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Abstract 

Aim of the research was to study the impact of pharmaceuticals on the ecology and 

human health. Currently, increasing attention is being paid to the presence and fate of active 

pharmaceutical ingredients, solvents, intermediates and raw materials that may be present in 

water and wastewater, including pharmaceutical wastewater. Traditional wastewater 

treatment methods, such as activated sludge, are insufficient to completely remove active 

pharmaceutical ingredients and other wastewater components from these waters. 

Pharmaceutical wastewater has direct and indirect impacts on the environment and health, 

especially near pharmaceutical industrial sites. Although pharmaceutical factories produce 

untreated or partially treated wastewater, drinking water sources are contaminated. Various 

classes of pharmaceutical compounds such as analgesics, antidepressants, 

antihypertensives, contraceptives, antibiotics, steroids, hormones, etc. To protect the 

environment and lifestyles from health risks, the concentration of pharmaceutical compounds 

in medical wastewater entering drinking water sources should be regularly monitored. This 

article highlights the toxicity, health risks, and environmental risk assessments associated 

with pharmaceutical contaminants. To reduce contamination levels when consuming 

medicines should be: Creation of a system for collecting drug waste generated by the 

population; Conducting awareness-raising work with the population, employees of healthcare 

institutions and other target groups on the topic of environmental pollution by drug waste; 

Taking into account environmental factors when choosing and prescribing treatment. At the 

same time, there is no need to put environmental protection above the human need for 

treatment; Development and implementation of wastewater treatment systems. It should be 

taken into account that urban wastewater has an unstable composition in terms of names and 

concentrations of drugs. A higher priority is to prevent drug residues from entering the city 

sewer system. 

 

Key words: Drug, pharmaceuticals,medicine, ecology, environment, human health. 



World of Medicine : Journal of Biomedical Sciences,  Vol. 1 No. 4   2024 
 66 

 

 
1 Tbilisi State Medical University, Head of The Department of Social and Clinical Pharmacy, Tbilisi, Georgia 

2 Georgian National University SEU, Faculty of Medicine 

3 Tbilisi State Medical University, Department of Medical Pharmacology 

4 First University Clinic of Tbilisi State Medical University 

5 Tbilisi State Medical University, Department of Hygiene and Medical Ecology 

 
 

 
 
 

 

 

 

Introduction 

 

Aim of the research was to study the impact of pharmaceuticals on the ecology and human health. 

Currently, increasing attention is being paid to the presence and fate of active pharmaceutical ingredients, 

solvents, intermediates and raw materials that may be present in water and wastewater, including 

pharmaceutical wastewater. Traditional wastewater treatment methods, such as activated sludge, are 

insufficient to completely remove active pharmaceutical ingredients and other wastewater components 

from these waters. Pharmaceutical wastewater has direct and indirect impacts on the environment and 

health, especially near pharmaceutical industrial sites. Although pharmaceutical factories produce 

untreated or partially treated wastewater, drinking water sources are contaminated. Various classes of 

pharmaceutical compounds such as analgesics, antidepressants, antihypertensives, contraceptives, 

antibiotics, steroids, hormones, etc. To protect the environment and lifestyles from health risks, the 

concentration of pharmaceutical compounds in medical wastewater entering drinking water sources 

should be regularly monitored. This article highlights the toxicity, health risks, and environmental risk 

assessments associated with pharmaceutical contaminants. To reduce contamination levels when 

consuming medicines should be: Creation of a system for collecting drug waste generated by the 

population; Conducting awareness-raising work with the population, employees of healthcare institutions 

and other target groups on the topic of environmental pollution by drug waste; Taking into account 

environmental factors when choosing and prescribing treatment. At the same time, there is no need to put 

environmental protection above the human need for treatment; Development and implementation of 

wastewater treatment systems. It should be taken into account that urban wastewater has an unstable 

composition in terms of names and concentrations of drugs. A higher priority is to prevent drug residues 

from entering the city sewer system. 

Keywords: Drug, pharmaceuticals,medicine, ecology, environment, human health. 

 

Introduction. Ecology, which directly affects the health of society, is one of the most important factors 

in the modern era of civilization. Factors affecting population health are the biggest social problem. The 

health and illness of society are determined by the environment in which a living organism is located and 

develops. Man is a biosocial being. Environmental factors affect organisms in different ways. It can be 

irritating, limiting or determining the existence of the organism in specific conditions; the danger of 
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disturbing the natural balance is associated with pollution of the atmosphere, water, soil and food 

products with nitrates, pesticides, radionuclides and other harmful substances. The environment is 

saturated with psychotoxins, chemical waste, biological damaging agents (drug-resistant bacteria, fungi, 

viruses, parasites resulting from mutations). causing death of plants and animals and illness in humans. 

Therefore, it is clear what a great danger an environmental disaster poses [1-3].  An environmental 

disaster has a direct impact on public health. Society and the environment are in constant relationship. 

Therefore, the health and illness of society are determined by the environment in which a living organism 

is located and develops. Factors affecting population health are the biggest social problem. 

There is a danger of disturbing the natural balance. Pollution of the atmosphere, water, soil and food 

products with nitrates, pesticides, radionuclides and other harmful substances leads to the death of plants 

and animals and diseases of people. Therefore, it is clear what a great danger ecological disaster causes 

[5-6]. 

The most serious consequence of biosphere pollution is the manifestation of genetic disorders. As a result 

of increased radioactive background and chemical pollution of the environment, the number of 

pathologies, malignant tumors, mental disorders, etc. increases. number. Mutagens in the form of 

chemical compounds, ionizing radiation penetrate the cell and cause disruption of the genetic program, 

causing mutations in somatic cells [7-8].  Human activity has the most negative impact by releasing 

pollutants. Pollutants are considered to be all those substances that enter the atmosphere, soil, natural 

waters and cause disruption of the biological, physical or chemical processes taking place there. 

Radiation and thermal radiation are also pollutants. As a result of human activities, carbon dioxide (CO2), 

carbon dioxide (CO), sulfur dioxide (SO2), methane (CH4), nitrogen oxides NO2, NO, N2O are released 

into the atmosphere. As a result of aerosol use, chlorofluorocarbon enters the atmosphere, and 

hydrocarbons from transport emissions. Water bodies are polluted not only by waste from industrial 

production, but also by organic and mineral fertilizers and pesticides used in agriculture. In the same way, 

sea water is being polluted. Rivers carry millions of tons of chemical waste into the sea every year. 

Millions of tons of oil spill into the oceans every year as a result of tanker and oil rig accidents, killing 

marine animals. Burial of nuclear waste at the bottom of the sea, sunken ships with nuclear reactors and 

weapons also pose a danger [9-11].  Radioactive contamination of the soil creates a great danger, since 

radioactive substances from the soil enter plants, and from there into the body of humans and animals, 

where they accumulate and cause various diseases. Chemicals pose a particular danger,specifically, 

organic compounds used in agriculture to control weeds, pests and diseases. 

Currently, increasing attention is being paid to the presence and fate of active pharmaceutical ingredients, 

solvents, intermediates and raw materials that may be present in water and wastewater, including 

pharmaceutical wastewater. Traditional wastewater treatment methods, such as activated sludge, are 

insufficient to completely remove active pharmaceutical ingredients and other wastewater components 

from these waters. Pharmaceutical wastewater has direct and indirect impacts on the environment and 

health, especially near pharmaceutical industrial sites. Although pharmaceutical factories produce 

untreated or partially treated wastewater, drinking water sources are contaminated. Various classes of 

pharmaceutical compounds such as analgesics, antidepressants, antihypertensives, contraceptives, 

antibiotics, steroids, hormones, etc. were detected in water samples ranging from mg/L to μg/L. Although 

the quantities detected are very small, they are highly toxic to humans, animals and aquatic life. To 

protect the environment and lifestyles from health risks, the concentration of pharmaceutical compounds 

in medical wastewater entering drinking water sources should be regularly monitored. This article 

highlights the toxicity, health risks, and environmental risk assessments associated with pharmaceutical 
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contaminants [12-15].   Residues of many pharmaceutical products can be found in drinking water, plants 

and fruits, as well as in the tissues of fish and shellfish. Thus, people are exposed to these residues when 

they drink contaminated water and eat contaminated food. Pharmaceuticals in the environment can also 

influence the provision of important ecosystem services and have indirect effects on human health and 

well-being. Found the evidence that drug residues in drinking water and food affect human health, as well 

as the indirect effects of drugs on human health. Available evidence suggests that the risks of direct 

toxicity are low, but there are scenarios in which indirect effects are possible. Much remains to be done 

regarding the wider range of drugs and exposure pathways, and the links between the presence of drugs 

in the environment and the provision of ecosystem services [16-18]. 

The uncontrolled release drugs into the environment may be wastewater and atmospheric emissions from 

enterprises producing finished drugs and pharmaceutical substances. the environmental safety of such 

production is usually regulated by law. However, accidental releases of drugs into the environment or 

those that violate existing norms and regulations that occur in industry, are nevertheless not systematic. 

Moreover, there is a general trend towards a reduction in the environmental load on the part of 

pharmaceutical production, primarily in developed countries of the world, due to a consistent increase in 

the technological effectiveness and organization of the production process, the introduction of increasing 

quality standards and environmental safety, and control by authorized government bodies . It is also 

necessary to take into account that pharmaceutical production is localized geographically, and if an 

accident occurs at the enterprise or there are violations of environmental legislation, then such emissions 

are exclusively local in nature and pose a danger only to specific regions. For all the reasons listed above, 

such sources are not the subject of analysis in this review, although they contribute to environmental 

pollution. Other sources of drugs that are practically uncontrollable and are formed mainly by people who 

use drugs for medical purposes, as well as in animals, pose a great danger to the environment [19-21].  

For the most part, drugs are xenobiotics, and many of them are metabolized in the human body. The task 

of metabolism is generally to impart polarity to lipophilic substances in order to facilitate subsequent 

excretion. Metabolic parameters are individual for each substance and depend on gender, race, age and 

the physiological state of the human body. There are two phases of metabolism, the numbering of which 

does not necessarily reflect their actual sequence. In the first phase of metabolism, a redox or hydrolytic 

transformation of the molecule occurs, increasing its polarity. In the second phase of metabolism, the 

xenobiotic is conjugated with endogenous molecules that improve the transport properties of the 

metabolite [22-23].  

Aim of the research was to study and analyzed the impact of pharmaceuticals on the ecology and human 

health in General. 

Methodology. The material of the article was the data from scientific publications, which were 

processed, analyzed, overviewed and reviewed by generalization and systematization. Research studies 

are based on a review/overview assessment of the development of critical visibility and overlook of the 

modern scientific literature. use the following databases: (for extensive literature searches to identify key 

issue aspects of the impact of pharmaceuticals on the ecology and human health in General.). PubMed, 

Medline, Web of Science, Scopus, Web of Knowledge, Clinical Key, Tomson Reuters, Google Scholar, 

Cochrane library, and Elsevier foundations, national and international policies and guidelines were also 

reviewed and as well as grey literature. 

 

Results and Discussion.  The chemical pollutants such as pesticides, biocides or industrial chemicals, the 

release of pharmaceuticals into the environment must be regulated to ensure adequate information and 
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transparency about the environmental impacts of pharmaceuticals; adequate and reliable assessment of 

environmental risks of pharmaceutical products; prevent pharmaceutical products from entering the 

environment throughout their entire life cycle and control releases of pharmaceuticals into the 

environment when prevention is not possible [24-25]. 

Consumption of medicinal products for human and veterinary purposes has impacts on terrestrial and 

marine environments and ecosystems. Increased environmental awareness regarding pharmaceutical 

activities has led to the development of policies and measures aimed at mitigating negative environmental 

impacts. Various measures have been taken to promote environmentally friendly production and 

practices, leading to the development of alternative methods and processes benefiting both the 

environment and industry. Distributors and pharmacists can make a difference by effectively managing 

daily operations, including improving inventory and rotation, consolidating supplies and reducing unused 

medications [26-27]. Incorporating green practices into the pharmacy curriculum provides future 

pharmacists with the skills and competencies needed in the field to reduce the environmental impact of 

processes and medications. A more environmentally conscious workforce in the pharmaceutical industry 

is creating the necessary ripple effect for the adoption and implementation of green principles across 

various pharmaceutical environments. Patients should also learn to avoid accumulating medications and 

disposing of them safely and correctly. Adopting environmentally friendly practices leads to a reduction 

in the use of chemicals and waste generation, which in turn leads to a reduction in the pollutants that 

contribute to climate change [28-29].  The increasing production and use of pharmaceutical and 

veterinary products has had an impact on the environment over time. Drug production processes have a 

significant impact on the environment, which affects the value of chemistry to society. The 

pharmaceutical industry impacts the environment through the carbon footprint generated during the 

production of pharmaceutical products and throughout the supply chain, which can lead to climate 

change.Climate change may alter the incidence of vector-borne diseases by altering the population of 

species that act as disease vectors. Another consequence of climate change is the emergence of infectious 

diseases caused by pathogens that would otherwise be dormant [30-31]. Diseases and conditions caused 

by climate change will also impact demand in the healthcare system and pharmaceutical industry. The 

pharmaceutical industry may see a change or increase in demand for drugs. For example, an increase in 

temperature can trigger asthma due to increased pollen levels. This increase in asthma cases will, in turn, 

lead to an increase in demand for medications to control asthma. Changing demand for medicines could 

create opportunities for the pharmaceutical industry to make the most of climate change and incorporate 

green chemistry principles into the development of new medicines. 

The production and consumption of pharmaceuticals results in the presence of active pharmaceutical 

ingredients (APIs) in the ecosystem. Active ingredients enter the marine and terrestrial environment 

through release from manufacturing facilities, into wastewater after consumption of the drug in question, 

or through improper disposal of expired or unused drugs. The use of medicinal products in veterinary 

medicine may also result in the release of active substances into the environment, for example through 

the use of wastewater for irrigation, agriculture, aquaculture or the disposal of animal carcasses treated 

with veterinary drugs. The presence of APIs in the ecosystem can have a number of side effects, such as:  

Bacterial resistance to antibiotics and changes in the activity of digestive glands in marine life, 

reproductive toxicity in amphibians and feminization of fish. Another striking example of the impact of 

APIs on the ecosystem is the sharp decline in vulture populations due to the presence of diclofenac 

residues in cattle carcasses [32-34]. 

Based on data from the World Health Organization, an analysis of the impact of environmental factors on 
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human health was published, which revealed large differences between countries and showed that human 

health can be improved by reducing exposure to environmental factors such as: pollution, ultraviolet 

radiation, noise, climate, ecosystem change and dangerous work environment. More than 10% of deaths 

in 23 countries of the world are related to the environment with two risk factors: 1) polluted air and 

water; 2) low sanitary and hygienic indicators. 

Pharmaceutical products are essential to human health, but they become an environmental problem when 

they enter the environment, which occurs when residues are excreted from the body after consumption or 

when unused pharmaceutical products are improperly disposed of. Although no method has been 

developed to detect all drugs entering an ecosystem, certain groups have been shown to have negative 

impacts on ecosystems, including increased mortality of aquatic species and changes in physiology, 

behavior, or reproduction. Particular attention is paid to these groups of drugs and their impact on the 

environment. In this review, the authors propose measures to reduce the amount of unused 

pharmaceutical products in the environment, with a focus on prevention. Various policy measures are 

recommended throughout the life cycle, including source-oriented, user-oriented and waste management 

measures, to prevent the generation of household pharmaceutical waste and ensure environmentally 

sound disposal of household pharmaceutical waste. Preventive measures include rational drug 

consumption, prescribing more environmentally friendly drugs or developing safe and easily 

biodegradable drugs, better disease prevention, personalized medicines, better packaging sizes and 

markets for the redistribution of unsafe drugs. The next step is to prevent inevitable waste from entering 

the environment. Therefore, it is extremely important to collect and properly dispose of unused 

medicines. Finally, education of healthcare professionals and the public, as well as partnerships between 

environmental scientists and clinicians, are essential at all stages of the pharmaceutical life cycle. 

Reducing drug levels in the environment will benefit human life [35-38]. 

Demographic, epidemiological and lifestyle changes, such as the aging of the population, the increase in 

chronic diseases, the availability of cheap generic treatments and easy access to a large number of over-

the-counter medications, have become key factors in the growth of the pharmaceutical industry. The 

global increase in drug consumption has led to greater international awareness of the problem of unused 

pharmaceuticals (UPs) in households and the harmful environmental and health consequences of their 

improper disposal. Drugs in the environment are challenging because they are designed to interact with a 

living system and produce a pharmacological response at low doses, making them dangerous to the 

environment even at low concentrations. Secondly, drugs are designed to be stable in reaching and 

interacting with their target molecules, meaning that they degrade very slowly or that their continued use 

results in a constant, slower release into the environment, that is, as quickly like decomposition. In 

addition, conventional wastewater treatment plants are not designed to completely remove 

pharmaceuticals from wastewater [39-41]. 

Pharmaceutical products enter the environment through two main routes: excretion and insufficient 

elimination. In both cases, pharmaceuticals end up in sewage treatment plants, which are generally not 

designed to remove these pollutants from wastewater. Drugs have been found mainly in surface water, 

but also in groundwater, soil, manure and even drinking water. The presence of drugs in freshwater and 

terrestrial ecosystems can lead to the release of drugs into wildlife with the possibility of 

bioaccumulation. People are then exposed to drugs through drinking water and their residues in crops, 

fish, dairy products and meat. The effects of pharmaceuticals entering aquatic environments are of 

increasing concern, with impacts ranging from molecular changes to population-level effects [42-44]. 

The environment is everything that surrounds us: the air we breathe, the water we drink, and the land on 
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which all living creatures live, the plants we use for food thrive. Development is what we do with these 

resources to improve lives. Our actions to make our lives more comfortable change the environment 

One of the achievements of the United Nations in the field of environmental protection is the Kyoto 

Resolution on the Climate Change Convention (1997). In 2004, it passed into law, requiring countries to 

reduce emissions of dangerous greenhouse gases by 5.2% by 2012. The United Nations Convention on 

Biological Diversity (1992) obliges states to preserve the rich diversity of plants and animals necessary 

for human existence. 

Environmental pollution leads to the increase of toxic substances in the human body and its environment 

- air, water, soil, animal and plant world - beyond the permissible norm, which is followed by a sharp 

increase in various chronic diseases. 

The interaction between the organism and the environment takes place in two main directions. One of 

them refers to those biochemical changes in human organisms that are caused by the demands of 

environmental conditions or arise in the process of human impact on the environment. It is necessary to 

specify the impact processes of men, women, children and entire groups. The environment is that part of 

living and non-living nature that surrounds organisms and directly or indirectly affects their existence, 

development and reproduction [45-47]. 

Pharmaceutical and personal care products (PPCP) in the environment are a hot topic. Veterinary 

antibiotics, prescription drugs and cosmetic products are discarded from a variety of sources and 

regularly enter the environment, where they occur in small quantities in wastewater, surface and ground 

water, silt-laden agricultural soils, aquatic and terrestrial biota, and wet drinks Water. The public should 

become aware of this and is calling on the scientific and regulatory community to assess the potential 

risks to human health and the environment and take appropriate action if necessary [48-49]. 

Chemical pollutants are known to have specific effects on organisms, for example:  Organotin 

compounds (used in anti-fouling paints on ships) affect marine life. However, there is another very 

diverse group of chemical compounds that can be harmful but have received relatively little attention as 

potential environmental pollutants. These include drugs, including drugs for humans and animals, as well 

as illegal (recreational) drugs. 

Thousands of tons of pharmacologically active substances are used worldwide every year, but 

surprisingly little is known about the fate of most drugs after their intended use. Most of the administered 

dose is excreted unchanged from the body, and metabolites can be converted back into the active 

ingredient by bacteria. In addition, the public often throws unused medicines down the drain. Based on 

published prevalence data, it is likely that a significant portion of municipal wastewater is contaminated 

with narcotic compounds that vary only in the type and content of substances present [50-51].  Modern 

research has shown that many drugs are not completely eliminated from the body in wastewater treatment 

plants. The presence of drugs in surface systems, soil and even marine systems has been confirmed in 

concentrations ranging from high ng/liter to low mg/liter, which are similar to the concentrations of some 

pesticides. Pharmaceutical compounds discarded in household waste can end up in landfills and pose a 

risk to surface and ground water. Additionally, unlike more regulated contaminants, which often have a 

longer half-life in the environment, pharmaceuticals can become pseudopersistentdue to prolonged 

exposure to wastewater, with unknown consequences for aquatic organisms that may be continuously 

exposed [52-53]. 

The potential consequences of the presence of pharmaceuticals in aquatic systems are unknown and have 

therefore received increasing attention as potential pollutants in recent years. The fact that an industrial 

chemical can end up in the environment is not surprising in itself. What's interesting about drug 
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contamination is that it does not primarily arise from manufacturing, but rather from the widespread and 

ongoing use, isolation, and improper disposal of drugs for human and veterinary use [54-55].  

Pharmaceuticals are potentially ubiquitous pollutants as they are present in all human environments. 

There is currently little evidence that pharmaceuticals are present in the environment in sufficient 

quantities to cause significant harm, although their use is expected to increase as the Human Genome 

Project is completed and the population ages. Drugs and their metabolites are increasingly being found in 

water bodies in areas adjacent to anthropogenic activities [56-57].  The biggest concern at the moment is 

that antibiotics in wastewater treatment plants may lead to increased resistance of natural bacterial 

populations. There are many isolates of microorganisms resistant to antibiotics in the environment, and 

although the issue remains controversial, the significant increase in the number of bacterial strains 

resistant to multiple antibiotics is often attributed to the misuse of antibiotics and the increase in their 

discharge into wastewater. Three known mechanisms of gene transfer (conjugation, transduction, and 

transformation) are thought to occur in aquatic environments; As a result, streams and rivers can become 

a source and reservoir of resistant genes, as well as a means of their dissemination. In addition, some non-

target organisms (eg cyanobacteria) may be exposed to antibiotics, which may have indirect negative 

effects on the aquatic food [58-59]. 

The problem is further complicated by the fact that exposure to only one drug or toxic substance at a time 

is likely to be a rare event. Laboratory studies have shown that mixtures of just a few compounds have 

effects on ecosystems, but it is unknown what happens in the wider environment. Most organisms are 

constantly exposed to various substances, the concentrations of which vary little in time and space. 

Therefore, the limits of your tolerance depend on the duration of exposure to chemical and non-chemical 

stressors, many of which have the same mechanism of action and whose effects can result in additive 

effects. Thus, risk estimates that ignore possible cumulative drug effects will almost certainly lead to 

significant underestimation of risk [61-62]. 

Increasing demand for global water sources will likely lead to increased indirect and direct water reuse in 

the future. Drinking water is a direct route to the human body, including drugs and other contaminants 

that may be present there. Advanced water treatment technologies such as granular activated carbon 

(GAC) and reverse osmosis (RO) can remove drugs from drinking water until they are invisible, but these 

processes are not widely used. Due to the lack of appropriate technology and the need for significant 

economic investment, municipal wastewater is never treated in this way. In addition, large-scale 

monitoring programs to test these compounds would be extremely expensive and time-consuming due to 

the large number of different compounds and the diversity of their properties and effects. 

Given that the extent and consequences of the presence of drugs in aquatic environments is largely 

unknown, more research is needed before a clear picture of the true nature and importance of the problem 

can be formed. Therefore, it would be unwise to claim that these compounds have significant 

environmental impacts until convincing evidence is available. To this end, future emphasis should be on 

adequate and sufficient scientific knowledge to determine occurrence, exposure, sensitivity and 

consequences in order to make informed decisions regarding human health and the environment [63-65]. 

When evaluating drugs, benefits to human health must take precedence over potential harm to the 

environment. Therefore, it may be beneficial to focus on reducing or eliminating problems at their source 

by developing clearer drug labeling and more effective guidelines for the disposal of pharmaceutical 

compounds by patients and healthcare professionals. The potential benefit of this approach would be 

improved consumer health (by minimizing the consumption of active substances) as well as reduced 

healthcare costs. Given the enormous importance of the pharmaceutical industry to both human health 
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and the economy, any increased control could have serious economic and social consequences. If 

pharmaceuticals turn out to be problematic contaminants, collaboration between health professionals and 

environmentalists will be mutually beneficial, as much research remains to be done before the problem 

can be fully understood [66-67]. The industrial agriculture, municipal wastewater treatment, and the 

introduction of municipal sewage sludge (biosolids) as major sources of pharmaceuticals and personal 

care products in the environment. To compensate for this, indicators of veterinary antibiotic use are 

provided by both the agricultural industry and interested scientists. Personal care products are divided 

into fragrances and musks, cleansers and disinfectants.  Pharmaceutical products intended for human use 

are included in the UNESCO list of emerging pollutants. Their identification and elimination represent a 

decisive step towards achieving the goals of the Sustainable Development Program. Concentrations of 

drugs found in the environment are below therapeutic levels. In waters receiving treated wastewater, 

drugs are found at concentrations below 100 ng/L. These low concentrations make it difficult to assess 

their toxic effects on ecosystems and human health. The vast majority of pharmaceutical products have 

not been adequately studied regarding their long-term toxic effects, presence and fate in the environment. 

However, certain classes of drugs, such as beta blockers, antibiotics, anticancer drugs, and endocrine 

disruptors, have been shown to have devastating effects on the ecosystem, including increased mortality 

and disruption of the physiological and reproductive functions of aquatic species. Moreover, since it is 

impossible to separate humans from nature, this has devastating consequences for human health. 

However, the extent of the problem remains largely unknown due to the large number of drugs available 

and difficulties in assessing the risks associated with exposure to multiple compounds at low doses over 

long periods of time. The drugs on the market pose a potential risk to the environment. Although there is 

no established method for detecting all pharmaceuticals entering an ecosystem, some are widespread and 

have been shown to have negative impacts on ecosystems. These groups include hormones, antibiotics, 

antidepressants, anti-inflammatory and pain relievers, beta blockers and anti-cancer drugs [68-70]. 

Antibiotic resistance is a global public health problem, especially given the increased use of antibiotics 

during the COVID-19 pandemic, which has led to the exhaustion of the last line of antibiotics. It has been 

established that the use of antibiotics in medicine, veterinary medicine and agriculture is associated with 

pollution of various parts of the environment, which has contributed to increased antibiotic resistance and 

the occurrence of ecotoxicological effects. Failure to properly dispose of antibiotics through sewers by 

patients also poses a growing environmental threat to public health. Additionally, high levels of antibiotic 

contamination after long-term exposure can negatively impact human health, especially in patients with 

chronic diseases such as obesity, diabetes and asthma [71-72]. 

Antidepressant contamination has increased significantly worldwide during the COVID-19 pandemic. To 

this day, antidepressants can be found in urban and suburban water supplies. Many aquatic animal species 

bioaccumulate various antidepressants in their tissues, resulting in cytotoxicity, genotoxicity, impaired 

stress response, weight and length gain/loss, and liver and kidney damage. Because there is significant 

overlap between human and animal environments, exposure to antidepressants (sertraline, fluoxetine) in 

the environment also affects human neurological development and various mental illnesses. Although 

psychotropic drugs are usually present in wastewater at subtherapeutic levels, they can have biological 

effects at low doses, and combinations of multiple psychotropic drugs are often present, especially in the 

environment, increasing the risk of toxic effects [73-74]. 

Pharmaceutical compounds are used in modern society for various beneficial purposes, but at the same 

time, the pharmaceutical industry releases highly toxic pollutants into the environment either directly or 

after chemical modification. Additionally, pharmaceutical compounds can enter the environment through 
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various routes such as treated wastewater discharge, seepage into landfills, sewer pipes, animal waste, 

etc. Although a number of physical and biological processes occur in an aquatic ecosystem, they can lead 

to depletion of many lead to pharmaceutical compounds. Traces of human and veterinary drugs and their 

metabolites were found in several bodies of water. Objects such as surface water, groundwater and 

drinking water sources. Several industries, including pharmaceuticals, chemicals, paints, etc., are rapidly 

developing in India, with wastewater being discharged into water bodies either directly or after partial 

treatment. Pharmaceutical compounds have been found to be released into the environment and may be 

considered environmental pollutants. Several pharmaceutical plants have been found to be sources of 

much higher concentrations in the environment than those resulting from drug use. Typically, the 

pharmaceutical industry generates a large amount of waste during production and service. Drugs have 

been found in sewage treatment plant wastewater and drinking water. Trace amounts of drugs in drinking 

water can have serious adverse effects on human health and aquatic life over long periods of time, even 

when drug concentrations in drinking water (in the nanogram per liter range) are orders of magnitude 

below the minimum therapeutic dose [75-76].  

Pathways through which drugs may be exposed to the environment include manufacturing plants and 

hospital wastewater, land use (eg, biosolids and water reuse), etc. Wastewater treatment services are not 

always successful in removing active chemicals from wastewater. Therefore, drugs enter the aquatic 

environment, where they have a direct effect on aquatic organisms and can be absorbed into the food 

chain. 

Higher concentrations of antibiotics can lead to changes in microbial community structure and ultimately 

affect food chains. Nonsteroidal anti-inflammatory drugs (NSAIDs), such as ibuprofen, naproxen and 

diclofenac, are widely used and therefore often found in wastewater systems, both surface and 

groundwater. Ibuprofen, ketoprofen, naproxen, indomethacin, diclofenac, acetylsalicylic acid and 

phenazone were detected in the surface water system. However, after clofibric acid, the most common 

drugs found in aquatic environments are diclofenac, ibuprofen and propyphenazone. Diclofenac has also 

been shown to be highly toxic to vultures and livestock. NSAIDs such as ibuprofen, naproxen, and 

aspirin are the most commonly used medications and are often found in effective amounts in municipal 

wastewater [77-78]. 

Many pharmaceutical companies are responsible for the generation of toxic wastewater during their 

operations. The wastewater generated from these facilities contains solids, biodegradable and non-

degradable organic compounds, etc. Pharmaceutical wastewater provides basic information about the 

reliability of the aquatic environment of the rivers and streams into which it is discharged. An important 

indicator of industrial wastewater contamination is the oxygen content of chemical oxygen demand 

(COD) and biological oxygen demand (BOD), with nutritional status measured by the amount of nitrogen 

and phosphorus in the wastewater.  Long-term exposure of coastal biota to lower concentrations of 

complex drug mixtures can result in acute and chronic damage, behavioral changes, tissue accumulation, 

reproductive impairment, and inhibition of cell proliferation. Several studies have shown that fish 

exposed to sewage may experience reproductive problems. In addition, fish exposed to trace amounts of 

contraceptive drugs in the concentration range found in the environment show dramatic reductions in 

reproductive success, suggesting that population-level effects may be possible [79-82]. Around the world, 

the drug residues in the environment poses risks to humans, aquatic animals and wildlife and is becoming 

a major concern for both regulatory authorities and the pharmaceutical industry. Significant progress on 

this issue is simply not possible with the current limited knowledge about the transport, fate, and 

environmental impact of pharmaceuticals. It is necessary to take into account the possible potentiating 



World of Medicine : Journal of Biomedical Sciences,  Vol. 1 No. 4   2024 
 75 

 

effects of different drugs acting on the same receptors. Risk assessment of pharmaceutical chemicals 

involves identifying the hazards associated with each step and assessing the risks associated with those 

hazards. 

Currently, pharmaceutical compounds are regularly released into the environment in extremely large 

quantities, and the current emission control system is unable to control untreated or partially treated 

pharmaceutical wastewater. The effects of drugs permeate and impact ecosystems, biota and humans. 

Adverse health effects on humans, aquatic animals and livestock should be investigated through careful 

toxicological and safety studies. Serious efforts are needed to reduce this problem, and appropriate 

regulations are needed to monitor and control it. Water quality guidelines in India should include analysis 

of the most commonly used pharmaceutical compounds in drinking water sources. In addition, 

pharmaceutical industrial wastewater treatment plants need to implement new corrective measures to 

prevent long-term environmental and health risks [83-85]. 

Water sources contaminated with pharmaceutical contaminants are found in agricultural lands, surface 

water, groundwater, and drinking water. Water flows to plants, which affects the quality of soil and crops 

grown using this contaminated water. Pharmaceutical contaminants are considered external 

environmental factors that affect crop quality. Drugs enter plants as pollutants, either through the soil or 

the air. Pollutants enter the plant from the soil through the roots and are transported through the stem. 

Plants also absorb pollutants from the air, and leaves can absorb pollutants from the atmosphere. 

Pharmaceutical contaminants such as B-lactams, aminoglycosides, macrolides, tetracyclines, 

sulfonamides, herbicides including sulfonylureas, triazines, imidazolinone, phenylurea and bisphenol 

(BPA) have been found to cause toxicity in plants. Polychlorinated biphenyls (PCBs) affect plant growth, 

reproduction and productivity [86-88]. 

Most pharmaceuticals we use are excreted via urine and feces in unchanged form or as metabolites and 

eventually end up in the drain. The pharmaceutical residues can then reach lakes, the sea and 

groundwater, despite passage through wastewater treatment plants, as the wastewater treatment plants are 

not built to clear pharmaceuticals. Pharmaceuticals affect biological processes. They are also often 

designed to withstand biodegradation and can therefore remain in the environment for a long time. There 

are reports of effects on fish, as well as that measured concentrations of antibiotics in wastewater 

treatment plants can select for antibiotic resistance. 

Chemicals play an important role in healthcare as they can be used as disinfectants, cleaning agents, 

laboratory reagents, sterilants, pesticides, pharmaceuticals, and in medical devices and equipment. They 

also offer great animal welfare benefits. However, there is growing awareness and concern about the 

consequences of mishandling drugs and chemicals on human health and the environment [89-90].  

Pharmaceuticals are also biologically active substances specifically designed to provide pharmacological 

effects on living organisms. They affect the health of wildlife and ecosystems if not managed in an 

environmentally sound manner. Active pharmaceutical ingredients (APIs) are the biologically active 

components of a drug. These APIs are sold to pharmaceutical companies that manufacture end products 

for patients around the world. More than 5,000 active pharmaceutical ingredients are used in prescription, 

over-the-counter and veterinary products worldwide.From a chemical and waste management 

perspective, environmental and health issues in this sector are mainly related to the release of 

pharmaceuticals into the environment: Waste ends up in rivers, lakes and underground aquifers. In 

addition, when used in livestock production and when manure is used as fertilizer, veterinary drugs end 

up in the soil and environment. This leads to soil contamination and biomagnification due to leaching of 

drugs into food crops [91-93]. 
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Sources of drug release into the environment include direct emissions from drug manufacturing, patient 

and animal feces, aquatic agriculture, and disposal of unused or expired drugs.Medicines designed to 

degrade slowly, or even non-degradate to resist chemical breakdown as they pass through the human or 

animal body, pose a particular risk if ingested, stored, or distributed into the environment. When released 

into the environment, the biological activity of persistent pharmaceutical pollutants in the environment 

can have direct negative effects on non-target organisms such as wildlife and have long-term impacts on 

the health and sustainability of ecosystems. The latter occurs through population-level reproductive 

effects that persist into future generations of non-target organisms. Pharmaceutical contaminants that are 

persistent in the environment are frequently and increasingly used in consumer products. However, 

significant gaps remain in knowledge about the environmental and health impacts of these pollutants [94-

95]. 

Some pharmaceuticals have been found in low concentrations in drinking water, which is a warning sign 

that the current handling of pharmaceuticals may lead to health and environmental problems in the future. 

Access to healthy water is a prerequisite for good health. Since society’s use of chemicals, including 

pharmaceuticals, is continuously growing, the risk is also increasing that these chemicals will return to us 

in our food and water supply through nature’s ecocycle. 

There are little knowledge of the long term effects that continuously supplied trace quantities of 

pharmaceuticals and other chemicals could have on our development, our ability to resist disease and 

wellness in general. Therefore caution is advisable. The pharmaceuticals in nature can cause health 

problems.According to the precautionary principle, measures can be taken if there is reason to believe 

that a product or a method of production involves unacceptable risks to the health of human beings, 

animals, plants and the environment – even if there is no definitive scientific proof of such an effect [96-

97]. 

Drug residues are found in various environmental components around the world, and there is growing 

concern about the harm they may cause to human health and the environment. In nature, drug residues 

were found in urban wastewater, rivers and lakes. Effective measures must be taken to prevent further 

contamination of the environment by drugs. First of all, it is necessary to create a system for collecting 

drug waste from the population. Undoubtedly, drugs enter the environment during the production process 

through wastewater from pharmaceutical plants, municipal wastewater through natural human excretion, 

wastewater and manure from the use of veterinary drugs and as a result of improper handling of drug 

waste [98-99].  

The review defines each of these sources and steps that can be taken to reduce drugs’ environmental 

impacts. In the European Union, since 2004, the obligation to organize a system for collecting drug waste 

from the population has been established. For the successful operation of such a system, information 

work with the population about how drugs affect the environment and how to properly dispose of them is 

important. Residents of all European countries can bring drug waste to a pharmacy or hazardous waste 

collection point. However, in some countries there is a lack of widespread awareness-raising, which leads 

to inefficient collection systems and most waste ends up in the trash or drained into sewers. In some 

countries, drug waste generated by medical and pharmaceutical organizations is neutralized in 

pharmacies, clinics, hospitals and manufacturers. At the same time, pharmacies and hospitals have the 

right to transfer expired medicines to the manufacturer [100-101].  

In most countries where the system operates successfully, the costs of collecting and neutralizing drug 

waste are shared by pharmaceutical companies, drug manufacturers and local authorities. The main 

problem is the very existence of unused drugs. So, generally many patients buy more medicines than they 
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need. The best way to reduce their number is seen in optimizing the practice of prescribing drugs, so that 

only the necessary amount of drugs is prescribed, giving preference to more environmentally friendly 

ones, as well as improving information interaction between doctors and patients. The pharmaceutical 

industry must also provide for the production of drug packaging adapted to various treatment regimens 

[102-103]. Every participant in the drug supply chain, from the pharmaceutical industry to the patient, 

plays an important role in reducing the environmental impact of pharmaceutical activities. The 

International Pharmaceutical Federation has highlighted the different roles that each person plays in the 

pharmaceutical supply chain to minimize the environmental impact of pharmaceutical products. The 

pharmaceutical industry plays an important role in the environmental impact of pharmaceutical products.  

Educating pharmaceutical personnel and the public is an important aspect of helping to create a healthy 

environment and reduce activities that contribute to climate change. The implementation of green 

practices in the pharmaceutical sector is already included in the curricula of EU Countries countries 

universities. Pedagogical input helps to recognize the importance of such practice early in professional 

development.  Consumer education is also important as it plays an important role in reducing the amount 

of drugs in the environment. Consumers should be discouraged from storing medications to avoid 

wasting them when not in use. They should also be taught how to properly store and dispose of unused 

and expired medications that may end up down the drain [104-105]. 

The world's population is aging, which will lead to an increase in drug use. Various measures need to be 

taken to minimize the release of active pharmaceutical ingredients into the environment and reduce the 

carbon footprint of the pharmaceutical sector. Small contributions from many people can synergistically 

have a positive impact on the environment [75,87,96]. 

There are several sources of release of active pharmaceutical ingredients (APIs) into the environment. 

The main ones are: wastewater from cities, hospitals, pharmaceutical plants and landfills. The vast 

majority of the active pharmaceutical ingredients (API) of drugs taken orally is excreted in the urine of 

animals and humans. Some pollution comes from the use of veterinary drugs in livestock and fish 

farming. However, it is not yet possible to evaluate this contribution, because there is no control and 

accessible reporting of the use of veterinary drugs. The most vulnerable to the effects of active 

pharmaceutical ingredients (APIs) are amphibians, fish, some animals and birds. 

The main source of drugs entering the environment is wastewater from pharmaceutical enterprises (from 

product washing, waste acidic and alkaline wastewater, wastewater from cleaning equipment and 

production facilities, etc.) and liquid waste that is allowed to be discharged into the sewer system. 

Currently monitored parameters in pharmaceutical wastewater are biological oxygen demand (BOD), 

chemical oxygen demand (COD), total suspended solids, ammonia and ammonium ions, phosphates, 

chlorides, sulfates, petroleum products, iron, anionic surfactants and pH value. This list may include other 

chemical compounds, including active pharmaceutical ingredients (APIs), but their content is not 

regulated or controlled at this time. Currently, the countries of the European Union have prioritized the 

most environmentally stable active pharmaceutical ingredients (APIs) - diclofenac, hormonal drugs of the 

estrogen group (ethinyl estradiol), antibiotics of the macrolide class (erythromycin, clarithromycin, 

azithromycin) and etc [14, 29,57,68]. 

Assessment of environmental risks of both original and generic drugs. In European countries, for some 

drugs such an assessment is carried out, as well as an assessment of the level of resistance, 

bioaccumulation potential and toxicity. Currently, providing information about environmental hazards 

when registering drugs in the countries of the European Union is voluntary. In some countries has been 

created an online database of drugs, which describes their environmental risks and expanding the 
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responsibility of drug manufacturers throughout the entire cycle from production to neutralization 

[84,88,95].   

After drugs enter the body, they are destroyed, neutralized, metabolized and converted into new 

compounds. However, some of them are excreted unchanged or in the form of metabolites, ending up in 

the sewer system. Municipal wastewater treatment does not involve removal of APIs. Some of them are 

concentrated in sewage sludge from treatment plants, which is stored in filtration fields, while the rest 

ends up in rivers. The Challenges in this matter are  also hospitals, where there is a high level of drug 

consumption. In the absence of an established system for collecting drug waste generated by the 

population, it either ends up in the sewer or is thrown into the trash. From landfills, drugs can be carried 

by animals, birds, or migrate into the soil and groundwater. 

To raise animals and fish on an industrial scale, hormonal drugs, antibiotics and other drugs can be used, 

which can be excreted from the animal’s body naturally. Hormones can be used in veterinary medicine 

and animal husbandry to stimulate the development and growth of animals, improve fertility, digestibility 

of feed, accelerate puberty, regulate the timing of pregnancy, etc. According to studies in some countries, 

antibiotic residues were found in manure, in plants grown in fields fertilized with manure, in soils, and in 

small quantities in groundwater. The use of veterinary drugs in should be regulated by veterinary and 

sanitary rules for the use, sale and storage of veterinary drugs.  European experience in collecting 

hazardous waste from the population shows that waste collection is carried out effectively if such 

collection is organized by a company specializing in the collection of hazardous waste. The same practice 

works in our country. In the EU, pharmacies are considered only as an area for the installation of 

appropriate containers and containers for collecting hazardous waste from the population. The containers 

themselves are installed by specialized companies interested in collecting hazardous waste. It is 

inappropriate to oblige pharmacies, healthcare institutions or other trade organizations to organize the 

collection of drug waste from the population [3,47,59,76].  Pharmacies and medical institutions are places 

where consumers can obtain the most complete information about drug waste, since these organizations 

employ personnel with the relevant knowledge. In the country, many pharmacies themselves are located 

on the territory of various retail facilities, so there may not be places in pharmacies to install a special 

container for collecting drug waste. When determining places for collecting waste from the population, it 

is necessary to comply with the criterion of step-by-step accessibility of such places from the places of 

residence of citizens. In this regard, retail facilities should also be considered as places for installing 

special containers for collecting drug waste. The decision to organize collection points for drug waste 

from the population in pharmacies should be made by Health care institutions in every countries.  

In the vast majority of countries, all drug waste collected from the population is sent for incineration. At 

the same time, pharmacies, for example, in Sweden and Lithuania, can only accept medications without 

packaging, because it belongs to secondary resources and must be sent for recycling. Low-temperature, 

medium-temperature (up to 850°C) and high-temperature (at least 1200°C) combustion is used for waste. 

Hazardous waste, which includes most drugs, cannot be burned at low temperatures. At medium 

temperatures it is possible in limited quantities and in the absence of high-temperature combustion 

technology. Cytostatic drugs for cancer treatment can only be burned at temperatures above 1200°C, but 

the generation of such waste in household use is unlikely. Currently, there is a steady trend towards a 

decrease in the number of thermal installations for the neutralization of pharmaceutical waste. 

Incineration of waste is contrary to three principles of international law: precaution, prevention and 

limitation of transboundary effects. In Europe, resistance to waste incineration manifests itself in the form 

of the introduction of alternative technologies. Any combustion method requires monitoring of pollutant 
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emissions and the resulting ash. An alternative to conventional methods of thermal treatment of 

pharmaceutical waste are technologies that provide for the preliminary decomposition of the organic 

component of the waste in an oxygen-free atmosphere (pyrolysis). When carrying out microwave 

pyrolysis with heating using microwave waves, toxic gaseous products are converted into less dangerous 

ones.  

In countries where there are no incineration plants or their use is limited geographically, drug waste is 

disposed of. The main disadvantage of this method is the high probability of soil and groundwater 

contamination. According recommendations of the World Health Organization, only non-hazardous drug 

waste (vitamins, herbal-based drugs, biodegradable drugs) can be sent to the landfill. Hazardous waste, 

including cytotoxic drugs, must be pre-sealed, i.e. placed in a metal capsule and filled with plaster and 

cement [27,46,62,85].  Liquid waste of drugs classified as non-hazardous (syrups, herbal preparations, 

solutions based on salts, amino acids, lipids or glucose) can be poured into the sewer after diluting with 

water. It is necessary to prevent the discharge of large quantities of disinfectants into the sewer system, 

because they can affect the quality of biological wastewater treatment. Discharge of drugs that are 

persistent in the environment, capable of biological accumulation and have toxic properties into the sewer 

system leads to environmental pollution with active pharmaceutical ingredients. According to studies 

conducted in many countries, existing wastewater treatment systems do not eliminate such pollution and 

drug residues are found in wastewater cleaning sludge, and to a greater extent in water after cleaning, 

which is discharged into natural watercourses. Some drugs pass through the human body, exit unchanged 

or in the form of metabolites, while maintaining their stability in wastewater and the environment for a 

long time. In addition, improper disposal of medications and disposing of them down the drain increases 

the concentration of hazardous APIs in water. Wastewater from pharmaceutical plants is also discharged 

into the city sewer system after local treatment. The active pharmaceutical ingredients are present in 

municipal wastewater above detection limits. Traditional mechanical and biological wastewater cleaning 

methods are unable to neutralize the active pharmaceutical ingredients in water. The issue of purification 

efficiency, the formation of drug metabolites and their behavior, the interaction of some drugs with others 

is still under study. Among the methods being developed and implemented in the countries of the 

European Union one can highlight physicochemical methods, aerobic/anaerobic biological cleaning in 

membrane bioreactors. Effective technologies for purifying wastewater from medicinal components 

include oxidation with ozone or hydrogen peroxide and the use of carbon filters. However, such 

technologies are currently expensive to implement and use. At the same time, more and more attention is 

being paid to preventing the entry of drugs into wastewater, including during production. The main 

problem is the very existence of unused drugs [15,19,22,58].  

One of the most obvious sources of uncontrolled release of drugs into the environment may be 

wastewater and atmospheric emissions from enterprises producing finished drugs and pharmaceutical 

substances. The environmental safety of such production should be usually regulated by law. However, 

accidental releases of drugs into the environment or those that violate existing norms and rules that occur 

in industry, are nevertheless not systematic. Moreover, there is a general trend towards a reduction in the 

environmental load on the part of pharmaceutical production, primarily in developed countries of the 

world, due to a consistent increase in the technological effectiveness and organization of the production 

process, the introduction of increasing standards of quality and environmental safety, and control by 

authorized government agencies. It is also necessary to take into account that pharmaceutical production 

is localized geographically and if an accident occurs at the enterprise or there are violations of 

environmental legislation, then such emissions are exclusively local in nature and pose a danger only to 
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specific regions. Other sources of drugs that are practically uncontrollable and are formed mainly by 

people who use drugs for medical purposes, as well as in animals, pose a great danger to the environment 

[49,55,62,84]. 

For the most part, drugs are xenobiotics, and many of them are metabolized in the human body. The task 

of metabolism, as a rule, is to impart polarity to lipophilic substances in order to facilitate subsequent 

excretion. Metabolic parameters are individual for each substance and depend on gender, race, age and 

physiological state of the human body. There are two phases of metabolism, the numbering of which does 

not necessarily reflect their actual sequence. In the first phase of metabolism, a redox or hydrolytic 

transformation of the molecule occurs, increasing its polarity. In the second phase of metabolism, the 

xenobiotic is conjugated with endogenous molecules that improve the transport properties of the 

metabolite. During metabolism, inactivation of the active substance often occurs, which can lead to its 

inability to further exert a biological effect. However, many drugs are either not subject to metabolism or 

are subject to it only to some extent. And this leads to the fact that the active molecule of the active 

substance is excreted unchanged either in the urine or in the feces and is capable of further exerting a 

biological effect. In addition, as research results show, glucuronide transport complexes of active 

molecules of some drugs, formed during the second phase of metabolism, are easily destroyed during 

sewage treatment processes and release unchanged active substance into the aqueous phase or sewer 

sludge. We can also mention the route of release of drugs into aquatic environments due to their transport 

through the skin or leaching of drugs for external use during swimming in open waters. But from the 

point of view of quantitative indicators, this path is of little significance [36,39,49,83]. 

During metabolism, inactivation of the active substance often occurs, which can lead to its inability to 

further exert a biological effect. However, many drugs are either not metabolized or only to some extent. 

And this leads to the fact that the active molecule of the active substance is excreted unchanged either in 

the urine or in the feces and is capable of further exerting a biological effect. In addition, as research 

results show, glucuronide transport complexes of active molecules of some drugs, formed during the 

second phase of metabolism, are easily destroyed during sewage treatment processes and release 

unchanged active substance into the aqueous phase or into sewage sludge. We can also mention the route 

of release of drugs into aquatic environments due to their transport through the skin or leaching of drugs 

for external use during swimming in open waters. But from the point of view of quantitative indicators, 

this path is of little significance.  

The increasing the availability of drugs, for the general development of health care systems, the 

consumption of drugs for medical purposes increases and, as a result, their content in the environment 

increases. This process is poorly managed and poses a potential danger to human health and other 

biological organisms. Contamination of the environment with drug residues has a global character and is 

actively studied in the developed countries of the world. However, this problem remains insufficiently 

worldwide [26,39,57,72]. 

The best ways to reduce their number are to optimize the practice of prescribing drugs, so that only the 

required amount of drugs is prescribed, giving preference to the least environmentally hazardous ones, as 

well as improving information interaction between doctors and patients. The pharmaceutical industry 

must also consider producing drug package sizes tailored to different treatment regimens. One key 

measure is to encourage the pharmaceutical industry to develop harmless drugs that quickly break down 

into harmless compounds in the environment. For example, currently in European countries, when 

registering a new drug, environmental characteristics such as ecotoxicity, biodegradability are indicated.  

The comparing drugs that are equally safe and well suited for treating a patient, it is recommended to take 
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into account, in addition to their pharmaceutical properties, their environmental impact. To do this, 

recommend using environmental drug classifiers. Large quantities of nonsteroidal anti-inflammatory 

drugs, including acetaminophen, acetylsalicylic acid, ibuprofen, diclofenac, and naproxen, are significant 

contributors to environmental pollution, especially because they have been detected in nanogram and 

microgram quantities in soil, wastewater, surface water, and drinking water, groundwater. These drugs 

have chronic ecotoxic effects because their stable chemical structure makes them very resistant to 

biological changes in the environment. It is now known that they primarily damage the organs of 

invertebrate and vertebrate animals, cause oxidative stress and interfere with the activity of detoxification 

enzymes. These drugs may also cause cardiovascular effects, hepatotoxicity and affect oocyte maturation 

through unknown mechanisms [5,19,42,49].  Beta blockers are very long-acting drugs that are toxic to the 

environment. Although there is no data on their adsorption in the environment, these drugs are known to 

have moderately high water solubility and are present in surface waters at µg/L concentrations. These 

compounds are extremely resistant to hydrolysis, bioavailable and mobile in the environment. Therefore, 

its accumulation in the environment can have unexpected consequences for many living organisms. 

According to European Union Directive, metoprolol and propranolol are compounds harmful to aquatic 

organisms. This is evidenced by the results of tests with green algae. 

Anticancer drugs interfere with cell growth and division, and when released into the environment, they 

disrupt the ecosystem, impair fertility and cause significant genetic changes in living organisms. 

Anticancer drugs are prescribed in smaller quantities, but their effects are destructive even at 

concentrations in the ng/L range and include mutagenic, carcinogenic and teratogenic effects on aquatic 

life. Cytostatics are frequently found in the pharmaceutical industry and hospital wastewater due to 

improper use and disposal. The detection rate of anti-cancer drugs in oncological hospitals wastewater is 

big amount and cisplatin is considered one of the most dangerous drugs. The presence of cisplatin in 

water, even at concentrations of ng/l, can have a toxic effect on aquatic flora and fauna [28,47,59,74]. 

Environmental pollution caused by pharmaceuticals is a complex public health problem that is 

scientifically controversial and affects multiple stakeholders with different interests and at different 

organizational levels: governments, non-governmental organizations, academic institutions, 

manufacturers, industries and families. 

In keeping with the idea of protecting the environment, the pharmaceutical industry must develop 

promising concepts to minimize secretions while still ensuring sufficient pharmacologically effective 

concentrations in the patient. The potential of developing new pharmaceutical products that are more 

biodegradable and less harmful to the environment. There are already some examples of the development 

of greener pharmaceuticals, such as glufosfamide and green drug delivery systems. Scientists are 

currently developing an effective and environmentally friendly version of the antibiotic ciprofloxacin, a 

very stable drug. Using computer modeling, an existing active ingredient is analyzed and theoretically 

modified to improve biodegradability and reduce toxicological effects. The most promising candidates 

have been synthesized and tested in vitro [37,46,81,89]. 

Limited consumer awareness of best recycling practices weakens their influence on recycling practices in 

many countries. Information campaigns can increase awareness and use of environmentally friendly 

pharmaceutical waste disposal methods in households. A good example is the Medsdisposal campaign, a 

European initiative jointly coordinated by several European health and supply chain organizations and 

supported by media campaigns in different languages. The aim of the initiative was to combat the 

negative impact of mishandling of pharmaceutical products on the environment, raising consumer 

awareness of correct disposal routes and collection systems in a number of European countries.  
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In addition, greater awareness and behavior change can be achieved through specific recycling 

instructions on the product's outer packaging or information leaflet, which are mandatory in EU 

countries. In addition, eco-labels that reflect the environmental impact of various pharmaceutical 

products can influence consumer choice and awareness, as well as help physicians make prescribing 

decisions. Instructions on how to properly dispose of medications should also accompany medication 

dispensing at regular intervals. Pharmacists can play a key role in educating their patients about proper 

medication disposal. 

Human drugs, hormones, antibiotics, analgesics, antidepressants and anticancer drugs indicate 

environmental risks. When it comes to veterinary products, hormones, antibiotics and parasiticides are 

often considered environmentally sensitive. These results are consistent with findings from the open 

scientific literature on approaches to environmental drug prioritization. Promising approaches such as 

environmental risk assessment of pharmaceuticals play an important role in minimizing the problems 

caused by pharmaceuticals in the environment. However, the regulatory framework for environmental 

risk assessment can be improved by (i) integrating the environment into the risk-benefit analysis of drugs 

for human use, (ii) improving risk management capabilities, (iii) collecting data on existing drugs, and 

(iv) improving the availability of data for environmental risk assessment. In addition, more general and 

integrative stages of regulation, legislation and research have been developed and presented in this 

article. To minimize the amount of pharmaceuticals in the environment, they should strive to (i) improve 

existing pharmaceutical legislation, (ii) prioritize pharmaceuticals present in the environment, and (iii) 

improve the availability and collection of pharmaceutical data. Over the past three decades, the presence 

of pharmaceuticals in the environment has received increasing attention. Medicines are released into the 

environment and can have harmful effects [36,48,67]. 

It is clear that priority must be given to environmentally relevant pharmaceutical substances. Existing 

pharmaceutical substances for which environmental data are lacking, as well as substances being 

considered for monitoring campaigns, need to be given priority attention to identify and minimize their 

environmental risk. According to the World Health Organization, concentrations of pharmaceuticals in 

water systems are expected to increase as the use of pharmaceuticals is expected to increase as they 

become more accessible to a growing world population. To be proactive, it is necessary to identify and 

prioritize the most important substances for the environment, which has become a challenge in recent 

years. Depending on the chemical properties of the substances, different approaches have been proposed. 

Most often, a combination of exposure and exposure data is used to prioritize environmentally significant 

chemicals. Several approaches have proposed using toxicological data to predict adverse effects on 

aquatic organisms (comparisons of several, but not all, approaches are included). Most published 

approaches to prioritization indicate the high environmental potential of various drug classes. Human 

medicines are often a priority, with all attention paid to hormones, antibiotics, psychotropic, anti-

inflammatory and cytostatic substances, as well as beta blockers. In addition to hormones, antibiotics and 

parasiticides have proven to be environmentally important in veterinary medicines [12,17,33]. 

The origin and possible effects of human and veterinary drugs on aquatic and terrestrial organisms are 

relatively new topics. However, in recent decades, a large number of studies have been published 

indicating the varied effects of drugs on organisms and the occurrence of drugs in different environmental 

areas on a global scale. It is now recognized that the environmental impact of pharmaceuticals is a global 

issue and not just a problem in developed countries. The general public, industry, research or regulatory 

authorities, do not want bioactive drugs to end up in the environment and therefore potentially in their 

drinking water. Therefore, the amount of pharmaceuticals in the environment needs to be minimized 
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using all available strategies. Promising approaches such as ERA play an important role in minimizing 

problems before drugs enter the environment. These strategies need to be strengthened and adapted to 

minimize the amount of pharmaceuticals entering the environment. 

Regarding environmental risk assessment, (i) include the environment in the risk-benefit analysis of 

pharmaceutical products for human use, (ii) improve risk management capabilities, (iii) collect data on 

existing pharmaceutical products, and (iv) improve environmental availability risk These assessments 

represent some important next steps. The biological effects to environmental exposures promise 

interesting results, although very few studies have been conducted on wild animals or caged organisms, 

such as in the wild or in ecologically significant environments. This may be due to the lack of analytical 

method protocols as well as the variety of pharmaceutical structural features that are not easy to handle 

but need to be taken into account [61,67,94]. 

Conclusion. Various policies need to be implemented throughout the life cycle of pharmaceutical 

products, including source-oriented, consumer-oriented and waste management-oriented activities. The 

most effective solutions must be implemented at the source, before drugs enter the environment. These 

measures include rational drug consumption, prescribing more environmentally friendly drugs and 

developing harmless and easily biodegradable drugs. Improved disease prevention, personalized 

medicine, improved package sizes, and PC redistribution markets may go some way to avoiding drug 

waste. The next step is to prevent unavoidable waste from entering the environment. Therefore, correct 

collection and disposal of is critical and must be adapted to national and local conditions. Finally, 

education of health care professionals and the public, as well as partnerships between environmental 

scientists and clinicians, paharmacists are important at all stages of the pharmaceutical product life cycle. 

All joint efforts must be guided by a One Health approach to combat pharmaceutical waste and improve 

the health of people, animals and the environment, which are closely linked.To reduce contamination 

levels when consuming medicines should be:Creation of a system for collecting drug waste generated by 

the population; Conducting awareness-raising work with the population, employees of healthcare 

institutions and other target groups on the topic of environmental pollution by drug waste; Taking into 

account environmental factors when choosing and prescribing treatment. At the same time, there is no 

need to put environmental protection above the human need for treatment; Development and 

implementation of wastewater treatment systems. It should be taken into account that urban wastewater 

has an unstable composition in terms of names and concentrations of drugs. A higher priority is to 

prevent drug residues from entering the city sewer system. 
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