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19.1  Introduction

Pharmaceuticals and personal care products (PPCPs), which include diverse groups 
of organic chemicals, are a class of compounds considered as emerging organic con-
taminants (EOCs). These products include nutritional supplements, diagnostic 
agents, antibiotics, hormones, musk fragrances, and non-steroidal anti- inflammatory 
drugs (NSAIDs) as well as other drugs that are used for veterinary medicine, human 
health, agricultural practice, and cosmetic care (Farre et al. 2008; Fent et al. 2006). 
PPCPs in aquatic environments are considered as some of the most critical environ-
mental pollutants (Al-Odaini et al. 2010). PPCPs enter the ecosystem in a number of 
ways. Effluents from wastewater treatment plants (WWTPs) or sewage treatment 
plants (STPs) and large farms with many animals are considered as the main sources 
responsible for the discharging of PPCPs into the environment. These PPCPs are not 
completely digested by humans and animals, and undigested PPCPs are excreted as 
waste and washed off into sink drains. PPCPs, like hormones, are naturally excreted 
by humans and animals, and this poses potential risks both to the ecosystems into 
which the PPCPs are discharged and to drinking water resources. Many studies per-
formed worldwide have shown that hundreds of PPCPs and their derivatives are usu-
ally detected in various environments. Concentrations of PPCPs in groundwater vary 
from place to place; in incompletely treated water, concentrations are less than 
0.1 μgl, and in drinking water and treated water, concentrations are commonly below 
0.05 μg/l. PPCP metabolites are also commonly detected in the environment; the 
lifespan of PPCPs and their metabolites in the environment varies from months to 
years, depending on their natural degradation in the environment (US EPA, 2013).

Almost all PPCPs seem to be biologically active in nature. These compounds are 
designed to act in humans and animals according to specific pathways and processes 
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to cure diseases. The United States Environmental Protection Agency (US EPA 
2013) considers PPCPs as emerging contaminants. There is little knowledge about 
the impact of these contaminants on human health after they are released into eco-
systems. PPCPs are widely detected in many aquatic environments around the 
world—in rivers, lakes, and groundwater in almost every continent. There is some 
evidence of PPCPs in groundwater and surface is reported in literature (Table 19.2). 
PPCPs in aquatic environments have negative effects on aquatic species. Steroid 
hormones have adverse effects on the environment, and even at μgL−1 or 
ng−1concentrations can inhibit reproduction in aquatic species. The continuous 
release of huge quantities of PPCPs (including steroid hormones) has led to these 
compounds being widespread in the environment, and as they exert bio-activity at 
extremely low concentrations, there is a need to study the possible effects of these 
compounds in our surroundings on human, aquatic, and ecological environments. 
PPCPs have unpredictable biochemical interactions with other compounds in the 
environment, and PPCPs and their metabolites, or the interaction of two or more of 
these compounds present in the environment, affects both aquatic and terrestrial 
species. PPCPs are present in water utilized by plants for photosynthesis and photo-
respiration, and this water is stored in the edible parts of plants. When humans and 
animals eat the plants, these compounds enter our food cycle. We use water for our 
daily needs, and wastewater recycled by WWTPs and STPs is often used for irriga-
tion. The use of untreated or treated water obtained from STPs for irrigation will 
introduce PPCPs into the fields. The uptake of this contaminated water leads to the 
accumulation of PPCPs that contaminate plants and so these compounds may be 
further transferred to the food chain (US EPA 2013).

In this chapter the modes of sources of PPCPs that enter the environment and the 
potential effect of these compounds on the environment and the risks associated 
with these compounds has been discussed. The biodegradation of PPCPs by micro-
organisms constitutes an eco-friendly technique to decontaminate the environment 
and this will also reduce the concentrations of these compounds.

19.1.1  Classification of PPCPs

PPCPs or pharmaceutically active compounds are used to treat various diseases due 
to their bioactive property. PPCPs consist of two categories: pharmaceuticals and 
personal care products. The pharmaceuticals include commercially available drugs 
and agents that are used to treat diseases in both humans and animals. This category 
includes NSAIDs, other anti-inflammatory agents, antidepressants, tranquilizers, 
pain killers, antipsychotic agents, anti-cancer drugs, anti-hypertensive medicines, 
antiseptic agents, lipid regulators, oral contraceptives, antibiotics, synthetic hor-
mones, and many other classes and types of drugs. Personal care products include 
various compounds; for example, perfumes, deodorants, shampoos, synthetic hair 
dyes, hair sprays, oral hygiene products, make-up products, sunscreen creams, body 
lotions, and various other creams (Table 19.1).
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19.1.2  Sources of PPCPs

Individual households, manufacturing sites, dumping sites, large farms, STPs, and 
WWTPs are considered to be the main sources of the PPCPs that enter different 
environmental systems. Studies of these sources have produced information regard-
ing the environmental load of PPCPs. The fate of water coming  from STPs and 
WWTPs also has profound effect in the environment. PPCPs are removed by the 
treatment processes used in WWTPs ultimately determines the extent of PPCPs still 
left  in the aquatic environment. Various studies have focused on the presence of 
PPCPs in rivers, lakes, STPs, and WWTPs (Table 19.2). Most of the studies has 
been conducted on the ways by which these compounds enters into ecological sys-
tems and their subsequent fates were carried out in areas having high populations 
density and with rich ecological resources.

PPCPs enter environmental systems by different pathways, some of which are 
considered as gateways for the entrance of these compounds to the environment. 
Examples of gateways are manufacturing sites that release their untreated or less- 
treated water to surface waters or STPs; domestic waste; STPs and WWTPs; sites of 
medicine landfills; aquaculture facilities; and biosolids. PPCPs that are present in 
aquatic systems enter terrestrial systems via the effluent from STPs or WWTPs that 
is used for irrigation and via river or sewage water and sludge used for agricultural 
practices. STPs and WWTPs play important roles in the transportation of PPCPs 
from one place to another. The life cycles of PPCPs and their metabolites can be 
easily studied in WWTPs and STPs. Owing to the complex structure of PPCPs, 
traditionally built WWTPs were not able to completely remove these compounds, or 
else they removed only a fraction of the PPCPs, and transformed them into different 
metabolites or forms in which two or more compounds were conjugated. The effi-
ciency of STPs in the removal of PPCPs is also affected by the three main types of 
treatment processes they use; mechanical, chemical, and biological. Advanced pro-
cesses have been developed to treat these compounds, but in developing countries 
traditional methods of water treatment have been used. Diverse chemical groups are 
present in PPCPs, so it is not possible to treat all compounds according to their 
physicochemical properties. Each compound has different physiochemical proper-
ties, such as solubility, absorbance onto sludge, half-life under biotic and abiotic 
conditions, and tendency to volatilize (Liu et al. 2014). The efficiency of STPs and 
WWTPs for the removal of PPCPs and their metabolites depends upon the environ-
mental and operational conditions under which they work. Environmental factors 
such as temperature, redox conditions, and pH affect the degradation kinetics of the 
compounds. Operational conditions such as hydraulic retention time, biodegrada-
tion kinetics, and sludge retention time are important for the degradation of these 
compounds (Evgenidou et al. 2015). Veterinary pharmaceuticals are an important 
source of PPCPs, as they are released into the environment directly from the treat-
ment of meadow animals, or indirectly by the application of manure to the land, by 
the runoff of veterinary medicines from the surfaces of farmyards, by cattle car-
casses, and by slurry from livestock facilities. The management and uses of PPCP 
vary around the world, and the pathways in different geographical areas vary from 
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Table 19.2 Concentrations of PPCPs in different sources

Name of PPCP
Average 
concentration Sample source References

Diclofenac 29 μg L−1 River Elbe and the mouths of its 
tributaries (Germany)

Wiegel et al. 
(2004)Ibuprofen 35 μg L−1

Acetaminophen 16 μg L−1

Bisphenol A 40 μg L−1

Ibuprofen 28 μg L−1 Han, Nakdong, and Youngsan 
Rivers (South Korea)

Kim et al. (2007)
Acetaminophen 33 μg L−1

Diclofenac 3 μg L−1

Oxybenzone 2 μg L−1

Acetaminophen 12 μg L−1 Ebro River basin (Spain) López-Serna 
(2012)

Triclosan 50 μg L−1 Surface waters of Greenwich Bay 
(RI, United States)

Katz et al. (2013)

Acetaminophen 5 μg L−1 Near-shore habitats of Lake 
Michigan

Ibuprofen 8 μg L−1 River discharges into lakes from 
predominantly urban watersheds 
(United States)

Ferguson et al. 
(2013b)

Carbamazepine 40 μg L−1 Aquifers in the delta area of the 
Llobregat River (NE Spain)

Teijón et al. (2010)
Ibuprofen 185 μg L−1

Diclofenac 256 μg L−1

Acetaminophen 180 μg L−1 Groundwater used for drinking- 
water supply in California 
(United States)

Fram and Belitz 
(2011)

Diclofenac 0.2 μg L−1 Urban groundwater in the district 
of Poble Sec, Barcelona (Spain)

López-Serna et al. 
(2012)Ibuprofen 0.2 μg L−1

Acetaminophen <0.1 μg L−1

Erythromycin <0.1 μg L−1

Enrofloxacin 75 μg L−1

Ibuprofen 23 μg L−1 Groundwater wells in Berlin 
(Germany)

Heberer (2002)
Diclofenac 34 μg L−1

Clofibric acid 18 μg L−1

Antibiotics 360 ng L−1 Mekong Delta (Vietnam) Managaki et al. 
(2007)

Antibiotics 544 ng L−1 Seine River (France) Tamtam et al. 
(2008)

Antibiotics 183 ng L−1 Taff and Ely Rivers (United 
Kingdom)

Kasprzyk-Hordern 
et al. (2009)

Antibiotics 696 ng L−1 Vantaa River (Finland); drinking 
water sources

Vieno et al. (2007)

Antibiotics 300 ng L−1 Choptank River (United States) Arikan et al. 
(2008)

Antibiotics 1900 ng L−1 Streams in Iowa (United States) Kolpin et al. 
(2004)

(continued)
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one region to another. Traditional systems of wastewater treatment lead to the 
incomplete removal of PPCPs from WWTPs. Metabolites produced by pharmaceu-
tical compounds and other PPCPs are designed to resist decomposition and micro-
bial degradation. Newer WWTPs employ specific treatments to remove waste via 
the degradation of lower-molecular-weight compounds, the physical removal of 
solids, and the transformation or conjugatation of compounds that are further hydro-
lyzed when released into the environment.

19.2  Toxicity of PPCPs: Personal Care Products

The everyday use of personal care products such as toothpaste, shampoo, personal 
soaps, hair products, lotions, and make-up products leads to the release of com-
pounds that are not naturally present in the environment (Lu et  al. 2011). Many 
personal care products show low volatility in nature, so PPCPs are limited in the 
atmospheric environment. However, some PPCPs, such as siloxanes, are highly 
volatile so they are found in indoor dust and air. Indoor dust releases these com-
pounds when electrical appliances are used and smoke is present in the house (Lu 
et al. 2010). The concentrations of parabens in indoor dust particles were found to 
be in the order of 2320 ng g−1 in Korea, 2300 ng g−1 in Japan), and 1390 ng g−1 in 
the United States (Wang et al. 2012).

PPCPs and their metabolites follow the same biological pathways and have 
modes of action similar to those of their parent molecules. Compounds that have 
been transformed or conjugated are more toxic than their parent compounds and 
have adverse effects on our aquatic and terrestrial systems. The transformed com-
pounds exist with their parent molecules in the form of mixtures. The eco-toxico-
logical effect of PPCPs and their transformed and conjugated products cannot be 
ignored. The toxicity of the transformed products differs from that of their parent 
molecules in two ways: their toxicokinetics and toxicodynamics (mode of action). 
Transformation creates new toxicophores that have higher toxicity than their parent 
molecules or that are similar in mode of action. These chemicals are present in low 

Table 19.2 (continued)

Name of PPCP
Average 
concentration Sample source References

Hormones 5 ng L−1 Youngsan River (South Korea) Kim et al. (2007)
Hormones 5 ng L−1 Llobregat River ( NE Spain) Brix et al. (2009)
Hormones 10 ng L−1 Scheldt estuary (Netherlands) Arikan et al. (2008
Hormones 18.9 ng L−1 Little River estuary (Victoria, 

Australia)
Ferguson et al. 
(2013a)

Pharmaceuticals 749 ng L−1 Tamagawa estuary and 37 rivers 
in Japan

Nakada et al. 
(2008)

Pharmaceuticals 500 ng L−1 Rivers in Rio de Janeiro State 
(Brazil)

Stumpf et al. 
(1999)

Triclosan 5160 ng L−1 Kaveri, Vellar, and Tamiraparani 
Rivers (India)

Ramaswamy et al. 
(2011)
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concentrations, but they form conjugated products with other compounds, resulting 
in synergistic mixtures with greater toxicity that strongly affect the environment. 
Therefore, it is essential to evaluate the ecological risk associated with PPCPs and 
their conjugated products. High exposure to PPCPs and their metabolites leads to a 
high probability of risk associated with these compounds (Evgenidou et al. 2015).

19.2.1  Human Risk

Humans use water for their day-to-day activities and for drinking; however, the 
water contains various PPCPs that cause health-related problems. The major poten-
tial routes of exposure to PPCPs that entail risks to human health vary. Consumption 
of marine or territorial fishes exposed to PPCPs is one of the main causes for inter-
action to these compounds. At present, the concentrations of PPCPs in the environ-
ment in some countries are very high, and so people are exposed to these compounds 
in their drinking water and in bathing/showering. PPCPs are also present in surface 
and groundwater, and this may also have adverse effects on human health. In drug 
development and approval, the toxicological properties of drugs in relation to 
humans and other mammals are studied, and this information is often available from 
pharmaceutical companies. This data is very important in the evaluation of risks 
associated with these drugs during human exposure to the EOCs in the environment. 
The existing data on drugs used to treat human diseases is very satisfactory, whereas 
data on the prevalence of PPCPs and their derivatives in the environment is limited. 
Thus, the human risk associated with the intake of these chemicals from the envi-
ronment is unknown. Because of the daily use and long lifespan of PPCPs, they are 
found in environmental water and enter food chains. Healthy water and food are 
primary priorities for humans. But these unwanted compounds are present in human 
environments. Compounds such as the antibiotic fluoroquinolone have been identi-
fied in tap water for drinking in many countries (Wang et al. 2010). Triclosan, a 
pharmaceutical compound, has been detected not only in tap water but also in 
packed bottled water, in varying concentrations (9.7–14.5 ng L−1); the concentration 
was low but has been increasing steadily. The intake of triclosan in adults and infants 
was shown to be increasing, and it was detected at concentrations of 10 and 5 ng 
L−1, respectively, in bottled water for adults and in baby bottles (Li et al. 2010). The 
agricultural use of water containing PPCPs increases health risks to humans. 
Antibiotics are now used in non-organic farming and for livestock to increase pro-
duction. Livestock wastes are used as fertilizers in many developing countries, and 
concentrations of PPCPs in the environment are increasing because of this practice. 
The accumulation of antibiotics in vegetables probably arises from the transporta-
tion and absorption and distribution of water in the plants, with accumulation in the 
leaves being more than that in the stems and that in the stems being more than that 
in the roots (Hu et al. 2010).

Owing to their many exposure pathways, PPCPs have been detected in human 
breast milk, blood, and urine. In human breast milk, synthetic musks have been 
detected at concentrations of 1.4–917 ng g−1; the synthetic musks enter the body of 
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the infant during feeding with breast milk, and high concentrations of these com-
pounds may cause physiological or genetic changes in the infant. The main reason 
for the detection of such compounds in humans is the frequent use of personal care 
products (Yin et al. 2012). In human breast milk, the four most commonly found 
synthetic musks are musk xylene (MX); musk ketone; 1,3,4,6,7,8-hexahydro- 
4,6,6,7,8,8-hexamethylcyclopenta-gamma-2-benzopyran (HHCB); and 7-acetyl- 
1,1,3,4,4,6-hexamethyl-1,2,3,4-tetrahydronaphthalene, with HHCB showing the 
highest concentration. Daily infant intake of milk containing synthetic musks at 
concentrations of 277–7391 ng g−1 increases the potential risk (Zhang et al. 2011). 
Synthetic musks have been detected in human breast milk in many countries, e.g., 
in the United States (2–917 ng g−1 lipid weight), Denmark (38–422 ng g−1 lipid 
weight), and Sweden (2–268  ng g−1 lipid weight) (Duedahl-Olesen et  al. 2005; 
Reiner et al. 2007a, b; Lignell et al. 2008).

Polycyclic compounds contained in musk fragrances and nitro musk fragrances 
have been commonly detected in human blood (Hu et  al. 2010). The synthetic 
musks HHCB and MX have been reported in human blood plasma. In Austria, 
HHCB and MX were detected in adult blood at concentrations of 11–450 ng g−1 
(Hutter et al. 2009). Triclosan wasdetected in urine samples from young children 
and adults, with the mean concentration in 3- to 24-year-old persons being 3.55 μg 
g−1 (Li et al. 2013). Parabens and their derivatives were detected in urine samples 
from people in the United States. A pharmacokinetic study reported that PPCPs 
caused no major risk to human health. However, another study has shown that regu-
lar exposure to these compounds in the current environment leads to high risks to 
human health (Touraud et al. 2011). These studies describe the presence of PPCPs 
in the environment in various forms as well as describing the accumulation of these 
compounds in the human body. Regular exposure to PPCPs, whether direct or indi-
rect, and intake of these compounds, are possible reasons for their effect on human 
health.

19.2.2  Toxicity and Risks to Ecosystems

PPCPs in aquatic environments are mainly discharged into STPs and WWTPs. The 
concentration of PPCPs in aquatic environments depends upon the source. Water 
sources near highly populated areas contain high concentrations of PPCPs, while 
marine water contains low concentrations. Aquatic organisms such as fish and 
invertebrates, or other species, that are present near sources of aquatic systems, are 
regularly exposed to PPCPs throughout their life cycles. PPCPs are designed to be 
biologically active and are intended to react with the metabolic systems of living 
cells. In general, PPCPs are produced to treat human disease and are used in the 
protection of larger domesticated animals. Various regulatory agencies and aca-
demic institutions are now working on evaluations of the adverse effects of these 
compounds on aquatic life and the wildlife associated with water bodies.

Currently, data is limited regarding the adverse effects of direct exposure to 
PPCPs and their derivatives on aquatic organisms. Traditional toxicological tests are 
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not able to evaluate the potential effect of regular exposure to PPCPs and their 
derivatives on the lives of organisms in surface waters, marine water, and sediments 
contaminated by these compounds. Fish tissues collected for study have shown that 
some PPCPs, such as antidepressants, are present in the cells of fish that live in 
streams near urban effluent. Large concentrations of antidepressants were detected 
in the brain and liver tissues of the fish (Liu and Wong 2013). Other studies have 
focused on evaluating the toxic effects of PPCPs on marine organisms. In many 
studies, concentrations greater than the concentrations detected in the environment 
were used to investigate the possible adverse effects of PPCPs on aquatic organisms 
exposed to PPCPs such as anti-inflammatory agents, antidepressants, and antibiot-
ics. The presence of PPCPs in the ecosystem leads to concern about their probable 
adverse effects on the ecosystem. The regular use of antibiotics may also increase 
the risk of antibiotic resistance genes (ARGs) in organisms, and also has the poten-
tial to cause adverse effects on the ecosystem and on human health (Kemper 2008). 
ARGs were universally detected in insects and microbes identified in hospitals and 
in effluents from livestock farming, while some microbes containing AGR genes 
were also detected in drinking water, municipal wastewater, and ground water 
(Pruden et al. 2006). Multiple antibiotic-resistant genes with hundreds of ARG cas-
settes have been identified in wastewater and drinking water worldwide (Kobayashi 
et al. 2007).

When artificial and natural hormones reach the marine environment through 
human excreta and via medical use, this leads to endocrine disruptions in marine 
organisms. Many studies have reported hormonal reproductive and developmental 
changes in these organisms, such as reduction of fertility; the presence of intersex 
organisms; and feminization and vitellogenesis in males (Lai et al. 2002; Khanal 
et al. 2006). It is assumed that these endogenic compounds reached the ecosystems 
via sewage systems and were also present in sewage effluents (Jobling et al. 2006). 
Personal care products such as ultraviolet sunscreens (Gomez et al. 2005) may also 
be considered as having the potential to cause endocrine disruption in some species. 
Some compounds, such as triclosan, caffeine, triclocarban (Yang et al. 2008), and 
some lipid regulators (Rosal et al. 2009) inhibit algal growth, cause endocrine dis-
ruption in fish (goldfish), and reduce the viability of eggs (Japanese medaka) 
(Huggett et al. 2002). Oxidation stress was caused by carbamazepine (an antiepilep-
tic drug) and HHCB in rainbow trout in a marine environment and in goldfish in a 
freshwater environment. Schwaiger et al, in 2004, reported that NSAlDs such as 
diclofenac caused gill alterations and renal lesions in rainbow trout. The synergistic 
effects of NSAIDs in the ecosystem are an issue of concern. Mixtures of various 
NSAIDs were considered to exert the strongest adverse effects by forming com-
plexes in aquatic organisms (Cleuvers 2003). PPCPs and their derivatives enter the 
aquatic environment, which is the gateway for entry to the whole food web (Brausch 
and Rand 2011).

Recent studies found that PPCPs were detected in effluents, wastewater, ground-
water, and drinking water too. PPCPs are organic compounds that are designed to 
be biologically active, and so a risk of toxicity is anticipated for many species 
exposed to PPCPs in the environment, even when the concentrations of these 
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compounds are low. The risk to humans from exposure to PPCPs in environmental 
waters is more disputed than the ecological risks of PPCP exposure. Although the 
presence of pharmaceuticals at parts-per-million levels in water for daily use does 
not currently appear to cause a direct adverse threat to humans, indirect impacts 
from some pharmaceuticals are documented and need to be considered. Indirect 
impacts of PPCPs other than pharmaceuticals on human health are more difficult to 
determine. Toxicology studies of chronic exposure to anticonvulsants, antidepres-
sants, anti-hypertensives, endocrine-disrupting chemicals, and cytostatic pharma-
ceuticals are limited (U.S.EPA (U.S.  Environmental Protection Agency) 2013; 
U.S.FDA (U.S. Food, Drug Administration) 2013).

19.3  Biodegradation and PPCP Removal

In natural conditions, organic compounds are degraded mostly by bacteria and some 
fungi. These organisms have a rapid growth rate, great metabolic activity, and easily 
adapt to new substrates that enter the environment. Numerous laboratory experi-
ments have shown positive results for the degradation of xenobiotic compounds by 
microbes, but the microbial degradation of these compounds does not occur on a 
large scale. It is necessary to identify microorganisms (bacteria, fungi, etc.) from the 
environment that are capable of degrading EOCs.

19.3.1  Pure Cultures

Many studies have reported that pure cultures isolated from wastewater, activated 
sludge, wastewater, or river sediments have the capacity to degrade carbamazepine, 
sulfamethoxazole, iopromide, paracetamol, ibuprofen, diclofenac, and triclosan. 
Some pure cultures exhibit a capacity for the degradation of various PPCPs. 
Sulfamethoxazole is the not only compound degraded by Achromobacter denitrifi-
cans; this bacterium also degrades other sulfonamides (Reis et al. 2014). Many pure 
cultures use different mechanisms for the degradation of PPCPs. Some PPCPs pro-
viding the sole carbon and energy source for microbial metabolism (Murdoch and 
Hay 2005; De Gusseme et al. 2011; Zhang et al. 2013). Paracetamol can be degraded 
by Delftia tsuruhatensis, Pseudomonas aeruginosa, and Stenotrophomonas. 
Biosorption played a negligible role in the degradation of paracetamol by Delftia 
tsuruhatensis and Pseudomonas aeruginosa, while biosorption contributed to the 
degradation of paracetamol by Stenotrophomonas. Various enzymes play important 
roles in these degradation processes. Some PPCPs that provide the sole carbon and 
energy source for microbes are barely degraded by pure cultures of microbes. In 
such cases, supplementary substances will provide the carbon and energy required 
for the metabolic function of the microbes. For example, carbamazepine shows poor 
biodegradability, owing to its stable structure. But in the presence of glucose, pure 
cultures of Basidiomycetes and Streptomyces MIUG (Santosa et  al. 2012; Popa 
et al. 2014) degraded carbamazepine. Liu et al. (2013) proved that iopromide could 
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be degraded by Pseudomonas sp. I-24 using starch as the primary substrate. The 
NSAID diclofenac showed high resistance to biodegradation by a pure culture iso-
lated from activated sludge (Alvarino et al. 2014). However, in 2010, Hata et al. 
reported that the white rot fungus Phanerochaete sordida YK-624 almost com-
pletely degraded diclofenac.

19.3.2  Mixed Cultures

Mixed cultures are an easier method of degrading PPCPs than pure cultures, because 
pure cultures are not easily identified. Mixed cultures have a greater capacity than 
pure cultures for degrading wider ranges of PPCPs, because a mixed culture is a 
consortium of various strains. 17a-Ethinylestradiol was degraded by a mixed culture 
of heterotrophic bacteria in mixed media, demonstrating the degradation capacity of 
mixed strains (Khunjar et al. 2011). Mixed cultures are used most widely in biologi-
cal activated sludge treatment processes in WWTPs, depending on various strate-
gies for the removal of the PPCPs. However, in some cases, mixed cultures show 
low removal efficiency for specific PPCPs.

19.3.3  Activated Sludge Process

The removal of PPCPs by biological treatment in WWTPs conventionally uses an 
activated sludge process. The biological treatment has a mixed effect, causing the 
adsorption, volatilization, and biodegradation of PPCPs, with the main mechanism 
of PPCP removal by activated sludge being biodegradation. The limitations of bio-
logical treatment can be conquered by the use of bioaccumulation and bioaugmen-
tation (Wang et al. 2002). The modeling framework for xenobiotic trace chemicals 
developed by Plosz et  al. (2012) is used to identify the factors that enhance the 
efficiency of xenobiotic removal by activated sludge.

19.4  Conclusions

PPCPs are a group of compounds used in medicines and other preparations. Their 
entry to the environment is mediated by different routes and they enter the environ-
ment through different water bodies. In this chapter we have outlined the available 
information on the adverse effects of PPCPs present in the environment. WWTPs 
are the major gateway by which PPCPs enter the environment, although there are 
other sources for PPCP entry to the environment, such as agricultural and veterinary 
runoff, household waste, dumping sites, and aquaculture. This suggests that WWTPs 
cannot completely remove PPCPs. So there is a need to develop WWTP technolo-
gies that will remove PPCPs efficiently. There is also a need for more studies to be 
conducted on the persistence of PPCPs and the effects of PPCPs and their metabo-
lites on the environment in developing countries, because the availability of 
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information about PPCPs in the environment is far behind that in developed coun-
tries. Further, there are few studies on the adverse effects of PPCPs and their resi-
dues on fish, birds, and mammals. At present, advanced research on the removal of 
such compounds from the environment is playing the major role in PPCP studies. 
Biodegradation is one technology that may be used for the removal of PPCPs, with 
pure cultures, mixed cultures, and activated sludge processes being available for this 
purpose. Biodegradation is a cost-effective and natural technique for the removal of 
PPCPs. More studies are needed to enhance these techniques. Toxicity and risk 
assessment studies employed in environmental management systems may reduce 
the ecological risks and toxicity of these compounds. New and indigenous technolo-
gies can be employed for waste reduction and minimization of the toxicity of differ-
ent agents that enter the environment. The use of efficient microbial systems and 
biological treatments will lead to a reduction of the effects of PPCPs on living 
systems.
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