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5.1 Introduction

We are moving very fast on the roads of development, innovating in the desire of
becoming more and more efficient with resources. Day by day mankind is develop-
ing complex methods and chemicals for simplifying life. However, several incidents
have been recorded in the history of, chemical compounds that were developed to
improve the standard of living left a hazardous impact on the environment and
human health. Contamination of air, water, and soil is not a problem that developed
in recent years, contaminants like arsenic and lead are age-old contaminants, with the
advancement in research we can identify new problems associated with their
increasing concentrations. Like aggravation of arsenic pollution problem in recent
years in South East Asian region (Fendorf et al. 2010). The insatiable quest for
economic growth led to the quantitative expansion of manufacturing. Every indus-
trial setup generates wastewater, composed of chemicals developed and used as part
of technological advancement in manufacturing. Variety of organic hydrocarbons,
heavy metals, nutrient enrichment by human waste, and microbes that are pathogenic
for human health are primary constituents of wastewater. These compounds are
difficult or impossible to be degraded by natural processes or their insertion is so
huge that it persists in significant quantity for a long time and adversely affects
human health and the environment. Pollutants that are present in trace amounts in the
environment are micropollutants, these can be synthetic in origin such as strongly
halogenated molecules (fluorinated surfactants, etc.) or can be natural compounds
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like antibiotics (penicillin) or estrogens. Their presence in trace amounts made it
difficult to identify their effects; however, with advancements in research there
possible negative impacts have been highlighted which raised the concern of
stakeholders towards these trace compounds.

Emerging contaminant reaches the environment via many anthropogenic sources
and spread in environmental matrices. Most of the emerging contaminants (ECs)
present in the aquatic system originate from direct and diffused pollution sources,
posing a challenge to the environment and society (Haq and Raj 2018). ECs are
synthetic or natural chemical compounds, molecules of which have the potential to
disturb the ecological cycle and cause a threat to the sanctity of the environment and
human health. These contaminants are mobile but persistent in air, water, and soil
sediments.

Table of DDT usage in agriculture is a horrendous example of how devastating
impact a contaminant can pose on ecology and the environment. DDT was devel-
oped as an insecticide and was used for medicinal purposes during World War II. Its
usage as a pesticide was started in 1945, as food demand was increased after the
world war and the chemical proved itself effective during a crisis. It was in 1962
when negative impacts of DDT were highlighted (Carson 2002). This whole situa-
tion raised concern about bringing synthetic drugs for general public use without
prior investigation of their effects on the environment, biodiversity, and human
health. With growing innovations in manufacturing, humans are bringing out innu-
merable contaminants in nature. Most of these emerging contaminants can be
categorized as flame retardants, surfactants, pharmaceuticals, personal care products,
gasoline additives, and their degradation products, biocides, polar pesticides, and
their degradation products, and various proven or suspected endocrine-disrupting
chemicals (EDCs). In recent years problem of nanomaterials, plastics, and
microplastics has become the center of attention for researchers. Along with these
man-made complex compounds, well-known traditional trouble of heavy metal ions
like mercury, cadmium, thallium, arsenic, lead, etc. has aggravated with time.
Advances in epidemiological and toxicological studies have discovered emerging
problems regarding these old pollutants.

Studies suggest that a significant amount of contaminants remains in treated water
via sewage treatment plants, this treated water when discharged in natural resources
of water like rivers and lakes (Stasinakis et al. 2013). These unfiltered contaminants
cause severe damage to the natural aquatic ecosystem and biodiversity. When
contaminated water or partially treated water is used for agricultural and for other
secondary uses. Studies suggest their acute hazards effect on soil and agricultural
produce (Boots et al. 2019).

5.2 Emerging Contaminants

Chemicals of synthetic or natural origin, which cause known or suspected adverse
ecological or human health effects, are contaminants. Contaminants from a chemical
class that so far has not been studied extensively, where there is either a concern from
stakeholders (scientists, regulators, NGOs, etc.), that the contaminant class may be
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having an impact on the environment or human health are emerging contaminants;
also, where there is a concern that existing environmental assessment paradigms are
not appropriate for the contaminant class are contaminants of emerging concern
(CEC). The ecotoxicological perspectives typically used to characterize environ-
mental contaminants have fallen short when attempting to classify the complex
network of emerging contaminants. The typical approach taken by toxicologists of
characterizing a compound by its persistence, lipophilicity (preference for fat-tissue),
and toxicity (both acute and chronic) has proven to be inadequate with regard to
emerging contaminants. An emerging contaminant can exhibit what is known as
“pseudo-persistence” whereby a contaminant is continually present in the environ-
ment because it is continually being released by sewage treatment plants.
Lipophilicity, typically used to determine how easily a contaminant will cross cell
membranes or enter tissues, is an incomplete characterization tool because many
emerging contaminants are pharmaceutically engineered to be actively transported
into cells and tissues. There are even more characteristics of emerging contaminants
that limit our reliable characterization of their risk to humans and the environment.
Our power to detect and measure these compounds currently surpasses our knowl-
edge of their toxic effects on humans or wildlife. Besides, to establish a cause–effect
relationship, toxicologists cannot simply cite the co-occurrence of contaminant and
adverse effects. Rather, the uptake, mode of action, and biological endpoints of each
emerging contaminant must be researched and documented to establish a correlation
between contaminant and consequence.

These contaminants have been incorporated by anthropogenic activities in almost
all spheres, i.e. biosphere, hydrosphere, lithosphere, atmosphere, and cryosphere, all
spheres are affected and contaminated by these compounds. Emerging contaminants
are not only ones whose existence is recently noticed by the scientific community,
but it is also about new concerns raised about old contaminants due to advancement
in research (Sauve and Desrosiers 2014). It is important to note that the majority of
emerging contaminants are no pollutants that are new or have just gained entry into
the environment. Rather, most emerging contaminants are well-established
pollutants with a newly demonstrated toxic effect or mode of action. Thus, the
word “emerging” refers not only to the contaminant itself but also to an emerging
concern about the contaminant. As such, emerging contaminants are often referred to
as “chemicals of emerging concern” or “contaminants of emerging concern.” Since
there is little toxicological information for the vast majority of the chemicals we use,
particularly with regard to long-term, low-level exposure, it is possible that many
chemicals with a long history of use (such as MTBE) could contribute to the future
burden of emerging contaminants.

Bioaccumulation, toxicity, and resistance to degradation are key properties that
can make any contaminant disastrous. With increasing knowledge of the negative
impacts of naturally available chemical compounds, we are adding contaminants to
the list of emerging contaminants. Environmental concerns can be sorted into three
classes of contaminants. (1) a new compound, a molecule which is recently appeared
to scientific research or not studied yet fully, (2) the contaminant is common or
known to exist but the research of contaminant still going on, (3) old contaminant
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such as mercury, arsenic, DDT where new research is pushing our understanding of
environmental and human health risk of such contaminant.

Proper knowledge of the type, source, and effects of any contaminant is a must to
monitor and mitigate their harmful effects. In recent times, wastewater is loaded with
emerging micro-contaminants, these contaminants are present in trace quantities in
natural waters, it is because of advancement in research technology that quantitative
analysis of these compounds is possible.

5.2.1 Pesticides

Any substance or mixture of substances that are intended for preventing, destroying,
repelling, or mitigating any pest is pesticides. Pesticides are classified into different
classes according to their applications such as herbicides, insecticides, fungicides,
rodenticides, nematicides, and microbicides. Excessive use of pesticides in agricul-
tural fields will result into leach out of chemicals in soil/sediments or through runoff
it will infuse with streams can be a potential concern to aquatic life and ecosystem, as
well as human health if they affect the drinking water source and recreational uses
areas. There has been a steady growth in the production of technical-grade pesticides
in India, from 5000 metric tons in 1958 to 102,240 metric tons in 1998. In
1996–1997 the demand for pesticides in terms of value was estimated to be around
Rs. 22 billion (USD 0.5 billion), which is about 2% of the total world market (Aktar
et al. 2009). Globally, around three million tons of pesticide is used equivalent to a
market value of USD 40 million. Regardless of the benefits of pesticides in the crop
field and their significance for the economy, overexploitation of pesticides is raising
a serious threat to the environment and humans. The most widely used conventional
pesticides are herbicide 2,4-dichloro phenoxy acid, herbicide glyphosate, the herbi-
cide atrazine, fumigant metam sodium, herbicide acetochlor, inorganic chemical
insecticides such as calcium arsenate, lead arsenate, and fluoro-organic compounds.
Most conventional inorganic pesticides are permanently banned or for other
pesticides countries have developed their standard concentration guidelines.

Around the world an enormous number of persistent organic contaminants are
present in wastewater effluent, surface water, and drinking water. The pesticides
alachlor, dieldrin, and DBCP are each classified under the USEPA designation
“probable human carcinogen.” Perhaps the greatest threat posed by pesticides,
however, is their endocrine-disrupting potential. Pesticides such as atrazine, mala-
thion, methoxychlor, and many others have been shown to disrupt endocrine
systems, even at very low concentrations. Exposures can cause reproductive system
damage including sterility, decreased fertility, and birth defects, as well as impaired
development, immuno-suppression, and metabolic disorders. It represents the inef-
fectiveness of present and conventional technologies. In US EPA rainbow report
>1000 pesticide is listed such as borax, nitrogen, warfarin, phorate, zinc phosphide.
Pesticides are used in the excess amount in agricultural fields, golf courses, and
residential areas to prevent insects, mosquitoes, and other pests (Ikehata et al. 2008).
Surface water in the urban and agricultural areas is more prone to pesticide
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contamination which can pose threat to the aquatic ecosystem even present in low
concentrations (ng/L) (Moschet et al. 2014). Pesticide can develop hemopoietic
tissue of anterior kidney and immune-depressive effects in fishes, mammals (Dunier
et al. 1993).

Pesticides can harm aquatic life, along with the probable harm to human encoun-
ter with them can have. Manufacturing to pesticide application in the field the people
involved are high-risk groups for pesticide exposure. Pesticide can pose serious
effects to human health when exposed in low doses like immune suppression,
hormone disruption, diminished intelligence, reproductive abnormalities, and can-
cer. In India the first report of poisoning due to pesticides was from Kerala in 1958,
where over 100 people died after consuming wheat flour contaminated with para-
thion (Karunakaran 1958).

5.2.2 Persistent Organic Pollutants (POPs)

POPs are chemical substance persist in the environment and cause the risk to human
health and the environment. POPs have high lipid solubility, semi-volatile in nature
so they tend to travel a long distance through the atmosphere and its travel through
the food web not directly and it starts bio-accumulating. The 12 initially, targeted
POPs include eight pesticides (aldrin, chlordane, DDT, dieldrin, endrin, heptachlor,
mirex, and toxaphene), two types of industrial chemicals (polychlorinated biphenyls
or PCBs and hexachlorobenzene), and two chemical families of unintended
by-products of the manufacture, use, and/or combustion of chlorine and chlorine-
containing materials (dioxins and furans). All 12 targeted POPs are also endocrine
disruptors chemicals that can interfere with the body’s hormones. Endocrine-
disrupting chemicals can be hazardous at extremely low doses and pose a particular
danger to those exposed in the womb. During prenatal life, endocrine disruptors can
alter development and undermine the ability to learn, fight disease, and reproduce
(Table 5.1).

In past, the widespread usage of DDT in the agriculture field to eliminate
mosquitoes and other pests was a trend that led to the death and disappearance of
many birds (bald eagles), later the government banned the usage of DDT. POPs are
produced consciously by industries such as pesticides, PCBs, PCNs, etc. and some
are produced as a by-product through industrial or combustion processes such as
PCDDs, PCDFs, PAHs. After 1995, analyzing the impact of POPs on the environ-
ment many international societies are working legally to the binding instrument and
eliminate POPs (Eljarrat et al. 2003). Present research studies suggested that
emerging contaminates such as polybrominated diphenyl ether (PBDEs) are also
tend to transport in remote areas of the aquatic system including deep-sea fish. PCB
and PBDEs are structurally identical and widely used in flame retardants, plastic,
textile, and electronics (Koenig et al. 2013).

United Nations Environment Program (UNEP) adopted the Stockholm conven-
tion in May 2001. Initially, 12 POPs were identified which were named as “dirty
dozens.” The treaty laid to eliminate or restrict the use of POPs enforced in May
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Table 5.1 Persistent organic pollutants (POPs) and their sources of contamination, toxic effects
with their current legal and environmental status

POP Source Effects
Recent status of
usage

1. Aldrin and dieldrin Pesticide (through
dairy products,
animal meat, insect
repellents)

Major motor
convulsions,
malaise,
incoordination,
headache,
dizziness, and
gastrointestinal
disturbances, and
acute intoxication
including fatalities

The use of both
chemicals is
severely banned in
many parts of the
world since the
1970s (since 2003
in India) but in use
in many countries
and the countries
use is banned in still
present in the
environment due to
excessive early use

2. Chlordane Pesticide (through
the crop, dairy
products, animal
meat, and direct
exposure through
air pollution)

Affects the immune
system and poses
carcinogenic
effects

Use is restricted in
many countries
including India

3. DDT Pesticide Increased risk of
cancer and
diabetes, reduced
reproductive
success, and
neurological
disease

Agriculture use
banned, still in use
against malarial

4. Endrin Through food
(insecticide and
rodent repellent
sprayed on the
surface of leaves)

Highly toxic for
aquatic animals and
humans as a
neurotoxin

Banned in many
parts of the world
including India

5. Hexachlorobenzene Food grains (food
grains)

Skin disease,
debilitation, causes
porphyria turcica, a
lethal metabolic
disorder

Globally banned
under Stockholm
Convention on
POP, including
India

6. Heptachlor Food (used as soil
pesticide)

Low doses result in
adverse behavioral
changes and
declined
reproductive
success

Globally banned
under Stockholm
Convention on
POP, including
India, but still
reported being
present in rainwater

7. Polychlorinated
biphenyls

Electrical circuits,
capacitors, as
adhesive in paints,
plastics, and

Immune
dysfunction,
reproductive
failure; acute

Globally banned
under Stockholm
Convention on

(continued)
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Table 5.1 (continued)

POP Source Effects
Recent status of
usage

carbonless copy
papers, etc.

effects include
swelling of the
eyelids, along with
fatigue, nausea, and
vomiting

POP, including
India

8. Toxaphene Used as an
insecticide on crops
and livestock, this
is present in the
environment as
residue and often as
present in food

Exposure to
humans is at a low
level, reported as a
possible
carcinogen; highly
toxic to aquatic
animals

Globally banned
under Stockholm
Convention on
POP, including
India, but present in
environment
residue due to long
half-life

9. Mirex As flame retardant
in plastic, rubber,
and electronic stuff.
As insecticide for
ants and termites.
Environmental
residues are a
possible source

Toxic to many
plant and aquatic
species; possible
carcinogen for
humans

Globally banned
under Stockholm
Convention on
POP, including
India, but present in
environment
residue due to long
half-life (one of the
most persistent
POP)

10. Chlordecone Agricultural crops
(used as a
pesticide)

Toxic to aquatic
animals and
carcinogenic to
humans

Banned throughout
the world in the
Stockholm list later
(extended)

11. Lindane Widely used as a
pesticide in soil,
crops, and as wood
treatment

Highly toxic as
immunotoxic,
neurotoxic,
carcinogenic
effects to humans

Banned throughout
the world in the
Stockholm list later
(extended)
Still present in the
environment as one
of the most
persistent POPs

12. Endosulfans Food crop is the
most prominent
source as used as a
pesticide for the
crop

It acts as ant
antiandrogen, thus
disrupts the
endocrine system.
Causes congenital
physical disorders,
mental retardation,
and lethal in high
dose

Banned worldwide
under Stockholm
Convention later in
2011

5 Emerging Contaminants in Wastewater: Sources of Contamination, Toxicity,. . . 109



2004. There are additions to the list of POPs since then and today number has
reached 26 persistent organic pollutants. A class of persistent organic compounds
(POPs) are used in the textile industry for the dyeing and bleaching of cloths. Dyes
get transported to domestic wastewater during the daily washing of clothes. Dyes are
different from pigments as they are soluble in water or any organic solvent; however,
pigments are insoluble in both liquid media. Nowadays synthetic dyes are used in
large amounts in industries, the untreated effluent is directly transported to the
aquatic system. Dyes and their by-products are toxic, carcinogenic, and mutagenic,
and exposure to organic dyes can irritate the respiratory tract, skin, eyes, throat,
asthma, and allergy to skin (Siyal et al. 2018). A fraction of new textiles releases a
high concentration of polychlorinated dibenzo-p-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs). These dioxins and furans transfer to distant
matrices via distinct pathways from where it enters in the food chain (Križanec and
Majcen Le Marechal 2006). Other persistent organic pollutant dyes are aromatic
amines, oxazines, anthraquinone, pentachlorophenol, chloranil, phthalocyanine, and
phenolic compounds all of these compounds are carcinogenic (Mustereţ et al. 2007).

Another chemical of emerging concern is from the class of perfluorooctanoic acid
which is a listed persistent organic pollutant. Perfluorinated alkylated substance and
poly-fluoroalkyl substances (PFAS) have been found ubiquitously around world-
wide in water, air, sediments, organism, because of their use vastly in all household
related processes (e.g. clothing, cooking, furniture, etc.) and its physicochemical
properties PFAS residues are lipophobic and hydrophobic and this compound shows
strong surface-active properties and usually attach to the natural surface, and due to
C-F bond, most of these compounds are virtually indestructible and persist for longer
duration in environment. Many studies identified the source of PFAS in the surface
water as fluorochemical manufacturing industries, discharge of firefighting foam,
landfill leachate, and degradation of precursor compound (Moller et al. 2010). PFAS
and their by-products are considered as highly toxic, extraordinarily persistent
chemicals and contaminate human blood and wildlife. And due to their unique
physio-chemical property, they are still a considerable challenge to environmental
scientists and also for regulatory authorities (Roland Kallenborn).

5.2.3 Endocrine-Disrupting Chemicals (EDCs)

EDCs represent a broad class of molecules such as organochlorinated pesticides and
industrial chemicals, plastics and plasticizers, fuels, and many other chemicals that
are present in the environment or are in widespread use (Haq and Raj 2018). We
make several recommendations to increase understanding of the effects of EDCs,
including enhancing increased basic and clinical research, invoking the precaution-
ary principle, and advocating involvement of individual and scientific society
stakeholders in communicating and implementing changes in public policy and
awareness. EDC is a modified chemical or a mixture of chemicals that interferes
with any aspects of hormonal activity. EDC disrupts the endocrine system either by
forming an enantiomer of the natural hormone or by hindering its functional activity.
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Environment Protection Agency (EPA) elaborates EDC as an external factor that
might interfere with the development, release, transport, activity, or replacement of
natural hormones which help in maintain bodily functions like homeostasis, repro-
duction, development, and behavior. EDCs include xenoestrogens, phthalates,
PCBs, PFAS, etc. chemicals that can cause metabolic (obesity), biological, and
reproductive disorders. The group of molecules identified as endocrine disruptors
is highly heterogeneous and includes synthetic chemicals used as industrial solvents/
lubricants and their by-products [polychlorinated biphenyls (PCBs), polybrominated
biphenyls (PBBs), dioxins], plastics [bisphenol A (BPA)], plasticizers (phthalates),
pesticides [methoxychlor, chlorpyrifos, dichlorodiphenyltrichloroethane (DDT)],
fungicides (vinclozolin), and pharmaceutical agents [diethylstilbestrol (DES)].
Almost all POPs are endocrine disruptors. Nevertheless, in very broad terms,
EDCs such as dioxins, PCBs, PBBs, and pesticides often contain halogen group
substitutions by chlorine and bromine. They often have a phenolic moiety that is
thought to mimic natural steroid hormones and enable EDCs to interact with steroid
hormone receptors as analogs or antagonists. Even heavy metals and metalloids may
have estrogenic activity, suggesting that these compounds are EDCs as well as more
generalized toxicants. Several classes of EDCs act as antiandrogens and as thyroid
hormone receptor agonists or antagonists, and more recently, androgenic EDCs have
been identified. EDCs do not have any structural similarity; therefore, it is difficult to
classify a set of chemicals as EDCs (Diamanti-Kandarakis et al. 2009). These
compounds are present in very fewer amounts ranging from ng/L to μg/L in
wastewater. However, long-term exposure to such low levels is hazardous for
human health. The toxic effect of these molecules is not fully identified.

5.2.4 Pharmaceutical Personal Care Products (PPCPs)

Pharmaceutical personal care products are broadly divided into multiple categories
based on their characteristics and usage. Pharmaceutical is divided into antibiotics,
analgesics, steroid hormones, anti-inflammatory drugs, cytostatic drugs blood lipid,
regulators, etc., However, personal care products (PCPs) are classified as fragrance,
disinfectants, insect repellents, preservative, and sunscreen ultraviolet (UV) filters.
At present more than 3000 PPCPs have been used in the medical field for humans
and animals for the betterment of human standards (Muthanna et al. 2008). Humans
are consuming PPCPs in large amount which releases in domestic wastewater as
sewage, landfill leachate, biomedical waste, municipal waste, PPCPs may enter into
the aquatic environment. Even an individual household is also contributing to PPCPs
contamination of water through the addition of expired and unused medicine in sinks
and drains as reported by Kummerer et al. (2009). Studies suggest the presence of
low, subtoxic concentrations of PPCPs can pose threat to human beings and the
environment. Many studies suggested that chemical of pharmaceutical origin is often
not eradicated from the wastewater treatment plant and not biodegradable in the
environment.
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Biomedical waste often contains a high frequency and number of pharmaceutical
effluents. Antibiotics are extensively used worldwide in the medical field. In surface
and wastewater treatment plant both metabolized and unmetabolized antibiotics
have been found, they are partially degraded in the environment and as a conse-
quence, it starts accumulating in water bodies. The prolongation of antibiotics can
stimulate the antibiotic-resistant bacteria in aquatic bodies and chances to develop
drug-resistant microorganisms (Sui et al. 2015; Ahmed et al. 2015). PPCPs are
present in groundwater, surface water as well in effluents coming from different
sources, where the concentration of drugs varies from ppt to ppb. Research reveals
that approximately 65% of pharmaceutical products are never ingested (Ruhoy et al.
2008). DEET has been used as an active constituent in insect repellents on a broader
scale and it tends to persist in the aquatic system for a longer duration. Parabens are
the ester of para-hydroxybenzoic acid-containing functional group either alkyl or
benzyl group. Influents of sewage treatment plant (STP) paraben especially
methylparaben (MEP) and propylparaben (PrP) are present with concentration up
to 30–20μg/L, respectively (Yang et al. 2014). Triclosan (TCS) is mainly used in
health care products such as cosmetics, deodorant, shampoo, mouth rinses, soap, and
toothpaste at a concentration of 0.1–0.3% (w/w) (Thompson 2005). TCS is mainly of
two types: dissociated and non-dissociated/methyl TCS, dissociated TCS degrades
under sunlight which has less than one-hour lifespan, while non-dissociated/methyl
TCS is comparatively more stable to photo-degradation (Subedi et al. 2015).

5.2.5 Naturally Occurring Emerging Contaminants

Plants, humans, and animals contribute toxins in wastewater systems, although
domestic wastewater is not the major source of plant toxin pollution, analyzing
agricultural runoff is momentous when we track down the presence of mycotoxin in
surface waters (Gatidou et al. 2007). There are contradictory theories about the
source of mycotoxin or other such naturally produced toxins. Some studies reported
the occurrence of zearalenone in bottled water. The presence of these toxins in food
items is of major concern to food regulating bodies, most common toxins are
phytotoxin (plant origin), mycotoxin (fungal origin), phycotoxin (algal origin),
zootoxins (animal origin), and bacterial toxin (bacterial origin). In recent times
stakeholder has raised concern about presence and effects of mycotoxins on
human health and livestock. Most commonly observed are aflatoxins,
ochratoxin A, patulin, zearalenone (ZEA), fumonisins, and nivalenol/
deoxynivalenol. Mycotoxins are produced by three infamous fungal genera: Asper-
gillus, Penicillium, and Fusarium. Mycotoxins can be produced before or after
harvest on mold-infected crops, some other natural toxins are produced by
organisms as the response to their defense mechanisms. Studies on the prevalence
of mycotoxins in the aquatic environment are mainly focused on ZEA due to its
strong oestrogenic activities. Phycotoxins impact on human exposure is sparsely
explored in the scientific community. Several mycotoxins are neurotoxic, potentially
lethal, and associated with chronic adverse health effects. Certain cyanobacteria and
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marine algal species are well known for causing discoloration of water red tides and
green tides, this phenomenon is commonly called “harmful algal blooms.” These
toxic or sometimes lethal blooms effects native aquatic life badly. Both healthy and
unhealthy humans have high viral loads in their feces and their urine, contributing to
high viral loads in municipal sewage. These viruses are only partially eliminated by
wastewater treatment systems and are now being considered an emerging contami-
nant. Some of the most prominent emergent viruses being found in water supplies
are human polyomaviruses, hepatitis E virus, and human adenoviruses (Smital
2008).

5.2.6 Microplastic

Plastic pollution is pervasive, it affects the aquatic ecosystem, soil ecosystem, and
widely affects natural flora and fauna. According to the recent estimation of plastic
production done till 2015, the world has produced 6300 million metric tons of plastic
waste; out of which 9% has been recycled, 12% was incinerated and 79% was
accumulated in landfills or the natural environments (Geyer et al. 2017) Although we
are aggravating the rate of production daily, if we continue with the same rate of
production and waste management trends by 2050, we will have 12,000 million tons
of plastic waste accumulated in our natural environment. The size continuum of
plastic pollutants has been defined from macroplastic (>5 mm), through
microplastic (5 mm to 1μm) to neoplastic (<1μm). (Gigault et al. 2018). Plastics
are categorized into two main polymer families, i.e. thermoplastics and thermosets.
Plastics are synthetic organic polymers derived from natural organic materials such
as cellulose, coal, natural gas, salt, and crude oil which is the most common source of
naphtha, feedstock for plastic manufacturing. Plastic can be of distinct origin,
composition, and properties such as polyethylene (PE), polypropylene (PP), poly-
styrene (PS), nylon (PA), polytetrafluoroethylene (PTFE), thermoplastic polyester
(PET), poly(vinyl chloride) (PVC), cellulose acetate (CA), polyester polystyrene,
polycarbonate, polyethylene terephthalate, foamed polystyrene and biodegradable
polylactic acid (PLA). Polystyrene is most commonly used in packaging and
industrial insulation, polyethylene is used in personal care products (PPCPs) as in
facials and scrubs, polypropylene is used in fishing gears, these are some of the most
commonly used plastics. The most prominent type of microplastic present or
identified in the aquatic environment are spheres, pellets, irregular fragments, and
fibers. In residential areas, machine washing can produce more than 1900 fibers
(100 particles L�1) in one wash cycle. Microplastic is categorized into primary and
secondary based on their process of formation: primary microplastic are generated
intentionally in microscopic scale through the process of grinding or extrusion,
either precursor to other products and integrated into a variety of activities such as
facial exfoliating cleanser, air blasting boat cleaning media and used in medicines as
a vector for drugs. Secondary microplastics are the by-products of degraded and
fragmented macroplastic due to mechanical, photolytic, or chemical processes.
Plastic having a density greater than 1.02 g/cm3 starts sinking and accumulates
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over sea beds, while low-density plastic floats on the sea-surface or suspension in the
water column, however, low-density plastic tends to sink through biofouling
(Alomar et al. 2016). Therefore, via multiple passage microplastic enters into the
aquatic system such as water, wastewater (industrial, landfill, municipal, biomedical
waste) being discharged into the sea, rivers, and water bodies. Thomson et al. (2004)
identify microplastic fragments around UK beaches materials used for clothing
(polyester, acrylic), packaging (polyethylene, polypropylene), rope (polyamide).
RASFF and ESFA reported the presence of microplastic in food products
microplastic or synthetic microplastic have found in canned sardines, sprats, salt,
beer, honey, sugar, and the sealed plastic drinking bottle also contain plastic (Rist
et al. 2018). Microplastic is especially concerning the ecosystem because of its small
size and lack of technology available to quantify the presence of microplastic in the
environment and its potential to hurt marine biota and humans.

5.3 Source of Contamination of Emerging Contaminants

The water which becomes unfit for human use after being used for industrial
processes and household activities is wastewater. These anthropogenic activities
are responsible for the amalgamation of toxic contaminants in natural water bodies.
Aquatic systems suffer pollution from many sources including water leakage from
septic and sewage tanks, fertilizers and agrochemicals runoff, seepages from landfill
sites. Studies suggest that even after being treated in conventional wastewater
treatment plants (WWTPs), a significant quantity of emerging contaminants remains
untreated in wastewaters (Gogoi et al. 2018). Trace amounts of pharmaceuticals,
endocrine-disrupting chemicals (EDCs), personal care products (PCPs), and their
by-products have been identified in effluents from WWTPs, these form a group of
micro-contaminants that bioaccumulates in the food chain. This contaminant reaches
groundwater via surface leakages and groundwater recharging points. Groundwater
is highly contaminated due to the continuous mixing of waste coming from waste-
water treatment plants (WWTP) in the aquatic system, and it contains multifarious
emerging contaminants.

Domestic and industrial wastewater are distinctive in their composition and
properties. Due to their distinct properties and composition domestic and industrial
waste are generally collected and treated separately, which allows specific pollution
mitigation strategies. ECs generated from industries and urban wastewater treatment
plants are directly discharged into rivers, lakes, ponds and where their environmental
fate is of concern such as leach out in groundwater, sorption in sediments, decreased
fertility of the soil. The life and passage of emerging contaminant from the origin
point to sinking point (aquatic system) are highly dependent on the ECs properties
such as volatility, polarity, adsorption properties, persistence (Farré et al. 2011).
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5.3.1 Domestic and Hospital Effluents

Domestic wastewater is rich in a pathogenic microorganism, biodegradable organic
matter, and nutrients which are responsible for the aggravation of eutrophication
processes in natural water bodies. It poses long-term damage to biodiversity by
incorporating nondegradable organic compounds like oil, grease, phenols, cyanide,
pesticides, and detergents along with metals that bioaccumulate in the food chain.
Domestic wastewater treatment was considered to be more efficient compared to
industrial wastewater. There is a significant change in domestic wastewater compo-
sition for the past 10–15 years. Increasing the use of personal care products and other
strong chemicals in daily household needs is becoming a tough chore to handle
(Tjandraatmadja et al. 2010). Domestic wastewaters are a major contributor of
microbial contaminants, phosphorus, and nitrogen in natural water bodies. Excess
amounts of phosphorus and nitrogen induce eutrophication in water resources, such
conditions in the environment may also favor the growth of toxin-producing
cyanobacteria. This makes untreated domestic wastewater hazardous for the health
of human and aquatic life. Constituent contaminants in wastewater vary geographi-
cally based on distinct domestic usage patterns (Tran et al. 2018). Major
contaminants from domestic wastewater and their effects are:

• Antibiotics: the concentration level of antibiotics in influent and effluent of
WWTPs has been recorded in the range of few tens of microgram per liter.
Sulfonamide, macrolides, fluoroquinolones, and trimethoprim are the most com-
mon antibiotics found worldwide in wastewater. One of the highly prescribed
drugs is β-lactam. However, its insignificant presence in wastewater is due to
chemical hydrolysis or chemical transformation in alkaline/acidic conditions.
Antifungal and antimicrobial agents like miconazole, thiabendazole, triclocarban,
and triclosan are extensively used in household products (shampoos, soaps,
shower gels, toothpaste, and dermal creams). Generally, concentration levels of
triclocarban and triclosan are higher in wastewater, whereas miconazole and
thiabendazole which are used as therapeutics reach the aquatic system in compar-
atively lower concentrations.

• Therapeutic drugs: beta-adrenoreceptor blocking agents, antiepileptic and anti-
psychotic drugs, lipid regulators, anti-inflammatory drugs, lipid regulators,
steroids, and synthetic hormones like estrogen are all used as medication, some
of these are excreted from the human system in non-metabolized form and reach
aquatic systems. in long term, these drugs cause a serious threat to aquatic life.

• UV filters are part of personal care products that are used to block UV rays, these
are used in sunscreens, beauty creams, dyes, and other cosmetics. These can be
introduced in aquatic systems in two ways. Firstly, by water recreational activities
like swimming in lakes and rivers. Another is from used domestic water via
WWTPs.

• Artificial sweeteners: these are mainly used as food additives (low-calorie dietary
products), like sugar substitutes in substantial concentrations. These come out of
the human system in unchanged form. Few of these like cyclamate and saccharin
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can be biodegraded, whereas, sucralose, which is a chlorinated compound, and
acesulfame are persistent and may disrupt the aquatic environment.

5.3.2 Industrial Wastewater

There are several industrial compounds which can be released into the environment,
causing adverse effect to the environment. Effluent released from industries includ-
ing pharmaceutical industries, tannery, iron smelters, textile industry, cellulose
production, dishes factory, paper, and pulp factory contains several emerging
contaminants. Along with primary compounds that are released in water bodies
from industries, there are many degraded by-products from primarily infused
contaminants that contribute as emerging contaminate. Industrial emerging
contaminants are as follows:

• 1,4-Dioxane: it is used as a solvent in the manufacturing of chemicals and
laboratory reagents. When combining with 1,1,1-trichloroethane it can resist
natural biodegradable processes and have the ability to persist in groundwater
and directly leach out from the soil. 1,4-Dioxane is also present in PPCPs (Abe
1999).

• Benzotriazole derivatives: it is present in many pharmaceutical antibiotics as
antifungal, antibacterial, and antihelmintic drugs and tends to persist in an
aqueous environment.

• Polybrominated biphenyl ether (PBDEs): PBDEs are the synthetic chemicals
used as an additive retard fire and flame for multiple household and commercial
purposes. In a coastal and estuarine ecosystem, the presence of PBDEs has been
identified. From industrial manufacturing and household products (furniture,
electronics, bedding) sites it is reaching the environment. Exposure to PBDEs
can potentially cause neurodevelopmental and thyroid dysfunctions (Brown and
Nixon 1979) and have potential endocrine-disrupting properties (Rahman et al.
2001).

5.3.3 Agriculture Runoff

The ECs where agriculture is currently the predominant source of surface water
contamination, compared to non-agricultural sources, are the natural toxins, veteri-
nary medicines, hormones, and transformation products of man-made chemicals
used in agriculture. Emerging contaminant loads of agricultural land soil get
transported to aquatic systems by leaching, runoff, and drainage processes. ECs
are released in the agricultural environment directly via the application of biosolids,
pesticides, or other solid waste materials, and indirectly from veterinary medicines
through animal bio-waste. Multifarious ECs have been detected in agricultural
systems such as human pharmaceuticals, personal care products, veterinary drugs,
hormones, and transformation products of man-made chemicals in a very low ng/l
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range. Prospective of developing new technology for effective and efficient use of
pesticides is high, the existing pesticide may be made into nanoparticulate
(1–100 nm particles) form to give the active ingredient beneficial properties for
pest control, such as increased solubility, increased stability, the capacity for absorp-
tion into plants or increased toxicity to pests (Lyons et al. 2009). Although there are
speculations that these nanoparticles will be easily transferred to surface water and
contaminate aquatic systems, many man-made substances that enter agricultural
systems will be degraded by chemical, physical, and biological processes. While
these reactions may result in the complete breakdown of a chemical (i.e. they convert
the chemical to carbon dioxide, water, and methane), in many instances the pro-
cesses may result in the formation of stable intermediate chemicals which we call
degradation or transformation products (e.g. Roberts 1998; Roberts and Hutson
1999).

Typical wastewater systems involve a primary treatment phase, where solid
material is settled out and removed, followed by a secondary treatment where
microbes are used to break down organic matter (including chemicals). One com-
mon secondary treatment process is activated sludge treatment (AS). In AS, chemi-
cal contaminants may be degraded but can also stick to the sludge particles in the
system. At the end of the process, the sludge is removed and, as it is high in nutrients,
in many regions, it is then applied to agricultural land as a fertilizer. ECs that stick to
sludge can therefore enter the environment when sludge (biosolids) from wastewater
treatment works is applied to land (Kinney et al. 2006; Topp et al. 2008).

5.4 Pollution and Toxicity of Emerging Contaminants

Emerging contaminants, such as persistent organic pollutants (POPs), endocrine-
disrupting chemicals (EDCs), pharmaceuticals and personal care products (PCPs),
etc., and trace levels of their transformation products are major disruptors for the
aquatic ecosystem, human health, and biodiversity (Haq and Raj 2019). Lack of
advanced technology and health standards regarding newly detected contaminants is
another complication in wastewater treatment. The concerning levels of
contaminants are released in soil and water via treated water from wastewater
treatment plants. The efficiency and mechanism of functioning of current WWTPs
are not sufficient to remove all contaminants from wastewaters.

5.4.1 Adverse Impacts on Human Health and Biodiversity

The presence of contaminants implicates acute harmful effects on natural flora and
fauna in surface waters, seawater, and soils. In the recent decade, plastic pollution
due to microplastic (1–5 mm) and nanoplastic (<1 mm) size particles is of emerging
concern for aquatic fauna. Microplastic ingestion has been widely observed in the
range of marine animals such as fish, bivalves, and crustaceans which are consumed
by humans, along with concern to aquatic life, it raises the concern of microplastic
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ingestion in humans also. These microplastic get chemicals to adhere to their
surfaces and they significantly cause chemical damage to ambient life. These
ingested contaminants block the digestive system, alter feeding behavior, disrupt
the endocrine system, retard growth and reproductive capabilities. Even artificial
aquaculture systems are also affected by these contaminants as a fish meal which is
given to cultured fishes, shrimps, or other seafood animals has been taken from
natural contaminated sources. Experiments performed on Fulmarus glacialis (North-
ern fulmar) showed the persistence of ingested plastics in the gizzard, mixed with
stomach oil which is used by the bird as an energy source during long flights (Kühn
et al. 2020). Due to their small size microplastic is ingested by a benthic organism
and has ecological impacts. Rochman suggested that microplastic of range 2–5 mm
could take a longer time to digest because of durability and retain for longer duration
in organism body as a consequence increase the exposure time to toxins (Rochman
et al. 2013). Microplastic abundantly emerging in sea beds and cause a major threat
to the marine food web. Some organic contaminants associated with plastic after
inhalation it starts interfering with hormone regulation in animal (Teuten et al. 2009).
Ingestion of microplastic especially in fiber form poses threat to the organism as it
can cause blockage in the digestive tract, be translocated in different tissues within
the organism, and undergo accumulation (Wright et al. 2013). Knowledge about the
effects of ingestion of microplastic by a human being requires more research and
investigation.

Bioaccumulation aggravates the tendency of abnormal hormonal regulators caus-
ing reproductive impairments, decreased fecundity, an increase of breast and testos-
terone cancers, and persistent antibiotic resistance (Tijani et al. 2013). Another
similar example is of alternation in the endocrine and reproductive system of
Japanese medaka fish because of harmful exposure to the UV filters and oxybenzone
(Coronado et al. 2008).

Much research has been performed on the toxicity of pesticides. Many pesticides
are carcinogenic to animals and, for this reason, are likely human carcinogens. For
example, the pesticides alachlor, dieldrin, and DBCP are each classified under the
USEPA designation “probable human carcinogen.” Perhaps the greatest threat posed
by pesticides, however, is their endocrine-disrupting potential. Exposures can cause
reproductive system damage including sterility, decreased fertility, and birth defects,
as wells as impaired development, immuno-suppression, and metabolic disorders.
Studies have linked low concentrations (0.1 ppb) of the pesticide atrazine to devel-
opmental deformities in frogs including the development of multiple sex organs and
small feminized larynxes. In another study, frogs exposed to even trace amounts of
malathion experienced a near-total collapse of their immune systems, with antibody
production limited to as little as 1–2% of normal. Many studies and research have
suggested that many emerging organic contaminants (EOC) are endocrine disruptor
chemicals (EDCs) (Liu et al. 2009). EDCs are present in a wide range of compounds,
include plastic bottles, detergents, flame retardants, toys, cosmetics, pesticides, etc.
and they might have adverse developmental and reproductive effects on humans and
wildlife. EOCs are toxic and persistent and even it presents in low concentration; it
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might produce potentially harmful effects on the ecosystem and human health (Jurdo
et al. 2012).

Some case studies associated with the chronic effect of synthetic chemicals usage
on fauna are, the veterinary use of diclofenac, which is a human pharmaceutical used
as an anti-inflammatory treatment, was found to be responsible for the massive
decline in populations of vulture species in certain areas of Asia (Oaks et al.
2004). The veterinary drug ivermectin, which is used to treat parasitic infections in
livestock, has been shown to affect the growth of aquatic invertebrates at a concen-
tration lower than those that are expected to occur in the aquatic environment (Garric
et al. 2007). Ethinylestradiol, one of the active ingredients in the contraceptive pill,
has been associated with endocrine disruption in fish (Lange et al. 2001); and there is
concern that long-term exposure to antibiotic pharmaceuticals, used in human and
veterinary medicine, may be contributing to the selection of resistant bacteria in the
environment which may have significant implications for human health (Boxall et al.
2003).

5.4.2 Water Pollution

In recent year the jeopardy of groundwater contamination from emerging
contaminants has intensified mainly due to multifarious anthropogenic activities
which significantly affect the natural water cycle as well as the passage of
contaminants in the aquatic system (Díaz-Cruz and Barceló 2008). Groundwater
contamination can be resultant from numerous potential sources, including leakage
from sewers, septic tanks, landfills, urban runoff, municipal waste, overuse of
fertilizers, gasoline spills, aquaculture, and many more. Furthermore, it is difficult
to eliminate contaminants from groundwater because of the slow flow rate move-
ment, long residence times, low microbial populations, and redox controls in the
saturated zone. Thus, the emerging contaminates remain stranded in groundwater for
a longer period. Compared to other aquatic resource the existence of emerging
contaminate is poorly categorized in groundwater. The source of emerging contami-
nate in groundwater is divided into a point and diffuse source—point source
originated from particular locations and the amount of pollution is generally more
constrained such as from industrial effluents, municipal solid waste treatment plant,
hazardous waste effluent, waste disposal site, biomedical waste site while diffuse
pollution, in contrast, originated from scattered sources and occurs over broad
geographical scales such as from agricultural runoff, urban-storm runoff leakage
from urban sewerage system (Buerge et al. 2011).

One of the major sources of groundwater pollution is pesticides and their
metabolites. Present studies have been shifted towards pesticide metabolites also
on degraded and reaction products. By their nature, this product is biologically active
many are toxic. Research has shown that pesticide metabolites are frequently
perceived in groundwater in higher concentrations compared to the parent com-
pound. An extensive series of pharmaceutical products have been spotted in surface
and groundwater including wastewater disposal. These have included:
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• Veterinary and human antibiotics—e.g. ciprofloxacin, erythromycin, lincomycin,
sulfamethoxazole, tetracycline.

• Personal care products—e.g. DEET, parabens, antifungal and bactericide agents
(triclosan), polycyclic musk (tonalite, galactoside).

• UV filters/sunscreen—organic filters include benzophenones and
methoxycinnamates.

Worldwide freshwater resources are facing challenges of thousands of chemical
compounds due to anthropogenic activities. Yearly around 300 million tons of
synthetic compounds used in industrial and consumer products generally find their
way to natural waters (Schwarzenbach et al. 2006). Due to chemical compounds
released from wastewater discharge, incorporated with the agricultural runoff of
fertilizers/pesticide, leach out from landfill sites (biomedical waste, hazardous
waste), and atmospheric deposition, that majorly affecting the surface water quality
and such contamination can increase the problem for drinking supplies also. Streams
disperse the emerging contaminates into different water bodies including aquifers,
estuaries, and marine systems. ECs are unable to remove from conventional waste-
water treatment plants (WWTPs); therefore, many of these chemical or synthetic
compounds are directly released into surface waters (Pal et al. 2010). The overappli-
cation of fertilizers and pesticides has increased the discharge rate of nutrients and
pollutants into the aquatic system. However, the discharge of nutrients from a point
source (WWTP and industry) still contributes to the significant pollution load to the
aquatic system (Kronvang et al. 2008). Increased levels of the nutrient in the aquatic
system may result in eutrophication, increased water turbidity, oxygen depletion,
coral reef destruction, vulnerability increase to marine life (Kalff 2002). Antibiotics
can result in the development of resistant bacterial strains and are associated with a
public health concern. In China antibiotic frequently detected in surface water has
been observer such as macrolides, sulfonamides, and fluoroquinolones (Yang et al.
2014).

5.4.3 Soil Pollution

It is not quite astonishing that contaminants that had spread across the aquatic system
have made to retain in soil and sediments. Contaminates of soil reach human, animal,
and plant systems via distinct routes of exposure like ingestion of soil and dust
particles, uptake in food crops which has been absorbed by plants through roots,
inhalation, leaching to groundwater which is commonly used for drinking. Most
discussed soil contaminants in the scientific community are lead, petroleum, radon,
chromate copper arsenate, and creosote. Anthropogenic activities such as industrial
dumping, mining, manufacturing, local waste disposal, pesticide usage in agriculture
are major contributors to soil pollution. The type of soil determines the probability of
groundwater contamination and can allow more contaminants to pass in groundwa-
ter than clay. The presence of organic matter holds contaminants tightly which leads
to the accumulation of contaminants in soil. Studies suggest that microplastic
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pollution can alter the coupling between carbon and nutrient cycling through a
significant increase in nutrients in dissolved organic matter and CO2 fluxes (Geyer
et al. 2017). Some emerging contaminants like petroleum are harmful to soil
microorganisms and their activity. These microbes play important role in providing
nutrients to plant, so plant nutrient availability also gets affected by these
contaminants. Petroleum hydrocarbons like benzene, toluene, ethylbenzene, and
xylene can cause cancer. There are regulatory standards for safe levels in drinking
water.

The challenges posed by emerging contaminants in soils are crucial and require
rigorous actions and collaboration. There is a need for monitoring data and risk
assessment models, but also for awareness-raising and new guidelines and authority
models to deal with emerging contaminants in soils. Detection of these contaminants
in soil and sediment is particularly challenging due to the low detection limits
required, their intricate nature, and the difficulty in separating these compounds
from interfering.

5.5 Removal Approaches

Since the last decades several physical, chemical, and biological technologies have
been developed and studied to eliminate or degrade the residues of ECs (Zhang et al.
2008). Biological treatment has been the preferred technology for the removal,
including activated sludge, constructed wetlands, membrane bioreactor (MBR),
aerobic bioreactor, trickling filter, enzyme treatment, biosorption, and plant-based
(Phyto) technologies (Haq et al. 2016a, b; Haq et al. 2017, 2018; Kishor et al. 2018;
Mulla et al. 2019; Bharagava et al. 2017, 2018, 2020; Mulla et al. 2020; Kumar et al.
2020; Bharagava and Saxena 2020; Deb et al. 2020; Haq et al. 2020; Saxena et al.
2020a, b, c, d, e, f). Chemical technologies also have been broadly used for the
degradation of these micropollutants because some non-biodegradable organic
compounds cannot be removed appropriately from biological treatment, it includes
conventional oxidation methods such as photocatalysis, photolysis, ozonation,
advanced oxidation processes, etc. moreover each method has advantages and
challenges (Goutam et al. 2020). Several pesticides and pharmaceutical are highly
water-soluble will remain in aqueous system so, physical treatment processes as
coagulation and flocculation followed by sedimentation, sand filtration, and disin-
fection. These processes are not that effective as a comparison to chemical and
biological processes it removes around 20–30% of contaminant (Kastl et al. 2004;
Stackelberg et al. 2007).

5.5.1 Physical Treatments

Physical treatment may involve the technologies to remove the emerging
contaminants without changing their chemical state and may be classified as phase
partitioning processes (adsorption processes) or membrane processes. In the adsorp-
tion process several adsorbing agents, which may be natural or synthetic or waste
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materials, are used to adsorb the target contaminant to adsorb on the surface,
converting one face transfer to another face transfer is involved (Dhangar and
Kumar 2020). In this technology, sore surface area and more porosity may be the
good indicator of the optimum success of the technology (Rivera-Utrilla et al. 2013).
The removal efficiency may be depending on the selected material as an adsorbent
(Rodriguez-Narvaez et al., 2017). These may include activating charcoal from wood
or herbaceous plant, biochar, etc.

In the membrane technologies, solutions are filtered by retaining contaminants on
the membrane, with variable filtration features (pore size, hydrophobicity, and
surface charge as per the material from it has been obtained, determines the effi-
ciency of the removal of the contaminants (Dhangar and Kumar 2020). Hydrostatic
pressure performs a crucial part in the membrane processes, allows water and low
molecular weights to pass through the membrane by retaining the suspended
particles and high molecular weight solutes. Based on the size of the pores and the
types of membrane, the processes may be classified into microfiltration (MF),
nanofiltration (NF), ultrafiltration (UF), forward osmosis (FO), and reverse
osmosis (RO).

5.5.2 Chemical Treatment

Some of the ECs that may not be appropriately removed by biological methods may
be remediated by chemical methods which include several oxidation methods like
photocatalysis, photolysis, ozonation, advanced oxidation processes. In this method,
the ECs may be remediated either by complete mineralization or by their alteration to
inorganic molecules such as water, carbon dioxide, and nitrogen. To achieve this
goal, these techniques use various chemical agents like ozone, hydrogen peroxide,
and chlorine; metal oxides and transition metal-based catalysts; and some energy or
radiation sources such as ultrasound, electric current, gamma, solar, and
UV-radiation (Dhangar and Kumar 2020).

For example, removal of contaminants such as sulfamethoxazole (SMX),
diclofenac (DCF), and carbamazepine (CBZ) may be possible by such above cited
(ozonation, sonolysis, and photocatalytic oxidation) chemical methods in syntheti-
cally prepared aqueous solutions. To achieve the optimum efficiency for remediation
of such ECs may be preferred one of the methods or a different combination of the
same, which may depend on the characteristics of the chemical (Fraiese et al. 2019).

The chemical treatments are further classified as conventional oxidation pro-
cesses and advanced oxidation processes (AOPs). In conventional oxidation pro-
cesses chlorination, ozonation, Fenton process, and photolysis, etc. may be counted
(Dhangar and Kumar 2020). But these conventional methods have some
disadvantages, which could be fulfilled by advanced oxidation methods. In these
methods high oxidizing state of a chemical or radiation is used to remove the target
ECs. This process may include photocatalysis, electro-Fenton process, solar-Fenton
process, and ultrasound irradiation (Salami et al. 2017). These chemical processes

122 M. Chaturvedi et al.



may be improvised or combined as per the required efficiencies but may also provide
few disadvantages as well.

5.5.3 Biological Treatments

Tertiary treatment is widely used for the removal of contaminants from an aqueous
system it works on biodegradation and is also known as effluent polishing treatment.
Biodegradation is the process of conversion of a substance into new compounds
through biochemical actions of microorganisms including bacteria, fungus
(Rodriguez-Narvaez et al. 2017). Tertiary treatment mainly divided into aerobic
and anaerobic processes-activated sludge, membrane bioreactor, and anaerobic
sludge reactor, anaerobic film reactor, respectively. Conventionally biodegradation
method has been used for the treatment of wastewater for the removal of EC. The
rate of removal of the contaminant is strongly dependent on treatment technology,
target contaminant, and treatment conditions. Recognition of degradation products
in environmental samples is challenging because it is not present in very low
concentration but also present in complex matrixes that may interfere in the detection
process (Zhou et al. 2009).

5.5.3.1 Constructed Wetlands
Wetlands have been receiving much attention worldwide due to their intrinsic
tendency to remove pesticides, surfactant, PPCPs, and other micro contaminate,
hence wetlands offer important ecological benefits (Gregoire et al. 2009). To reduce
sediments, nutrients load, and pollution due to anthropogenic activities entering into
the surface water and groundwater, some countries as Sweden, Denmark, and the
USA has adopted a technique to develop or restored wetlands to revive the
ecosystem services that were vanished due to anthropogenic activities such as the
conversion of wetlands into the agricultural field, aquaculture (Hoffmann and
Baattruo-Pedersen 2007; Thiere et al. 2009; Hoffmann et al. 2011). European
Union (EU) water framework directive which states that a good ecological and
chemical quality should be reached in water bodies has been adopted by EU
members by the end of 2015 (European Commission 2000). Denmark government
through Danish Action Plans on a national scale has set the target of increasing the
wetlands area and reduce the nutrient load in the sea.

5.5.3.2 Biological Trickling Filter
Bio-trickling filter is used as a conventional treatment method in WWTPs for the
removal of biochemical oxygen demand (BOD), chemical oxygen demand (COD),
pathogen decontamination, odor, and air pollution control. The efficiencies of
treatment methods such as activated sludge, aerated lagoon, trickling filter vary
according to the presence of a contaminant in wastewater. Trickling filters or biobeds
were used either alone or with association with other treatment methods. Kasprzyk-
Horden et al. (2009) run a 5-month monitoring program in South Wales in the UK to
analyze the efficiency of two different wastewater treatment technologies which is
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activated sludge and trickling filter beds, with two distinct wastewater treatment
plant (WWTP Cilfynydd and WWTP Coslech) discharging treated water in two
different rivers (Taff and Ely). Their outcome was activated sludge treatment which
was much more efficient than trickling filter beds. For WWTP using trickling filter,
the average came less than 70% removal for 55 PPCPs studied. However WWTP
using activated sludge gave efficiency above 85%.

5.5.3.3 Biologically Activated Carbon
Several studies indicated that biologically activated carbon adsorption tends to
remove contaminant in a broad spectrum of EC. Eliminate the effluent organic
matter from treated water so it can be reused in different activities. To eliminate
emerging organic contaminant (EOC) from wastewater the use of adsorbents is a
very common method. Activated carbon is highly porous and effective absorbent
and used to remove repugnant taste and odor and EOC worldwide (Moreno-Castilla
2004; Quinlivan et al. 2005). Adsorption depends on surface area, pore structure,
and surface structure. On the surface of activated carbon, the immobilization of
microorganism (biofilm) under appropriate temperature and nutrient condition
produces the biological activated carbon and plays a significant role in adsorption
and biodegradation simultaneously. This active biofilm effectively removes biode-
gradable pollutant such as EOC and organic pollutants from the water and increases
the lifespan of carbon bed (Hijnen et al. 2014; Korotta-Gamage et al. 2017).
Nowadays biologically activated carbon treatment is used after the ozonation pro-
cess to enhance the process efficiency of treatment and quality of water. When
ozonation has not used before biological activated carbon treatment showed lower
efficiency in the removal of EDC (e.g. BPA, octylphenol), However, biological
activated carbon treatment in combination with ozonation used in the removal of
emerging contaminant mainly pesticide (e.g. atrazine and triclosan) and
pharmaceuticals (analgesics, antibiotics, lipid regulator and anti-depressant) shows
more efficiency (Korotta-Gamage and Sathasivan 2017).

5.5.3.4 Biosorption
Biosorption is a mixture of physicochemical and biological techniques, used to
remove pollutants from industrial wastewaters mainly which are not easily biode-
gradable such as dyes, metal, etc. before discharge into an aqueous system (Gadd
2009). In biosorption-sorption and bio-oxidation occur when microorganism traps/
immobilizes into adsorbents. Both living and non-living microorganism and their
components have the tendency and capabilities to detoxify the organic and inorganic
pollutants (Gadd and White 1993; Gadd 2007). However, a product such as all
organic materials including macroalgae (seaweeds), plants and animal biomass, and
derived products (chitosan) are capable of biosorption. Due to their conventional
ion-exchange property and deceptive efficiency and availability of biomass and
waste bio-products, biosorption has been established as a capable technique for the
removal of a pollutant from the environment. Nguyen et al. (2014) by using live
cultured and harvested white-rot fungus (Trametes Versicolor) compare the
biosorption and biodegradation technique for the removal of trace organic carbon
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(TOC) from wastewater. Studies conclude that live white-rot fungi treatment has
more efficiency than inactivated white-rot fungi (Biosorption). The removal of ECs
such as 4-start-octylphenol, triclosan, pentachlorophenol, etc. had been achieved by
more than 80%. And some pharmaceuticals removed completely such as ibuprofen,
naproxen, and gemfibrozil.

5.5.3.5 Membrane Bioreactor (MBR)
MBR is the combination of a membrane process (microfiltration and ultrafiltration)
and suspended growth bioreactor. Now worldwide MBR is used for industrial and
municipal waste treatment and reclamation. Studies have found that MBR is a more
effective remover of a wide range of ECs including that compounds are resistant to
activated sludge process and constructed wetlands (Radjenovic et al. 2009; Luo et al.
2014) because sludge and physical retention time on the membrane which enhances
the microbial degradation of all molecules according to carrying capacity of
membranes. The efficiency of MBR treatment depended on sludge age, concentra-
tion, and presence of anoxic and anaerobic compartments, the composition of
wastewater, operating temperature, pH, and conductivity (Kovalova et al. 2012).
Trinh et al. (2012) examined the 48 EC removal efficiency through full-scale MBR.
The result showed above 90% of elimination of ECs through the MBR. However,
some compounds were partially removed (24–68%) such as amitriptyline, carba-
mazepine, diazepam, diclofenac, fluoxetine, gemfibrozil, omeprazole, sulfamethox-
azole, and trimethoprim.

5.5.3.6 Phytoremediation
It has been observed in the last two decades, varied chemicals and emerging
contaminants, such as heavy metals, volatile organic compounds, pesticides, per-
sonal care products (PCPs), pharmaceuticals, organics, and pathogenic microbes
trouble the water and environment (Rai 2018). Plants are the interface for soil air and
water, thus can emerge as eco-friendly, cost-effective, and better tool for removal of
emerging contaminants with the technology named phytoremediation (Mishra 2021;
Rai 2018). Some research has been done on the elimination of emerging environ-
mental contaminants (volatile organic carbons, pesticides, PPCPs, organics, and
pathogenic microbes) and heavy metals with help of worldwide spread plants species
particularly wetland plants (Pandey et al. 2020; Rai 2018; Kamusoko and Jingura
2017), but still lacks plenty of work to establish plant-based technology as game-
changer. In this technology, pollutants may be absorbed by roots from the medium
(soil or water) into the plants and either accumulated or degraded by plant tissues
(Mishra 2021). Several plant species have been identified with years of studies,
which remediate emerging contaminants of concern. As an example, Typha latifolia,
Populus deltoids, Populus trichocarpa, etc. have been reported to remediate trichlo-
roethylene (Amon et al. 2007; Rai 2018). ECs, like pesticides, plants, such as
Ceratophyllum demersum, Elodea canadensis, and Lemna minor, have been
evidenced to perform rapid biotransformation of metolachlor and atrazine from
herbicide-contaminated aquatic bodies (Williams 2002). Scirpus Validus remediate
simazine and metolachlor from wastewaters (Stearman 2003). For petroleum and

5 Emerging Contaminants in Wastewater: Sources of Contamination, Toxicity,. . . 125



other hydrocarbon contaminated land could be efficiently phytoremediation by
Juncus roemerianus (Syranidou et al. 2017).

5.6 Conclusion

In the changing and developing world emerging contaminants unknowingly became
an inextricable part of our life, which we could identify with time. Saying this may
not be enough as regularly new emerging pollutant comes inexistent as the result of
evolution and emergence of new technology developed in the favor and welfare of
humans. Some of them are being identified earlier and some are later with their
acerbating consequences. A crucial point is that we are not ready yet, for the
expected ECs in the coming future; to overcome the situation many vicissitudes
can be expected regarding future emerging contaminants. The emergence of ECs
would lead to more changing and troublesome political, economic, ecological, and
health consequences. Only working on the extenuating counters may not be enough
to fight the troublesome consequences of emerging contaminants. It needs careful
observation over the developing world to develop more sustainable technologies.

Acknowledgments The authors are thankful to the University Grants Commission for providing
financial assistance for our research works.

References

Abe A (1999) Distribution of 1, 4-dioxane in relation to possible sources in the water environment.
Sci Total Environ 227(1):41–47

Ahmed MB, Zhou JL, Ngo HH, Guo W (2015) Adsorptive removal of antibiotics from water and
wastewater: progress and challenges. Sci Total Environ 532:112–126

Aktar W, Sengupta D, Chowdhury A (2009) Impact of pesticides use in agriculture: their benefits
and hazards. Interdiscip Toxicol 2(1):1–12

Alomar C, Estarellas F, Deudero S (2016) Microplastics in the Mediterranean Sea: deposition in
coastal shallow sediments, spatial variation and preferential grain size. Mar Environ Res
115:1–10

Amon JP et al (2007) Development of wetland constructed for the treatment of groundwater
contaminated by chlorinated ethenes. Ecol Eng 30:51–66

Bharagava RN, Saxena G (2020) Progresses in bioremediation technologies for industrial waste
treatment and management: challenges and future prospects. In: Bioremediation of industrial
waste for environmental safety. Springer, Singapore, pp 531–538

Bharagava RN, Saxena G, Mulla SI, Patel DK (2017) Characterization and identification of
recalcitrant organic pollutants (ROPs) in tannery wastewater and its phytotoxicity evaluation
for environmental safety. Arch Environ Contam Toxicol 75(2):259–272

Bharagava RN, Purchase D, Saxena G, Mulla SI (2018) Applications of metagenomics in microbial
bioremediation of pollutants: from genomics to environmental cleanup. In: Das S, Dash H (eds)
Microbial diversity in the genomic era, 1st edn. Academic Press, Elsevier, Cambridge, MA

Bharagava RN, Saxena G, Mulla SI (2020) Introduction to industrial wastes containing organic and
inorganic pollutants and bioremediation approaches for environmental management. In: Biore-
mediation of industrial waste for environmental safety. Springer, Singapore, pp 1–18

126 M. Chaturvedi et al.



Boots B, Russell CW, Green DS (2019) Effects of microplastics in soil ecosystems: above and
below ground. Environ Sci Technol 53(19):11496–11506

Boxall ABA, Kolpin DW, Halling-Sorensen B, Tolls J (2003) Are veterinary medicines causing
environmental risks? Environ Sci Technol 37:286A–294A

Brown GG, Nixon R (1979) Exposure to polybrominated biphenyls: some effects on personality
and cognitive functioning. JAMA 242(6):523–527

Buerge IJ, Keller M, Buser HR, Müller MD, Poiger T (2011) Saccharin and other artificial
sweeteners in soils: estimated inputs from agriculture and households, degradation, and leaching
to groundwater. Environ Sci Technol 45(2):615–621

Carson R (2002) Silent spring. Houghton, Mifflin Harcourt
Coronado M, De Haro H, Deng X, Rempel MA, Lavado R, Schlenk D (2008) Estrogenic activity

and reproductive effects of the UV-filter oxybenzone (2-hydroxy-4-methoxyphenyl-methanone)
in fish. Aquat Toxicol 90(3):182–187

Deb VK, Rabbani A, Upadhyay S, Bharti P, Sharma H, Rawat DS, Saxena G (2020) Microbe-
assisted phytoremediation in reinstating heavy metal-contaminated sites: concepts, mechanisms,
challenges, and future perspectives. In: Microbial technology for health and environment.
Springer, Singapore, pp 161–189

Dhangar K, Kumar M (2020) Tricks and tracks in removal of emerging contaminants from the
wastewater through hybrid treatment systems: a review. Sci Total Environ 738:140320

Diamanti-Kandarakis E, Bourguignon JP, Giudice LC, Hauser R, Prins GS, Soto AM, Zoeller RT,
Gore AC (2009) Endocrine-disrupting chemicals: an Endocrine Society scientific statement.
Endocr Rev 30(4):293–342

Díaz-Cruz MS, Barceló D (2008) Trace organic chemicals contamination in ground water recharge.
Chemosphere 72(3):333–342

Dunier M, Siwicki AK (1993) Effects of pesticides and other organic pollutants in the aquatic
environment on immunity of fish: a review. Fish Shellfish Immunol 3(6):423–438

Eljarrat E, Barcelo D (2003) Priority lists for persistent organic pollutants and emerging
contaminants based on their relative toxic potency in environmental samples. TrAC Trends
Anal Chem 22(10):655–665

European Commission (2000) Directive 2000/60/EC of the European Parliament and of the Council
of 23 October 2000 establishing a framework for Community action in the field of water policy
(OJ L 327, 22.12.2000, p.1)

Farré M, Sanchís J, Barceló D (2011) Analysis and assessment of the occurrence, the fate and the
behavior of nanomaterials in the environment. TrAC Trends Anal Chem 30(3):517–527

Fendorf S, Michael HA, van Geen A (2010) Spatial and temporal variations of groundwater arsenic
in south and Southeast Asia. Science 328(5982):1123–1127

Fraiese A, Naddeo V, Uyguner-Demirel CS, Prado M, Cesaro A, Zarra T, Liu H, Belgiorno V,
Ballesteros F Jr (2019) Removal of emerging contaminants in wastewater by sonolysis,
photocatalysis and ozonation. Glob NEST J 21:98–105

Gadd GM (2007) Geomycology: biogeochemical transformations of rocks, minerals, metals and
radionuclides by fungi, bioweathering and bioremediation. Mycol Res 111(1):3–49

Gadd GM (2009) Biosorption: critical review of scientific rationale, environmental importance and
significance for pollution treatment. J Chem Technol Biotechnol 84(1):13–28

Gadd GM, White C (1993) Microbial treatment of metal pollution—a working biotechnology?
Trends Biotechnol 11(8):353–359

Garric J, Vollat B, Duis K, Pery A, Junker T, Ramil M, Fink G, Ternes TA (2007) Effects of the
parasiticide ivermectin on the cladoceran Daphnia magna and the green alga
Pseudokirchneriella subcapitata. Chemosphere 69(6):903–910

Gatidou G, Thomaidis NS, Stasinakis AS, Lekkas TD (2007) Simultaneous determination of the
endocrine disrupting compounds nonylphenol, nonylphenol ethoxylates, triclosan and
bisphenol a in wastewater and sewage sludge by gas chromatography–mass spectrometry. J
Chromatogr A 1138(1–2):32–41

5 Emerging Contaminants in Wastewater: Sources of Contamination, Toxicity,. . . 127



Geyer R, Jambeck JR, Law KL (2017) Production, use, and fate of all plastics ever made. Sci Adv 3
(7):e1700782

Gigault J, Ter Halle A, Baudrimont M, Pascal PY, Gauffre F, Phi TL, El Hadri H, Grassl B,
Reynaud S (2018) Current opinion: what is a nanoplastic? Environ Pollut 235:1030–1034

Gogoi A, Mazumder P, Tyagi VK, Chaminda GT, An AK, Kumar M (2018) Occurrence and fate of
emerging contaminants in water environment: a review. Groundw Sustain Dev 6:169–180

Goutam SP, Saxena G, Roy D, Yadav AK, Bharagava RN (2020) Green synthesis of nanoparticles
and their applications in water and wastewater treatment. In: Bioremediation of industrial waste
for environmental safety. Springer, Singapore, pp 349–379

Gregoire C, Elsaesser D, Huguenot D, Lange J, Lebeau T, Merli A et al (2009) Mitigation of
agricultural nonpoint-source pesticide pollution in artificial wetland ecosystems–a review. In:
Climate change, intercropping, pest control and beneficial microorganisms. Springer,
Dordrecht, pp 293–338

Haq I, Kumar S, Kumari V, Singh SK, Raj A (2016a) Evaluation of bioremediation potentiality of
ligninolytic Serratia liquefaciens for detoxification of pulp and paper mill effluent. J Hazard
Mater 305:190–199

Haq I, Kumari V, Kumar S, Raj A, Lohani M, Bhargava RN (2016b) Evaluation of the phytotoxic
and genotoxic potential of pulp and paper mill effluent using Vigna radiata and Allium cepa.
Adv Biol. 8065736

Haq I, Kumar S, Raj A, Lohani M, Satyanarayana GNV (2017) Genotoxicity assessment of pulp
and paper mill effluent before and after bacterial degradation using Allium cepa test.
Chemosphere 169:642–650

Haq I, Mazumder P, Kalamdhad AS (2020) Recent advances in removal of lignin from paper
industry wastewater and its industrial applications–A review. Bioresour Technol 312:123636

Haq I, Raj A (2018) Endocrine-disrupting pollutants in industrial wastewater and their degradation
and detoxification approaches. In: Bharagava RN, Chowdhary P (eds) Emerging and eco-
friendly approaches for waste management. Springer Nature Singapore Pte Ltd, pp 121–142

Haq I, Raj A (2019) Pulp and paper mill wastewater: ecotoxicological effect and bioremediation
approaches for environmental safety. In: Bharagava RN, Saxena G (eds) Biological agents and
methods for industrial waste management. Springer Nature Singapore Pte Ltd, pp 333–356

Haq I, Raj A, Markandeya (2018) Biodegradation of Azure-B dye by Serratia liquefaciens and its
validation by phytotoxicity, genotoxicity and cytotoxicity studies. Chemosphere 196:58–68

Hijnen WAM, Schurer R, Martijn B, Bahlman JA, HoogenboezemW, van der Wielen PWJJ (2014)
Removal of easily and more complex biodegradable NOM by full-scale BAC filters to produce
biological stable drinking water. In: Progress in slow sand and alternative biofiltration processes.
IWA, London, pp 413–421

Hoffmann CC, Baattrup-Pedersen A (2007) Re-establishing freshwater wetlands in Denmark. Ecol
Eng 30(2):157–166

Hoffmann CC, Kronvang B, Audet J (2011) Evaluation of nutrient retention in four restored Danish
riparian wetlands. Hydrobiologia 674(1):5–24

Ikehata K, Gamal El-Din M, Snyder SA (2008) Ozonation and advanced oxidation treatment of
emerging organic pollutants in water and wastewater. Ozone Sci Eng 30(1):21–26

Jurado A, Vàzquez-Suñé E, Carrera J, de Alda ML, Pujades E, Barceló D (2012) Emerging organic
contaminants in groundwater in Spain: a review of sources, recent occurrence and fate in a
European context. Sci Total Environ 440:82–94

Kalff J (2002) Limnology: inland water ecosystems. Prentice Hall, Upper Saddle River
Kamusoko R, Jingura RM (2017) Utility of Jatropha for phytoremediation of heavy metals and

emerging contaminants of water resources: a review. CLEAN–Soil, Air, Water 45(11):1700444
Karunakaran CO (1958) The Kerala food poisoning. J Indian Med Assoc 31:20
Kasprzyk-Hordern B, Dinsdale RM, Guwy AJ (2009) The removal of pharmaceuticals, personal

care products, endocrine disruptors and illicit drugs during wastewater treatment and its impact
on the quality of receiving waters. Water Res 43(2):363–380

128 M. Chaturvedi et al.



Kastl G, Sathasivan A, Fisher IAN, Van Leeuwen J (2004) Modeling DOC removal enhanced
coagulation. J Am Water Works Ass 96(2):79–89

Kinney CA, Furlong ET, Zaugg SD, Burkhardt MR, Werner SL, Cahill JD, Jorgensen GR (2006)
Survey of organic wastewater contaminants in biosolids destined for land application. Environ
Sci Technol 40(23):7207–7215

Kishor R, Bharagava RN, Saxena G (2018) Industrial wastewaters: the major sources of dye
contamination in the environment, ecotoxicological effects, and bioremediation approaches.
In: Recent advances in environmental management. CRC Press, Boca Raton, FL, pp 1–25

Koenig S, Huertas D, Fernández P (2013) Legacy and emergent persistent organic pollutants
(POPs) in NW Mediterranean deep-sea organisms. Sci Total Environ 443:358–366

Korotta-Gamage SM, Sathasivan A (2017) A review: potential and challenges of biologically
activated carbon to remove natural organic matter in drinking water purification process.
Chemosphere 167:120–138

Kovalova L, Siegrist H, Singer H, Wittmer A, McArdell CS (2012) Hospital wastewater treatment
by membrane bioreactor: performance and efficiency for organic micropollutant elimination.
Environ Sci Technol 46(3):1536–1545

Križanec B, Majcen Le Marechal A (2006) Dioxins and dioxin-like persistent organic pollutants in
textiles and chemicals in the textile sector. Croat Chem Acta 79:177–186

Kronvang B, Jensen JP, Hoffmann CC, Boers P (2008) Nitrogen transport and fate in European
streams, rivers, lakes, and wetlands. In: Nitrogen in the environment. Academic press,
New York, pp 241–270

Kühn S, Booth AM, Sørensen L, Van Oyen A, Van Franeker JA (2020) Transfer of additive
chemicals from marine plastic debris to the stomach oil of northern fulmars. Front Environ Sci
8:138

Kumar V, Chandra R, Thakur IS, Saxena G, Shah MP (2020) Recent advances in physicochemical
and biological treatment approaches for distillery wastewater. In: Combined application of
physico-chemical & microbiological processes for industrial effluent treatment plant. Springer,
Singapore, pp 79–118

Kümmerer K (2009) The presence of pharmaceuticals in the environment due to human use–present
knowledge and future challenges. J Environ Manage 90(8):2354–2366

Lange R, Hutchinson TH, Croudace CP, Siegmund F, Schweinfurth H, Hampe P, Panter GH,
Sumpter JP (2001) Effects of the synthetic estrogen 17 alpha-ethinylestradiol on the life cycle of
the fathead minnow. Environ Toxicol Chem 20(6):1216–1227

Liu ZH, Kanjo Y, Mizutani S (2009) Removal mechanisms for endocrine disrupting compounds
(EDCs) in wastewater treatment—physical means, biodegradation, and chemical advanced
oxidation: a review. Sci Total Environ 407(2):731–748

Luo Y, Guo W, Ngo HH, Nghiem LD, Hai FI, Zhang J et al (2014) A review on the occurrence of
micropollutants in the aquatic environment and their fate and removal during wastewater
treatment. Sci Total Environ 473:619–641

Lyons K, Scrinis G (2009) Under the regulatory radar? Nanotechnologies and their impacts for rural
Australia. In: Tracking rural change. ACT ANU E Press, Canberra, p 151

Mishra A (2021) Phytoremediation of heavy metal-contaminated soils: recent advances, challenges,
and future prospects. In: Bioremediation for environmental sustainability. Elsevier, Amsterdam,
pp 29–51. https://doi.org/10.1016/B978-0-12-820524-2.00002-X

Möller A, Ahrens L, Surm R, Westerveld J, van der Wielen F, Ebinghaus R, de Voogt P (2010)
Distribution and sources of polyfluoroalkyl substances (PFAS) in the river Rhine watershed.
Environ Pollut 158(10):3243–3250

Moreno-Castilla C (2004) Adsorption of organic molecules from aqueous solutions on carbon
materials. Carbon 42(1):83–94

Moschet C, Wittmer I, Simovic J, Junghans M, Piazzoli A, Singer H et al (2014) How a complete
pesticide screening changes the assessment of surface water quality. Environ Sci Technol 48
(10):5423–5432

5 Emerging Contaminants in Wastewater: Sources of Contamination, Toxicity,. . . 129

https://doi.org/10.1016/B978-0-12-820524-2.00002-X


Mulla SI, Bharagava RN, Belhaj D, Saratale GD, Bagewadi ZK, Saxena G, Kumar A, Mohan H, Yu
C-P, Ninnekar HZ (2019) An overview of nitro group-containing compounds and herbicides
degradation in microorganisms. Microb Metab Xenobiotic Compounds:319–335

Mulla SI, Ameen F, Talwar MP, Eqani SAMAS, Bharagava RN, Saxena G, Tallur PN, Ninnekar
HZ (2020) Organophosphate pesticides: impact on environment, toxicity, and their degradation.
In: Bioremediation of industrial waste for environmental safety. Springer, Singapore, pp
265–290

Mustereţ CP, Teodosiu C (2007) Removal of persistent organic pollutants from textile wastewater
by membrane processes. Environ Eng Manage J 6:3

Muthanna TM, Plósz BG (2008) The impact of hospital sewage discharge on the assessment of
environmental risk posed by priority pharmaceuticals: hydrodynamic modelling and
measurements. In: International conference on urban drainage, Edinburgh, Scotland, pp 1–10

Nguyen LN, Hai FI, Yang S, Kang J, Leusch FD, Roddick F et al (2014) Removal of
pharmaceuticals, steroid hormones, phytoestrogens, UV-filters, industrial chemicals and
pesticides by Trametes versicolor: role of biosorption and biodegradation. Int Biodeter Biodegr
88:169–175

Oaks JL, Gilbert M, Virani MZ, Watson RT, Meteyer CU, Rideout BA, Shivaprasad HL, Ahmed S,
Chaudhry MJI, Arshad M, Mahmood S, Ali A, Khan AA (2004) Diclofenac residues as the
cause of vulture population decline in Pakistan. Nature 427:630–633

Pal A, Gin KYH, Lin AYC, Reinhard M (2010) Impacts of emerging organic contaminants on
freshwater resources: review of recent occurrences, sources, fate and effects. Sci Total Environ
408(24):6062–6069

Pandey VC, Mishra A, Shukla SK, Singh DP (2020) Reed canary grass (Phalaris arundinacea L.):
coupling phytoremediation with biofuel production. In: Phytoremediation potential of perennial
grasses. Elsevier, San Diego, p 165. https://doi.org/10.1016/B978-0-12-817732-7.00007-9

Quinlivan PA, Li L, Knappe DR (2005) Effects of activated carbon characteristics on the simulta-
neous adsorption of aqueous organic micropollutants and natural organic matter. Water Res 39
(8):1663–1673

Radjenović J, PetrovićM, Barceló D (2009) Fate and distribution of pharmaceuticals in wastewater
and sewage sludge of the conventional activated sludge (CAS) and advanced membrane
bioreactor (MBR) treatment. Water Res 43(3):831–841

Rahman F, Langford KH, Scrimshaw MD, Lester JN (2001) Polybrominated diphenyl ether
(PBDE) flame retardants. Sci Total Environ 275(1–3):1–17

Rai PK (2018) Phytoremediation of emerging contaminants in wetlands. CRC Press, London
Rist S, Almroth BC, Hartmann NB, Karlsson TM (2018) A critical perspective on early

communications concerning human health aspects of microplastics. Sci Total Environ
626:720–726

Rivera-Utrilla J, Sánchez-Polo M, Ferro-García MÁ, Prados-Joya G, Ocampo-Pérez R (2013)
Pharmaceuticals as emerging contaminants and their removal from water. A review.
Chemosphere 93(7):1268–1287

Roberts TR (1998) Metabolic pathway of agrochemicals. Part I. In: Herbicides and plant growth
regulators. The Royal Society of Chemistry, Cambridge

Roberts TR, Hutson DH (1999) Metabolic pathway of agrochemicals. Part II. In: Insecticides and
fungicides. The Royal Society of Chemistry, Cambridge

Rochman CM, Hoh E, Kurobe T, Teh SJ (2013) Ingested plastic transfers hazardous chemicals to
fish and induces hepatic stress. Sci Rep 3:3263

Rodriguez-Narvaez OM, Peralta-Hernandez JM, Goonetilleke A, Bandala ER (2017) Treatment
technologies for emerging contaminants in water: a review. Chem Eng J 323:361–380

Ruhoy IS, Daughton CG (2008) Beyond the medicine cabinet: an analysis of where and why
medications accumulate. Environ Int 34(8):1157–1169

Salimi M, Esrafili A, Gholami M, Jafari AJ, Kalantary RR, Farzadkia M, Kermani M, Sobhi HR
(2017) Contaminants of emerging concern: a review of new approach in AOP technologies.
Environ Monit Assess 189(8):414

130 M. Chaturvedi et al.

https://doi.org/10.1016/B978-0-12-817732-7.00007-9


Sauvé S, Desrosiers M (2014) A review of what is an emerging contaminant. Chem Cent J 8(1):1–7
Saxena G, Purchase D, Bharagava RN (2020a) Environmental hazards and toxicity profile of

organic and inorganic pollutants of tannery wastewater and bioremediation approaches. In:
Bioremediation of industrial waste for environmental safety. Springer, Singapore, pp 381–398

Saxena G, Kishor R, Bharagava RN (2020b) Application of microbial enzymes in degradation and
detoxification of organic and inorganic pollutants. In: Bioremediation of industrial waste for
environmental safety. Springer, Singapore, pp 41–51

Saxena G, Thakur IS, Kumar V, Shah MP (2020c) Electrobioremediation of contaminants:
concepts, mechanisms, applications and challenges. In: Combined application of physico-
chemical & microbiological processes for industrial effluent treatment plant. Springer,
Singapore, pp 291–313

Saxena G, Goutam SP, Mishra A, Mulla SI, Bharagava RN (2020d) Emerging and ecofriendly
technologies for the removal of organic and inorganic pollutants from industrial wastewaters. In:
Bioremediation of industrial waste for environmental safety. Springer, Singapore, pp 113–126

Saxena G, Kishor R, Saratale GD, Bharagava RN (2020e) Genetically modified organisms (GMOs)
and their potential in environmental management: constraints, prospects, and challenges. In:
Bioremediation of industrial waste for environmental safety. Springer, Singapore, pp 1–19

Saxena G, Purchase D, Mulla SI, Bharagava RN (2020f) Degradation and detoxification of leather
tannery effluent by a newly developed bacterial consortium GS-TE1310 for environmental
safety. J Water Process Eng 38:101592

Schwarzenbach RP, Escher BI, Fenner K, Hofstetter TB, Johnson CA, Von Gunten U, Wehrli B
(2006) The challenge of micropollutants in aquatic systems. Science 313(5790):1072–1077

Siyal AA, Shamsuddin MR, Khan MI, Rabat NE, Zulfiqar M, Man Z et al (2018) A review on
geopolymers as emerging materials for the adsorption of heavy metals and dyes. J Environ
Manage 224:327

Smital T (2008) Acute and chronic effects of emerging contaminants. In: Emerging contaminants
from industrial and municipal waste. Springer, Berlin, Heidelberg, pp 105–142

Stackelberg PE, Gibs J, Furlong ET, Meyer MT, Zaugg SD, Lippincott RL (2007) Efficiency of
conventional drinking-water-treatment processes in removal of pharmaceuticals and other
organic compounds. Sci Total Environ 377(2–3):255–272

Stasinakis AS, Thomaidis NS, Arvaniti OS, Asimakopoulos AG, Samaras VG, Ajibola A et al
(2013) Contribution of primary and secondary treatment on the removal of benzothiazoles,
benzotriazoles, endocrine disruptors, pharmaceuticals and perfluorinated compounds in a sew-
age treatment plant. Sci Total Environ 463:1067–1075

Stearman GK (2003) Pesticide removal from container nursery runoff in constructed wetland cells. J
Environ Qual 32:1548–1556

Subedi B, Balakrishna K, Sinha RK, Yamashita N, Balasubramanian VG, Kannan K (2015) Mass
loading and removal of pharmaceuticals and personal care products, including psychoactive and
illicit drugs and artificial sweeteners, in five sewage treatment plants in India. J Environ Chem
Eng 3(4):2882–2891

Sui Q, Cao X, Lu S, Zhao W, Qiu Z, Yu G (2015) Occurrence, sources and fate of pharmaceuticals
and personal care products in the groundwater: a review. Emer Contam 1(1):14–24

Syranidou E, Christofilopoulos S, Kalogerakis N (2017) Juncus spp.—the helophyte for all (phyto)-
remediation purposes? N Biotechnol 38:43. https://doi.org/10.1016/j.nbt.2016.12.005

Teuten EL, Saquing JM, Knappe DR, Barlaz MA, Jonsson S, Björn A et al (2009) Transport and
release of chemicals from plastics to the environment and to wildlife. Philos Trans Roy Soc 364
(1526):2027–2045

Thiere G, Milenkovski S, Lindgren PE, Sahlén G, Berglund O, Weisner SE (2009) Wetland
creation in agricultural landscapes: biodiversity benefits on local and regional scales. Biol
Conserv 142(5):964–973

Thompson JN (2005) The geographic mosaic of coevolution. University of Chicago Press, Chicago
Thompson RC, Olsen Y, Mitchell RP, Davis A, Rowland SJ, John AW et al (2004) Lost at sea:

where is all the plastic? Science 304(5672):838–838

5 Emerging Contaminants in Wastewater: Sources of Contamination, Toxicity,. . . 131

https://doi.org/10.1016/j.nbt.2016.12.005


Tijani JO, Fatoba OO, Petrik LF (2013) A review of pharmaceuticals and endocrine-disrupting
compounds: sources, effects, removal, and detections. Water Air Soil Pollut 224(11):1770

Tjandraatmadja G, Cook S, Pollard C, Sheedy C, Gozukara Y, Marleni N, Diaper C (2010) Sources of
priority contaminants in domestic wastewater. In: Ozwater 10 Conference. Australian Water Asso-
ciation, Brisbane. Electronic version https://publications.csiro.au/rpr/pub?list¼BRO&pid¼csiro:
EP092360&sb¼RECENT&n¼20&rpp¼25&page¼119&tr¼5467&dr¼all&dc4.
browseYear¼2010

Topp E, Monteiro SC, Beck A, Ball Coehlo B, Boxall AB, Duenk PW, Kleywegt S, Lapen DR,
Payne M, Sabourin L, Li H, Metcalfe CD (2008) Runoff of pharmaceuticals and personal care
products following application of biosolids to an agricultural field. Sci Total Environ 396:52–59

Tran NH, Reinhard M, Gin KYH (2018) Occurrence and fate of emerging contaminants in
municipal wastewater treatment plants from different geographical regions-a review. Water
Res 133:182–207

Trinh T, Van Den Akker B, Stuetz RM, Coleman HM, Le-Clech P, Khan SJ (2012) Removal of
trace organic chemical contaminants by a membrane bioreactor. Water Sci Technol 66
(9):1856–1863

Williams JB (2002) Phytoremediation in wetland ecosystems: Progress, problems, and potential.
Crit Rev Plant Sci 21:607–635

Wright SL, Thompson RC, Galloway TS (2013) The physical impacts ofm microplastics on marine
organisms: a review. Environ Pollut 178:483–492

Yang G, Fan M, Zhang G (2014) Emerging contaminants in surface waters in China—a short
review. Environ Res Lett 9(7):074018

Zhang Y, Zhou JL (2008) Occurrence and removal of endocrine disrupting chemicals in wastewa-
ter. Chemosphere 73(5):848–853

Zhou JL, Zhang ZL, Banks E, Grover D, Jiang J (2009) Pharmaceutical residues in wastewater
treatment works effluents and their impact on receiving river water. J Hazard Mater 166
(2–3):655–661

132 M. Chaturvedi et al.


	5: Emerging Contaminants in Wastewater: Sources of Contamination, Toxicity, and Removal Approaches
	5.1 Introduction
	5.2 Emerging Contaminants
	5.2.1 Pesticides
	5.2.2 Persistent Organic Pollutants (POPs)
	5.2.3 Endocrine-Disrupting Chemicals (EDCs)
	5.2.4 Pharmaceutical Personal Care Products (PPCPs)
	5.2.5 Naturally Occurring Emerging Contaminants
	5.2.6 Microplastic

	5.3 Source of Contamination of Emerging Contaminants
	5.3.1 Domestic and Hospital Effluents
	5.3.2 Industrial Wastewater
	5.3.3 Agriculture Runoff

	5.4 Pollution and Toxicity of Emerging Contaminants
	5.4.1 Adverse Impacts on Human Health and Biodiversity
	5.4.2 Water Pollution
	5.4.3 Soil Pollution

	5.5 Removal Approaches
	5.5.1 Physical Treatments
	5.5.2 Chemical Treatment
	5.5.3 Biological Treatments
	5.5.3.1 Constructed Wetlands
	5.5.3.2 Biological Trickling Filter
	5.5.3.3 Biologically Activated Carbon
	5.5.3.4 Biosorption
	5.5.3.5 Membrane Bioreactor (MBR)
	5.5.3.6 Phytoremediation


	5.6 Conclusion
	References


