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FATE AND REMOVAL OF PHARMACEUTICALS AND ILLEGAL 
DRUGS PRESENT IN DRINKING WATER AND WASTEWATER  

FARMACEUTYKI I NARKOTYKI ZANIECZYSZCZAJ ĄCE  
WODY PITNE I ŚCIEKI. SPOSOBY ICH USUWANIA  

Abstract: Rapid development of pharmaceutical industry, and thus widespread availability of different types of 
therapeutical and increased intake of pharmaceuticals, results in elevated concentrations of pharmaceuticals in 
municipal wastewater subjected to treatment in wastewater treatment plants. Pharmaceuticals present in raw 
wastewater discharged from hospitals, households, veterinary and health care clinics eventually end up in 
wastewater treatment plants. Commonly applied methods for treating wastewater do not allow complete removal 
of these contaminants. As a consequence, pharmaceuticals still present in treated wastewater are introduced to 
water environment. The most frequently identified pharmaceuticals in surface water belong to the following 
groups: non steroidal anti inflammatory drugs, beta-blockers, estrogens and lipid regulators. The most difficult is 
removal of diclofenac, clofibric acid and carbamazepine as these substances show low biodegradability. 
Diclofenac can be removed in the process of wastewater treatment by 40%, carbamazepine by 10%, and clofibric 
acid from 26 to 50%. The presence of diclofenac sodium in the rivers in Poland was confirmed and the 
concentrations were following: 380 ng/dm3 (the Warta river), 470 ng/dm3 (the Odra river), 140 ng/dm3 (the Vistula 
river). Naproxene was found in the Warta river at the concentration of 100 ng/dm3. The presence of 
pharmaceuticals in surface water can be toxic to aqueous microorganisms and fish. Recent studies confirmed also 
the presence of pharmaceuticals in drinking water. This is considered as a problem especially in urban 
agglomerations such as Berlin or large cities in Spain and China. The studies showed that pharmaceuticals were 
also identified in the samples taken from the Polish rivers and drinking water. The presence of naproxene and 
diclofenac at the concentrations of 13 and 4 ng/dm3 was identified in drinking water sampled from water intakes in 
Poznan. Surface water and drinking water showed also the presence of illegal drugs. 
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Introduction 

Pharmaceutical industry is one of the most rapidly growing in global economy. Annual 
sales of pharmaceuticals bring millions in revenue. According to the data from 2010 the 
annual profit from sales of pharmaceuticals brought 875 billions of US dollars globally [1]. 
Antibiotics that are used for treating infections both in people and animals are the most 
frequently prescribed pharmaceuticals (i.e. fluoroquinolones, sulfonamides). The quantity 
of antibiotics that are prescribed annually exceeds 12 000 Mg worldwide, including 65% 
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(i.e. 8000 Mg) of antibiotics applied in health care, 29% (i.e. 3000 Mg) in veterinary and 
6% as growth promoters in animal husbandry [2]. Pharmaceuticals used for treating 
hypertension (i.e. beta-blockers) such as atenolol, propranolol and metoprolol are the most 
frequently prescribed drugs among others in Canada. Sales of these pharmaceuticals were 
estimated at about 12 Mg in 2007 (according to the IMS Health - an international company 
for market analysis of health care services and pharmaceuticals [3]). Beta-blockers are 
reported to be the most frequently prescribed drugs in Germany and the Unites States of 
America [4]. Also, non steroidal anti inflammatory drugs belong to the group of 
pharmaceuticals that are sold without prescription in large quantities. The data from the 
IMS Health indicate that diclofenac is the most frequently prescribed drug among non 
steroidal painkillers. The global intake of this drug in 2007 exceeded 877 Mg, and in 2008 
it increased to 940 Mg [5]. In Great Britain the annual sales of naproxene, paracetamol, 
acetylsalicylic acid and ibuprofen is estimated at 3000 Mg. The other group of the most 
widely prescribed pharmaceuticals sold in large quantities in Great Britain are 
antidepressants that inhibit selective serotonin reuptake (i.e. SSRI) including paroxetine, 
fluoxetine (Prozac) and citalopram. Fluoxetine is the most frequently prescribed 
antidepressant in France. The sales of these drugs in Great Britain in 2004 exceeded  
5000 kg [6, 7]. The data from the IMS Health indicate that the largest quantities of 
pharmaceuticals sold in Poland belong to the over the counter drugs (OTC) and are used in 
pain relief, treatment of cold and flu symptoms. The most frequently prescribed drugs are 
for arterial hypertension (i.e. metoprolol, propranolol, atenolol). The sales of these drugs in 
the first quarter of 2013 were estimated at 674 million PLN [3].  

Consumed pharmaceuticals are metabolized (i.e. biotransformation) which means that 
their molecules undergo chemical and structural changes. Biotransformation occurs mostly 
in the liver (about 2/3 of a dose) but also in the blood, lungs and digestive system, and aims 
at conversion of a slowly released, nonpolar and lipophilic molecule of a drug into  
a hydrophilic and polar molecule. Metabolism of pharmaceuticals does not occur in 100%. 
This means that metabolized forms as well as free forms of the drug are excreted with urine 
[8]. Pharmaceuticals that are past the expiration date are often flushed in toilets and 
discharged from households with wastewater. The highest loads of pharmaceuticals are 
detected in wastewater from hospitals and health care centers. Veterinary offices and 
animal husbandry contribute to the contamination of natural environment with 
pharmaceutical substances. Frequently applied pharmaceuticals in veterinary and animal 
husbandry are antibiotics that apart from treatment of microbial infections are added to 
animal feed as growth promoters. These drugs with the animal manure are applied for soil 
fertilization, and thus this can result in migration of the drugs to groundwater. Wastewater 
treatment does not completely remove pharmaceuticals. The pharmaceutical residues with 
treated wastewater (also with non treated wastewater) are introduced to surface water [6, 9]. 

The overall goal of this article is to present the current knowledge on contamination of 
surface and drinking water with pharmaceuticals introduced to the environment with treated 
wastewater. 

The most common pharmaceuticals in treated wastewater and potential 
methods for removal 

Table 1 presents the list of pharmaceuticals that are the most frequently identified in 
water environment and description of applications as medical substances. According to the 
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available data pharmaceuticals that belong to the beta-blocker group, non steroidal anti 
inflammatory drugs, drugs affecting nervous system, hormones, lipid regulators and 
antibiotics are the most frequently identified pharmaceuticals in surface water. The 
presence of these medical substances can have negative effects on aqueous organisms [6].  

 
Table 1 

Characteristics of pharmaceuticals that are the most frequently identified in surface water 

Group Type of 
pharmaceutical Application References 

Beta-blockers 
Atenolol 

Metoprolol 
Propranolol 

Treatment of: arterial hypertension, cardiac 
dysrhythmia, coronary artery disease 

[8, 4] 

Non steroidal 
anti inflammatory 

drugs 

Diclofenac 
Naproxene 
Ketoprofen 
Ibuprofen 

Acetylsalicylic acid 
Paracetamol 

Inhibitors of cyclooxygenase activity (COX-1 and/or 
COX-2), and thus show anti inflammatory, analgesic 

and antipyretic effects. 
 

Antipyretic, analgesic, does not show anti inflammatory 
effect 

[8, 10] 

Drugs affecting 
nervous system 

Carbamazepine 
Diazepam 
Fluoxetine 

Antiepileptic effect - influences ionic conductivity. 
Benzodiazepine derivatives - show anxiolytic, antipanic 

and antiepileptic effects. Antidepressant - inhibits 
selective serotonin reuptake. 

[8, 11] 

Hormones 
Estrone 

17β-estradiol 
Ethinylestradiol 

Applied in primary ovarian hyperfunction, hormone 
replacement therapy, menopausal hormonal disorders. 

Constituents of contraceptive pills for menstrual 
disorders. 

[8, 12] 

Lipid regulators 
Clofibric acid 
Gemfibrozil 
Bezafibrate 

Reduce plasma triglycerides and 
low-density lipoproteins , raise the level of high-density 

lipoprotein cholesterol, applied in 
hyperlipoproteinemia. 

[8, 13] 

Antibiotics 

Macrolides: 
Erythromycin 
Clarithromycin 

 
Fluoroquinolones: 

Norfloxacin 
Ciprfloxacin 

 
Tetracyclines: 
Tetracycline 

Chlortetracycline 
Oxytetracycline 

 
Other: 

Sulfamethoxazole 
Trimethoprim 

Bacteriostatic effect towards gram-positive and  
gram-negative bacteria, chlamydia, proteoza. 

 
 

Bacteriostatic effect towards gram-positive bacteria  
by disintegration of replicating bacterial DNA 

 
 

Bacteriostatic effect towards gram-negative,  
gram-positive bacteria by inhibition of biosynthesis  

of proteins at ribosome level 
 
 

Diverse effects towards gram-positive and  
gram-negative bacteria, inhibit growth and division  

of bacterial cells. 

[8, 14, 15] 

Removal of pharmaceuticals from wastewater  

Most of wastewater treatment methods do not allow the total removal of 
microcontaminants resulted from contamination with pharmaceuticals. The removal rate of 
pharmaceuticals depends on physical and chemical properties of a given drug. 
Pharmaceuticals are removed through biodegradation, adsorption on activated sludge, 
flocculation, coagulation, photolysis, adsorption on activated carbon, ozonation or 
ozonation combined with H2O2. These methods allow the removal of pharmaceuticals from 
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wastewater at different rate [6, 16]. However, most of them are not applied in municipal 
wastewater treatment plants. 

Beta-blockers 

Beta-blockers cannot be completely removed during the treatment of wastewater. 
Atenolol can be removed up to 30% mostly through biotransformation. Insignificant 
quantities of this pharmaceutical are adsorbed on activated sludge. Metoprolol is removed 
at a very low rate through biotransformation (less than 10%) and the concentration of 
propranolol (the most lipophilic beta-blocker) almost does not change during the treatment 
of wastewater [4, 17, 18]. Ozonation applied during wastewater treatment increases the 
removal of atenolol up to 86% and metoprolol up to 93%, respectively [7].  

Non steroidal anti inflammatory, analgesic and antipyretic drugs 

Diclofenac 

Diclofenac can be adsorbed on activated sludge up to 80%. However, the average rate 
of adsorption ranges between 21 and 40% [5]. Diclofenac undergoes biodegradation only 
partially (less than 25%). This is due to low biodegradability caused by the presence of Cl 
atoms and N-H group that inhibit the growth of bacteria in wastewater. Diclofenac can be 
also removed through photolysis (25-75%) [19, 20]. The application of membrane filters 
allows the removal of diclofenac by about 58%. Ozonation can allow obtaining the removal 
efficiency even up to 98%. Combined ozonation with H2O2 allows sufficient removal of 
diclofenac [7, 21]. The concentration of diclofenac in treated wastewater ranged from  
140 to 1480 g/dm3 (in the samples from 5 EU countries) [22]. 

Naproxene 

Naproxene is removed by 50-80% from wastewater due to adsorption on activated 
sludge [19]. Adsorption on activated carbons allows the removal of naproxene by 52%, 
ozonation by about 90-99%, and the combined ozonation with H2O2 by 89% [7]. Photolysis 
can remove naproxene by 99-100% [22]. Application of membrane bioreactors allows the 
removal of naproxene from wastewater by 86% [23].  

Ibuprofen 

Ibuprofen is one of the most efficiently removed pharmaceuticals. The removal rate of 
this pharmaceutical from wastewater is about 60-100%. Sedimentation allows the removal 
of 12-45%. However, the main mechanism behind this process is decomposition to 
hydroxyl and carbonyl groups, and the products of decomposition are removed through 
membrane filtration [19, 20]. Ibuprofen is efficiently removed through adsorption on 
activated carbons (up to 99%) and ozonation (up to 80%) [7]. Photocatalysis is considered 
an efficient removal of ibuprofen (TiO2 as a catalyst). At the TiO2 concentration of  
1.0 g/dm3 and 30 minute exposure to light ibuprofen underwent almost total decomposition 
[24]. 

Ketoprofen, paracetamol, acetylsalicylic acid 

Ketoprofen can be removed through the processes of coagulation, flocculation and 
sedimentation in the range of 15-98%. Adsorption on activated sludge allows the removal 
of ketoprofen in the range of 65-77% [7, 19]. However, the most efficient method for 
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removal of ketoprofen is membrane filtration that eliminates 98% of this pharmaceutical 
[23].  

Paracetamol is adsorbed on activated sludge in 99% whereas in 100% on membrane 
filters. It is also efficiently removed (i.e. above 90%) through chlorination, adsorption on 
activated carbons and ozonation. Paracetamol is considered to be one of the most efficiently 
removed pharmaceuticals in the process of wastewater treatment [23]. Acetylsalicylic acid 
in removed through biodegradation in 80-98% [19]. 

Antiepileptic, anticonvulsants, antidepressants 

Carbamazepine 

The presence of carbamazepine in the environment was first detected in 1978 in the 
United States of America and in 1985 in Great Britain [11]. Carbamazepine is  
a pharmaceutical that is not easily removed during the processes of wastewater treatment. 
According to the studies only 6-10% of this pharmaceutical can be removed. 
Carbamazepine is susceptible to biodegradation. It was classified as “non removable” due 
to the fact that no biodegradation of carbamazepine at the concentration of 0.5 mg/dm3 in 
salt water was observed [5]. Chlorination also has no effect on the concentration of 
carbamazepine in wastewater. Adsorption on activated sludge combined with photolysis 
allows removal of carbamazepine in 29%. The most efficient methods for the elimination of 
carbamazepine include ozonation (above 90%), adsorption on activated carbons (up to 
90%), and ozonation combined with H2O2 (98-99%). Photolysis is less efficient for removal 
of carbamazepine from wastewater whereas membrane filters show very low removal rate 
(about 13%) [7, 22].  

Diazepam and fluoxetine 

Diazepam undergoes biodegradation at a very low rate. According to the laboratory 
studies diazepam biodegraded by 70% after 84 days. Also, adsorption of diazepam on 
activated sludge is insignificant (about 2%) [25]. Adsorption on activated carbons (up to 
99%) and ozonation (up to 81%) are considered efficient methods for removal of 
contamination caused by diazepam [7].  

Fluoxetine - a two ring pharmaceutical that belongs to the SSRI group of 
antidepressants (i.e. selective serotonin reuptake inhibitors) is removed through coagulation 
only by 15%. Floxetine can be removed from wastewater through adsorption (by 92%), 
ozonation (by 91%) and ozonation combined with H2O2 (above 91%) [7]. Fluoxetine is 
transported with treated wastewater to surface water, and there it can undergo 
sedimentation due to low solubility [26]. 

Hormones 

Load of estrogens in wastewater depends on the number of women who are in the 
reproductive age, pregnant women, menopausal women (an organism of a pregnant woman 
produces 120 times more 17β-estradiol in comparison to a non pregnant woman), and 
women who take hormone therapy. The highest concentration of estrogens in treated 
wastewater was detected in wastewater treatment plants that applied the simplest methods 
of wastewater treatment [27]. Estrogens from wastewater are removed through adsorption 
on activated sludge that allows the removal of ethinylestradiol, 17β-estradiol and estron by 
67-80%, 80% and about 70-90%, respectively. Ozonation is considered an efficient method 
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for removal of ethinylestradiol and 17β-estradiol by 90-99%. Ozonation combined with 
H2O2 allows the removal of these pharmaceuticals by 94%. Application of biological filters 
allows the removal of estradiol, estron and ethinylestradiol by 92, 67 and 92%, respectively. 
Progesterone - that is another natural sex hormone - is removed in a similar manner to the 
removal of estrogens [7, 28, 29]. Membrane techniques also allow the removal of estrogens, 
however synthetic estrogens are removed with higher efficiency [30]. Estrogens in treated 
wastewater are discharged to surface water. The removal of estrogens in the natural 
environment depends on the occurrence of bacteria, rainfall and temperature (lower activity 
and faster decomposition of estrogens is observed in August than in May or April) [27]. 
The occurrence of phytoestrogens and mycoestrogens in surface water is considered  
a problem as these pharmaceuticals also show estrogenic activity. Mycoestrogens in surface 
water were detected at the concentration of 0.044 mg/m3 [31]. Current studies on the 
removal of these compounds from surface water use an integrated method based on 
sorption on activated carbon, photocatalytic oxidation and nanofiltration [32]. 

Lipid regulators 

Clofibric acid, bezafibrate and gemfibrozil are removed from wastewater through 
adsorption on activated sludge from 26 to 52%, 50-97% and 45-64%, respectively. The 
removal of lipid regulators through filtration is a low efficient method for elimination of 
these contaminates from wastewater (bezafibrate, clofibric acid and gemfibrozil are 
removed by 17, 15 and 17%, respectively). Adsorption on activated carbon allows the 
removal of clofibric acid and gemfibrozil up to 50 and 90%, respectively). Ozonation 
combined with H2O2 allows the removal of gemfibrozil by about 99% [7, 13]. 

Antibiotics 

Potential threats for aquatic environment are posed by antibiotics that include 
sulfonamides (sulfamethoxazole) and macrolides (erythromycin, clarithromycin), 
fluoroquinolones (ciprofloxacin, norfloxacin), tetracyclines (tetracycline, chlortetracycline, 
oxytetracycline), and also trimethoprim and lincomycin. Ciprofloxacin and norfloxacin 
were identified in surface water in the United States of America (at the concentration of 
0.03 and 0.12 µg/dm3, respectively) [7]. Tetracyclines in surface water in the United States 
of America were detected by Lindey’s group (chlortetracycline - 0.15 µg/dm3, 
oxytetracycline - 1.34 µg/dm3) and Kolpin with coworkers (tetracycline - 0.11 µg/dm3) 
[33]. Due to their chemical character antibiotics undergo adsorption on sediments,  
e.g. norfloxacin and ciprofloxacin were detected in sediments at the concentration of  
1.88-11.20 ng/g [34]. These antibiotics are removed from raw wastewater by 50-70% 
through biodegradation, hydrolysis or photolysis [9, 35]. Adsorption on activated sludge 
can eliminate erythromycin by 25%, clarithromycin by 54%, trimethoprim by 69% and 
sulfamethoxazole by max. 55%. Antibiotics reduce the number of microorganisms (bacteria 
and proteoza) that constitute the composition of activated sludge. Coagulation can eliminate 
erythromycin by 33%. Chlorination is considered a very efficient method for removal of 
lincomycin, sulfamethoxazole and trimethoprim (up to 100%). Ozonation is also  
an efficient method that allows the removal of antibiotics even up to 90% (i.e. 
sulfamethoxazole, erythromycin, trimethoprim, clarithromycin). Tetracyclines are removed 
through chlorination with the removal efficiency almost of 100% [7]. An alternative 
method for the removal of antibiotics is adsorption on activated carbons. The removal 
efficiency of trimethoprim reaches 83% whereas sulfamethoxazole even up to 99%. 
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However erythromycin is adsorbed only by 54% [7]. Photocatalytic removal of 
sulfamethoxazole, doxycycline and ampicillin is currently investigated, however this 
method is not sufficient for the removal of sulfamethoxazole [36-38]. The efficiency of 
photocatalytic removal of sulfamethoxazole can be improved by addition of iron(III) salt 
[39]. Other method for removing sulfamethoxazole is electrocoagulation. Coagulation of 
sulfamethoxazole allows the removal of only 10%. In case of electrocoagulation carried out 
with a steal anode the removal of sulfamethoxazole can reach 40% [40]. Fluoroquinolones 
are efficiently removed through photodegradation (up to 96%) and chlorination (up to 
100%). Adsorption of fluoroquinolones on activated sludge is not efficient (about 50%)  
[2, 7]. The presence of sulfamethoxazole (0.5-4 ng/dm3), erythromycin (0.5-72 ng/dm3) and 
trimethoprim (10-183 ng/dm3) was detected in the rivers of Wales [35]. 

Other pharmaceuticals 

Fluorouracil - a pharmaceutical used in cancer treatment - was detected in water 
sampled from the Air and Calger rivers in Yorkshire in Great Britain. This resulted from 
low adsorption of this pharmaceutical on activated sludge (about 10%) and high toxicity to 
bacteria. Fluorouracil does not undergo biodegradation, and what is more, it shows  
a negative effect on biological treatment of wastewater [41]. 

Random tests of water quality in Great Britain confirmed the presence of synthetic 
glucocorticosteroids, i.e. prednisone, prednisolone, cortisol and cortisone, in the River 
Thames. These drugs show anti inflammatory and immunosuppressive effects. 
Glucocorticosteroids are removed from wastewater in a similar manner to the removal of 
female hormones, i.e. estrogens. Cortisol, cortisone and prednisone are removed by 70-76% 
whereas prednisolone by about 32%. The most efficient method of removing these 
pharmaceuticals is adsorption on activated sludge [42].  

Surface water in Germany, Switzerland and the United States of America shows the 
presence of lidocaine and tramadol. Lidocaine is a drug used in local anesthetic and 
myocardial infarction. Tramadol is a narcotic painkiller with agonistic and antagonistic 
effect. These drugs are easily soluble and susceptible to adsorption on activated sludge.  
The removal of tramadol and lidocaine from wastewater is about 40% [43].  

Another group of pharmaceutical drugs that were detected in surface water are 
histamine antagonists such as cetirizine, acrivastine and fexofenadine. They are the  
II generation antihistamine drugs that are commonly used for relief of allergies. These 
drugs were detected in water sampled from the rivers in Finland. The removal of 
antihistamine drugs during wastewater treatment ranged from 16-18% for cetirizine and 
fexofenadine to 36% for acrivastine [44]. As for antiviral drugs only isolated incidents of 
their presence in raw wastewater were reported. For example, zanamivir used in treatment 
of influenza was detected in raw wastewater in Japan. The concentration of this drug was 
241.6 ng/dm3. Another drugs, i.e. acyclovir used in treatment of herpes infections and 
lamivudine used in treatment of HIV were detected in Germany in raw wastewater at the 
concentration of 1800 and 720 ng/dm3, respectively. The removal of antiviral drugs in 
wastewater treatment plants occurs during ozonation, adsorption on activated sludge, 
membrane processes and photocatalysis. Application of membrane filters allows the 
removal of acyclovir by 99%. Conventional methods of wastewater treatment show low 
efficiency [45]. Table 2 presents the concentrations of pharmaceuticals detected in  treated 
wastewater. 
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Table 2 
Pharmaceuticals detected in treated wastewater 

Pharmaceutical 
Concentration 

[µg/dm3] References 

Atenolol 1.26-7.6 [35] 

Bezafibrate 
0.086-0.667 
0.25-4.56 

[35] 
[46] 

Diclofenac 

0.005-1.59 
0.12 
0.16 
0.09 

0.03-0.142 

[46] 
[47] 
[48] 
[49] 
[35] 

Diazepam 0.5-7.1 [50] 

Erythromycin 
6.0 

0.292-2.841 
[46] 
[35] 

Fluoxetine 5.6-44.9 [50] 
Gemfibrozil 1.5 [46] 

Ibuprofen 
0.131-0.424 
0.05-3.35 

0.11 

[35] 
[46] 
[47] 

Ketoprofen 
0.11 
0.033 

[51] 
[35] 

Carbamazepine 
0.644-4.596 

6.9 
[35] 
[46] 

Clarithromycin 0.24 [46] 

Acetylsalicylic acid 
0.05-1.51 

0.065 
[46] 
[35] 

Clofibric acid 
0.46-1.56 

0.075 
[46] 
[35] 

Metoprolol 0.27 [48] 

Naproxene 

0.03 
0.11 

0.234-0.703 
0.07 

[51] 
[48] 
[35] 
[47] 

Paracetamol 1.826 [35] 

Sulfamethoxazole 
2.00 
0.023 

[46] 
[35] 

Tramadol 1.603 [50] 

Trimethoprim 
0.66 

0.385-1.218 
[46] 
[35] 

Pharmaceuticals in surface and ground water  

Methods that are applied in treatment of wastewater do not allow the total removal of 
pharmaceuticals present in wastewater. These contaminates with treated wastewater are 
discharged into surface water. In 1976 Garrison et al. detected clofibric acid at the 
concentration of 0.8-2.0 µg/dm3 in treated wastewater in the United States of America. The 
presence of pharmaceuticals in water sampled from rivers in Great Britain was detected in 
1981. Diclofenac was identified in 27 water samples taken from the area of Cologne in 
Germany at the concentration above 15 µg/dm3 [6]. Ciprofloxacin and norfloxacin were 
detected in surface water in the Unites States of America at the concentration of  
0.03 µg/dm3 and 0.12 µg/dm3, respectively [7]. Natural and synthetic estrogens were also 
detected in surface and ground water in France. Maximum concentration of 17β-estradiol 
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and estron in water sampled from rivers in France was 11.6 ng/dm3 and 0.3-3.5 ng/dm3, 
respectively [52].  

Table 3 presents the concentrations of pharmaceuticals detected in surface and ground 
water in various parts of the world.  

 
Table 3 

Pharmaceuticals that are the most frequently detected in surface and ground water 

Type of 
pharmaceutical Country/place of detection Concentration 

[ng/dm3] References 

Atenolol 
Spain/the Tagus river 
Italy/the Lambro river 

679 
241 

[53] 
[54] 

Acrivastine Finland/the Aura river 5 [44] 

Bezafibrate 

Spain/the Tagus river 
Sweden/the Fyris river 
Poland/the Warta river 
Italy/the Lambro river 

234 
231 
16 

57.2 

[53] 
[55] 
[56] 
[54] 

Ciprofloxacin 

China/the Hai river  
(sediment [ng/g]) 
France/Seine river 

Italy/the Lambro river 

6* 
 

20 
14.4 

[57] 
 

[58] 
[54] 

Cetirizine Finland/the Aura river 4 [44] 

Ethinylestradiol 
Estrone 

 
17β-estradiol 

Czech Republic/the Berounka river 
France 

Poland/the Odra river 
Poland/the Vistula river 

Czech Republic/the Vltava river 

4.6 
0.3-3.5 

1.3 
1.3 
3.8 

[59] 
[52] 
[12] 
[12] 
[59] 

Fluorouracil Great Britain/the Arie river 5-50 [41] 
Fexofenadine Finland/the Aura river 11 [44] 

Gemfibrozil 
China/the Hai river 

Spain/the Jarama river 
Italy/the Lake Maggiore 

62.2 
3678 
1.2 

[60] 
[53] 
[61] 

Erythromycin 
China/the Pearl river 

Vietnam/the Mekong river 
Italy/the Po river 

13-423 
9-11 
15.9 

[62] 
[62] 
[54] 

Diazepam 
Germany 

Spain/the Tagus river 
880 

3.96-40.90 
[63] 
[64] 

Diclofenac 

Greece/the Aisohas river 
China/the Huang He river 
Hungary/the Danube river 

Spain/the Tagus river 
Ukraine/the Loppan river  

(sediment [ng/g]) 
Slovenia/the Krka river 
USA/the Anacostia river 

Poland/the Odra river 
Germany 

432 
22.8-136 
24-931 

313 
3000* 

 
282 
54.9 
470 
150 

[65] 
[60] 
[66] 
[53] 
[67] 

 
[68] 
[69] 
[48] 
[70] 

Fluoxetine Minnesota/surface water 28 [71] 

Ibuprofen 

Spain/the Ebro river 
China/the Huang He river 

Sweden/the Fyris river 
Great Britain 

90 
416 
87 
789 

[72] 
[60] 
[55] 
[73] 

Clarithromycin 
Italy/the Lambro river 

Japan/the Tamagawa river 
8.3 
1.1 

[54] 
[74] 

Ketoprofen 
Sweden/the Fyris river 

Poland/the Wierzyca river 
France/groundwater 

163 
25 
2.8 

[55] 
[47] 
[75] 
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Type of 
pharmaceutical 

Country/place of detection Concentration 
[ng/dm3] 

References 

Carbamazepine 

USA/the Anacostia river 
China/the Xuzhou river 

Romania/the Soames river 
Portugal/the Douro river 
Kenya/the Nairobi river 
Germany/the Leine river 

97 
1.090 

72 
178 
100 
144 

[76] 
[77] 
[78] 
[79] 
[80] 
[81] 

Cortizone 
Cortisol 

Great Britain/the River Thames 
Great Britain/the River Thames 

4.2 
3.4 

[42] 
[42] 

Clofibric acid 
Spain/the Henares river 
Wales/the River Taff 

24 
8-11 

[53] 
[35] 

Lincomycin 
Italy/the Po river 

Italy/the Lambro river 
20 

24.4 
[11] 
[54] 

Lidocaine Switzerland/the Lake Constance 1.9 [43] 

Metoprolol 
Spain/the Guadarrama river 

Wales/the River Taff 
Germany/the Leine river 

41 
8-11 
63 

[53] 
[35] 
[81] 

Norfloxacin 
China/the Pearl river (sediment ng/g) 

France/the Seine river 
Brazil/the Atibaia river 

88* 
 

40 
50 

[57] 
 

[58] 
[82] 

Naproxene 

Greece/the Aisonas river 
Hungary/the Danube river 
China/the Huang He river 

Poland/the Warta river 

72 
5.7-62 
10.5-18 

100 

[65] 
[66] 
[60] 
[56] 

Paracetamol 
Spain/the Guadarrama river 

Republic of Serbia/groundwater 
Great Britain 

188 
78-160 

121 

[53] 
[75] 
[73] 

Propanolol 
Spain/the Henares river 
Portugal/the Douro river 

Wales/the River Taff 

15 
3.18 
9-40 

[53] 
[79] 
[35] 

Prednisolone 
Prednisone 

Great Britain/the River Thames 
Great Britain/the River Thames 

0.64 
0.86 

[42] 
[42] 

Progesterone Pennsylvania 9.4 [29] 

Sulfamethoxazole 

South Korea/theYoungsan river 
Portugal/the Douro river 
Germany/the Leine river 
Italy/the Lake Maggiore 

0-110 
53.3 
63 
10 

[62] 
[79] 
[81] 
[61] 

Trimethoprim 
Vietnam/the Mekong river 
Japan/the Tamagawa river 
Portugal/the Douro river 

5-20 
100 
15.7 

[62] 
[62] 
[79] 

Tramadol Switzerland/the Lake Constance 2 [43] 

*sediment 
 
The concentration of pharmaceuticals in surface water depends on the sampling point. 

Significantly higher concentrations were determined in the rivers that flow through urban 
areas, e.g. cities of Spain (Madrid, Barcelona) or Germany (Berlin). The presence of  
32 pharmaceuticals (that belong to different therapeutic groups) was detected in the 
samples of surface water and treated wastewater taken from various sampling points in 
Germany. At present the concentration of pharmaceuticals in surface water is about several 
hundred ng/dm3. The presence of pharmaceuticals in surface water is also affected by 
seasons. Water sampled in winter and autumn - when the temperature is lower and sunlight 
is less intense - shows significantly higher concentrations of pharmaceuticals. This is 
mostly due to the limitations in photolysis and also reproduction of bacteria that facilitate 
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decomposition of pharmaceuticals. For example, in Sweden, the concentrations of atenolol, 
metoprolol and carbamazepine in the Fyris river were compared at different times of the 
year. The lowest concentration of metoprolol, atenolol and carbamazepine were observed in 
summer and autumn. This decrease in the concentrations was mostly due to biodegradation 
and photolysis. Carbamazepine underwent partial biotransformation and slow photolysis in 
natural conditions [55, 83]. The decay time for diclofenac in water of Eastern Europe is 
about 2.5-3 hours during summer and spring, and increases up to 14 hours during autumn 
and winter [84].  

Presence of narcotics in surface, ground and drinking water 

The EMCDDA reports (European Monitoring Centre for Drugs and Drug Addiction) 
confirm that the most frequently taken illegal drugs are cocaine, cannabinoids, 
amphetamine and heroine. According to the EMCDDA data 22.5 mln Europeans at age of 
15-64 took cocaine (12 mln), amphetamine (11 mln), ecstasy (9.5 mln) in past couple of 
years. Similarly to pharmaceuticals, illegal drugs are excreted in urine in metabolized or 
non metabolized forms. Then, they get into wastewater and eventually to surface water. 
Zuccato et al. was the first scientist who identified the presence of narcotics in surface 
water. In 2005 they identified the presence of cocaine in the Po river at the concentration of  
1.2 ng/dm3 and raw and treated wastewater at the concentration of 120 ng/dm3 and  
42 ng/dm3, respectively [85, 86]. Other studies confirmed the presence of narcotics in Italy, 
United States of America, Spain, Ireland and Belgium [87-89]. Some compounds like 
codeine, cocaine or morphine are both medical and intoxicating drugs. Codeine is used to 
treat pain and relieve cough. It is a natural opiate alkaloid and does not show strong 
addiction effects. Morphine is a phenanthrene alkaloid and is used to treat pain. It shows 
addiction effects. Cocaine is an alkaloid from the coca plant (Erythroxylum coca) that 
shows the effect of local anesthesia. It is used in laryngology and ophthalmology. 
Amphetamine and its derivatives, i.e. methamphetamine and ephedrine, belong to the group 
of psychostimulants that enhance dopaminergic and noradrenergic transmittance and to  
a lesser extent serotonergic transmittance. They are used in treatment of attention deficit 
hyperactivity disorder (ADHD) in children [8, 87, 89].  

Some of these substances are removed from wastewater in municipal wastewater 
treatment plants. Cocaine and its metabolites are removed by 72-100% mainly through 
adsorption on activated sludge. The efficiency of filtration is about 25%. Amphetamine is 
removed by 52-99% through adsorption on activated sludge whereas filtration allows the 
removal up to 95%. The efficiency of adsorption of methamphetamine on activated sludge 
is lower than in case of amphetamine (max up to 50%). Morfine is adsorbed on activated 
sludge by 72-99% whereas codeine by only 33% [90, 91]. Cocaine was detected in raw 
wastewater and treated wastewater in Spain at the concentration of 384 and  
16.8 ng/dm3, respectively. Amphetamine was identified in raw wastewater in Belgium at 
the concentration of 681 ng/dm3. Morfine was detected in raw wastewater and treated 
wastewater in Spain at the concentration of 94.4 and 46.4 ng/dm3, respectively [92, 93]. 

Illegal drugs are also detected in surface and ground water, and even in drinking water 
(Table 4). The presence of narcotics in drinking water becomes a real threat. Drinking 
water in Spain showed the presence of cocaine, nicotine and caffeine at the concentration of 
0.4-2.3, 6.0 and 50 ng/dm3, respectively [94]. 
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Table 4 
Illegal drugs detected in surface, ground and drinking water [94] 

Narcotics Country/place of detection 
Concentration 

[ng/dm3] 

Cocaine 

Spain/the Henares river 
Great Britain/the River Taff 

Barcelona/groundwater 
Spain/drinking water 

44 
2 

3.8 
0.4-2.3 

Amphetamine 
Great Britain/the River Taff 

Spain/the Ebro river 
4 

6.8 

Morfine 

Germany/the Rhine river 
Spain/the Ebro river 

Spain/the Henares river 
Barcelona/groundwater 

10 
9.8 
16 
1.4 

Methamphetamine 
Spain/the River Taff 

Italy/the Lambro river 
3.22 
2.1 

Ecotoxicity of pharmaceuticals  

Pharmaceuticals with raw and treated wastewater, and surface flow are discharged to 
surface water, and thus have an effect on aquatic organisms i.e. phytoplankton, 
zooplankton, benthos and also fish. Due to relatively low rate of degradation these 
substances in water can undergo accumulation. Propanolol (due to high lipophilicity) 
undergoes accumulation at the highest rate [4]. It shows toxicity towards zooplankton and 
phytoplankton. Additionally, propranolol shows chronic toxicity to cardiovascular system 
and impairs fertility of C. dubia [95]. 

Diclofenac is a pharmaceutical that is the most difficult to remove from wastewater. 
Diclofenac is discharged with treated wastewater to surface water where it can undergo 
accumulation in sediments [96]. Biodegradation of diclofenac can last up to several months 
[5]. The presence of diclofenac in water poses many threats to aquatic organisms including 
fish because this pharmaceutical shows the highest acute toxicity among non steroidal anti 
inflammatory drugs (NSAIDs). The EC50 (median effective concentration) for diclofenac is 
14.5 mg/dm3 for phytoplankton and 22.43 mg/dm3 for zooplankton. Diclofenac shows 
chronic toxicity to phytoplankton and benthos. Long-term exposure of rainbow trout 
(Oncorhynchus mykiss) to diclofenac causes damages to kidneys and alterations in gills 
[95].  

Acute toxicity of naproxene differs depending on a living organism and for 
cyanobacteria and rainbow trout is 12.3 and 690 mg/dm3, respectively. Naproxene shows 
chronic toxicity to phytoplankton. Toxicity of naproxene is increased by the presence of 
other pharmaceuticals from the group of non steroidal anti inflammatory drugs  
(i.e. diclofenac, ibuprofen and acetylsalicylic acid) or the presence of triclosan, gemfibrozil, 
diclofenac, ibuprofen and salicylic acid [97].  

Carbamzepine is potentially toxic to aquatic microorganisms. Acute toxicity for  
D. magna is 17.2 mg/dm3 whereas chronic toxicity for C. dubia is 25 µg/dm3 [90]. The 
effect of carbamazepine on fish from D. rerio species was investigated, and this substance 
did not cause any morphological changes either in adult organisms or in embryos [98].  

Diazepam - similarly to diclofenac - shows acute toxicity to rainbow trout. Laboratory 
studies confirmed that diazepam causes histopathological changes in rainbow trout 
organisms, especially in a liver. It is toxic to river fish from G. holbrooki species and 
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European (A. Anguilla). Also, diazepam shows toxicity to shrimps from S. proboscideus 
family, plankton and D. magna [25].  

Fluoxetine shows toxicity towards snails from P. antipodarum species and earthworms 
from L. variegatus species [99]. The studies conducted on fish from A. dispar species 
confirmed the effect of fluoxetine on the nervous system of fish. This resulted in 
modifications to behavior of fish e.g. decreased response to stimuli, reduced the average 
speed of swimming, and drifting. The study results confirmed that fluoxetine and other 
pharmaceutical from the SSRI group show chronic toxicity to oyster from C. gigas species 
which results in alteration of structure and growth of oyster larvae [100-102]. 

Estrogens present in aquatic environment can undergo accumulation in organisms of 
fish. The bioaccumulation factor determined for fish is 2.22 for estron and 2.83 for ethinyl 
estradiol [63]. In addition, the presence of estrogens can cause feminization of male fish, 
and this results in the decrease in fertility, pathological alterations in structure and function 
of male gonads [27]. This was confirmed by laboratory tests. The concentration of 
estrogens in aquatic environment in the range from 4 to 10 ng/dm3 caused feminization of 
male fish and led to inhibition of reproduction [10, 29].  

Glucocorticosteroids - similarly to estrogens - can accumulate in organisms of fish. 
The toxicity of glucocorticosteroids towards other aquatic microorganisms has not been 
confirmed yet [42].  

Pharmaceuticals that belong to the group of lipid regulators show toxicity to aquatic 
microorganisms. Gemfibrozil and bezafibrate at the concentration above 10 mg/dm3 show 
ecotoxicity to Anabaena. Also, they are toxic to cyanobacteria V. fischeri and D. magna 
[13].  

Clofibric acid shows acute toxicity towards phytoplankton, zooplankton and benthos at 
the concentration from 87.22 to 526.5 mg/dm3 (depending on species), and also impairs 
reproductively of D. magna (the concentration of 10 µg/dm3) [95]. 

Ciprofloxacin can undergo sedimentation and accumulation in sediments, and thus 
indicate toxicity to earthworms of L. variegatus and snails from the P. antipodarum 
species. Furthermore, fluoroquinolones accumulate in a liver of some fish species,  
e.g. L. argentimaculatus [34]. 

Sulfamethoxazole shows toxicity towards algae and aquatic microorganisms and 
shows low toxicity towards higher organisms. The presence of sulfamethoxazole in the 
environment increases drug resistance of bacteria. There is a gradual increase in the number 
of bacteria strains that are resistant to sulfamethoxazole effects [103, 104]. Tetracyclines 
show acute toxicity towards D. magna, D. rerioand C. auratus. In addition, tetracyclines 
(i.e. chlortetracycline and oxytetracycline) affect gene expression and lead to the increase in 
steroid growth hormones in fish. This was confirmed by studies on Japanese fish from the 
O. Latipesspecies. Male fish from O. Latipesspecies were swimming in water with the 
concentration of chlortetracycline (40 mg/dm3) and oxytetracycline (50 mg/dm3) for  
14 days. After termination of the exposure time a significant increase in estradiol in fish 
blood was determined [33]. The presence of antibiotics in the environment can cause the 
increase in drug resistance of bacteria, including pathogenic bacteria [2]. 

E. coli strains isolated from surface and ground water in Northern California showed 
resistance towards tetracyclines, chloramphenicol, ampicillin and amoxicillin [15]. 

Although anticancer drugs were subjected to toxicity tests on S. typhimurium bacteria 
and common fruit fly (D. melanogaster), there is no evidence on toxicity of these drugs 
towards aquatic organisms [41]. 
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Tramadol and lidocaine show chronic toxicity towards D. rerio, B. rerio [43].  
Recent studies confirmed that cocaine present in aquatic environment is also toxic to 

aquatic organisms. Tests conducted on D. polymorpha showed that cocaine causes damages 
of cell DNA, an increase in apoptosis of cells and reduction in stability of lysosome 
membrane [88].  

Due to high environmental toxicity naproxene and gemfibrozil were enlisted on the 
Contaminant Candidate List published by the US EPA (United States Environmental 
Protection Agency) [13]. 

Pharmaceuticals in drinking water 

The studies on occurrence of pharmaceuticals in drinking water have been conducted 
for 25 years. Despite advanced techniques for wastewater treatment some quantities of 
pharmaceuticals are introduced to surface water, and then to drinking water. Currently, the 
concentration of pharmaceuticals in drinking water ranges from several to over hundred 
ng/dm3 (Table 5).  

For example, the concentration of clofibric acid in drinking water sampled from the 
water intakes in Berlin was about 10 ng/dm3 [5]. The presence of pharmaceuticals in 
drinking water in the United States of America is considered a serious problem. The studies 
confirmed that the concentration of pharmaceuticals in samples of drinking water was  
0.3 µg/dm3 [105]. It is difficult to indicate if such concentration of pharmaceuticals from 
different therapeutic groups has a specific effect on human health.  

 
Table 5 

Pharmaceuticals detected in drinking water 

Pharmaceutical Country 
Concentration 

[ng/dm3] References 

Atenolol 
France 

Germany 
United States 

2 
5 

2.8 

[106] 
[7] 

[106] 
Bezafibrate Germany/Berlin 27 [53] 

Diclofenac 
Germany 
Germany 
Poland 

2 
6-35 

4 

[5] 
[53] 
[107] 

Diazepam 
Canada 

Germany 
10 
20 

[108] 
[7] 

Estriol 
 
 

17β-estradiol 
Ethinylestradiol 

France 
Germany 

Spain 
Germany 
Germany 

11.6 
0.3 
11 
2.1 
0.5 

[108] 
[108] 
[108] 
[109] 
[109] 

Erythromycin 
 

Germany 
Canada 

United States 

20 
12 
0.3 

[7] 
[110] 
[106] 

Gemfibrozil 
Germany 

United States 
Canada 

5 
1.8 
2 

[7] 
[106] 
[110] 

Ibuprofen 
Canada 

Germany 
United States 

1-3 
3 

10.7 

[7] 
[109] 
[106] 
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Pharmaceutical Country Concentration 
[ng/dm3] 

References 

Carbamazepine 

Germany/Berlin 
Germany 
France 
Canada 

United States 

30 
13-54 
10.7 
37 

1.1-19 

[77] 
[35] 
[106] 
[110] 
[111] 

Clofibric acid 

Germany/Berlin 
Germany 

Italy/Milan 
Germany 

10 
50 
5.3 
165 

[5] 
[53] 
[53] 
[35] 

Salicylic acid 
France 

Germany 
19 
10 

[106] 
[7] 

Naproxene 
Poland 

United States 
13 
1.3 

[107] 
[106] 

Propanolol Germany 5 [7] 

Sulfamethoxazole 
France 

USA/Nebraska 
0.8 
6 

[106] 
[7] 

Trimethoprim 
France 

Germany 
1.0 
2 

[106] 
[7] 

 
The problem of pharmaceuticals in drinking water can have a significant impact on 

human health due to long term exposure to pharmaceuticals. If the concentration of  
a pharmaceutical in drinking water is 5 ng/dm3 and a human being drinks about 2 liters per 
day - this means that a daily intake of this pharmaceutical is about 10 ng. This small daily 
dose results in about 3650 ng/year. If this value is multiplied by the average life expectancy 
(about 70 years) the total dose would be 255,500 ng. This unaware intake of 
pharmaceuticals that belong to different therapeutic groups can have additional effect on  
a human organism. Particular attention should be paid to the occurrence of estrogens in 
drinking water. Estrogens in drinking water can cause the increase in breast and testicular 
cancer and also reduction in fertility in men [109, 112, 113]. Pharmaceuticals in drinking 
water can pose a threat to infants, babies, the elderly, and people who suffer from kidney or 
liver failure and cancer. The occurrence of anticancer drugs in drinking water would be 
particularly dangerous to pregnant women due to the fact that some cytoxic agents  
(i.e. fluorouracil) can penetrate blood-placenta barrier, and thus cause teratogenic and 
embryotoxic effect [114, 115].  

Summary and conclusions 

Many pharmaceuticals belong to various groups of compounds that are difficult to 
remove from wastewater. Methods that are applied for treating wastewater in municipal 
wastewater treatment plants do not allow complete removal of these pharmaceuticals. 
Pharmaceuticals are more often detected in surface water and drinking water. 
Pharmaceuticals that are the most frequently detected in surface water include non steroidal 
anti inflammatory drugs (NSAIDs): diclofenac (the concentration in surface water in 
Greece is about ng/dm3) and ketoprofen (the concentration in the Tagus river in Spain was 
ng/dm3). Also, pharmaceuticals from the group of lipid regulators are beta-blockers 
(atenolol detected in the Taff river in Wales at the concentration of 190-560 ng/dm3). 
Pharmaceuticals were also detected in groundwater (e.g. the concentration of diclofenac in 
ground water in Germany was 590 ng/dm3). The presence of pharmaceuticals in surface 
water shows toxic effect on aquatic organisms. Antibiotics can lead to e.g. the increase in 



Anna Szymonik, Joanna Lach and Krystyna Malińska 

 

80 

drug resistance of microorganisms, including pathogenic microoganisms. Therapeutic 
substances were also detected in drinking water. The presence of pharmaceuticals in 
drinking water is a significant problem of highly urbanized cities such as Berlin, Madrid or 
Barcelona. Some of pharmaceuticals that are resent in drinking water can cause the increase 
in diseases, e.g. cancer (female sex hormones). The occurrence of narcotics in surface, 
ground and drinking water is another problem. There are no regular tests on the presence of 
pharmaceuticals in surface and drinking water. This problem gradually grows due to 
increasing intake of pharmaceuticals by the society. European law did not establish  
a threshold for contamination by pharmaceuticals and hormones but in January 2012 the 
European Commission added 15 chemical compounds to the list of 33 compounds that 
contaminate the environment. The concentration of these substances - especially diclofenac, 
ethinylestradiol and 17β-estradiol - should be monitored [116].  
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