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ABSTRACT 
Pharmaceuticals are long-lasting biological compounds, extensively used for aging people and treating chronic 
diseases; longevity has become an emerging pollutant for humans, aquatic ecosystems, and wildlife. 
Pharmaceuticals have been reported in marine, terrestrial, fresh, and surface waters as well as in aquatic 
fauna and flora. These compounds enter the water bodies via human and animal waste, wastewater, hospital 
effluent, and leaching from landfills. These pollutants in water not only impact the behavior, reproduction, 
neurotoxicity, and cytotoxicity of aquatic animals but also reduce the oxygen content of water and light. Due to 
the presence of pharmaceutical residues in water bodies in developing countries, the abundance and species 
richness of fish have decreased by 35-47%. Pharmaceutical-contaminated wastewater is used for the 
irrigation of agricultural fields which results in the accumulation of these pollutants in vegetables and fruits. 
When humans uptake these compounds via food and drinking water adversely affects human health. They 
may cause breast or prostate cancer, infertility, abnormal childhood development, diabetes, early puberty; 
immune and autoimmune system; causes heart disease, Alzheimer’s disease, Parkinson’s disease, and 
attention deficit hyperactivity disorder besides asthma. The presence of antibiotic residues in small amounts 
causes the development of multi-antibiotic-resistant bacteria. This review aims to report the amount of 
commonly used pharmaceuticals in wastewater, hospital effluent, surface water, and drinking water and their 
impact on aquatic flora and fauna and humans to realize the potential impact of these pollutants on the 
environment.  
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INTRODUCTION 

Due to urbanization, industrialization, and economic 

development pharmaceuticals and personal care products 

(PPCPs) are becoming an integral part of human life. Out 

of the total pharmaceuticals used globally, 65% are used 

for human treatment, 29% in the veterinary sector, and 

6% in agriculture and as food additives. The global 

market of pharmaceuticals in 2022 was more than 800 

billion US dollars. Pharmaceuticals are those compounds 

that are used for diagnosing, curing, or treating diseases. 

About 4000 chemicals are used as pharmaceuticals for 

therapeutic purposes in humans/animals. Global 

consumption of pharmaceuticals is more than 250, 000 

tonnes per year, European countries together consume 

approximately 25% of it. Studies have shown that 

globally people of the age group 15-64 consume at least 

one medicine once a year. Covid-19 has increased the 

frequency of uptake of it. Increased consumption of 

pharmaceuticals by humans is due to changes in lifestyle, 

an aging population, an increase in the number of chronic 

disease patients, and easy accessibility. As 

pharmaceuticals are complex molecules and are 

extensively used they are present in all the matrices of the 

environment of all the 5 UN regional groups, i.e. 

wastewater, surface water, groundwater, drinking water, 

marine water, hospital effluent, sewage sludge, which 

causes significant harm to aquatic microorganisms, fauna 

and flora and also impacts soil fertility, soil biodiversity. 

The residues of pharmaceuticals in the environment have 
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been reported even in Northern Antarctica. UNESCO [1] 

has set its target to eliminate these pharmaceuticals from 

water by 2030.  

Water an integral and essential part of living organisms 

on earth has diverse uses viz., domestic, industrial, and 

agricultural purposes. Contamination of the water bodies 

by pollutants including pharmaceuticals poses a serious 

threat to aquatic ecosystems, humans, and animals. It has 

been reported that globally 30,000 kg of natural steroid 

oestrogens is discharged per year by the human 

population. Additionally, 700 kilograms per year of 

synthetic oestrogens are added via birth control pill 

practices. Besides hormones antidepressants (the amount 

significantly increased during covid-19), anti-

inflammatory drugs, beta-blockers, anticancer drugs, 

antibiotics, and anti-diabetics are added in aquatic 

environments. The concentration of the pharmaceuticals 

in water is reported from ng to mg/L. 

The present review reports the concentrations of 

commonly used pharmaceuticals in wastewater, hospital 

effluent, surface water, and drinking water and their 

impact on aquatic flora and fauna, and humans.  

Types of pharmaceuticals 

Based on their therapeutic uses human and veterinary 

pharmaceuticals can be classified as: 

Anti-diabetics (Anti-glycaemic drugs):  

These are those medicines that are used to stabilize and 

control blood glucose levels in citizens suffering from 

diabetes i.e. are commonly used to manage diabetes. As 

per global studies globally 537 million people were 

suffering from diabetic Mellitus disease in 2021 and it is 

estimated that the number will increase to 643 million by 

2030 [2]. Insulin, metformin, amylin, Byetta, and Victoza 

are some drugs that are generally used as antidiabetics. 

Globally, the most prescribed, anti-diabetics drug is 

metformin.  

Antidepressants 

These are those pharmaceuticals that are used for the 

treatment of depression, anxiety disorders, obsessive-

compulsive disorder (OCD), post-traumatic stress 

disorder (PTSD), some addictions, and chronic pains. 

Benzodiazepine-pines, Diazepam, Doxepin, Fluoxetine, 

Citalopram, Imipramine, and Venlafaxine are some 

compounds that are generally used as antidepressants. 

Antiepileptics 

These are those pharmaceuticals that are used to control 

epileptic seizures, neuropathic pain, and mood stabilizers 

these compounds change the levels of chemicals in the 

brain by influencing the pattern of the neuroendocrine 

signal. Commonly used antiepileptics compounds are 

acetazolamide, Carbamazepine, Gabapentin, Lorazepam, 

Phenytoin, etc. 

Antihistamines 

The pharmaceuticals used to treat allergies viz., hay fever, 

hives, conjunctivitis and reactions to insect bites or stings, 

nausea, motion sickness, and as a short-term treatment of 

insomnia. Generally used antihistamine medicines are 

Diphenhydramine, Cetirizine, Chlorpheniramine, 

Cyclizine, Doxylamine, Hydroxyzine, Meclizine, and 

Ranitidine etc.  

Antihypertensive 

These are those medicines that lower blood pressure and 

are used to treat hypertension. Commonly used 

antihypertensive pharmaceuticals are Losartan, Ramipril, 

Labetalol, Almodioine, and Valsartan. 

Beta-blockers 

These pharmaceuticals retard the release of adrenaline 

and noradrenaline (Stress hormones). Doctors prescribe 

these medicines for angina, heart failure, abnormal heart 

rhythms, and to control blood pressure. Atenolol, 

Metoprolol, Solatol, Propanolol, and Nadolol are used as, 

beta-blockers. 

Analgesics including opioids and non-opioids 

Any compounds that can relieve pain without sleep or 

loss of consciousness are called analgesics. 

Acetylsalicylic acid, acetaminophen, ibuprofen, 

diclofenac, naproxen, COX-2 etc are used as analgesics. 

Antipyretics 

Antipyretics are the compounds that lower the elevated 

body temperature caused when the concentrations of 

prostaglandin E2 (PGE2) are increased in a certain part of 

the brain in the hypothalamus which alters the neuron’s 

firing rate, by inhibiting the secretion of the enzyme 

cyclooxygenase and reducing the levels of PGE2 within 

the hypothalamus. Globally, the most commonly used 

antipyretics are acetaminophen, acetylsalicylic acid, 

paracetamol, propoxyphene, ibuprofen, Naproxen, 

Ketoprofen, and methimazole.  

Antibiotics 

Antibiotics obtained from natural sources or synthetic are 

used to kill and inhibit the growth of bacteria and are used 

for fighting and preventing bacterial infections. Any 

chemical compound that can kill bacteria in the living 

body is technically called an antibiotic. Those antibiotics 

that kill bacteria by interfering with either the formation 

of the bacterial cell wall or its cell contents are called 

bactericidal. Those antibiotics that stop the multiplication 

of bacteria are called bacteriostatic. Antibiotics are not 

https://www.ncbi.nlm.nih.gov/books/n/cer40/appendixes.app4/def-item/appendixes.app4.gl1-d14/


International Journal of Pharmaceutical and Phytopharmacological Research (eIJPPR) | June 2024 | Volume 14 | Issue 3 | Page 23-41 
Om Prakash Bansal, Pharmaceuticals in the Aquatic Environment Impact on Aquatic Ecosystem and Humans: A Review  

ISSN (Online) 2249-6084 (Print) 2250-1029                                                                                       www.eijppr.com 
 

25 

only used for humans but also for food-producing 

animals, farm animals, aquaculture, and agricultural 

purposes. Global consumption in 2020 only for food-

producing animals was 99502 tonnes. Amoxicillin, 

Ampicillin, azithromycin, Cephalosporins, 

Carbapenems, erythromycin, Fluoroquinolones, 

vancomycin, linezolid and tedizolid, aztreonam, 

sulfonamides, Rifamycins, Gentamycin, Streptomycin, 

Norfloxacin, Levofloxacin, Tetracycline, sulfonamides, 

Rifamycins, Neomycin, etc are globally used antibiotics. 

Immunosuppressive 

Immunosuppressive are those compounds that prevent the 

activity of the immune system and are given to those 

patients who are suffering from autoimmune diseases. 

Prednisone, Tacrolimus, Mycophenolic acid, 

Azathioprine, and Alemtuzumab are used as 

immunosuppressive agents. 

Hormones 

These compounds send the signals into the bloodstream 

and tissues so are called as body’s chemical messenger. 

These compounds regulate different physiological and 

behavioral activities in the body i.e. growth and 

development, metabolism, sexual function, reproduction, 

constant regulating blood pressure and blood sugar, fluid 

(water) and electrolyte balance, and body temperature and 

sleep-wake cycle. Compounds act as hormones 17-alpha-

ethinyloestradiol, 17-beta-oestradiol, Oestrone, Oestriol, 

Progesterone and Testosterone. 

Antiviral drugs 

These are the compounds that help the body fight harmful 

viruses; these medicines shorten the length of a viral 

infection by inhibiting virus development. Most of the 

antivirals are specific in action while broad-spectrum 

antiviral is effective against several viruses. Commonly 

used antiviral drugs are Baloxavir, marboxil, remdesivir, 

oseltamivir (Tamiflu), darunavir and zanamivir are antivirals 

which are generally used.  

Routes of pharmaceuticals in the aquatic environment 

Both in developed and developing countries due to 

advancements in the pharmacology branch, economic 

development, aging population, and increasing chronic 

diseases consumption and production have increased 

many folds. The pharmaceutical products enter the 

aquatic bodies via wastewater treatment plants (as there is 

a lack of technology to remove these compounds) [3], 

human and animal excretion (via municipal wastewater), 

hospital effluent, bathing, pouring of the expired/unused 

medicines in the drain and/or flushing in the toilet. 

Hospitals, medical institutions, and household wastes also 

contain pharmaceuticals and are not properly disposed of 

reaches water bodies [4]. The water bodies are also 

contaminated by the pharmaceuticals via waste disposal 

of the pharmaceutical industries. Several research studies 

have shown that 30-90% of pharmaceuticals consumed by 

humans or animals are excreted unaltered or as active 

metabolites via urine and feces as the gut cannot absorb 

all the consumed chemicals [5]. Another route of 

contamination of water bodies by pharmaceuticals is via 

leaching from soils (soils are contaminated via the 

application of fertilizers, sewage sludge, etc) and 

dumping grounds (after rainfall). The survey of literature 

denotes that 65% of pharmaceuticals in the wastewater 

bodies are from urine which contributes only 1% of total 

wastewater volume. The flow chart is given in Figure 1.

  

 
Figure 1. Different sources of pharmaceuticals in aquatic environments and Human 

 

https://www.msdmanuals.com/home/infections/antibiotics/cephalosporins
https://www.msdmanuals.com/home/infections/antibiotics/carbapenems
https://www.msdmanuals.com/home/infections/antibiotics/fluoroquinolones
https://www.msdmanuals.com/home/infections/antibiotics/aztreonam
https://www.msdmanuals.com/home/infections/antibiotics/rifamycins
https://www.msdmanuals.com/home/infections/antibiotics/rifamycins
https://en.wikipedia.org/wiki/Broad-spectrum_antiviral
https://en.wikipedia.org/wiki/Broad-spectrum_antiviral
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Pharmaceuticals in the aquatic environment 

Due to urbanization, the urban population is expected to 

be 70% of the total population by 2050, causing serious 

major stress on water bodies. Due to low degradation, 

extensive use, continuous release, and lesser evaporation 

the pharmaceuticals are easily bio-accumulated in the 

aquatic ecosystem [5]. Pharmaceuticals are designed in 

such a way can achieve the target at very low doses by 

targeting specific cell, metabolic, or enzymatic signals 

[6]. As per data reported in the literature the concentration 

of pharmaceuticals in surface water, groundwater, and 

hospital effluent, and municipal effluent, marine water 

ranged from 0.01ng/L to 3500μg/L [7, 8]. The data of 

literature also denotes that the effluents of pharmaceutical 

industries in the countries India, China, USA, Korea, and 

Israel contain active pharmaceutical ingredients up to 

mg/L, and the surface water of the adjoining area contains 

higher pharmaceuticals concentration than in the blood of 

patients who are undergoing treatment. 

The concentrations of different pharmaceuticals in water 

bodies are recorded in Table 1. 

 

 

Table 1. Concentration of different pharmaceuticals in sewage wastewater, hospital effluent, groundwater, surface 

water, seawater, aquaculture water, river water, and drinking water 
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Studies have shown those pharmaceuticals are 

bioaccumulated in commercially farmed bivalves’ 

(mussels, clams) and marine microalgae (Saccharina 

latissima, Laminaria Digitata, Enteromorpha sp., 

Turbinaria conoides, and Ulva lactuca) [80]. 

The residues of pharmaceuticals (human and veterinary) 

in water bodies significantly impact aquatic organisms by 

reducing the oxygen content of water and reducing light. 

Benitez et al. [81] have reported that in developing 

countries fish abundance and species richness have 

decreased by 35-47% due to the presence of 

pharmaceutical residues and their metabolites in rivers 

and lake water. Ecotoxicological studies have shown that 

on exposure to sulphonamides marine algae are most 
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affected followed by crustaceans and fish. When fish are 

exposed to pharmaceuticals contaminated water for a 

longer period they start to change their natural behaviour, 

causing problems for their survival [82]. 

Developmental retardation and pathological abnormalities 

in the brain, heart, and kidney with morphological 

disorders were reported in common carp (Cyprinus 

carpio) embryos and larvae change in the swimming 

behavior of zebrafish (Danio rerio) larvae by Oliveira et 

al. [83] in the presence of antidepressant nortriptyline, 

while Gallego-Ríos et al. [84] found an alteration in 

antioxidant enzyme activity and enhanced lipid 

peroxidation activity. Residues of centrally acting 

analgesic tramadol in water not only disrupt the hatching 

time development of the fish but also alter the activity of 

the antioxidant enzyme and fish behavior [85]. The 

presence of analgesics in water causes organ damage 

reduced hatching probability in fish and genotoxicity, 

neurotoxicity, and oxidative stress in mollusks [85]. 

Enrofloxacin in grass carp (Ctenopharyngodon idella) 

affects hepatic cell lines due to apoptosis and production 

of reactive oxygen species showing cytotoxic effects. The 

growth, reproduction, and survival of water fleas 

(Daphnia magna) in the presence of enrofloxacin retarded 

was the observation of Bawa-Allah et al. [86]. Studies 

[73] have shown that antibiotics in aquatic systems not 

only significantly contribute to the development of 

antibiotic-resistant bacteria and antibiotic-resistance 

genes but also affect ecosystem functioning and nutrient 

cycle by disturbing the microbial community equilibrium 

in aquatic bodies. The residue of several pharmaceuticals 

including antidiabetics’ drugs in water affects the 

endocrine system of aquatic organisms resulting in 

developmental and reproductive abnormalities with 

changes in sex ratio and retardation in growth and 

development. Residues of the estrogenic hormones in 

aquatic bodies’ in fish cause feminization and induce the 

development of intersex traits and abnormal reproductive 

processes resulting in a decrease in the fish population. 

The residue of the analgesics and nonsteroidal anti-

inflammatory pharmaceuticals in water bodies causes 

disruption of essential ecological processes and the 

balance of microbial population by retarding the 

development and activities of beneficial bacteria. Studies 

have shown that residues of psychotropic drugs in water, 

in fish, aquatic invertebrates, and other aquatic organisms, 

results in the alteration of behavior (feeding, boldness, 

activity, and sociality), reproductive patterns, and 

physiological functions disruption of hormones, brain 

function, and food uptake [87].  

The concentration of beta-blockers in surface water 

ranges from 3 to 6,167 ng/L causing neurotoxic and 

reproductive disorders in aquatic living organisms [88]. 

Immobilization in Daphnia similis and mortality in fish 

and green algae in bisoprolol-contaminated water bodies 

have been reported by Krawczyky et al. [89]. Propranolol 

causes development and improvement issues in green 

growth such as Synechococcus leopolensis and Cyclotella 

meneghiniana]. Medkova et al. [90]  found that 

propranolol residues in water negatively impact the 

embryonic development of Danio rerio. β-blockers in fish 

not only induce abnormal behavior but also disrupt 

testosterone levels, reduce fertility and reproduction rates, 

and cause neurotoxic effects in living organisms [88], 

reproduction toxicity is observed in other invertebrates in 

the presence of β-blockers. Pharmaceutical residues of 

Chemotherapy and anticancer medicines in aqueous 

bodies interfere with the normal cell division and DNA 

replication of aquatic organisms resulting in altered 

growth, development, and reproduction processes of fish 

and, other aquatic organisms [90]. These compounds also 

cause microbial population imbalance and disturb 

ecological processes. The presence of anticonvulsant 

pharmaceuticals (diazepam, carbamazepine, etc) in water 

affects fish behavior the fish Lepomis gibbosus spend 

more time in motion [87]. DNA damage cellular 

apoptosis and the formation of micronuclei in cells were 

observed in Zebra mussels when exposed to cocaine-

contaminated water.  

Histological damages viz, vacuolization, hypertrophy, 

pyknotic nucleus, hyperplasia, cellular degeneration, 

hemorrhage in gills and liver, edema, epithelial 

thickening, congestion of blood vessels necrosis in the 

gill tissues were observed by several researchers [32] in 

fish when exposed in pharmaceutical contaminated water. 

On exposure to pharmaceutical waters fish Neogobios 

melanostomus show reduced aggressive behavior and 

misplacing their nesting site.  

Wildlife 

The extensive decline in the Gyps vulture population is 

due to kidney malfunction due to the uptake of diclofenac 

an NSAID. When wildlife animals drink illegal drug-

contaminated water like humans they also show 

behavioral changes [91].  

Algae 

Bisoprolol, Propranolol the beta blockers not only cause 

growth and development problems in algae 

Synechococcus leopolensis and Cyclotella 

meneghiniana but also cause mortality in green algae 

[89]. Pharmaceuticals in aquatic bodies alter community 

composition and disrupt photosynthetic capacity, 

respiration and the concentration of chlorophyll A was the 

finding of Robson et al. [92].  

Pharmaceuticals in the plants and vegetables 

https://www.frontiersin.org/articles/10.3389/fmicb.2022.869332/full#B101
https://www.frontiersin.org/articles/10.3389/fmicb.2022.869332/full#B32
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For a proper health plants, fruits and vegetables are 

essential for humans and animals. Due to anthropogenic 

activities soil, plants, fruits, and vegetables are 

contaminated by harmful pollutants including 

pharmaceuticals. Economic growths, ease of availability, 

changes in dietary habits and increasing global population 

have increased global demand for fruits and vegetables. 

As per the UNESCO report by 2050, 40% global 

population will face water scarcity. Due to the scarcity of 

water wastewater is used for irrigation, restoration 

industries, as a source of groundwater, and municipal 

usage (potable and non-potable). As per the report of 

UNESCO on behalf of UN-Water at the UN (2023) Water 

Conference in New York, 26% of the global population 

does not have safe drinking water. 

In the developed countries the wastewater 

treated/untreated is used in agriculture, industry, and 

municipal applications, while in the developing countries, 

untreated wastewater is used for agricultural irrigation. 

The data literature denotes that globally in 50 low and 

middle-income countries about 20 million hectares of 

land are irrigated by wastewater or partially treated 

wastewater which contains pollutants including 

pharmaceutical residues, their metabolites, and antibiotic-

resistant genes. The data also denote that approximately 

10% global population consumes vegetables and fruits 

grown on pharmaceutical-contaminated irrigated water. 

These pollutants via soil are bioaccumulated in the plant 

tissues and translocate to edible parts of the 

vegetables/fruits. Li et al. [93] reported that 

pharmaceuticals are bioaccumulated in cabbage, 

cauliflower, carrot, and cucumber from 2.33 to 189 ug/kg, 

they also reported that wastewater irrigation does not 

affect vegetable yields. The concentration of ofloxacin in 

green leafy vegetables (Spinach oleracea) grown on 

wastewater-irrigated soil near Delhi ranges from 1.382 

µg/mg to 5.586µg/mg [75]. Several soil Scientists [93] 

during their research studies have found that antibiotics 

ciprofloxacin, enrofloxacin, sulphonamides, tetracycline, 

chlortetracycline, sulfamethazine, naproxen are 

bioaccumulated in tomato, radish, celery, spinach 

cucumber, coriander, ginger, cabbage, beans, corn, 

soybean plant species on irrigation with reclaimed 

wastewater the concentration ranged from 0.1-288.3 

ug/kg the concentration depends on the source of the 

wastewater and reclaimed process. The bioaccumulation 

was most in leaves followed by roots and fruits. Plant 

development is affected by antibiotic residues in water 

bodies as the antibiotics impact chloroplast replication, 

transcription, translation, and synthesis of fatty acids [93]. 

Several researchers [89] have reported that a large amount 

of caffeine, carbamazepine, sulfamethoxazole, and 

hormones is bioaccumulated in lettuce leaves while 

accumulation in tomatoes was only in roots. The 

pharmaceuticals are easily bioaccumulated in green leafy 

vegetables (lettuce, spinach, and cabbage) and 

bioaccumulation of pharmaceuticals depends on the 

translocation potential of pharmaceuticals. Ben 

Mordechay et al. [94] during their studies found that the 

concentration of carbamazepine in green leaves ranges 

from 0.1 ng to 2470 ng/g. The bioaccumulation of 

gabapentin in carrots ranges from 10-40ng/g. Dudley et 

al. [95] found that antidepressant diazepam 

bioaccumulated in carrots, oranges, and potatoes, and 

concentration was higher in roots and fruits than leaves 

suggesting that diazepam is easily transformed in leaves. 

Fluoxetine an antidepressant adversely impacts the 

growth of the roots of Lemna minor while metamorphic 

(antidiabetic) retards the growth and biomass production 

of the plant Dacus carota. 

Impact on humans 

Human consumes pharmaceuticals via food and drinking 

water and these compounds in humans cause several 

adverse effects. Respiratory tract infections, skin 

infections, and viral infections in humans are due to the 

bioaccumulation of pharmaceuticals in humans. The 

hormone (estrogens) contaminated food and water 

increases the risk of breast cancer in females and prostate 

cancer in males]. Endocrine-disrupting pharmaceuticals 

disrupt reproductive and endocrine, causing breast or 

prostate cancer, infertility, abnormal childhood 

development, diabetes, early puberty; immune and 

autoimmune system; causes heart disease, Alzheimer’s 

disease, Parkinson’s disease, and attention deficit 

hyperactivity disorder besides asthma. Excess 

bioaccumulation of Primidone affects the central nervous 

system with depression with dysarthria, nystagmus, and 

ataxia [96]. The bioaccumulation of antibiotics in food 

and potable water causes antibiotic resistance 

development in humans causing a serious health risk to 

humans. Accumulation of these compounds in humans 

may also cause cancer and neurological disorders. 

Concurring to the results of different studies, 

pharmaceutical, and chemical squanders as damaging 

components have harmful impacts on the environment 

and human health. In all these studies, the mortality rate, 

the rate of respiratory maladies and cancer, the 

predominance of hepatitis C, harming, and the chance of 

inherent distortions in individuals who lived close to 

chemical squander transfer locales and pharmaceutical 

waste were essentially high. 

CONCLUSION 

For humans and animals pharmaceuticals (medicines) are 

essential as they have an important role in the prevention 

and cure of diseases. Due to advancement via research 
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and development, economic growth, increasing world 

population, aging people, increasing chronic diseases, and 

easy accessibility, the production and consumption of 

pharmaceuticals in the medical, agricultural, and animal 

husbandry sectors have increased in the last two decades. 

Due to the widespread and continuous use of 

pharmaceuticals and improper disposal worldwide surface 

water, groundwater, landfills, soils, vegetables, fruits, and 

other crops are contaminated by pharmaceuticals. The 

pharmaceutical residues in aquatic bodies not only impact 

behavior and reproduction but also cause genotoxicity and 

neurotoxicity. When humans uptake these compounds via 

food and water there may be serious damage to people's 

health, as they may cause respiratory and lung diseases, 

hepatitis C, risk of congenital malformations, 

neurological disorders, and cancer. 
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