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4.1. GENERAL CONSIDERATIONS
The emerging contaminants or pollutants
(ECs or EPs) comprise, in a broad sense, any
synthetic or naturally-occurring type of substance or chemical or any microorganism that
is not usually monitored by any monitoring
agency or regulated in the environment, with
potentially known or presumed ecological and
human health side effects (European Environment Bureau, 2018).
These types of emergent contaminants
include chemicals found in pharmaceuticals,
personal care products, pesticides, industrial
and household products, surfactants, industrial additives and solvents. Many of these
substances are ceaselessly used and released
back into the environment at very small concentrations, which may, in the long run, cause
chronic toxicity, endocrine disruption in humans and aquatic wildlife and the development of pathogen bacterial resistance (European Environmental Bureau, 2018).
According to the European Environment
Bureau and UNESCO, all of these factors are
converging to address the urgent need to
strengthen the scientific knowledge and to
adopt the most appropriate approaches to
monitor different emerging pollutants in wa-

ter and wastewater resources, to assess their
potential human health and environmental
risks, and to prevent and control their disposal into water resources.
In the last years, the availability of a solid
and sensitive instrumental method for chemical analysis has enabled different studies on
the emergence of many contaminants in the
environmental systems at very low concentrations (Farré et al., 2012; Carvalho & Santos,
2016; Enachi et al., 2019).
These types of emerging contaminants
include a broad variety of chemicals (Figure
4.1) characterized by a wide distribution and
persistence in the environment due to their
intensive use for different purposes. Pharmaceutical and personal care products, plasticizers, flame retardants and pesticides are
the ECs main categories (Sauvé & Desrosiers,
2014; Enachi et al., 2019).
The fate and the potential effects and
risks of these compounds on ecosystems and
human health at such concentrations have
been a real concern for the scientific world.
This notorious interest justifies the reasonably large number of reviews and scientific
articles regarding the analytical determination (Albero et al., 2015), the occurrence,
distribution and risks of emerging contami-
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Figure 4.1. The most representative emerging contaminants

nants in the environment, especially in the
aquatic compartments (Pal et al., 2014; Carvalho & Santos, 2016; Enachi et al., 2019).
Nonetheless, little is currently known about
the potential toxicological and ecological
impact of these types of substances on the
aquatic ecosystems (Bellenger & Cabana,
2014; Carvalho & Santos, 2016). In term,
due to the high incidence rate of these compounds in the environment, the EU, EMEA
and CDC developed a series of water quality
regulations (EC 2000, 2001, 2008, 2013; US
EPA, 2014; CE, 2015a).
Consequently, further scientific research
that concerns their effects on the environmental and human health is required in order
to provide the necessary means to the competent authorities that will have to establish
effective and adequate monitoring strategies
and appropriate regulation for the targeted
substances (Murphy et al., 2012; Enachi et al.,
2019). In recent years, the manufacture and
widespread application of synthetic chemical
compounds have become crucial in the industrial sectors. However, the low biodegradabil-

74

ity of these compounds is the serious disadvantage associated to their extensive use.
Therefore, a significant interest continues
to grow for the treatment and remediation
of these compounds, here including antibiotics, contraceptives, endocrine disruptors,
pesticides, hormones, pharmaceuticals and
dyes synthetic pollutants primarily due to
the fact that these substances can cause
nervous, hormonal and reproductive system
disorders with serious health outcomes (Bilal
et al., 2018a; Hernandez-Vargas et al., 2018;
Ullah et al., 2018).
These synthetic chemicals exhibit a cytotoxic activity and can cause obesity, diabetes,
cardiovascular and reproductive disorders or
even lead to other disorders like cancer. By
discharging the effluents from the communal
wastewater that contain these emergent contaminants (pharmaceuticals, dyes from the
paper or textile, agriculture or household industries), this action leads to a serious environmental pollution (Bilal et al., 2018b; Bilal
et al., 2019; Enachi et al., 2019).
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Figure 4.2. Environmental pollution with pharmaceutical compounds
ECOTOXICOLOGICAL METHODOLOGICAL GUIDE FOR ENVIRONMENTAL MONITORING
PROBLEMATICS, LABORATORY TECHNIQUES AND HEALTH RISK INVESTIGATION

75

Numerous scientific reports have shown a
variable number of sources and routes for the
emergence of emerging contaminants, and in
recent years this intensive research has been
conducted in order to recognize their effects
upon the environment (Rasheed et al., 2018a).
As each area has its own specific topography, climate, and environmental interactions,
so they have a specific type of contaminants in
that region. The production of contaminants
and their impact on the environment depends
entirely on their use and disposal.
Predominantly, these contaminants are
produced through an on-field route, i.e.
wastewater treatment plant, soil, wastes of a
medical center, poorly treated raw materials,
animal and livestock and industries (Fi-gure
4.2.). The wastewater treatment plants are
also a source of pharmaceutical contamination as they are designed to eliminate the
easily biodegradable nitrogenous, carbon and
phosphorous compounds present in the wastewater (Bilal et al., 2019; Enachi et al., 2019).

4.2. EU REGULATION AND
LEGISLATION REGARDING
THE EMERGING
CONTAMINANTS
(PHARMACEUTICALS,
ENDOCRINE DISRUPTORS)
Among these emerging contaminants,
many pharmaceutical compounds such as
antibiotics and endocrine disruptors can be
found in the water ecosystems. Although the
presence of these substances in the environment has been extensively studied, the longterm effects on humans and especially on
ecosystems are still unknown.
These compounds are not yet included in
the list of priority substances, but they were
added in the first observation list (which be-
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came available in September 2014), to obtain
the needed information on the pollutants that
due to their toxicity might be suitable for prioritization, but for which there is a lack information about their appearance in Europe.
The monitoring should be carried out once a
year whilst a requirement of the EU Commission has also to develop a strategic approach
for the water pollution by pharmaceuticals
(Directive 2013/39/UE).
The EU Directive 2013/39/EU sets the environmental quality standards (EQS) for a list of
45 substances of priority concern (antibiotics
excluded) in surface water and biota across
EU due to their widespread use and their high
concentrations in rivers, lakes, transitional,
and coastal waters (EC, 2013).
In addition, from the perspective of the
European Environment Agency (EEA), more
monitoring data are needed to further define pharmaceuticals as emergent pollutants,
which presently, they are not included in the
routine monitoring programs at the European
Union level (Chițescu et al., 2015).
During the last years, European Commission has increasingly promoted and supported
several directives, projects, actions, and initiatives to mitigate against the widespread
antimicrobial resistance, including here the
surveillance of antibiotic consumption and
research on the environmental contamination by these drugs in Europe (EC, 2011; CDC,
2015; ECDC, 2015a; EFSA, 2015; EMA, 2015a;
EC, 2015 b,c).
In particular, the monitoring of priority
substances listed in Annex X of the Water
Framework Directive is of major concern (EC,
2000, 2008). Many of these substances may
cause endocrine-related malfunctions both in
wildlife and humans and are known as endocrine-disrupting compounds (Annex VIII-group
4) (EC, 2000).
In particular, the monitoring of priority
substances listed in Annex X of the Water
Framework Directive (WFD, 2000/60/EC) is
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of major concern (EC, 2000, 2008). Many of
these substances may cause endocrine-related malfunctions both in wildlife and humans
and are known as endocrine-disrupting compounds (Annex VIII-group 4) (EC, 2000).
The European Commission considers the
water quality as one of the main priorities
to achieve the environmental sustainability,
ecological balance, and human health and
well-being.
Consequently, regulations to minimize the
adverse impacts of their production and consumption in the aquatic environment have also
been implemented. Nonetheless, the current
EU legislation for good-quality water in Europe
does not cover a wide range of emerging contaminants, including here antibiotics, due to
the lack of knowledge and understanding about
their toxicity and environmental occurrence.
The recent Decision 2015/495 established
a watch list of substances that may pose a
significant risk for the aquatic environment in
the EU, but available data are insufficient to
conclude on the actual risk.

Thus, in all the countries, including Romania, where this type of monitoring programs
does not exist, new programs, directives and
regulations must be introduced at the institutional level to oversee the presence of pharmaceuticals and other emergent contaminants in the water environment.

4.3. ANTIBIOTICS
Antibiotics in the aquatic
environment
The antibiotics’ discovery is considered
one of the most significant scientific achievements of the 20th century, revolutionizing both
the human and veterinary medicine.
Antibiotics are natural, synthetic and
semi-synthetic compounds which possess antimicrobial activities (Catteau et al., 2018;
Szymańska et al., 2019; Kumar et al., 2019).
Antibiotics represent probably the most
successful family (Figure 4.3) of drugs that

Figure 4.3. Antibiotic discovery and antibiotic resistance (Carvalho & Santos, 2016)
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are used to treat the microbial infections in
humans and animals with specific action.
The era of antibiotics began with Alexander Fleming in 1928 that accidentally discovered penicillin. Since this scientific discovery,
many antibiotics have been synthesized for
human, plants and animal health (Carvalho &
Santos, 2016; Enachi et al., 2019).
The major entrance sources in the environment and pathways of these emerging contaminants and their by-products (metabolites
and transformation products) are the municipal, agricultural, and industrial wastewater.
Also, the rate of consumption has reached
substantial amounts (30% to up 90%) of antibiotics administered to humans and animals, so
that these compounds are excreted into the
waste stream via urine and feces (mostly unmetabolized).
Another problem is that the conventional
wastewater and recycled water treatments
are only partially effective in the removal or
degradation of antibiotics.
The accelerated and continuous use of
all known antimicrobials’ compounds for the
benefit of humans, animals, and agriculture
led slowly but surely to their regular and repeated release into the environment and natural aquatic ecosystem.
Antibiotics as chemical compounds not
only affect the targeted population but also
influence the non-targeted population with
high toxicity impact. The main problem of all
antibiotics and other antimicrobial pharmaceutical compounds lies in the development
of antibiotic resistance in all organisms.
The antibiotic resistance in the bacterial population represents one of the most
serious health risks and concerns of humans
(Szymańska et al., 2019; Kumar et al., 2019;
Enachi et al., 2019).
The antibiotics emergence potential in the
surface water can disturb the key bacterial
cycles, mechanisms or processes that are critical to maintain the aquatic balance or the
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agricultural balance of the soil and the animal
production.
The wastewater treatment pilot plants effluents, leakage of sewage and agricultural
waste are some of the secondary contributors
as these compounds are not entirely metabolized and may escape degradation.
Nevertheless, depending on their mobility and persistence in the soil-water environment, antibiotics and their by-products may
reach the surface waters and ground waters,
and, potentially, the drinking waters.
According to the aqueous environment matrices, the studies showed that the detected
concentrations generally range from ng L−1 to
μg L−1.
The assessment of the antibiotics environmental contamination levels is fundamental
so that the current state of knowledge on
their pathways, transport, fate, and effects
in the environment would be determined and
improved (Szymańska et al., 2019; Kumar et
al., 2019).
In the scientific literature there are several review articles on this type of compounds’
sources, occurrence, fate, and risks.
Furthermore, some publications highlighted a critical review regarding the removal
efficiency of antibiotics from wastewater
through different treatment processes.
Also, the scientists assessed the role that
wastewater treatment processes may play in
the emergence, transport, and dissemination
of the antibiotic resistance in the environment (Ebert et al., 2011; Pleiter et al., 2013;
Rico et al., 2014; Szymańska et al., 2019; Kumar et al., 2019).
The environmental analysis of the antibiotics state of the art focuses on the samples’
preparation, analyte stability, degradation
and matrix effects.
Antibiotics and their metabolites (Figure 4.4) are continually discharged into the
natural environment so that many studies
considered the fact that some antibiotics
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Figure 4.4. Different clases of antibiotics
Source: https://i0.wp.com/www.compoundchem.com/wp-content/uploads/2014/09/A-Guide-to-Different-Classes-of-Antibiotics-Aug-15.png?fit=1323%2C935
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with low molecular weight (< 1000 D) quickly
dissolved in the water bodies and hence resulting the persistence and recalcitrance of
antibiotics (i.e., beta-lactams, aminoglycosides, lincosamides, macrolides, nitrofurans,
amphenicols, phosphonates, quinolones and
fluoroquinolones, rifamycins, sulfonamides,
and tetracyclines) and their isomers (Krzeminski et al., 2018).
Moreover, the discharge of the hospital
waste, veterinaries, pharmaceuticals pilot
plants, dairies, animal excreta, domestics,
animal husbandry, municipal waste and poultry do also shape and highlight the antibiotic
pollution threat (Carvalho & Santos, 2016; Kumar et al., 2019; Enachi et al., 2019).
Concerning the antibiotics use in agriculture, there has been shown that it enhances
the livestock growth, bee-keeping, and fish
farming but as an adverse reaction it also
contaminates the environment with the excretion of unused antibiotic and metabolites
from the feces of the poultry animals (Kumar
et al., 2019). Hence, the antibiotic residues
indirectly contaminate the soil and water resources.
Compared to animals, in plants, the antibiotics consumption is very low. Antibiotics
are frequently detected as emerging compounds in the waterways of the agricultural
land points (Toolaram et al., 2016; Carvalho &
Santos, 2016; Kumar et al., 2019). The pharmaceutical industry contributes significantly
to the total antibiotics concentration added
to the influent of the sewage treatment plant,
besides the domestic and industrial effluents.
The improper disposal of unused or expired
drugs, which usually are directly discharged
in the sewage network or deposited in the
landfills, waste effluents from manufacture or
accidental spills during manufacturing or distribution can also be taken into consideration
as significant routes of contamination (Akici
et al., 2018).
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Antibiotics – Ecotoxicological effects
The high ecological risk of antibiotics in the
aquatic environment has been regarded as a
growing concern all over the world. Antibiotics, as active molecules, are specially used to
fight against pathogenic bacteria. However, in
the environment non-targeted organisms are
unavoidably exposed to these residues and
their metabolites.
The primary producers and decomposers,
which are essential for a sustainable ecosystem, are vulnerable to the presence of this
emergent contaminants. Consequently, antibiotics can disrupt in the aquatic environment many vital ecosystem processes. These
potential ecotoxicological effects are difficult
to predict, especially in complex matrices.
The antibiotics’ acute or chronic ecotoxicity has been assessed by several standard
ecotoxicity assays that were done on different trophic levels organisms, such as bacteria, algae, invertebrates, and fish.
Grinten et al. (2010) studied and compared
the sensitivity of the algal class, cyanobacterial and bacterial bioassays against different antibiotics classes. For three antibiotics,
namely trimethoprim, sulfamethoxazole and
streptomycin, the cyanobacteria presented a
higher vulnerability rate compared to the the
green algae.
Li et al. (2014) found that two quinolones,
difloxacin and oxifloxacin, exhibited a notable
higher toxic effect on Vibrio fischeri among
the 21 tested antibiotics, with a 20% inhibitory concentrations of 19 and 23 μmol L−1.
Ebert et al. (2011) studied the toxicity
of enrofloxacin and ciprofloxacin of various
photoautotrophic aquatic organisms and discovered that while enrofloxacin presented a
higher toxicity to green algae, ciprofloxacin
was more toxic to cyanobacteria.
Rico et al. (2014) also suggested that the
environmentally relevant enrofloxacin concentrations were not likely to result in direct
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or indirect toxic effects on the tropical eutrophic ecology of freshwater microecosystems.
Generally speaking, the antibiotics toxicity studies in the aqueous environment only
take into account each individual pharmaceutical compound. Since antibiotics emerge
into the environment as a mixture with other
anthropogenic contaminants, additive or synergistic effects should also be considered in
the environmental risk assessments (Carvalho
& Santos, 2016).
Pleiter et al. (2013) assessed the toxicological effects of different types of antibiotics
on green algae, both in isolation and in different combinations.
The obtained results suggested that erythromycin in particular was highly toxic to
green algae. Mostly, the antibiotics’ toxic effects were enhanced when they were combined to other antibiotics. The antibiotic byproducts can also possess a bioactivity and
a much higher toxicity, by being stable and
mobile in the environment than their parent
compounds. Additionally, these compounds
can revert back to their parent antibiotic,
representing a reservoir of contaminants (Evgenidou et al., 2015).
Despite the recent scientific advances on
this topic, only small pieces of information are
available to understand the extent of the environmental contamination and their importance
in terms of the overall risk (Toolaram et al.,
2016; Carvalho & Santos, 2016; Kumar et al.,
2019). Overall, the undertaken studies demonstrated that any type of antibiotic can be
toxic to non-targeted organisms, or to pose a
potential ecological risk for the aquatic organisms considering the nowadays usage patterns.
However, very few publications regarding the
ecotoxicity of antibiotics and their by-products
are available to assess and understand the real
scenario (Szymańska et al., 2019).
Therefore, further studies are needed in
this area, considering the high rate of emergence of contaminants in the environment.

Another route for the antibiotics to enter
the aquatic ecosystems is by mixing the sewage waste, that usually is incompletely degraded and the wastewater treatment plants
least eliminated effluents.
Also, the high rate of consumption also
influences the emergence of antibiotics from
veterinary and poultry, aquaculture and manure applications or by the improper disposal
of unused antibiotics. From that moment on,
it can be predicted how will the microorganisms from a certain ecosystem will behave
which in term will lead to antagonistic effect
on other microorganisms.
One of the most important issues of the
pharmaceutical and medical industries is the
antibiotic resistance (Figure 4.5).
This phenomenon spreads at the speed of
light globally through the high consumption
rate. Fluoroquinolones detected in the hospital effluents (up to 87,000 ng/L) displayed a
high genotoxicity and human health risks on
long-term use. Fluoroquinolones are frequently found in the hospital waste and they are
more toxic to prokaryotes than eukaryotes,
here including freshwater algae, fishes and
zooplankton and finally through the process
bioaccumulation they reach the human bodies.
Internationally, the antibiotic consumption data is insufficient because of variation
in their prescription and administration.
All the international data available on antibiotic usage is estimated and approximated,
since many countries do not declare their
monitoring data, and hence the actual data
remains unrevealed (Carvalho & Santos, 2016;
Kumar et al., 2019; Szymańska et al., 2019;
Enachi et al., 2019).
The antibiotics that are used in the veterinary and poultry industry increase the reluctant mechanism of bacterial strains to survive
under the antibiotic stress thus resulting in
the evolution of multidrug-resistant bacteria.
These resistant strains of bacteria are also
reported both in the hospital environment
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Figure 4.5. Antibiotcs resistance from farm to table
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but also in the aquatic ecosystems as well as
the soil environment. Studies on Bifidobacterium, Clostridium, Escherichia coli, Enterococcus and Lactobacillus clearly showed that
their structural composition and metabolic
activities are severely affected by antibiotics as these compounds play a crucial role in
the ecology change particularly on the niche
where the genetic exchanges take place.
From all the antibiotic classes, sulfonamides and fluroquinolones are the most persistent in environment followed by macrolides
whereas aminoglycosides and β-lactams are
the least persistent. Tetracyclines can also persist for a relatively long period in the absence
of sunlight, at the expense of their mobility
(Szymańska et al., 2019; Kumar et al., 2019).
The existing fundamental data on the fate
and effects of antibiotics and antibiotic resistance in the environment is crucial in order to
perform proper risk assessment studies.
The future undertaken research should be
designed to contribute to the improvement of
the European legislation to stop the antibiotic resistance, as well as to highlight the development of rational water and wastewater
management practices for the protection of
humans and ecosystems.

4.4. CONTRACEPTIVES
Contraceptives in the aquatic
environment
Oral contraceptives are a class of endocrine disruptors that usually are commercialized on the market as a combination of different steroidal hormones.
Mainly, contraception is achieved by inhibiting the ovulation through the combined activity of two main components: estrogen and
progestin.
In order to ensure a much wider adherence to the contraception methods, recent

advances in oral contraceptives focused on
the development of new formulations that
present fewer side effects and additional benefits, besides the much-desired contraception
(Lecomte et al., 2017; Enachi et al., 2019).
Recently, the presence of this type of
chemicals with hormonal activities in the
environment has become a major concern
worldwide.
In several well-documented studies, the
aquatic wildlife reproduction has been adversely affected by these emergent contaminants.
Steroid hormones, a type of emergent contaminants, are a major part of the commercialized oral contraceptives that have the potential to exert estrogenic effects at the low
ng L-1 level.
The most used form of hormonal contraception is the combination of steroid hormones.
As a result of the high rate of consumption
among women (Figure 4.6.), the steroid hormones and their metabolites are constantly
excreted in the sewerage environment and
continue to bioaccumulate in the environment.
Over the past 50 years, the use of this type
of chemical pollutants and their release into
the environment has increased considerably,
leading to major concerns about their impact
on wildlife and humans (Jarošová et al., 2015).
These environmental concerns have been
recognized unanimously by many institutions
and authorities, although the industrial development, agrochemistry and human chemical
consumption produce an increasing amount of
chemical pollutants in the environment, especially in surface waters.
Due to the low overall biodegradability
rate of several of these molecules, there is an
accumulation of oral contraceptives chemicals in the aquatic environment (Lecomte et
al., 2017).
Therefore, the presence of these molecules is a risk to both to human life and to
wild animals.
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Figure 4.6. Oral contraceptives and their effects on the human health
Source: https://www.compoundchem.com/2015/02/03/oral-contraceptives/
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Of these hundreds of these human-created
and synthesized molecules, those with endocrine disruption activities attract particular
attention due to their potential disruptive
activities that can conduct even at very low
doses several endocrine disruptive processes
in humans and in the aquatic wildlife, linking
them to diseases.
In addition to the current natural hormones, including here 1,7-estradiol, estrone
and estriol, the presence of various pharmaceuticals products such as ethinyl estradiol,
drospirenone and levonorgestrel contraceptives was also detected, these emergent contaminants being in concentrations up to ng L-1
in the surface water (Adeel et al., 2017).
Nowadays, more and more concerns are
raised due to the increasing scientific evidence of disruptive activity that affects the
endocrines.
The lack of a legal definition and regulations are also incriminated for their significant presence in the environment (Lecomte
et al., 2017; Ohore at al., 2019).

Contraceptives – Ecotoxicological
effects
The presence of estrogens like 1,7-estradiol, estrone, estriol, the ethinyl estradiol,
drospirenone and levonorgestrel has been
identified in the aquatic environment more
and more often in the past few years.
The main sources of this contamination
are the human population, which discharges
around 30,000 kg/year, and livestock, which
discharges 83,000 kg/year (Adeel et al., 2017;
Lecomte et al., 2017). Maybe the most important concern regarding these contraceptive
compounds is the very high density of animals
which generate large amounts of manure, a
significant source of hormone, into the soil
and surface water.
In addition to the endogenous sexual steroids found in the manure of livestock (natu-

ral physiological excretion process), over 90%
of the cattle from all over the world receive
steroid hormone treatment (by implant or via
feeding) in order to accelerate their growth
(CEAH USA, 2013). The majority of the contaminated manure is used as a fertilizer, without any other additional decontamination
treatment, and the surface runoff is likely to
transport the hormones from the cropland to
the aquatic ecosystems (Gall et al., 2014).
The presence of 1,7-estradiol, estrone,
androstenedione, testosterone, and progesterone (ranging from 5 to 250 ng L-1) in was
detected in the runoff from the feedlot’s surfaces during a rainfall simulation after the
animals were removed from the pens (Mansell
et al., 2011).
Similarly, numerous studies highlighted the
presence of these natural and synthetic estrogens (estrone, 1,7-estradiol, and estriol),
androgens (trenbolone, and androgens receptor agonist up to 50 times more potent than
testosterone), and progestagens (progesterone and melengestrol) in the rivers that are
situated nearby animal farms (Lecomte et al.,
2017; Enachi et al., 2019).
Nonetheless, it should be noted that a recent study linked the urinary estrogen levels, including their metabolites, to a higher
breast cancer risk in postmenopausal women, and the risk doubled between the lowest
and highest percentile (Plotan et al., 2014;
Lecomte et al., 2017).
Surprisingly, even if the overexposure to
the endogenous estrogens was suggested to
be a significant risk factor, a definitive link
between the environmentally present natural
estrogens and breast cancer or other types of
cancer incidence has not been demonstrated.
In the majority of contraceptive pills, the
major synthetic hormones are progestins,
with a release estimated to reach 700 kg/
year. This environmental release may conduct
to the estrogen overexposure of the human
population and of the aquatic animals. At the
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same time, the environmental rates of progestins are not very well documented (Gall et
al., 2014; Mansell et al., 2011; Plotan et al.,
2014; Jarošová et al., 2015).
In addition to the vertebrate origin of the
anthropogenic and natural estrogens, the
emerging natural compounds found in water
are phytoestrogens and mycoestrogens.
All the results obtained through scientific
research emphasize the importance of highflow events in the hormone export, and thus
to better understand their metabolic and ecotoxicological pathways.

4.5. ENDOCRINE DISRUPTORS
Endocrine disruptors in the
environment
Endocrine disruptors represent one the
main classes of emergent pharmaceutical
contaminants, the most important being the
bisphenols. These substances are phenolic,
organic synthetic compounds that are used as
an additive or monomers in the production of
polycarbonate plastics and epoxy resins.
Bisphenol A is a reproductive, developmental, and systemic toxicant, often classified as
an endocrine-disrupting compound. The bisphenols absorption into the human body can
result in the development of metabolic disorders such as low sex-specific neurodevelopment, immune toxicity, neurotoxicity and interference of cellular pathway (Sabanayagam
et al., 2013; Rezg et al., 2014; Hines et al.,
2017; Toner et al., 2018; Ohore & Zhang, 2019).
Therefore, the presence of these compounds and their analogues in the environment has recently attracted global attention. As a representative, Bisphenol A is an
organic synthetic compound belonging to
diphenylmethane derivatives and bisphenols, being usually used as an additive in
the production of polycarbonate plastics
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and epoxy resins. Regarding its predominance, bisphenol A is the most predominant
bisphenol (Sabanayagam et al., 2013; Rezg
et al., 2014; Hines et al., 2017; Toner et al.,
2018; Ohore & Zhang, 2019).
The assessment of human exposure to bisphenol A (Figure 4.7) showed that humans
are directly or indirectly exposed to several
concentrations of BPA (0.27–10.6 ng/mL),
with a globally estimated intake of 30.76 ng/
kg per body weight per day by dust inhalation, dermal exposure and ingestion.
Furthermore, it was reported that the
major route for the bisphenol A exposure is
via ingestion, accounting about 90% of the bisphenol A exposures.
In addition, the large amount of bisphenol
A and its analogue are used in the production
of plastics and hence the improper recycling
methods will result in an enormous endocrine
disrupting compounds amount especially in
the aquatic system (Rezg et al., 2014; Enachi
et al., 2019).
This product would be biodegraded and
acted upon by the sunlight into micropieces
such as microplastics, and subsequently, the
bisphenol A in the plastics can easily be ingested and bioaccumulated along the food
chain by diffusion.
The biomonitoring data reveals that tons
of industrial bisphenol containing products
are ubiquitously present in the environment
and consequently these substances become
even more harmful (Sabanayagam et al.,
2013; Rezg et al., 2014; Hines et al., 2017;
Toner et al., 2018; Ohore & Zhang, 2019).
The use of bisphenol A in the industrial
production of plastic bottles, lining of cans,
thermal papers etc., and their presence in
the environment has raised important questions regarding its potential environmental
impacts, particularly on children’s health and
what is the exact concentration at which this
compound can be considered as environmentally harmful.
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Figure 4.7. Endocrine disruptors and their environmental route
Source: https://www.chem-academy.com/sites/chem-academy/files/bilder/gr/
END4764_Graphic_Recording_thumb.png
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Several studies and surveys reported the
assessment of low dose all over the world
which led to the conclusion that there is insufficient information to assess the human
health risks due to the inconsistency of the
results (Ohore & Zhang, 2019).

Endocrine disruptors –
Ecotoxicological effects
Several reports have been published in regards to the human and animal experiments,
studies that describe the effects of bisphenols exposure. Generally, bisphenols act on
the hormonal level by distorting the hormonal
balance and inducing several estrogenic effects through the binding to estrogen-related
receptors (Ohore at al., 2019). The resultant
effects are several of which numerous hormonal related abnormalities have been reported (Sabanayagam et al., 2013; Rezg et
al., 2014; Hines et al., 2017; Toner et al.,
2018; Ohore & Zhang, 2019).
The bisphenol A was also reported to
trigger an early onset of development of
sexual characteristics and obesity. In males,
the exposure to a high serum concentration
of bisphenol A (between 1.53–2.22 μg/L) especially during the developmental stage resulted in feminization of the male fetuses,
testicular and epididymis atrophy, alteration of sperm parameters, and the reduction of testosterone levels. The most possible mechanism is that the bisphenols induce
a phosphorylation which contributes to the
activation of the P450 genes cytochrome
(CYP gene) expression in both mRNA and
protein levels, which finally results in the
alteration of the normal sex hormone ratio
(Toner et al., 2018; Ohore & Zhang, 2019).
Many studies have shown that the overall
effects of bisphenols, especially the A type,
on the male reproductive system have shown
to be more pronounced in the fetal period.
In females, the high serum concentration of
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bisphenol A (1.53–2.22 μg/L) induces changes in the estradiol serum concentration,
which results in a hormonal balance distortion and in metabolic abnormalities such
as early puberty, menstrual irregularities,
increased likelihood of the endometriosis,
higher implantation failure, and ineffective
gonadotropin fertility treatment.
Finally, the effects of the bisphenol A paradigm upon estrogen hormone possesses a
much stronger signaling than the equimolar
concentration of estrogen. The binding of the
bisphenol A to the estrogen-related receptors
has resulted in multiple negative outcomes
due to its distortion of the hormonal balance
(Hines et al., 2017; Ohore & Zhang, 2019).
Several reports have also shown that bisphenol A displayed the alteration of the immune system through a multi-targeted approach. This compound caused the alteration
of the transcription of genes and thus exhibiting sex differences during neonatal periods,
which in the end resulted in decrease of the
sex genes expression. This impact had an immunomodulatory role and resulted in a compromised auto-inflammatory response and
the deregulation of the immunoglobulin inhibition of Tregs (Sabanayagam et al., 2013;
Rezg et al., 2014; Hines et al., 2017; Toner et
al., 2018; Ohore & Zhang, 2019).
It was suggested that this emergent compound binds to estrogen-related receptor γ,
which is expressed strongly in the mammalian
brain development and promotes the differentiation and maturation of the fetal brains
disorders. In a research conducted lately to
determine the effect of the bisphenol A analogue on the adrenocortical function, H295R
which is an angiotensin-II-responsive steroidproducing adrenocortical cell, was used as
a model of toxicity comparison. The results
showed several inhibitory effects on the
hormonal adrenocortical function (Ohore &
Zhang, 2019). Additionally, the bisphenol A
exposure affects the development of the thy-
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roid and hypothalamic pituitary testicular
axis by modulating the hormone synthesis and
by induction related to the endocrine disruption of the thalamus and spleen. This process
is also determining a conformational change
in the tertiary ability to recruit coactivator
proteins and in the inhibition of the transcriptional activity induced by triiodothyronine
(T3) (Sabanayagam et al., 2013; Rezg et al.,
2014; Hines et al., 2017; Toner et al., 2018;
Ohore & Zhang, 2019).
Recent findings have indicated that bisphenol A induced an increased tumor necrosis factor (TNF α) and conformational changes in the estrogen-related receptors. The
DNA methylation and histone changes might
be the most important key events in the
mechanism of the bisphenols’ toxicity. Moreover, the pathological outcomes concerning
the exposure to bisphenols vary with the
routes, concentration and dose. The effects
of the exposure on the glucose regulation
have been extensively studied. The studies
indicated that the exposure to high level of
bisphenols whether A or F, (10–400 mg/kg)
caused oxidative stress and the disruption of
pancreatic β-cell function which in term resulted in a glucose regulation complication
(Rezg et al., 2014; Hines et al., 2017; Toner
et al., 2018; Ohore & Zhang, 2019).
Furthermore, the bisphenols exposure
was tested on mice families to better understand their effect on the insulin signaling in
the brain. As a result, it was discovered that,
in fetal mice (8 months of age) offspring, the
insulin signaling including the insulin phosphorylated extracellular signal regulated the
protein kinase and the glucose transporter,
factors that were significantly decreased.
Also, the hyper-insulinemia, glucose intolerance and insulin resistance were reported to
be associated to the bisphenols’ exposures
(Ohore & Zhang, 2019). This showed that
the bisphenols analogues determine a negative impact on the glucose metabolism. The

bisphenols are conjugated primarily to the
mono-glucuronide from rat liver where a deconjugated condition occurred at a high dose
exposure and the resultant metabolites were
excreted into the bile.
The exposure to bisphenol A and its effects
on the cardiovascular system were studied
and the reports suggested a possible relationship between the exposure and the hypertension condition that severely affected the
cardiovascular system during a hypoxic event.
Furthermore, the exposure affected the angiogenesis by stimulating the production of
vascular endothelial growth factor, which resulted in an uncontrolled neovascularization
and in the increase of the interventricular
septal thickness (Hines et al., 2017; Toner et
al., 2018; Ohore & Zhang, 2019).
Nonetheless, it was also reported that
the exposure to bisphenols within a varying
concentration of 1–250 μg/mL, caused an
increase of the calcium levels in incubated
erythrocytes with the strongest effect noted
for bisphenol A and bisphenol F which particularly resulted in the increase of the phosphatidylserine translocation in red blood cells and
arrhythmias (Hines et al., 2017; Toner et al.,
2018; Ohore & Zhang, 2019). The presence of
these emergent substances that disrupt the
endocrine activities in the environment (Figure 4.8) has attracted considerable attention.
In addition to the chemical analysis, several
studies reported and quantified the endocrine
activities of the bisphenols. The results suggested that the bisphenols’ paradigm and the alternative signaling of estrogens are the dominant
contributors to the high estrogenic activity, thus
affecting the hormonal regulations. The use of
bisphenols in the production of polycarbonate
plastics and epoxy resin has been identified as
an important contributor to the bisphenols’ pollution of the aquatic ecosystems.
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Figure 4.8. Endocrine disruptors and they interfere with the hormonal communication between cells
Adapted after: https://www.sproutsanfrancisco.com/get-educated/
endocrine-system-endocrine-disruptors-harms
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4.6. THE ASSESSMENT OF
THE EXPOSURE DEGREE
TO PHARMACEUTICAL
COMPOUNDS IN THE
AQUATIC ENVIRONMENT
Based on the experimental assessment of
the environmental risk represented by pharmaceuticals, the guides of the European Medicines Agency (EMA) on the environmental risk
assessment (ERA) of pharmaceutical products for human and veterinary were adopted
in 2005 and 2006. The guidelines EMA EMA/
CVMP/ERA/418282/2005 and EMEA/CHMP/
SWP/4447/00 apply to all new applications for
the release on the market authorization of a
pharmaceutical product. Human pharmaceuticals enter the environment predominantly
through the surface water. Therefore, in the
EMA guidelines, the limit of action of pharmaceuticals is the surface water. In the phase I of
the risk assessment procedure, the estimation
is based only on the medicinal substance, regardless of the mode of administration, pharmaceutical form, metabolism and excretion.
Pharmaceuticals are now being classified
by their Predicted No Effect Concentration
(PNEC) values and Critical Environmental
Concentration (CEC) values to assess their
environmental risks. PNEC is defined as the
pharmaceutical concentration at which no
pharmacological effect is expected to occur
for a specific organism. A PNEC value is estimated using ecotoxicity testing data.
 Ecological risk assessment based on the
PEC/PNEC ratio (PEC) and predicted noeffect concentrations (PNEC)
 PEC (predicted environmental concentrations) – is a function of the maximum daily
dose and is calculated according to EMEA
guidelines (Guideline on environmental impact assessment for veterinary medicinal

products EMA/CVMP/ERA/418282/2005;
Guideline on the environmental risk assessment of medicinal products for human
use, Doc. Ref. EMEA/ CHMP/SWP/4447/00)
DOS Eai x Fpen
PEC surface
water (mg/l) = WASTEWinhab x DILUTION
where:
PEC Surface Water = Predicted environmental concentration r surface water
DOSEai= Maximum daily dose consumed
per inhabitant
Fpen= Market penetration factor of active
ingredient
WASTEWinhab= Volume of wastewater
generated per inhabitant
DILUTION= Dilution of effluent
The volume of wastewater generated per
inhabitant per day (WASTEWinhab) is set to
200 L/(inh x d), and the dilution factor is set
to 10. Action limit for phase II (environmental
fate and effects analysis) is set on 0.01mg/L.
If the PEC value is equal to or greater than
0.01 μg/L, the evaluation in the second phase
is mandatory. The pharmaceutical compounds
for which logKow> 4.5 are particularly studied
in terms of persistence, bioaccumulation capacity and toxicity.
In addition, a comparison can be made between the measured environmental concentrations (MECs) derived from the detection
and quantification of specific pharmaceutical
residues in the water and sediment and the
PEC values calculated to verify the accuracy of
the used models. The Phase II risk assessment
is based on the physico-chemical properties of
the targeted substance, its effects, the toxicological studies carried out to date which are
being reviewed and also the degradation of it
in the environment is taken into account:
– Adsorption – Desorption Using a Batch
Equilibrium Method (OECD 106/OECD
121/OPPTS)
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–
–

Ready Biodegradability Test OECD 301
Aerobic and Anaerobic Transformation
in Aquatic Sediment System (OECD 308)
– Algae, Growth Inhibition Test (OECD 201)
– Daphnia sp. Reproduction Test (OECD
211)
– Fish, Early Life Stage Toxicity Test
(OECD 210)
– Activated Sludge, Respiration Inhibition
Test
Based on them, the Predicted No Effect
Concentration (PNEC) for water, groundwater
and microorganisms is calculated.
The PNEC calculation is based on modeling and data on persistence in the environment (ability to be degraded), transport
(ability to penetrate biological membranes
and accumulate within flora and fauna) and
biotransformation (ability of organisms in
the environment to metabolize and detoxify
the pharmaceutical product, eliminating any
harmful effects resulting from the bioaccumulation of the drug). PNEC is based on LC50
values (lethal concentration 50), divided by
arbitrarily defined constants (10–100–1000).
The PEC/PNEC ratio is called the risk coefficient (RQ). A PEC/PNEC ratio of <1 suggests
that there is no significant risk associated
with the presence of those pharmaceuticals
in the environment, while a ratio ≥ 1 suggests
that a further level B environmental risk characterization is needed in phase II.
Another way to assess the risk for the environment is to determine the critical environmental concentration (CEC) (Peake,
2016). The concentration of a pharmaceutical product that, according to the available
clinical data, may cause a pharmacological
effect in fish (positive or negative), is used
instead of PEC, together with logP (the partition coefficient is closely related to the bioaccumulation capacity) to obtain a value for the
fish (fish steady-state plasma concentration
FssPC). The use of the CEC parameter, rather
than the PEC, means that the assessment is
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independent of the exposure and can be used
to evaluate the potentially harmful pharmaceuticals when their use or sales data are not
available in a particular country.
Finally, the evaluation method by QSAR
modeling (quantitative relationship – activity)
can also be used to classify the hazard posed
by pharmaceutical substances in the environment (Peake, 2016). By this method, the
physico-chemical properties of a molecule
are mathematically correlated with the minimum concentration (C) required to induce a
pharmacological effect in a given organism.

4.7. DETERMINATION OF THE
RISK OF EXPOSURE TO
HUMAN HEALTH
To calculate the risk of a chemical to the
human health, a presumed no-effect concentration is compared to the concentration
measured or predicted in the environment.
This no-effect concentration for individual
pharmaceuticals or their metabolites that can
be ingested daily without any expected health
consequences is called acceptable daily exposure (ADE) or acceptable daily intake (ADI).
ADI is based on the ratio between the experimentally established minimum concentration at which an adverse effect is observed
(NOAEL) and the safety factor (SaF), as follows:
ADI (for
humans) =

NOAEL (experimental dosis)
SaF

SaF is usually a multiple of 10 and represents a specific area of uncertainty inherent
to the validity of the data considering possible differences in response between humans
and animals in long target studies.
In the case of missing NOAEL (or NOEL)
data, the ADI may be determined by referring
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to a lowest-observed-adverse-effect level
(LOAEL), and applying an additional SaF.
Toxicological risk index (HQ) for each substance could be expressed as the ratio of the
chronic daily intake (CDI) to the reference
value:
HQ = CDI/ADI
The RfD derives from the ratio of the NOAEL data to various safety factors and is defined as an estimate of the daily exposure
of the human population (including sensitive subgroups) deemed to be without risk of
health adverse effects even when exposure
persists throughout life.
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