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Abstract: 

Pharmaceutical and personal care products (PPCPs) are widely used in our society and have become an emerging 

concern for their potential impact on aquatic life. This review article provides an overview of the threat of PPCPs 

to aquatic life and the environment. PPCPs can enter aquatic systems through various pathways such as wastewater 

treatment plant effluents, runoff from agricultural fields, and leaching from landfills. The article discusses the 

sources, distribution, and behaviour of PPCPs in aquatic environments, including their potential for persistence, 

bioaccumulation, and transformation. Moreover, the review covers the potential impacts of PPCPs on aquatic 

ecosystems, including changes in microbial communities and altered nutrient cycling. The article emphasizes the 

need for better regulation of PPCPs and their use, as well as improved wastewater treatment to reduce their release 

into the environment. Strategies for reducing PPCP pollution in the environment are also discussed, including 

better management practices in agriculture, increased awareness and education, and the development of 

environmentally friendly products. There is a huge importance in understanding the threat of PPCPs to aquatic 

life and the environment. And the need for continued research and awareness about the environmental impacts of 

PPCPs and the development of effective management strategies to mitigate their effects. 
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Introduction 

Pharmaceuticals and personal care products 

(PPCPs) have been recognized as 

contaminants of rising concern 

ubiquitously in the aquatic environment 

globally. The classic priority pollutants, 

such as polychlorinated biphenyls and 

polycyclic aromatic hydrocarbons, have not 

received as much attention from 

environmental research in the previous ten 

years as have the so-called emerging 

contaminants, among which PPCPS is one 

of the primary contaminants [1]. A wide 

range of chemical compounds are included 

in PPCPs, including disinfectants and 

fragrances used in personal care products 

(such as lotions, body cleansers, and 

sunscreens) and household chemicals to 

enhance daily life as well as human and 

veterinary drugs used to prevent or treat 

human and animal diseases [2]. 

PPCPs typically undergo only minor 

transformations or even remain unaltered 

once they enter wastewater treatment 

facilities and the aquatic environment. 

Other potential sources were the use of 

pharmaceuticals directly in aquaculture 

facilities and the indirect application of 

manure during agricultural operations [3]. 

Another source of PPCPs was discharge 

from manufacturing facilities, hospitals, 

and nursing homes. The unintended 

presence of PPCPs in various aquatic 

environment compartments (such as water, 

sediments, and biota) at amounts capable of 

harming aquatic creatures has come to more 

people's attention in recent years. Due to 

PPCPs' extensive and growing usage in 

human and veterinary medicine, as well as 

their ongoing discharge into the 

environment, this has grown to be a serious 

issue [4]. 

The PPCPs so ingested cause the host to 

have a particular biological reaction, which 
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is then eventually released into the 

environment. According to studies, the 

human body excretes 10–90% of the dose 

of PPCPs in its parent form, with the 

remaining percentage being eliminated as 

metabolites or conjugated forms. The 

excreted PPCPs enter wastewater treatment 

facilities (WTPs) where they are ultimately 

released as raw or processed effluent into 

the soil, rivers, lakes, and oceans. Since the 

1970s, they have been found in the aquatic 

environment, and in the last 20 years, in all 

varieties of surface water, groundwater, and 

the marine environment. 

Compelling indicators of public and 

community health is to access good quality 

water, which extremely vital for all form of 

living organisms. Water-borne infections 

may spread as a result of water system 

contamination, which might have fatal or 

seriously detrimental effects on health over 

the long or short term. Since contaminated 

water serves as a major exposure route for 

infectious pathogens and cancer-causing 

organic and inorganic pollutants, humans 

and animals are vulnerable to these 

illnesses. Active pharmaceutical 

ingredients (APIs), for example, are 

predominantly water-soluble and have the 

ability to penetrate membranes and survive 

in biological systems despite the fact that 

their dissolution in aqueous matrices is 

varied. The environmental danger, 

accumulating potential, and aquatic 

environment bioactivity of APIs are 

nonetheless raised by their fundamental 

characteristics [5]. Pharmaceuticals are 

capable of affecting biochemical and 

physiological processes in a variety of non-

target creatures, much like prescribed doses 

on target animals. Thus, they have the 

potential to have negative effects on native 

and migratory species of creatures exposed 

to API-contaminated environments. 

Several organizations from all around the 

world are worried about the PPCPs' 

growing potential for toxicity. It was 

acknowledged that the US EPA's list of 129 

Priority Pollutants did not represent a 

complete or perhaps even an appropriate 

listing of the very wide variety of chemicals 

present in wastewaters and storm water 

runoff that may be a threat to receiving 

waters. The list was developed with little 

technical input and was not externally peer-

reviewed. A first list of 33 priority 

chemicals in the area of water policy has 

been defined within the context of the EU 

Water Framework Directive (WFD) under 

Directive 2000/60/EC, for the 

implementation of control measures over 

the following 20 years. Further amendment 

was made to the list in the year 2007 which 

included PPCPs such as diclofenac, 

iopamidol, musks, carbamazepine, 

ibuprofen, clofibric acid, triclosan, 

phthalates, and bisphenol A. [7] 

Hazardous effects of PPCPs of Aquatic 

life: 

Pharmaceuticals and personal care products 

(PPCPs) are an essential part of our daily 

lives, but their improper disposal and 

incomplete removal during wastewater 

treatment can lead to harmful effects on 

aquatic life. [8]  

PPCPs include a diverse range of chemicals 

such as antibiotics, antidepressants, 

sunscreen agents, fragrances, and hormones 

that can be present in surface water, 

groundwater, and even drinking water. 

Here are some of the harmful effects of 

PPCPs on aquatic life: [9] 

a) Hormonal Imbalance: Hormonal 

drugs, such as birth control pills, can 

disrupt the endocrine system of aquatic 

organisms. This can lead to 

feminization or masculinization of 

aquatic organisms, depending on the 
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specific hormone present in the water. 

This can impact the reproductive 

capacity of aquatic organisms, which 

can ultimately lead to population 

decline and even extinction of certain 

species. 

b) Antibiotic Resistance: Antibiotics, 

when released into aquatic 

environments, can contribute to the 

development of antibiotic-resistant 

bacteria. This can have severe 

consequences for aquatic organisms 

and humans, as infections caused by 

antibiotic-resistant bacteria are much 

harder to treat than those caused by 

non-resistant bacteria. 

c) Toxicity: Some PPCPs, such as 

triclosan (an antibacterial agent), and 

parabens (preservatives) have been 

found to be toxic to aquatic organisms. 

These chemicals can interfere with the 

normal functioning of enzymes, disrupt 

hormone signaling pathways, and even 

cause damage to DNA. 

d) Alteration of Behavior: Psychoactive 

drugs, such as antidepressants, can 

alter the behavior of aquatic organisms, 

causing them to become more 

aggressive or less responsive to 

predators. This can affect the entire 

food chain, as the survival of one 

species is dependent on the behavior of 

other species. 

e) Bioaccumulation: Many PPCPs have 

been found to accumulate in the tissues 

of aquatic organisms, which can lead to 

long-term effects on the health of the 

organism. This bioaccumulation can 

also result in the transfer of these 

chemicals up the food chain, with 

predators accumulating higher 

concentrations of the chemical than 

their prey. 

f) Disruption of Ecosystem: The presence 

of PPCPs in aquatic environments can 

disrupt the natural ecosystem. These 

chemicals can affect the nutrient 

cycles, the composition of the 

microbial community, and the primary 

productivity of aquatic environments. 

This disruption can lead to the decline 

of certain species and the proliferation 

of others. 

Transgenerational effect of PPCPs on 

Aquatic life 

In recent years, researchers have discovered 

that PPCPs can have trans-generational 

effects on aquatic organisms, which can 

lead to long-term and potentially 

irreversible consequences. Trans-

generational effects refer to changes in the 

phenotype or reproductive capacity of an 

organism that are passed down to 

subsequent generations, even in the absence 

of continued exposure to the environmental 

stressor. [10] These effects can occur due to 

epigenetic modifications, which alter the 

expression of genes without changing the 

underlying DNA sequence. 

The trans-generational effects of PPCPs on 

aquatic life have been observed in several 

studies. One of the most significant effects 

is on the reproductive capacity of aquatic 

organisms. Exposure to PPCPs has been 

shown to reduce fertility and increase 

mortality rates in the offspring of exposed 

fish. In some cases, the changes in gene 

expression patterns suggest the occurrence 

of epigenetic modifications. [11] PPCPs 

can also have trans-generational effects on 

the behavior of aquatic organisms. 

Exposure to PPCPs has been shown to 

reduce the activity levels of offspring and 

alter their responses to predators. These 

effects were attributed to changes in the 

expression of genes involved in the stress 

response. [12] 

The trans-generational effects of PPCPs on 

the physiology of aquatic organisms are 

also significant. Exposure to PPCPs has 
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been shown to reduce immune function in 

the offspring of exposed mussels, and these 

effects were observed even after three 

generations of exposure. The neurological 

effects of PPCPs on aquatic organisms are 

also of concern. Exposure to PPCPs has 

been shown to alter neurotransmitter levels 

and impair cognitive function in the 

offspring of exposed zebrafish. These 

effects were observed even after four 

generations of exposure. 

Exposure to PPCPs can lead to endocrine 

disruption in aquatic organisms, which can 

cause trans-generational effects on 

reproductive capacity and development. 

Exposure to the herbicide atrazine during 

embryonic development led to trans-

generational effects on sex determination 

and development. The offspring of exposed 

frogs had altered expression of genes 

involved in sex differentiation and higher 

rates of sex reversal. [13] The trans-

generational effects of PPCPs on aquatic 

life are a growing concern, as these effects 

can have long-lasting and potentially 

irreversible consequences. These effects 

can occur due to epigenetic modifications, 

which alter the expression of genes without 

changing the underlying DNA sequence. 

The trans-generational effects of PPCPs on 

aquatic life have been observed in several 

studies, including effects on reproduction, 

behavior, physiology, neurological 

function, and endocrine disruption. [14] 

It is essential to take steps to reduce the 

release of PPCPs into the environment and 

to improve the removal of these chemicals 

during wastewater treatment processes. 

This can include educating the public about 

the proper disposal of medications and 

increasing the use of advanced wastewater 

treatment technologies. Further research is 

also needed to fully understand the trans-

generational effects of PPCPs on aquatic 

life and to develop strategies to mitigate 

these effects. By taking proactive steps, we 

can help to protect aquatic ecosystems and 

ensure their sustainability for future 

generations. [15] 

Sources of PPCPs for Aquatic pollution 

Use of pharmaceutical and personal care 

product have been increased in the recent 

years making it a great threat for the aquatic 

pollution. There are various sources that 

play major role in aggregation of PPCPs in 

aquatic animals. Some of the leading 

sources in the aggregation of PPCPs are as 

follows: 

Human excretion: One of the most 

significant sources of PPCPs in aquatic 

environments is human excretion. The 

human body does not metabolize all the 

chemicals present in PPCPs, and these 

chemicals can end up in wastewater 

through urine and feces. The wastewater is 

then treated in wastewater treatment plants, 

but the treatment processes may not remove 

all the PPCPs, leading to their discharge 

into surface waters. [16] 

Veterinary drugs: Veterinary drugs, such as 

antibiotics and growth hormones, are used 

extensively in animal husbandry to promote 

growth and treat infections. These drugs 

can end up in the water supply through 

various pathways, including runoff from 

agricultural fields, discharge from animal 

waste, and improper disposal of animal 

carcasses. [17] 

Industrial effluents: Various industries use 

PPCPs in their processes, such as the 

production of chemicals and drugs, which 

can result in the release of these chemicals 

into the water supply. Industrial effluents 

can contain high concentrations of PPCPs, 

making them a significant source of aquatic 

pollution. [18] 

Landfills: PPCPs can also end up in aquatic 

environments through the disposal of solid 
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waste in landfills. Landfills are a potential 

source of PPCPs as they can leach into the 

groundwater or surface water through the 

landfill liners. [19] 

Aquaculture: Aquaculture, the farming of 

aquatic animals, uses PPCPs in feed and 

water treatments to promote growth and 

prevent diseases. The use of PPCPs in 

aquaculture can result in their accumulation 

in the aquatic environment, leading to 

potential harm to wild fish populations. 

Municipal solid waste: PPCPs can end up in 

the water supply through the disposal of 

municipal solid waste, such as food and 

packaging waste. PPCPs can leach into the 

groundwater or surface water through the 

landfill liners and contaminate the water 

supply. 

Recreational activities: Activities such as 

swimming, diving, and boating can also 

contribute to the pollution of aquatic 

environments with PPCPs. The use of 

sunscreen, lotions, and other personal care 

products by swimmers can result in the 

release of these chemicals into the water, 

leading to potential harm to aquatic life. 

[20] 

 

The release of these chemicals into the 

water supply can lead to significant 

environmental and health risks, including 

the trans-generational effects on aquatic 

life. Therefore, it is essential to reduce the 

use of PPCPs where possible and develop 

effective treatment technologies to remove 

these chemicals from wastewater before 

discharge into the aquatic environment. 

Additionally, increasing public awareness 

about the proper disposal of PPCPs and 

implementing regulations to limit their 

release into the environment can help to 

reduce their impact on aquatic ecosystems. 

[21] 

Statistical data for PPCPs in Aquatic 

pollution: 

Pharmaceutical and personal care products 

(PPCPs) have become a major source of 

aquatic pollution, as these compounds can 

enter the environment through various 

pathways, including wastewater treatment 

plants, landfills, and agricultural runoff. 

Once in the aquatic environment, PPCPs 

can persist, bioaccumulate, and have 

adverse effects on aquatic life. [22] Here 

are some statistical data about PPCPs in 

aquatic pollution: 

Occurrence in surface water: PPCPs have 

been detected in surface water in various 

parts of the world. A study conducted in the 

United States found that 80% of sampled 

streams contained at least one PPCP, and 

55% of the samples contained multiple 

PPCPs. 

Persistence in the environment: PPCPs can 

persist in the environment for extended 

periods, with some chemicals remaining 

detectable for months or even years. A 

study conducted in the United Kingdom 

found that some PPCPs, such as triclosan, 

remained detectable in sediment samples 

for up to 8 years. [23] 

Bioaccumulation in aquatic organisms: 

PPCPs can bioaccumulate in aquatic 

organisms, leading to potential harm to 

aquatic life. A study conducted in Canada 

found that PPCPs, such as caffeine and 

ibuprofen, accumulated in fish tissues, with 

some chemicals found at levels that could 

have adverse effects on fish health. 

Wastewater treatment: Wastewater 

treatment plants are not always effective in 

removing PPCPs from wastewater, leading 

to their discharge into surface waters. A 

study conducted in the United States found 

that conventional wastewater treatment 

plants were only effective in removing 40-

90% of selected PPCPs. [24] 
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Human exposure: PPCPs can also pose a 

potential risk to human health through the 

consumption of contaminated fish and 

water. A study conducted in the United 

States found that consuming fish from 

streams contaminated with PPCPs could 

result in daily exposure to these chemicals, 

potentially leading to adverse health 

effects. 

Emerging contaminants: PPCPs are 

classified as emerging contaminants, 

meaning they are not regulated under most 

water quality standards. However, there is 

increasing recognition of the potential 

environmental and health risks associated 

with these chemicals, leading to the 

development of new regulations and 

guidelines for their management. [25] 

Statistical data shows that PPCPs are a 

widespread and persistent contaminant in 

aquatic environments, posing potential 

harm to aquatic life and human health. 

While wastewater treatment plants can 

remove some PPCPs, they are not always 

effective, leading to their discharge into 

surface waters. [26] The bioaccumulation 

of PPCPs in aquatic organisms can also lead 

to potential harm to fish health and human 

exposure through the consumption of 

contaminated fish and water. Therefore, 

continued research and the implementation 

of effective management strategies are 

necessary to reduce the impact of PPCPs on 

aquatic environments and human health. 

 

Persistence of pharmaceutical and 

personal care product in aquatic life 

Pharmaceutical and personal care products 

(PPCPs) can persist in aquatic 

environments for extended periods of time, 

which can result in long-term exposure to 

aquatic life. The persistence of PPCPs in 

aquatic environments can be influenced by 

several factors, including their 

physicochemical properties, environmental 

conditions, and biological processes. [27] 

Here are some examples of the persistence 

of PPCPs in aquatic life: 

Hormonal compounds: Hormonal 

compounds, such as estrone and 17β-

estradiol, are commonly found in PPCPs 

and have been shown to persist in aquatic 

environments for extended periods. These 

Surface Water
55%

Landfills
10%waste water 

treatment plant
80%

Agriculture
20%

Aquaculture
4%

PERCENTAGE CONTRBUTION OF PPCPS THROUGH VARIOUS SOURCE IN 
AQUATIC POLLUTION

Surface Water Landfills waste water treatment plant Agriculture Aquaculture
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compounds can disrupt endocrine function 

in aquatic life and lead to reproductive 

abnormalities. [28] 

Antibiotics: Antibiotics are used 

extensively in both human and veterinary 

medicine, and their persistence in aquatic 

environments can lead to the development 

of antibiotic-resistant bacteria. Studies have 

shown that antibiotics can persist in aquatic 

environments for long periods and can 

continue to exert antimicrobial effects even 

at low concentrations. [29] 

Personal care products: Personal care 

products, such as sunscreen and insect 

repellent, can persist in aquatic 

environments for extended periods, leading 

to potential harm to aquatic life. For 

example, the compound oxybenzone, 

which is commonly found in sunscreen, has 

been shown to be toxic to coral reefs and 

other marine life. 

Antidepressants: Antidepressants, such as 

fluoxetine and sertraline, are commonly 

detected in aquatic environments and can 

persist for extended periods. These 

compounds can affect the behaviour of 

aquatic organisms and lead to changes in 

their feeding, reproduction, and other 

activities. [30] 

The persistence of PPCPs in aquatic 

environments is a cause for concern, as it 

can lead to long-term exposure and 

potential harm to aquatic life. Effective 

management strategies, such as improved 

wastewater treatment and regulation of 

PPCP use, are needed to reduce their 

environmental impact and protect aquatic 

ecosystems. [31] 

Bioaccumulation of PPCPs 

PPCPs can pose a significant threat to 

aquatic animals, as they can bioaccumulate 

in the tissues of these organisms over time. 

Bioaccumulation occurs when an organism 

takes in a chemical substance faster than it 

can eliminate it, resulting in a build-up of 

the chemical in the organism's tissues. [32] 

Here are some reasons and threats 

associated with the bioaccumulation of 

PPCPs in aquatic animals: 

Slow elimination: PPCPs can have long 

elimination half-lives in aquatic animals, 

which can lead to the accumulation of these 

compounds in the organisms' tissues over 

time. This can lead to potential toxicity and 

harm to the organisms.  

Low solubility: Many PPCPs have low 

solubility in water and can bind to organic 

matter, making them more likely to 

accumulate in aquatic animals. 

Trophic transfer: PPCPs can accumulate in 

higher concentrations in the tissues of 

predators that consume contaminated prey, 

leading to an increase in the concentration 

of these compounds in the food chain. 

Organism-specific factors: The rate of 

bioaccumulation can vary depending on the 

species, sex, age, and other biological 

factors of the organism. This can lead to 

differential accumulation of PPCPs in 

different aquatic animal populations. 

The bioaccumulation of PPCPs in aquatic 

animals can lead to several threats to the 

organisms and the ecosystems they inhabit. 

These threats can include: 

Toxicity: PPCPs can have toxic effects on 

aquatic animals, particularly if they are 

bioaccumulated in high concentrations over 

time. These effects can include 

reproductive abnormalities, neurological 

disorders, and other adverse health 

outcomes. 

Impaired growth and development: The 

accumulation of PPCPs in aquatic animal 

tissues can lead to impaired growth and 

development, which can affect the overall 

health and survival of the organisms. 
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Ecological effects: The bioaccumulation of 

PPCPs can affect the structure and function 

of aquatic ecosystems, leading to changes 

in the populations of different species and 

overall ecosystem health. 

Overall, the bioaccumulation of PPCPs in 

aquatic animals poses a significant threat to 

these organisms and the ecosystems they 

inhabit. Effective management strategies, 

such as improved wastewater treatment and 

regulation of PPCP use, are needed to 

reduce the environmental impact of these 

compounds and protect aquatic ecosystems. 

Managerial strategies to reduce the effect 

of PPCPs of Aquatic life 

PPCPs can enter aquatic systems through 

various pathways such as wastewater 

treatment plant effluents, runoff from 

agricultural fields, and leaching from 

landfills. Once they enter aquatic systems, 

they can have negative impacts on aquatic 

organisms such as fish, invertebrates, and 

algae. To address this issue, management 

strategies are necessary to reduce the 

pollution of PPCPs in the environment. [33] 

Improved Wastewater Treatment: One of 

the major sources of PPCPs in aquatic 

systems is wastewater treatment plant 

effluents. Therefore, it is important to 

improve wastewater treatment processes to 

remove or reduce the concentrations of 

PPCPs before they are discharged into the 

environment. The use of advanced 

treatment technologies such as ozonation, 

activated carbon, and membrane filtration 

has been shown to be effective in reducing 

the concentration of PPCPs in treated 

wastewater. [34] 

Better Management Practices in 

Agriculture: Another significant source of 

PPCPs in aquatic systems is agricultural 

runoff. The use of fertilizers, pesticides, and 

other chemicals in agriculture can 

contribute to the pollution of water bodies. 

Therefore, better management practices 

such as reduced chemical use, crop rotation, 

and cover crops can help to reduce the 

pollution of PPCPs in the environment. 

Regulation of PPCP Use: The regulation of 

PPCP use is also critical in reducing the 

pollution of PPCPs in the environment. 

This can include restrictions on the use of 

certain chemicals, mandatory labelling of 

products containing PPCPs, and the 

establishment of take-back programs for 

unused or expired medications. [35] 

Proper Disposal of PPCPs: Proper disposal 

of PPCPs is also essential in reducing their 

pollution in the environment. This can 

include take-back programs for unused or 

expired medications, education programs 

on proper disposal of medications and 

personal care products, and the installation 

of drop boxes at pharmacies and other 

locations for the safe disposal of 

medications. 

Green Chemistry: The development of 

more environmentally friendly products 

through green chemistry can help to reduce 

the pollution of PPCPs in the environment. 

This includes the use of non-toxic or less 

toxic chemicals in the production of 

pharmaceuticals and personal care 

products. [36] 

Public Education and Awareness: 

Education and awareness programs can 

help to reduce the pollution of PPCPs in the 

environment by encouraging individuals to 

take action to reduce their use and disposal 

of these products. This can include 

education programs in schools and 

community centres, public service 

announcements, and social media 

campaigns. 

Effective management strategies are 

necessary to reduce the pollution of PPCPs 

in the environment. Improved wastewater 

treatment, better management practices in 
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agriculture, regulation of PPCP use, proper 

disposal of PPCPs, green chemistry, and 

public education and awareness are some of 

the key strategies that can help to reduce the 

pollution of PPCPs in the environment. 

Case studies 

Several case studies have highlighted the 

impacts of PPCP pollution on aquatic 

environments and the measures taken to 

mitigate their effects. 

Lake Mead, Nevada: The Lake Mead case 

study found that PPCPs were present in 

high concentrations in the lake, and their 

presence was attributed to wastewater 

discharge from Las Vegas. The high levels 

of PPCPs were found to be impacting 

aquatic life in the lake. The Las Vegas 

wastewater treatment plant implemented 

advanced treatment technologies such as 

reverse osmosis and ozonation to remove 

PPCPs from treated wastewater before 

discharging it into the lake. This measure 

has helped to reduce the concentrations of 

PPCPs in the lake and improve water 

quality. [37] 

The Great Barrier Reef, Australia: The 

Great Barrier Reef case study found that 

PPCPs were present in high concentrations 

in the water surrounding the reef, and their 

presence was attributed to agricultural 

runoff and human sewage. The high levels 

of PPCPs were found to be impacting the 

reef's coral and fish populations. To 

mitigate the effects of PPCP pollution, the 

Australian government has implemented 

measures such as improving wastewater 

treatment processes, restricting the use of 

certain chemicals in agriculture, and 

implementing regulations on the use and 

disposal of PPCPs. {38] 

San Francisco Bay, California: The San 

Francisco Bay case study found that PPCPs 

were present in high concentrations in the 

bay, and their presence was attributed to 

wastewater discharge and stormwater 

runoff. The high levels of PPCPs were 

found to be impacting fish and invertebrate 

populations in the bay. To mitigate the 

effects of PPCP pollution, the San 

Francisco Bay Regional Water Quality 

Control Board has implemented measures 

such as reducing the discharge of untreated 

wastewater, improving wastewater 

treatment processes, and promoting the use 

of environmentally friendly products. [39] 

River Thames, United Kingdom: The River 

Thames case study found that PPCPs were 

present in high concentrations in the river, 

and their presence was attributed to 

wastewater discharge from London. The 

high levels of PPCPs were found to be 

impacting fish and invertebrate populations 

in the river. To mitigate the effects of PPCP 

pollution, the UK government has 

implemented measures such as improving 

wastewater treatment processes, promoting 

the use of environmentally friendly 

products, and encouraging the safe disposal 

of unused or expired medications. 

Lake Geneva, Switzerland: The Lake 

Geneva case study found that PPCPs were 

present in high concentrations in the lake, 

and their presence was attributed to 

wastewater discharge from the city of 

Geneva. The high levels of PPCPs were 

found to be impacting fish populations in 

the lake. To mitigate the effects of PPCP 

pollution, the city of Geneva has 

implemented measures such as improving 

wastewater treatment processes, promoting 

the use of environmentally friendly 

products, and encouraging the safe disposal 

of unused or expired medications. 

In conclusion, the case studies discussed in 

this review demonstrate the significant 

impacts of PPCP pollution on aquatic 

environments and the measures taken to 

mitigate their effects. Improving 

wastewater treatment processes, promoting 
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the use of environmentally friendly 

products, restricting the use of certain 

chemicals in agriculture, and encouraging 

the safe disposal of unused or expired 

medications are some of the key measures 

that have been implemented to mitigate 

PPCP pollution. These measures highlight 

the importance of effective management 

strategies to reduce the pollution of PPCPs 

in the environment and protect aquatic life. 

Potential future scenarios for PPCP 

pollution in aquatic environments  

The increasing use of pharmaceutical and 

personal care products (PPCPs) has led to a 

rise in their presence in aquatic 

environments, posing potential threats to 

the health of aquatic ecosystems and human 

populations. [40] There are several 

potential future scenarios for PPCP 

pollution in aquatic environments, and it is 

important to understand these scenarios and 

their implications in order to develop 

effective strategies for mitigating their 

effects. 

One scenario is the continued increase in 

the use of PPCPs, which could result in 

higher levels of PPCP pollution in aquatic 

environments. This could lead to a range of 

negative impacts on aquatic ecosystems, 

including changes in species composition, 

altered nutrient cycling, and decreased 

biodiversity. Additionally, exposure to 

PPCPs could lead to the development of 

antibiotic resistance in aquatic organisms, 

which could have implications for human 

health. [41] 

Another potential scenario is the 

development and use of new PPCPs with 

potentially harmful effects on aquatic 

environments. As new products are 

developed and introduced to the market, 

there is a risk that they may not be fully 

evaluated for their potential impacts on 

aquatic ecosystems, leading to 

unanticipated environmental effects. It is 

therefore important to carefully evaluate 

new PPCPs before they are introduced to 

the market and to develop effective 

measures for mitigating their potential 

impacts. [42] 

Climate change is another factor that could 

affect the future of PPCP pollution in 

aquatic environments. Climate change 

could alter the fate and behaviour of PPCPs 

in aquatic environments, potentially 

increasing their toxicity and persistence. 

Additionally, changes in precipitation 

patterns and water availability could lead to 

changes in the distribution of PPCPs in 

aquatic environments, potentially affecting 

their ecological impacts. [43,44] 

To address the potential future scenarios for 

PPCP pollution in aquatic environments, it 

is important to develop effective 

management strategies that address the 

sources, fate, and behaviour of PPCPs in the 

environment. These strategies could 

include measures to reduce the use of 

PPCPs, such as increasing public awareness 

and promoting the use of eco-friendly 

products. Additionally, measures could be 

taken to improve the removal of PPCPs 

from wastewater, such as the development 

of advanced treatment technologies and the 

implementation of regulations on discharge 

limits. [45] 

Conclusion 

In conclusion, the review article highlights 

the threat posed by pharmaceutical and 

personal care products (PPCPs) to aquatic 

life and the potential implications for 

human populations. The article explores the 

sources and fate of PPCPs in aquatic 

environments, the effects on aquatic 

organisms and ecosystems, and the 

potential future scenarios for PPCP 

pollution. There is an urgent need for 

effective management strategies to mitigate 
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the effects of PPCP pollution. Such 

strategies include reducing the use of 

PPCPs, improving wastewater treatment 

and discharge regulations, and promoting 

public awareness of eco-friendly products. 

Case studies have shown that these 

strategies can be effective in reducing the 

levels of PPCP pollution in aquatic 

environments. Despite progress in the 

development of management strategies, 

challenges remain. The emergence of new 

PPCPs, climate change, and other factors 

pose potential threats to the efficacy of 

management strategies. Therefore, it is 

necessary to continue research and 

monitoring of PPCP pollution and its 

effects on aquatic ecosystems and human 

populations, and to develop innovative 

solutions to address emerging challenges. 

By developing effective management 

strategies and continuing to monitor and 

adapt to emerging challenges, it is possible 

to reduce the impacts of PPCPs on aquatic 

ecosystems and safeguard the health of both 

aquatic life and human populations. 
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