They contain “carcino-
gens and other poisonous substances that may kill aquatic life” or may be absorbed 
by them (Mateo-Sagasta et al. 2017) and pass through the “food chain until they 
become toxic to humans” (Mateo-Sagasta et al. 2017). “Millions of tons of pesti-
cides are used in agriculture fields” (FAO 2016a; Mateo-Sagasta et al. 2017). “Acute 
pesticide poisoning causes significant human morbidity” (Mateo-Sagasta et  al. 
2017) and “mortality worldwide, especially in low income countries, where poor 
farmers often use highly hazardous pesticides” (Mateo-Sagasta et al. 2017).

1.3.1.3  Salts

Through irrigation, accumulated salts in soils are transported into receiving water 
bodies by drainage water and cause salinization (Mateo-Sagasta et al. 2017). The 
“intrusion of saline seawater into groundwater aquifers as a result of excessive 
groundwater extractions for agriculture is another important cause of salinization in 
coastal areas” (Mateo-Sagasta and Burke 2010; Mateo-Sagasta et al. 2017). “Major 
water-salinity problems have been reported in Argentina, Australia, China, India, 
the Sudan, the United States of America, and many countries in Central Asia” (FAO 
2011). “Highly saline waters alter the geochemical cycles of major elements such as 
carbon, iron, nitrogen, phosphorus, silicon and sulphur” (Herbert et al. 2015; Mateo- 
Sagasta et al. 2017) with overall impacts on ecosystems (Mateo-Sagasta et al. 2017). 
Salinization can affect freshwater biota (Mateo-Sagasta et  al. 2017) by “causing 
changes within species and community composition” (Mateo-Sagasta et al. 2017) 
and results “in decline of the biodiversity of microorganisms, algae, plants and ani-
mals” (Lorenz 2014; Mateo-Sagasta et al. 2017).

1.3.1.4  Emerging Pollutants

New “agricultural pollutants such as antibiotics, vaccines, growth promoters and 
hormones have emerged in the last two decades” (Mateo-Sagasta et al. 2017). These 
pollutants can reach water via “leaching and runoff from livestock” (Mateo-Sagasta 
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et al. 2017) and “aquaculture farms, as well as through the application of manure 
and slurries to agricultural land” (OECD 2012; Mateo-Sagasta et al. 2017). Today, 
“more than 700 emerging pollutants and their metabolites and transformation prod-
ucts are listed as present in European aquatic environments” (Norman 2016; Mateo- 
Sagasta et al. 2017). “Agriculture is not only a source of emerging pollutants, it also 
contributes to the spread and reintroduction of such pollutants into aquatic environ-
ments through wastewater reuse for irrigation and the application of municipal bio-
solids to land as fertilizers” (Mateo-Sagasta et al. 2017). “An estimated 35.9 Mha of 
agricultural lands are subjected to the indirect use of wastewater” (Thebo et  al. 
2017; Mateo-Sagasta et al. 2017). The “potential risks to human health posed by 
exposure to emerging pollutants via contaminated agricultural products needs atten-
tion” (Mateo-Sagasta et al. 2017).

1.3.2  Sewage

The greatest volume of “waste discharged into the aquatic ecosystems is sewage.” 
Sewage contains “industrial wastes, municipal wastes and domestic wastes which 
include wastes from baths, washing machines, kitchens and faecal matter.” Fresh 
water sources “serve as best sinks for the discharge of these wastes” (Das and 
Acharya 2003; Tukura et al. 2009). It is estimated that “58% of the wastewater from 
urban areas and 81% of industrial wastes are discharged directly into water bodies 
with no or inadequate treatment results in contamination of ~73% of the water bod-
ies” (Vargas-Gonzalez et al. 2014). The release of “sewage has led to the increase in 
water pollution and depletion of clean water resources” (Avalon Global Research 
2012). “Huge loads of such wastes are generated daily from highly populated cities 
and are finally washed out by the drainage systems which generally open into 
nearby rivers or aquatic systems” (Tukura et al. 2009). It has resulted in “extensive 
ecological degradation such as a decline in water quality and availability, intense 
flooding, loss of species, and changes in the distribution and structure of the aquatic 
biota” (Oberdorff et al. 2002). The “negative impact of sewage is based on the com-
position and concentration of the contaminants as well as the volume and frequency 
of wastewater effluents entering water bodies” (Akpor and Muchie 2011; Bhat et al. 
2017). “Sewage is comprised of several microorganisms, heavy metals, nutrients, 
radionuclides, pharmaceutical, and personal care products.” Sewage is primarily 
organic in nature; owing to the organic load of sewage, the “oxygen concentration 
in the receiving waters is reduced, thus sewage is said to have a high BOD.” The 
“effect of maltreated sewage on surface water is largely determined by the oxygen 
balance of the aquatic ecosystem, and its presence is essential in maintaining bio-
logical life within the system” (DFID 1999; Morrison et al. 2001; Momba et al. 
2006). “DO concentrations below 5 mg/L can have a negative effect on the living 
organisms in the aquatic ecosystem” (Momba et al. 2006). Low dissolved oxygen 
concentration can affect “functioning of some fish species and can eventually lead 
to the death of fish population” (Igbinosa and Okoh 2009; Mehmood et al. 2019). 
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Decaying “organic matter” and “nutrients such as nitrites, nitrates, and phosphorus” 
in sewage can induce “eutrophication of water courses.” “Eutrophication can lead to 
growth of plants and algae blooms” in the “aquatic ecosystem” (Bhat et al. 2017). 
“Algal blooms result in toxin production.” Fish species “feeding in water contami-
nated” by “algal toxins will absorb these toxins and are subject to mass mortality” 
(Hernandez et al. 1998). Due to “eutrophication turbidity of the water increases, 
plant and animals’ biomass increases, sedimentation rate increases, species diver-
sity decreases, and anoxic conditions may develop, and this could give rise to 
change in dominant species of the aquatic biota” (Edokpayi 2016).

“Sewage effluent entering into surface waters contains a variety of pathogenic 
organisms that could result in the transmission of waterborne diseases when such 
contaminated water is used for domestic and other purposes” (WHO 2006; Chigor 
et al. 2013) thus is “detrimental to human health and the society at large” (DWA 
1999). Some pathogens contaminate water resources (Mateo-Sagasta et al. 2017), 
via runoff (FAO 2006a; WHO 2012; Mateo-Sagasta et al. 2017). About “25% of all 
deaths worldwide are the result of infectious diseases caused by pathogenic micro-
organisms” (UNEP 2006). Scientists have identified about “1400 species of micro-
organisms that can cause ill health, including bacteria, protozoa, protozoan parasites, 
parasitic worms, fungi, and viruses” (CSIR 2010). Some common “pathogens found 
in sewage” are presented in Table 1.2 (WHO 2006; Christou 2011).

1.3.3  Heavy Metals

“Heavy metals enter the aquatic ecosystem from both natural and anthropogenic 
sources.” Entry may be as a result of “direct discharges into both fresh and marine 
ecosystems or through indirect routes such as atmospheric deposition and surface 
run-off” (Biney et al. 1994). Important “natural sources are volcanic activity and 
weathering of rocks.” “Heavy metals are natural constituents of rocks and soils and 
enter the environment as a consequence of weathering and erosion” (Förstner 1987). 
Heavy metals in “aquatic system can be naturally produced by the slow leaching 
from soil/rock to water, which are usually at low levels, causing no serious lethal 
effects on human health” (Chang et al. 2000; Rashid et al. 2019). The “development 
of industry and agriculture promotes the rapid increase of heavy metal pollution. 
Aquatic heavy metal pollution usually represents high levels of Mercury, Chromium, 
Lead, Cadmium, Copper, Zinc, Nickel etc. in the water system”. “Arsenic, Cadmium, 
Copper, Mercury and Zinc are the five metals with most potential impact that enter 
the environment in elevated concentrations through storm water and wastewater 
discharges as a consequence of agricultural and industrial activity” (Alloway 2013). 
They are important “group of toxic contaminants because of their high toxicity and 
persistence in all aquatic ecosystems.” Zinc and copper are present in “fertilizers as 
impurities, while Arsenic, Cadmium and Mercury are constituents of some fungi-
cides and algaecides” (Fifield and Haines 2000) (Table 1.3).

1 Concerns and Threats of Contamination on Aquatic Ecosystems
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Heavy metals have “high ecological significance because they are not removed 
from water, but accumulate in the water reservoirs and thus enter the food chain” 
(Loska and Wiechuła 2003). Under “certain environmental conditions,” heavy met-
als may “accumulate to a highly toxic concentration and cause ecological damage” 
(Harguinteguy et al. 2014). Once released in aquatic environments, they are gener-
ally “bound to particulate matter, which eventually settle down and become incor-
porated into sediments and are released into the water under the suitable conditions 

Table 1.2 Microbial diseases associated with polluted aquatic environs

Agent Species Disease

Bacteria “Campylobacter jejune”
“Escherichia coli”
“E. coli O157:H7”
“Helicobacter pylori”
“Salmonella sp.”
“Salmonella typhi”
“Shigella sp.”
“Vibrio cholera”

“Gastroenteritis”
“Gastroenteritis”
“Bloody diarrhea, hemolytic uremic syndrome”
“Abdominal pain, peptic ulcers, gastric cancer”
“Salmonellosis, gastroenteritis, diarrhea”
“Typhoid fever”
“Dysentery”
“Cholera”

Helminths “Ascaris lumbricoides 
(round worm)”
“Clonorchis sinensis (liver 
fluke)”
“Fasciola (liver fluke)”
“Fasciolopsis buski 
(intestinal fluke)”
“Opisthorchis viverrini”
“Schistosoma (blood 
fluke)”
“Trichuris (whim worm)”
“Taenia (tape worm)”

“Ascariasis”
“Clonorchiasis”
“Fascioliasis”
“Fascioloidiasis”
“Opisthorchiasis”
“Schistosomiasis (bilharzia)”
“Trichuriasis”
“Taeniasis”

Protozoa “Balantidium coli”
“Cryptosporidium 
parvum”
“Cyclospora cayetanensis”
“Entamoeba histolytica”
“Giardia lamblia”

“Balantidiasis (dysentery)”
“Cryptosporidiosis”
“Persistent diarrhea”
“Amoebiasis (amoebic dysentery)”
“Giardiasis”

Viruses “Adenovirus”
“Astrovirus”
“Calicivirus”
“Coronavirus”
“Eneroviruses”
“Echovirus”
“Poliovirus”
“Hepatitis A and E”
“Parvovirus”
“Norovirus”
“Rotavirus”
“Coxsackieviruses”

“Respiratory disease and eye infections”
“Gastroenteritis”
“Gastroenteritis”
“Gastroenteritis”
“Gastroenteritis”
“Fever, rash, respiratory and heart disease, aseptic 
meningitis”
“Paralysis, aseptic meningitis”
“Infectious hepatitis”
“Gastroenteritis”
“Gastroenteritis”
“Gastroenteritis”
“Herpangina, aseptic meningitis, respiratory illness, 
fever, paralysis, respiratory, heart and kidney disease”
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such as pH values and Eh, leading to further contamination of aquatic environment” 
(Xu and Yang 1996). Accordingly, sediments represent one of the “ultimate sinks 
for heavy metals discharged into aquatic environment” (Gibbs 1973; Bryan and 
Langston 1992; Harguinteguy et  al. 2014). “More and more attention has been 
drawn due to the wide spread occurrence of metal pollution in aquatic system” 
(Zhou et al. 2008). Some “heavy metals” may transform into the “persistent metallic 
compounds with high toxicity” (Zhou et al. 2008), which can be “bioaccumulated 
in the organisms” (Zhou et al. 2008), “magnified in the food chain, thus threatening 
human health” (Jin 1992; Zhou et  al. 2008). “Various harmful effects including 
abnormal development of fetus, procreation failure, and immune deficiency has 
exhibited due to aquatic metal exposure” (Chang et  al. 2000; Zhou et  al. 2008). 
Some heavy metals, including mercury, chromium, cadmium, nickel, copper, and 
lead, introduced into water systems may pose high toxicities on the aquatic organ-
isms (Wu and Zhao 2006). As an example, “cadmium is a priority environmental 
contaminant with consequences for human health and the maintenance of bio- 
diversity in affected ecosystems” (Zhou et al. 2008) and “the timeliness of a broader, 
ecosystem-based approach to cadmium research is highlighted based on the over-
view of recent developments in the field” (Campbell 2006; Zhou et al. 2008).

1.3.4  Eutrophication

Eutrophication is a leading cause of destruction of many freshwater and marine 
ecosystems in the world. It is characterized by “excessive plant and algal growth 
due to the increased availability of one or more limiting growth factors needed for 
photosynthesis” (Schindler 2006), such as sunlight, carbon dioxide, and nutrients. 
“Eutrophication occurs naturally over centuries as lakes age and are filled in with 
sediments” (Carpenter 1981). However, “human activities have accelerated the rate 

Table 1.3 Different kinds of heavy metal discharge sources in aquatic environs (Fifield and 
Haines 2000)

Metal Sources

Iron “Pigments and paints, fuel, refineries, textile”
Manganese and 
zinc

“Batteries and electrical, pigments and paints, alloys and solders, pesticides, 
glass, fertilizers, refineries, fuel”

Lead “Batteries and electrical, pigments and paints, alloys and solders, pesticides, 
glass, fertilizers, refineries, fuel, plastic”

Cadmium “Batteries and electrical, pigments and paints, alloys and solders, plastic, 
fertilizers, fuel”

Nickel “Batteries and electrical, pigments and paints, alloys and solders, fertilizers, 
fuel, catalysts”

Copper “Batteries and electrical, pigments and paints, alloys and solders, fertilizers, 
pesticides, fuel, catalysts”

Chromium “Pigments, fertilizers, textile”

1 Concerns and Threats of Contamination on Aquatic Ecosystems
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and extent of eutrophication through both point-source discharges and non-point 
loadings of limiting nutrients, such as nitrogen and phosphorus, into aquatic 
 ecosystems (i.e. cultural eutrophication), with dramatic consequences for drinking 
water sources, fisheries, and recreational water bodies” (Carpenter et al. 1998; Bhat 
et al. 2017). However, “during 1960s and 1970s, scientists linked algal blooms to 
nutrient enrichment resulting from anthropogenic activities such as agriculture, 
industry and sewage disposal” (Schindler 1974). The known “consequences of cul-
tural eutrophication include blooms of blue-green algae (cyanobacteria), tainted 
drinking water supplies, degradation of recreational opportunities and hypoxia” 
(Bhat et al. 2017). The most obvious effect of cultural eutrophication is the creation 
of dense blooms of noxious, foul “smelling phytoplankton” that reduce water clarity 
and “harm water quality.” “Algal blooms limit light penetration, reduce growth and 
cause death of plants in littoral zones and also lower the success of predators that 
need light to catch prey” (Lehtiniemi et al. 2005). Furthermore, high rates of photo-
synthesis associated with eutrophication can deplete dissolved inorganic carbon and 
raise pH to extreme levels during the day. “Elevated pH can in turn ‘blind’ organ-
isms that rely on perception of dissolved chemical cues for their survival by impair-
ing their chemosensory abilities” (Turner and Chislock 2010). When these “dense 
algal blooms eventually die, microbial decomposition severely depletes DO, creat-
ing a hypoxic dead zone, lacking sufficient oxygen to support most organisms.” 
Dead zones are found in many “freshwater lakes including the Laurentian Great 
Lakes” (e.g., central basin of Lake Erie; Arend et  al. 2011) during the summer. 
Furthermore, such “hypoxic events are particularly common in marine coastal envi-
ronments surrounding large, nutrient-rich rivers” (e.g., Mississippi River and the 
Gulf of Mexico; Susquehanna River and the Chesapeake Bay) and have been shown 
to affect more than 245,000 square kilometers in over 400 near-shore systems (Diaz 
and Rosenberg 2008). “Hypoxia and anoxia as a result of eutrophication continue to 
threaten profitable commercial and recreational fisheries worldwide. Some algal 
blooms pose an additional threat because they produce noxious toxins” (e.g., micro-
cystin and anatoxin- a) (Chorus and Bartram 1999). Over the past century, “harmful 
algal blooms (HABs) have been linked with (1) degradation of water quality” 
(Francis 1878), (2) “destruction of economically important fisheries” (Burkholder 
et al. 1992), and (3) “public health risks” (Morris 1999). Within freshwater ecosys-
tems, “cyanobacteria are the most important phytoplankton associated with HABs” 
(Paerl 1988). “Toxigenic cyanobacteria, including Anabaena, Cylindrospermopsis, 
Microcystis, and Oscillatoria (Planktothrix), tend to dominate nutrient-rich, fresh-
water systems due to their superior competitive abilities under high nutrient concen-
trations, low nitrogen-to-phosphorus ratios, low light levels, reduced mixing, and 
high temperatures” (Downing et al. 2001; Paerl and Huisman 2009; Paerl and Paul 
2012). Poisonings of “domestic animals, wildlife and even humans by blooms of 
toxic cyanobacteria” have been recognized throughout the world. Francis (1878) 
has first observed dead livestock due to “algal bloom of cyanobacteria” (Bhat et al. 
2017). Also, cyanobacteria is responsible for several off-flavor compounds (e.g., 
methylisoborneal and geosmin) found in municipal drinking water systems as well 
as in aquaculture-raised fishes, resulting in large financial losses for state and 
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regional economies (Crews and Chappell 2007). In addition to posing “significant 
public health risks, cyanobacteria have been shown to be poor quality food for most 
zooplankton grazers in laboratory studies” (Tillmanns et  al. 2008; Wilson et  al. 
2006), thus reducing the efficiency of energy transfer in aquatic food webs and 
potentially preventing zooplankton from controlling algal blooms. Eutrophication is 
also associated with major changes in aquatic community structure. During “cyano-
bacterial blooms, small-bodied zooplankton tend to dominate plankton communi-
ties, and past observational studies have attributed this pattern to anti-herbivore 
traits of cyanobacteria” (e.g., toxicity, morphology, and poor food quality) (Porter 
1977). However, the biomass of planktivorous fish is often positively related to 
nutrient levels and ecosystem productivity. Piscivorous fishes (e.g., bass, pike) tend 
to dominate the fish community of nutrient-poor, oligotrophic lakes, while plank-
tivorous fishes (e.g., shad, bream) become increasingly “dominant with nutrient 
enrichment” (Jeppesen et al. 1997). Thus, an alternative explanation for the lack of 
zooplankton control of cyanobacterial blooms could include consumption of zoo-
plankton by planktivores.

1.3.5  Plastics and Microplastics

Among the several human pressures on aquatic ecosystems, the accumulation of 
plastic debris is one of the most apparent but least studied. “Plastics generate signifi-
cant benefits to the human society” (Andrady and Neal 2009), but due to its “dura-
bility, unsustainable use and inappropriate waste management plastics accumulate 
extensively in the natural habitats” (Barnes et al. 2009). Because of “high mobility, 
plastic debris has practically permeated the global marine environment” (Cole et al. 
2011; Ivar do sul and Costa 2014), including the “polar region” (Barnes et al. 2009), 
“mid-ocean islands” (Ivar do sul et al. 2013), and “the deep sea” (Van Cauwenberghe 
et al. 2013). The sources of marine plastics are not very well characterized. A rough 
estimation predicts that “70 to 80% of marine litter, most of it is plastics, originate 
from inland sources and are emitted by rivers to the oceans” (GESAMP 2010). 
Rivers transport considerable amounts of plastics and “thus contribute significantly 
to the marine plastics pollution” (Moore et al. 2005; Lechner et al. 2014). “Plastics 
are dumped in huge volumes in beaches, lakes, navigation channels and other forms 
of water masses” (Lechner et al. 2014). The volume of plastic is even bigger in low- 
income countries with poor waste disposal regulations. In the marine environment, 
“plastics of various size classes and origins are omnipresent and affect numerous 
species that become entangled in or ingest plastics as well as an aesthetic problem” 
(Gregory 1999, 2009). “Plastics have been reported as a problem in the marine 
environment since the 1970s, but only recently the issue of plastic pollution in 
marine and freshwater environments been identified as a global problem” (Carpenter 
and Smith 1972). It has been reported that “single-use plastics (plastic bags and 
micro beads) are a major source of this pollution” (Desforges et  al. 2014; 
Perkins 2015).
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Under environmental conditions, larger plastic items degrade to so-called micro-
plastics (MPs), typically smaller than 5 mm in diameter. “MPs are considered an 
emerging global issue by various experts” (Sutherland et al. 2010; Depledge et al. 
2013) and international institutions (GESAMP 2010; UNEP 2011). Recent studies 
suggest that “risks of microplastics in the marine environment may pose more threat 
than macroplastics” (Thompson 2015; Diamond et al. 2018).

Potential sources of “MPs include wastewater treatment plants, runoff from 
urban, agricultural, touristic, and industrial areas, as well as shipping activities, 
beach litter, fishery and harbors” (Zubris and Richards 2005; Norén 2007; GESAMP 
2010; Claessens et al. 2011; Dubaish and Liebezeit 2013). Another “potential source 
is sewage sludge that typically contains more MPs than effluents” (Leslie et  al. 
2012). A “broad spectrum of aquatic organisms are prone to MP ingestion ranging 
from plankton and fish to birds and even mammals, and accumulate throughout the 
aquatic food web” (Wright et al. 2013). Due to their large “surface-to-volume ratio 
and chemical composition, MPs accumulate environmental chemicals from the sur-
rounding environment including metals” (Ashton et al. 2010) and “persistent, bio-
accumulative, and toxic compounds” (Koelmans et  al. 2013) transferring these 
contaminants from water to biota. “Plastic particles are also dominated by certain 
human pathogens like specific members of the genus Vibrio”. Therefore, MPs can 
act as a vector for waterborne “human pathogens” influencing the water quality. In 
addition, “plastics contain and release a multitude of chemical additives” (Rochman 
2013; Dekiff et al. 2014) and adsorb organic contaminants from the surrounding 
media (Bakir et al. 2012). Compounds such as MPs can transfered to organisms 
upon ingestion (Zarfl and Matthies 2010), this may increase “the chemical exposure 
of the ingesting organism and thus, toxicity” (Oehlmann et  al. 2009; Teuten 
et al. 2009).

1.3.6  Oil Spills

An “oil spill” is defined as the discharge of “liquid petroleum hydrocarbons” into 
the environment, mainly in the “marine ecosystem” caused by human activity. 
“Environmental pollution caused by an oil spill is detrimental” (Broekema 2016). 
This is because “petroleum hydrocarbons are toxic to all forms of life and harm both 
aquatic and terrestrial organisms.” The pollution of marine environments has caught 
the attention of researchers and environmentalists. This is due to the severe impact 
of oil spills on marine life. “A 1% increase in spill size has been estimated to increase 
the damage by some US$0.718 million” (Alló and Loureiro 2013). “Oil spills, 
which result from damage, transportation accidents and various other industrial and 
mining activities, are classified as hazardous waste” (Bartha and Bossert 1984). 
They are considered to be the most “frequent organic pollutants of aquatic ecosys-
tems” (Bossert et al. 1984; Margesin and Schinnur 1997). Oil spills can occur from 
multiple sources including “oil tankers” (35.7%), facilities (27.6%), “non-tank ves-
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sels” (19.9%), “pipelines” (9.3%), and other sources (7.4%) (Benko and Drewes 
2008). “Marine ship-source oil spill can occur as a result of ship accidents or 
 operations, or the intentional discharge of oily wastes into oceans” (Knapp and Van 
de Velden 2011).

1.3.6.1  Major Oil Spills in the History

It is estimated that “3.2 million tons of oil is released per year from all sources into 
the environment. The majority of this oil is due to general shipping and industrial 
activities” (ITOPF 1990). During the Iran–Iraq war (1980–1988), approximately 2 
million barrels of oil were discharged into the Arabian Gulf sea water. These 
included “1.5 million barrels from the Nawruz blow-out in 1983” (Watt 1994). 
Following the “Gulf War in 1991, 4 to 8 million barrels of oil were released into the 
Gulf and the Kuwaiti Desert and, making this the largest oil spill in the history at 
that time” (Purvis 1999). Previous observations indicated that the number of large 
“oil spills (>700 tons) has decreased significantly over the last 30 years” (ITOPF 
1990). During the 1990s, the average number of large oil spills per year was about 
a third of the amount that was witnessed during the 1970s. It should be noted that 
“1,133,000 tons of oil was lost in the 1990s and 2000s, during 2010–2013, about 
22,000 tons of oil was lost” (Levy and Gopalakrishnan 2010; Carriger and Barron 
2011). The BP Deepwater Horizon oil spill on April 20, 2010, caused the discharge 
of more than 2.6 million gallons of oil into the Gulf of Mexico over just about 3 
months. This “oil spill was the second largest in human history” (Levy and 
Gopalakrishnan 2010; Carriger and Barron 2011). During the 1991 Gulf War, the 
deliberate release of “over 6 million barrels of oil” (Randolph et al. 1998) into the 
marine environment was considered as the largest in history.

1.3.6.2  Impact on Human Health

Oil spills pose a great danger to humans. Direct “contact with crude oil or indirect 
contact through inhalation of vapors or consumption of contaminated seafood can 
cause deleterious health effects ranging from dizziness and nausea to certain types 
of cancers and issues with the central nervous system” (Aguilera et al. 2010; Major 
and Wang 2012). Toxic chemicals contained in the oil such as benzenes, toluene, 
poly-aromatic hydrocarbon, and oxygenated polycyclic aromatic hydrocarbons can 
harm the air quality (Tidwell et al. 2015). As witnessed in the “Kuwait Oil Fires, 
between January 16, 1991 and November 6, 1991, produced air pollution which 
caused respiratory distress” (Petruccelli et  al. 1999). Oil-related disasters cause 
water contamination when the oil spillage comes in contact with any drinking water 
supply, for example, the 2013 incident in Miri, Malaysia, contaminated the water 
supply for 300,000 natives.
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1.3.6.3  Impact on Coral Reefs

Coral reefs are considered to be important components of marine ecosystems. This 
is because “coral polyps are important nurseries for shrimp, fish and other animals” 
(Perkol-Finkel and Benayahu 2007). The aquatic organisms that live within and 
around the coral reefs are at risk of exposure to the toxic substances within oil. They 
are rapidly degrading because of a variety of environmental and anthropogenic 
pressures. Thus, they are suffering significant changes in “species diversity,” “spe-
cies abundance,” “species evenness,” and “habitat structure” worldwide (Hughes 
et al. 2007). “Oil dispersants are potentially harmful to marine life including coral 
reefs” (Shafir et al. 2007). A study using coral nubbins in coral reef eco-toxicology 
testing (Shafir et al. 2003) found that dispersed oil and oil dispersants are harmful 
to soft and hard coral species at early life stages.

1.3.6.4  Impact on Marine Mammals

Marine mammals include “bottlenose dolphins, fins, humpbacks, rights, sei whales, 
sperm whales, manatees, cetaceans, seals, sea otters and pinnipeds.” The physical 
contact of oil with furred mammals affects these animals because they rely on their 
outer coats for buoyancy and warmth. Consequently, “these animals often succumb 
to hypothermia, drowning and smothering when oil flattens and adheres to the outer 
layer” (Lin and Tjeerdema 2008).

1.3.6.5  Impact on Seabirds

Physical contact is one of the major routes of exposure, and it usually affects sea-
birds (Table 1.4). For example, thousands of African penguins (Spheniscus demerus) 
were oiled following the 2000 treasure oil spill in South Africa.

1.3.7  Aquaculture Activities

Aquaculture is the farming of aquatic organisms. The “rapidly growing human pop-
ulation is creating an increase in the demand for fish worldwide” (Tidwell and Allan 
2001). The amount of “fish captured in fisheries is no longer meeting this demand 
because the annual production of captured fish has not changed significantly since 
2011” (FAO 2016b). “Aquaculture is becoming a more popular fish production 
method as it has an annual increase of 6% and is projected to produce over half of 
the fish consumed by 2025” (FAO 2016b). “Aquaculture has tremendous benefits 
for the humans like seafood production by fisheries and contributes with 15 to 20% 
of average animal protein consumption to 2.9 billion people worldwide” (Smith 
et  al. 2010). The nutritional quality of aquatic products has “high standard and 
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 represents an important source of macro and micronutrients for the people from 
developing countries” (Roos et al. 2007). Despite the undeniable benefits of aqua-
culture such as the provision of good quality and accessible food for population and 
the generation of millions of jobs and billion dollars in budget for the developing 
countries, the activity is one of the most criticized worldwide, mainly because of the 
environmental impacts (FAO 2016c). The most common “negative environmental 
impacts that are associated with aquaculture is water eutrophication, water quality, 
alteration or destruction of natural habitats, introduction and transmission of dis-
eases” (FAO 2006b).

1.3.8  Harmful Impacts Related to the Aquaculture Activities 
Are as Follows

1.3.8.1  Eutrophication of Receiving Waters

Aquaculture can be “a major contributor to eutrophication or organic loads in the 
receiving waters” (Mateo-Sagasta et al. 2017). It is mainly produced by “uneaten 
feed (especially due to overfeeding), lixiviation of aquaculture feedstuffs” (Focardi 
et al. 2005; Crab et al. 2007), “decomposition of died organisms and over fertiliza-
tion” (Feng et al. 2004; Gyllenhammer and Hakanson 2005). In Scotland, for exam-
ple, “the discharge of untreated organic waste from salmon production is equivalent 
to 75% of the pollution discharged by the human population” (Mateo-Sagasta et al. 
2017). “Shrimp aquaculture in Bangladesh generates 600 tons of waste per day” 

Table 1.4 Mass motility of 
seabirds collected at “Exxon 
Valdez and Braer oil spills” 
(Dauvin 1998)

“Species group” “Alaskan spill” “Shetland spill”

“Sea ducks (eiders, etc.)” 1435–1445 168
“Mergansers” 120–125 1–2
“Loons” 390–400 12–15
“Grebes” 460–462 0
“Heron” 1 2–4
“Geese/swans” 8–10 0
“Gulls” 694–698 72–76
“Kittiwakes” 1220–1230 130–135
“Cormorants/shags” 835–837 862–865
“Shearwaters” 3400 0
“Fulmars” 868–872 30–32
“Guillemots/murres” 20,560–20,562 218–222
“Other auks” 2172–2176 228–230
“Bald eagles” 124–126 NA
“Other birds” 3150–3153 0
Total 35,466–35,468 1535–1538
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(SACEP 2014; Mateo-Sagasta et al. 2017). It is well documented that from “the 
total nitrogen supplemented to the cultured organisms, only 20–50% is retained as 
biomass by the farmed organisms, while the rest is included into the water column 
or sediment” (Jackson et al. 2003; Schneider et al. 2005) and “eventually discharged 
into the receiving ecosystems, increases the risk of eutrophication and algal blooms 
(like toxic microalgae-red tides) in lakes” (Mateo-Sagasta et al. 2017), reservoirs, 
and coastal areas (Alonso-Rodriguez and Paez-Osuna 2003; Mirto et  al. 2009; 
Mateo-Sagasta et al. 2017). “Organic pollutants consume dissolved oxygen (DO) in 
the water as it degrades quality characteristics of fresh water, with the result DO 
drops, fish and other aquatic life are exposed to extreme conditions or killed due to 
hypoxia in water bodies” (Mateo-Sagasta et al. 2017).

1.3.8.2  Introduction of Exotic Species

Aquaculture comes in multiple versions, two of which are open systems and closed 
systems. “Open systems are found offshore in coastal areas, exposed to natural envi-
ronments” (Lawson 1995). These systems are high-risk because they allow 
unchecked interactions between the farmed fish and surrounding environment, 
which leads to “free exchange of diseases, parasites and fecal matter” (Ali 2006). 
The recent study has revealed “a parasite transmission of sea lice from captive to 
wild salmon” (Krkosek et al. 2007). The only barrier between the harvested fish and 
the wild population is a rigid cage or netting system. When these netting systems are 
damaged during inclement weather such as snowstorms or hurricanes, it allows 
“fish to escape from the open systems” (Centre for Food Safety 2012). There were 
“25 million reported fish escapes worldwide and the majority occurred when netting 
was damaged during severe weather conditions” (Centre for Food Safety 2012). The 
escaping of “exotic aquaculture species into the natural ecosystem causes the dis-
placement of native populations, competition for food, space, mates and prey” 
(Naylor et al. 2005).

1.3.8.3  Destruction of Mangrove Forests

“Aquaculture farms” are constructed in “mangrove forests” (Dewalt et  al. 2002; 
Stickney and McVey 2002; Rajitha et al. 2007). “Mangrove forests” are important 
ecosystems as they act as nurseries for many “aquatic species” as well as nesting 
areas for “birds, reptiles, crustaceans and other taxonomic groups” (Paez-Osuna 
2005). The cover of mangrove forest has decreased worldwide from “19.8 million 
hectares in 1980 to less than 15 millions hectares in 2000.” The annual “deforesta-
tion rate was 1.7% from 1980 to 1990 and 1% from 1990 to 2000” (FAO 2007), and 
the “problem of deforestation still continue today.” “Aquaculture has been respon-
sible for the deforestation of millions of hectares of mangrove forest in Thailand, 
Indonesia, Ecuador, Madagascar and other countries” (Harper et al. 2007).
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1.3.8.4  Contamination of Water for Human Consumption

“Inland aquaculture” has been responsible for the “degradation of water bodies used 
for human consumption” (Paez-Osuna 2001). Aquaculture activities cause death of 
benthic organisms as well as undesirable odors and the presence of pathogens in the 
discharge sites (Martinez-Cordova and Enriquez-Ocana 2007). The spread and the 
“outbreaks of diseases are negative consequences of the expansion and diversifica-
tion of the aquaculture sector” (Crisafi et  al. 2011; Mancuso 2013; Mancuso 
et al. 2013).

1.3.9  Preventive Measures and some Humanistic Solutions

“Water contamination” can be reduced from a “personal level” to “national and 
international level.” Every individual has a duty to prevent pollution of water 
resources. “Water is a basic need for our survival,” and hence it should be our first 
priority to keep all “water resources” free from contamination. There are various 
“sources of water contamination.” Thus, the control of water contamination needs a 
range of preventive measures. “Measures of prevention and control are essential in 
improving the quality of water” and reducing the “costly treatment measures that 
are taken to treat water.” Preventive measures and possible solutions to “control 
water contamination” are  given as follows (Xiong et  al. 2015; Lan et  al. 2015; 
Xanthos and Walker 2017; Barmentlo et al. 2018):

• “Do not throw rubbish away in places like the beach, riverside and water bodies 
rather put it in trash can.”

• “Use water wisely. Do not keep the tap running when not in use.”
• “Do not throw chemicals, oils, plastics, paints and medicines down the sink 

drain, or the toilet.”
• “Buy more environmentally safe cleaning liquids for use at home and other pub-

lic places.”
• “Not to overuse pesticides and fertilizers in farms. This will reduce runoffs of the 

chemical into nearby water sources.”
• “Natural fertilizers such as peat, compost, manure should be preferred while 

gardening and farming.”
• “Implementing water quality laws they can help in protecting aquatic ecosystems 

by imposing acceptable concentrations of pollutants and prevents the release of 
pollutants into water resources.”

• “Proper use and disposeal of chemicals prevent the contamination of aquatic 
environments.”

• “Use detergents with low or no phosphate because high phosphate content causes 
eutrophication of lakes.”

• “Control storm water runoff. As the storm water runoff flows over impervious 
surfaces, it collects debris, sediments, chemicals and other pollutants which can 
have negative effects on the quality of water if the runoff is left untreated.”
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• “Decrease water resistant surfaces such as cement around homes to reduce sur-
face runoff. Vegetation, porous materials, gravel, wood decking etc. can be used 
instead of cement.”

• “Avoid throwing garbage into lakes, rivers and streams and help in cleaning litter 
around water resources.”

• “Wash your automobiles at carwashes instead of washing it yourself. The waste-
water from these carwashes is drained into the sewer and treated which reduce 
the amount of pollutants in the water.”

• “Speak up against industries that dump waste into local streams, rivers, and 
beach fronts to reduce water pollution in your community.”

• “Implement existing environmental laws. There are very strict laws that help 
minimize water pollution. These laws are usually directed at industries, hospi-
tals, schools and market areas on how to dispose, treat and manage sewage.”

• “Do not dispose non-degradable products such as plastic bags or plastic wrap-
pers down the drain.”

1.4  Conclusion

The degradation of aquatic ecosystems is largely due to human activities. Increased 
urbanization and industrialization are greatly responsible for water pollution. 
Human contribution to water pollution is enormous, such as dumping of solid 
wastes, industrial wastes, and domestic wastes. Water pollution is a major concern 
to the world. Environmental education is very important to reduce the pollution of 
aquatic ecosystems.
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