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Abstract: Pollutants of legal pharmaceuticals and illicit drugs are causing many adverse effects on the 

environment. Pollutants are arising from waste products and from pharmaceuticals or illegal drugs that 

have not been disposed of properly. Pharmaceuticals and illegal drugs are becoming subject of concern 

for the past few decades after they attracted considerable attention because they do not willingly 

biodegrade & remain toxic. Pharmaceuticals compounds such as antibiotics, anti-inflammatory, 

psychotropic, human drugs, hormones, and illicit drugs usually occur in wastewater from households, 

hospitals, health care clinics, veterinary, etc. ends in the water system. They potentially impact human 

health & aquatic life. Recent studies confirm legal pharmaceuticals & illegal drug residue in drinking 

water, surface water & groundwater. Wastewater treatment plants (WWTPs) have been considered as 

hotspots of Pharmaceuticals residue. This removes contaminants from water using physical, chemical 

& biological processes. This review focuses on the occurrence, toxicity, and elimination of legal 

pharmaceuticals and illicit drugs in water systems. 
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1. Introduction 

Water is the most plentiful and essential compound for all known forms of life, 

including humankind. Thus, it is vital to supply water from small to big cities and towns. Since 

water is directly connected with human welfare and its quantity, the essential concern is water 

quality [1]. The globally increasing industrialization and urbanization caused damage and 

contaminated natural water ecosystems with their wastes. This may include different kinds of 

toxic pollutants such as domestic waste, industrial chemical waste, heavy metals, pesticides, 

fertilizers, and many more, which cause potentially serious implications on human and animal 

health [2-6]. The increasing medicinal needs and thus increased consumption of 

pharmaceuticals have triggered pharmaceutical industries for more production, which 

eventually caused the release of more pharmaceutical industry and hospital waste in aquatic 

ecosystems [7]. The high occurrence of pharmaceuticals and illicit drugs as pollutants in the 

aquatic system includes oral drugs, about 90% excreted from the human body and consequently 

ending up in the aquatic systems [8]. Lipid regulators, antibiotics, anticonvulsants, and non-

steroidal anti-inflammatory drugs (NSAIDs) have been considered four commonly found 
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classes of pharmaceuticals in water systems [9]. Pharmaceuticals are released into water 

systems via majorly two means, such as their inappropriate removal into water treatment 

systems and schedule excretion after human administration. Although pharmaceuticals are 

used for the betterment of human health through treatment and prevention of various diseases 

as well as improvement of health conditions, the high use and consumption of these 

pharmaceuticals may contaminate water at such a level that it cannot be used for a specific 

purpose [10, 11]. Along with legal medicinal drugs, the manufacture of illegal drugs and abused 

controlled substances has also been pushed due to their high use and consumption. 

Consequently, their residues' release via illegal disposal and human excreta has become 

a potential source of drug pollution in water systems [12,13]. Several studies have been 

conducted over the wastewater treatment processes of a wide range of pharmaceuticals, illegal 

drug metabolites, and their chemical pathways. They also stated the unchanged residues even 

after passing through the wastewater treatment plants (WWTPs) [14-17]. These globally 

arising contaminants present water quality issues of concern with hazardous effects on water 

ecosystems and human health. The growth of antibiotic-resistant bacteria is also a potential 

adverse effect of drug pollution in water systems [18]. The different conventional water 

treatment methods used for adsorption on activated carbons and advanced oxidation processes 

that utilize ozone, gamma radiation, electro-oxidation, and ultraviolet radiation in Wastewater 

treatment plant have been employed to eliminated a wide range of drug contaminants in water 

systems [19]. 

2. Occurrence of LIDs in Water Systems 

 Pharmaceuticals and illicit drugs are the major examples of pollutants that are 

frequently found in aquatic systems [20-21]. The pharmaceuticals like medicinal drugs, human 

drugs, veterinary drugs, hormones, anticonvulsants, anti-inflammatories, antidepressants, 

antibiotics, psychotropic, and illegal drugs like cocaine, opioids, ecstasy-group substances, 

cannabis, amphetamine-type substances (ATSs), and steroids are globally manufactured by 

various pharmaceutical and illegal drug manufacturing industries. Due to these drugs' 

inappropriate disposal, their residues are frequently found on surface water, drinking water, 

and wastewater in unchanged form or as active metabolites [22-25]. Although the presence and 

detection of illegal drugs in water systems is poorly understood, some studies have shown the 

partial metabolism and excretion via urine and feces of these illicit drugs as parent compounds 

or as metabolites [26, 27]. 

2.1. Surface and groundwater. 

Since the high consumption and demand of LIDs consequently increased their 

manufacture and thus disposal in the environment, particularly water ecosystems, their residues 

and metabolites are significantly detected in the rivers, lakes, and groundwater [28]. These 

contaminants found in water due to poor elimination during WWTPs and direct discharge of 

manufacturing drug residues such as antibiotics, antacids, steroids, lipid-lowering drugs, 

tranquilizers, antidepressants, analgesics, anti-inflammatory, antipyretics, beta-blockers, and 

stimulants undergoes different processes after released into water system [19, 29-30]. These 

drugs interact with sediments, groundwater, soil, and surface water, with different chemical 

processes like degradation, leaching, sorption, and transport in surface runoff. Some of the 
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emerging illicit drugs are not willingly sorbed to inorganic matter or sub-soils but may enter 

the surface or groundwater systems due to their polar nature [31]. 

2.2. Drinking water. 

Pharmaceuticals are continuously released in the water systems, including drinking 

water, which is prevalent at even trace amounts due to their direct administration. This can 

potentially harm drinking water quality by introducing into drinking water supplies and 

ecosystems and, consequently, affecting human health [19]. Various LIDs such as antibiotics, 

antidepressants, veterinary drugs, anti-inflammatories, psychotropics, human drugs, hormones, 

anticonvulsants, and steroids occur widely in drinking water and wastewater [32, 33]. These 

chemicals introduced in drinking water can cause a threat to every consuming individual from 

infants, babies to the adult, and oldsters. This may pose serious health effects such as cancer, 

liver, or kidney failure [34, 35]. 

2.3. Sewage effluents/wastewater. 

Pharmaceuticals from households, veterinary, hospitals, and health care clinics and 

accidentally or deliberately disposed of illegal drugs eventually end up in raw wastewater and 

then in wastewater treatment plants. After the metabolism of administered drugs in the human 

body, they are excreted in the original form and/or as metabolites via human feces and urine. 

This excreta is discharged straight into sewage effluents. Thus, wastewater effluent discharges 

can be one of the major pathways of pharmaceuticals, and illegal drug contaminants in water 

ecosystems as the surface overflow or leaching of human waste via these sewage effluents into 

freshwater environments cannot be neglected [36-39]. The body metabolizes lIDs, some drugs 

may be partially metabolized, and some may be completely degraded; these types of excreted 

drugs and/or their metabolites are directly introduced into the sewage system and eventually 

transported from wastewater treatment plants (WWTPs) to water systems [40-42]. The 6-

monoacetyl morphine (6-ACM), morphine (MOR), 2-ethylidene-1,5-dimethyl-3,3-

diphenylpyrrolidine (EDDP),  codeine (COD), tramadol (TRA) and methadone (MET)  are the 

most frequent illicit drug contaminants [43-52]. 

2.4. Protected areas of the aquatic environment. 

The high consumption of LIDs and the improper wastewater treatments pushed these 

compounds even to the aquatic environment's protected areas such as estuaries, natural 

wetlands, lagoons, and deltas. Due to the occurrence of a wide range of endemic flora and 

fauna, these areas have ecological and economic importance [53]. Several studies revealed the 

absence of 3, 4-methylenedioxyamphetamine (MDA), heroin, THC, and methamphetamine 

while cocaine and its metabolites' significant presence 3,4-methylenedioxy-

Nmethamphetamine (MDMA) and methadone in these areas. The expose of pharmaceuticals 

to the protected areas of aquatic environments has been understood more clearly than illicit 

drugs. Some studies showed that pharmaceuticals such as carbamazepine, propranolol, and 

ibuprofen occurred in these areas. Even some research includes notably contaminated areas 

such as Doñana Park in Spain and Yangtze Estuary in China [54-57]. 
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3. Eminent Sources of LIDs in Water 

The pharmaceutical industry's quick growth, well-known accessibility of diverse types 

of therapeutically, and enlarged pharmaceuticals consumption increased the amount of 

contaminants in the municipal wastewater [58]. Domestic sewage, industrial waste, municipal 

waste, and metabolites of pharmaceuticals enter the wastewater stream due to improper 

disposal of the water-systems and custom excretion after human intakes directly discharged 

into the natural aquatic system are the major cause of contamination. Untreated waste discharge 

leads to water contamination. The major source of contamination of surface and groundwater 

water is the discharge of manufacturing effluents without treatment inside the water bodies 

[59-63]. Inappropriate disposal of dangerous health-care waste is a topic of concern. The 

peoples that are to blame for this misapprehension are pharmacists, doctors, drug abusers, 

nurses, and other health-care professionals. It also spaces an improperly substantial financial 

and human possessions load on health care authorities to manage the problem. Healthcare 

waste inflows the usual domestic waste stream and ultimately ends up being disposed of in 

municipal landfill sites. After health-care waste is discharged into landfills, pollution of 

groundwater possibly will arise [64]. The exposer of illegal drugs into the drinking water, 

surface water, and groundwater is a further problem. There are no standard tests on the 

occurrence of pharmaceuticals in drinking water, surface water, and groundwater. This 

difficulty is frequently increasing due to the increased intake of pharmaceuticals via society 

[65]. 

3.1. Pharmaceutical industry waste. 

Pharmaceuticals industries are the main contributor to water contamination in surface 

water and groundwater, including aquatic environments [64]; the high growth of 

pharmaceutical industries increased by the high utilization of pharmaceuticals, which cause the 

high detection of these pollutants in the aqueous environment. The High utilization of 

pharmaceuticals via humans provides a diverse pathway from which pharmaceuticals be able 

to go in water environments. Pharmaceutical compounds are usually hydrophilic and 

biologically activated; thus, the human body can easily acquire them [66-67]. The human body 

has entirely absorbed some pharmaceuticals; a small number of pharmaceuticals are excreted 

from the human body. These pharmaceuticals go into the “sewage system” and ultimately enter 

into the environment all through by sewage discharge or by leakage of wastewater from 

“sewage treatment plants” which dump into the water systems          [68-69]. Pharmaceuticals 

such as analgesics, antibiotics, anti-inflammatory, blood lipid regulators, antiepileptic, 

hormones and beta-blockers, are detected in aquatic environments in the concentration range 

from “nanograms to micrograms per liter”[70-71]. The wide-ranging studies have been 

approved on pharmaceutical contaminants in the environment. Pharmaceuticals get accumulate 

in the environment in a medical, household, or industrial wastes. Pharmaceuticals are the 

foundation of long-term hazards due to their accumulation [72-73]. 

3.2. Hospital waste. 

Large quantities of pharmaceutical residues are detected in wastewater, beginning from 

health care centers and hospitals [74]. Wastewater from hospitals contains more and higher 

concentrations of drugs and pharmaceuticals than household and industrial effluent. 

Pharmaceuticals drugs from health-center & hospital are more toxic and higher biological 
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active. The majority of hospital drains are connected to the main sewers directly even though 

assured waste is disposed of separately via STP on-site and special waste contractor [75]. The 

production and discarding of waste pharmaceuticals is an issue to strict control in the cases of 

retailers, wholesalers, manufacturers, and hospitals, even though there are some remote cases 

of hospitals disposing of waste & expired pharmaceuticals by the drains [76-77]. Drugs for 

treating cancer are toxic by nature to proliferate cells, and genotoxicity detects in hospital waste 

is also credited to such drugs [78]; common drugs such as diclofenac, sulfamethoxazole, 

iopromide, and 17-alpha-ethinylestradiol, etc., are discharged from hospital [79]. Hospital 

wastewater is frequently unspecified designated the most toxic to aqueous life. There are 

definitely quite a few studies wherein the genotoxic activity of hospital wastewater is 

confirmed [80]. 

3.2. Illegal drug manufacture industry waste. 

Misusing of drugs is now a worldwide dilemma with a major straight or roundabout 

unpleasant impact on social welfare and human health [81]. “Illicit drugs” are those drugs that 

are used for “nonmedical purpose” & forbidden by international or national laws. Illicit drugs 

are categories as cocaine, cannabis, opioids, ecstasy-group substances, and amphetamine-type 

substances [82]. Loads of illicit drugs are constantly unconfined into the aqueous environment 

due to their partial removal in wastewater treatment plants (WWTP). These substances are 

incompletely metabolized in the human body and accomplish the wastewater network as a 

compound mixture of parental compounds and metabolites, where they are able to be detected 

from ng L−1 to μg L−1 [76]. Prohibited drugs and their metabolites are regularly discharged 

into wastewaters due to usual “human excretion” after banned and authorized use or irregular 

direct dumping of undercover drug-producing laboratory wastes into sewage systems. After 

human consumption of illicit drugs, their metabolites are excreted through feces, urine, sweat, 

and saliva. The emission procedure occurs again and again even when illegal drugs are 

administered by diverse methods such as swallowing, injecting, smoking, and snorting. The 

number of consumed drugs excreted unchanged and as their metabolites in feces and urine are 

able to be summarized as benzoylecgonine, cocaine, amphetamine, ecgonine methyl ester (32–

49methamphetamine MDMA, THC [83-85]. 

4. Ecotoxicity of Pharmaceuticals in Water Systems 

In the latest studies about residues of pharmaceuticals in drinking and surface waters 

are greater than before in scientific publications[86]. Drug residues that are found in the 

aqueous environment are frequently as a mixture of compounds, not as single contaminants 

[87]; mostly, some small streams getting a quite large amount of the water from sewage water 

treatment plants are found to be significantly contaminated [88] pharmaceutical compounds 

that are present in the environment are high enough in concentrations to cause some major 

harm and considered as noxious [89]. The possible effects on the aquatic environment and 

human healthiness are “chronic more than acutely toxic and depend on exposure, that is 

susceptibility, bioavailability, to the compound in the query, and the degradability of the 

compound” [90]. The pharmaceutical named diclofenac is mainly complicated contaminates to 

eliminate from wastewater. “Diclofenac is discharged along with treated wastewater to surface 

water was it able to undergo accumulation in sediments”. Diclofenac’s “biodegradation can 

last up to several months” [91]. The occurrence of pharmaceuticals residue in water poses much 
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pressure to human health & organisms living in the aquatic system since they show acute & 

chronic toxicity to the aquatic system and human health. 

4.1. Adverse effects on aquatic ecosystems. 

The high consumption of pharmaceuticals pushes the rapid development of 

pharmaceutical industries [92]. The huge expenditure of pharmaceuticals by humans provides 

unusual ways to enter the water system [83]; chronic release and relatively low degradation 

make them pseudo-persistent in aquatic environments. “The aquatic ecosystem” consists of 

various groups of organisms such as invertebrates, plants, microorganisms, fish, or amphibians. 

Pharmaceuticals can directly or indirectly affect these organisms; the direct effect includes 

physiological changes within an organism [93]. Some general examples are Acute toxicity of 

Naproxen depending on a living organism for Oncorhynchus mykiss is 690 mg/dm3, and for 

cyanobacteria this is 12.3 mg/dm3; also, naproxen causes chronic toxicity to the phytoplankton. 

diclofenac poses much pressure to aquatic organisms counting fish since this pharmaceutical 

shows acute toxicity among non-steroidal anti-inflammatory drugs (NSAIDs). The EC50 

“median effective concentration” of diclofenac for fish 14.5 mg/dm3 for phytoplankton; this is 

22.43 mg/dm3. Diclofenac shows chronic toxicity to benthos and phytoplankton. Continuing 

exposure of diclofenac to Oncorhynchus mykiss cause damages to gills and kidneys. diclofenac 

and carbamazepine are possibly toxic to aquatic microbes. [94-98]. 

4.2. Adverse effects on human health. 

There is growing concerned about the presence of emerging pharmaceuticals, then, 

current a novel worldwide water quality challenge with possible “serious implication to human 

health” [99]. The potential risk of introducing human health is a topic of concern, particularly 

for those countries that employ surface water for drinking purposes [100]. The trouble cause 

of “pharmaceuticals in drinking water can have a major crush on human health due to chronic 

exposure. If the human drinks about 2 liters per day and the amount of a “pharmaceutical in 

drinking water are 5 ng/dm3” - this means a person’s daily consumption of this pharmaceutical 

is almost 10 ng. This small amount of dose Is ends up with 3650 ng/year. If this rate is 

multiplied by humans' standard life expectancy (70 years), it would be 255,500 ng”. This 

uninformed intake is able to show an adverse effect on human health. More concentration 

should be given to estrogens' occurrence in a water system can cause an increase in 

breast[gynecomastia] testicular cancer and decrease fertility in men [101-103]. 

Pharmaceuticals in the drinking water system are very dangerous to the elderly, babies, and 

even on infants and people who suffer from liver or kidney malfunction. “The occurrence of 

anticancer drugs in drinking water is dangerous for pregnant women due to fluorouracil it can 

go through the blood-placenta barrier, and consequently cause an embryotoxic and teratogenic 

effect” [104-105]. 

4.3. Ecotoxicity of illegal drugs in water systems. 

Illicit drugs are constantly discharged into the water system due to their huge production 

and consumption [106]. The occurrence of “illegal drugs and their metabolites” needs 

consideration via an eco-toxicological viewpoint since studies found potential harmful results 

on the aquatic system. [107]. “Most illegal drugs, opiates, cocaine amphetamines these 

compounds possibly a major limitation is determining their effectiveness and potential 
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toxicity” [108]. The studies on the ecological toxicity of illegal drugs in “scientific journalism” 

are limited and not methodical. Only a few pieces of information exist on the ecotoxicity of 

amphetamine, morphine, and cocaine on marine organisms. The toxicity of amphetamine-

sulfate to recently isolated Daphnia and Oncorhynchus mykiss and was studied. The outcome 

exposed comparatively more toxic between the 50 mentioned chemicals used via Multicentre 

Evaluation of in-vitro Cytotoxicity [109]. “The behavioral screening of cocaine sensitivity in 

Danio renio showed defect resultant from a mutation in different genes that influence 

dopaminergic signaling in the brain and retina” [110]. “The study on cyto-genotoxic 

consequence of cocaine on Dreissena polymorpha showed major primary DNA damage, raise 

in micronucleated cells and marked rise in apoptosis”[111] adverse effect of morphine on 

Elliptio complanata is the reduction of phagocytic and intracellular esterase activity, cell 

adherence and lipid peroxidation [112]. “The pharmacokinetics of morphine into 

Pseudopleuronectes americanus and seawater acclimated Oncorhynchus mykiss was reported 

by measuring the change in plasma morphine concentration for 100 h” [113]. Thus, it is normal 

to suppose from the existing information that the stimulatory or inhibitory effects of illegal 

drugs depend on the compound and the test organism. 

4.4. Adverse effects on aquatic ecosystems. 

Illegal drugs and “their metabolites” are acknowledged as pollutants of rising worry, 

“illegal drugs” are incompletely metabolized and excreted unaffected in feces and urine or as 

active metabolites reaching WWTPs. moreover, most wastewater treatment plants are deficient 

in the cure of effluents containing the banned drug, potentially dumped into aquatic systems. 

“Once in the water or sediment, these substances may interact and affect non-target organisms, 

and some evidence implies that illegal drugs may show pseudo-persistence since they give 

continuous environmental input, resultant in long-term exposure to aquatic organisms” [114]. 

Present studies show 4 main drug groups that cause global concern: cannabinoids, synthetic 

drugs (ecstasy and amphetamines), cocaine, and opioids [115-116]. Besides, illegal drugs as 

well as act together with the residue of another compound, “leading to unanticipated 

pharmacological interactions that may cause toxic effects on aquatic organisms” [117-118]. 

The study of cyto-genotoxic shows that the consequences of cocaine on Driessen polymorpha 

are DNA damage, enlarging of micronucleated cells, and a marked rise in apoptosis [119]. The 

behavioral show of cocaine sensitivity in Danio renio confirm defects consequential from a 

mutation in different genes that influence dopaminergic signaling in the brain and retina [120].  

4.5. Adverse effects on human health. 

Misuse of drugs is large-scale trouble with a major straight or roundabout adverse effect 

on human healthiness [121]. illicit drugs are a biological concern due to their possible long-

term unfavorable effects on human’s health [122]. “Illicit drugs are those drugs used for 

nonmedical medical purpose and banned by the government agencies”. even though the 

concentration of different prohibited drugs and their metabolites on surface waters are “found 

in few nm/l”. Their probable effects on human health cannot be ignored, particularly for 

“vulnerable populations” [123]. Illicit drugs pose a possible risk to human health when people 

drink polluted water for their whole life [124]. Therefore, some studies show illicit drugs in the 

water system cannot be that harmful because of their low concentration. However, it can be 

adverse if they expose for a long time period. 
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5. Removable of Pharmaceuticals from the Water System 

The majority of the wastewater treatment method does not let the entire elimination of 

micro contaminants of pharmaceuticals. The elimination of pharmaceuticals depends on the 

chemical and physical properties of the compound. Pharmaceuticals are eliminated through 

biodegradation. adsorption on activated sludge, flocculation, coagulation, adsorption, 

“photolysis on activated carbon, ozonation combined with H2O2”.These methods let the 

elimination of pharmaceuticals from wastewater at a diverse rate [125, 126]. On the other hand, 

most of them are not functional in municipal WTPs Beta-blockers cannot eliminate entirely. 

Atenolol is able to eliminate almost 30% through biotransformation. An irrelevant quantity of 

this “pharmaceutical is adsorbed on activated sludge”. Metoprolol is eliminated at a low rate 

throughout biotransformation, about 10%, the concentration of propranolol does not change 

during wastewater treatment [127-129].the Application of Ozonation in wastewater treatment 

increases the elimination of atenolol by about 86%, and metoprolol has a success rate of 93% 

[130]. A non-steroidal anti-inflammatory is able to adsorb on activated sludge, most likely 

80%. still, the regular rate of adsorption ranges is considered between 21 to 40% [131]. 

biodegradation Diclofenac has a low elimination rate of not more than 25% due to the amount 

of N-H atoms Cl and group that slow down the development of bacteria in wastewater. The 

photolysis method is effective in eliminating diclofenac via 25 to 75% [132, 133]. The function 

of membrane filters allows the taking away of diclofenac is about 58%. Ozonation is able to 

let obtaining the elimination capability of more than 98%. Combined ozonation with H2O2 

allows enough elimination of diclofenac [134, 135]. The amount of diclofenac in treated 

wastewater is about 140 g/dm3 to 1480 g/dm3 [136]. Naproxen is eliminated about 50-80% 

from wastewater because of adsorption on activated sludge [137]. Adsorption on activated 

carbons let the taking away of naproxen about 52%, with ozonation; this is about 90to 99%. 

The combined ozonation with H2O2 can eliminate more than 89% [129]. Photolysis can 

eliminate entire Naproxen (99 to 100%) [138]. The application of membrane bioreactors can 

eliminate Naproxen from wastewater by more than 86% [128]. Ibuprofen is a very efficiently 

removed pharmaceuticals. The elimination rate of ibuprofen from wastewater is about 60-

100%. Sedimentation can eliminate ibuprofen from 12 to 45%. The main method behind this 

procedure is a breakdown of hydroxyl and carbonyl groups, and the products of breakdown are 

eliminated through membrane filtration. [124]. Adsorption on activated carbons and ozonation 

can eliminate ibuprofen at a success rate of 99%[122]. “Photocatalysis is also considering as 

capable elimination of ibuprofen. At the TiO2 concentration of 1.0 g/dm3 and 30-minute 

introduction to light ibuprofen underwent approximately total disintegration” [139]. The 

paracetamol, acetylsalicylic acid, ketoprofen can be eliminated via sedimentation, coagulation, 

and flocculation, about 15 to 98%. elimination of ketoprofen can be done by adsorption on 

activated sludge, which allows the elimination of up to 65 to 77% [122, 124]. However, 

membrane filtration is the most efficient technique for eliminating ketoprofen that caneliminate 

up to 98%  [140]. “Paracetamol is adsorbed on activated sludge between 99% to 100% on 

membrane filters. It also competently eliminates (up to 90%) through chlorination, adsorption 

on activated carbons, and ozonation. Paracetamol is considered to be one of the most efficiently 

eliminate pharmaceuticals in the process of wastewater treatment”[128]. Biodegradation of 

Acetylsalicylic acid can eliminate at the success rate of 80 to 98% [124].Carbamazepine is not 

easily eliminated with the processes of wastewater treatment. According to the studies, only 6 

to 10% carbamazepine is able to eliminate. “Carbamazepine is vulnerable to biodegradation. It 
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is considered as hard to remove due to the fact of no biodegradation of carbamazepine at the 

concentration of 0.5 mg/dm3 in saltwater is observed” [129]. Photolysis combines adsorption 

on activated sludge with allows the elimination of carbamazepine about 29%. The most 

effective elimination of carbamazepine includes ozonation, which has a success rate of 90%. 

The adsorption on activated carbons can eliminate up to 90%, and when ozonation is combined 

with H2O2, the rate of success will become 98 to 99%. Individually photolysis is less effective 

for eliminating “carbamazepine from wastewater”. In contrast, membrane filters have shown a 

low elimination rate of about 13%. According to the studies, biodegradation of diazepam up to 

70% takes 84 days. Also, “adsorption of diazepam on activated sludge is insignificant (less 

than 2%)”. Whereas adsorption on activated carbons eliminate about 99% and ozonation about 

81% and considered as most effective methods for elimination of diazepam adsorption is able 

to eliminate Fluoxetine from wastewater about 92%, and ozonation about 91% and when 

ozonation combined with H2O2 the rate of elimination rises up to 91% [139]. 

6. Removable of Illicit Drugs from the Water System 

Since many illicit drugs discharge into the aquatic system, this is important to realize 

the elimination effectiveness of usual “wastewater treatment processes for chemicals of 

concern”. The treated wastewater treatment plants effluents usually hold a lesser concentration 

of illicit drugs than the individual influents even though they are at unstable concentration 

depending on detection and location technique. “Hence, such influent and sewage analysis 

provide qualitatively or at best semi-quantitative information about the performance of 

wastewater treatment plants configurations to eliminate these illicit drugs”[131]. The treatment 

process used to treat polluted water differs significantly worldwide, with different component 

processes configured and operate differently depending on the climate, expertise, site-specific 

factors, and “water authority preference and relative cost”. The elimination effectiveness of 

Wastewater treatment plants for various compounds with illegal drugs differs significantly 

depending on the treatment processes operating and the technology used. It is also probable 

that any microbial-mediated drug removal will be strongly influenced by the operational 

parameters, development and design, and environmental factors such as dissolved oxygen 

concentration and water temperature [132]. Different wastewater treatment plants might use 

diverse minor treatment method configurations, such as trickling filters, membrane bioreactors, 

or activated sludge treatment. Current studies confirmed that activated sludge treatment is 

further capable of eliminating illegal drugs than the “trickling filters”, perhaps since “activated 

sludge processes” is more capable of elimination of chemical contaminants than trickling 

filters, with a considerable amount advanced “active microbial biomass substance and higher 

rate of oxygen input from mechanical aeration that would also improve volatilization” [133]. 

Solid waste is constantly eliminating in the form of waste activated sludge, so this may put an 

illegal drug into “elimination performance by adsorption to the solid phase”. If we compare 

trickling filters with activated sludge treatment for elimination of diverse illegal drugs and 

found that activated sludge eliminates about 39% METH, 99% AMPH and 91% cocaine even 

as elimination effectiveness of trickling filters for cocaine37%, METH 25%  and AMPH 89%, 

was and in that order. The elimination effectiveness of trickling filter treatment and activated 

sludge process in the elimination of selected illegal drugs. [134] the inferior treatment by 

operating with low SRT and biological filters are lesser capable if we compare them to 

“activated sludge in eliminate illegal drugs and their metabolites, reporting high elimination 

(less than 90%) for MDMA through activated sludge and for cocaine and its metabolite and  
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49–80%. Hence, SRT is one more important parameter that should be measured while assessing 

the elimination rate of wastewater treatment plants” [140]. The reported elimination for 

activated sludge is 100% for both METH and AMPH, 79% for cocaine, 90% for BE 98% for 

THC-COOH. , reported the lowest for cocaine (72%) and the highest elimination rate for BE 

(93%)  in an Irish wastewater treatment plant using activated sludge treatment, while [136] 

standard elimination for 95% BE and 95% cocaine. Ultrafiltration membranes use in the 

variation of activated sludge, the membrane bioreactor which is submerged into the activated 

sludge, is measured further efficient on illegal drug elimination than the regularly activated 

sludge, probably because “some mixture of higher operating biomass concentrations, longer 

SRT and enhanced sewage solids separation” [141] but new research is required for the 

recognition of elimination pathway, to let us differentiate among accurate drug degradation by 

“biodegradation or biotransformation [142]. 

7. Conclusion 

Pharmaceutical and illegal drugs have become a concern over the last few decades. 

They have gained considerable attention as they do not voluntarily biodegrade and remain 

toxic. Due to high consumption of pharmaceutical and illicit drug, their industries are rapidly 

growingResidues of pharmaceuticals or illegal drugs, and their metabolites enter the 

wastewater stream due to discharge of manufacturing effluents without treatment and excretion 

after human consumption; they are discharged directly into the natural water system leading to 

pollution and affects human health and the environment.  It is a big issue to efficiently eliminate 

pharmaceuticals and illegal drugs, besides another main concern pollutant, from wastewaters 

before their ejection. Adsorption, biodegradation on flocculation, activated sludge, adsorption 

on activated carbon, photolysis, and coagulation are methods by which pharmaceuticals can be 

removed. Suppose the pharmaceutical and illicit drugs waste continues to enter our 

environment in this manner, then one day. In that case, all the water bodies will get polluted 

and will bring many diseases. To avoid this, there is a need to regulate its use and disposal 

properly. 
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