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Many of the commonly used pharmaceuticals,
especially analgesics and antibiotics, are used in
quantities similar to those of agricultural chemicals
but are not required to undergo the same level of
environmental risk assessment (1). Pharmaceuticals
entering the environment may undergo various reac-
tions, and in consequence ñ become completely or
partially degraded (2). Degradation is a gradual
decay of a particle through the elimination of its
individual elements, leading to more simple mole-
cules (3). These processes may take place either
biotically or abiotically (4). In consideration of the
latter mechanisms, pharmaceuticals can be classi-
fied into groups, e.g. medicines and metabolites that
are wholly eliminated in the process of biologically-
induced mineralization involving the metabolic
activity of bacteria, medicines completely or partial-
ly degraded and those that remain persistent in the
environment (5). The amount of pharmaceuticals
discharged into the environment exceeds transfor-
mation capability in the environment (2). Different
medicine classes vary in terms of the degree of bio-
logical and chemical transformation (6).

Fate and behavior of pharmaceuticals in water

The amounts of medicine residues in the envi-
ronment depends primarily on quantity of the phar-
maceuticals produced and discharged into the envi-
ronment, their degradation, partial decomposition,
as well as dissolution processes decreasing concen-
trations of these chemical substances in a given
environmental medium (water, sediment, soil) (6).
The processes described above bring about ever-
increasing amounts of the discussed chemicals in
the environment, even though their durability is by
and large relatively low. In most cases, the process-
es leading to the reduction of pharmaceutical
amounts in the environment include biodegrada-
tion, hydrolysis and direct or indirect photodegra-
dation of these substances. For example, due to
poor ability to hydrolyze, pharmaceutical com-
pounds are abiotically transformed in the surface
waters mainly through photolysis. This process
takes place both in natural waters and wastewaters
(2, 6). Some of medicines discharged into the envi-
ronment are resistant to photolysis (diclofenac, car-
bamazepine).
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Boreen et al. (7) found that photochemical
degradation can be a key mechanism for the removal
of many pharmaceutical substances from the surface
waters. Bottoni and Caroli reported that the degra-
dation rate due to photolysis was thought to be 11-
23% in 34 h (8). 

One of the major problems for the environment
among the pharmaceuticals are antibiotics (9).
Special attention is paid to the this group of medi-
cines, because although the concentration of the
antibiotics in the environment is not significant
(usually at ng/L to mg/L in water) (10), one have to
remember that the continuous exposure to even low
concentrations may cause the danger of the emer-
gence of resistant strains (11). Sulfonamides and
fluoroquinolones are the most persistent pharmaceu-
ticals in the environment. Tetracyclines, fluoro-
quinolones, aminoglycosides, sulfonamides, macro-
lides and β-lactams are most easily absorbed by sed-
iments and soils (2). Antibiotics discharged into the
soil undergo sorption or degradation, or else are
mobile in the soil solution. Starting from the soil
environment, pharmaceutical compounds can pene-
trate waters including groundwaters (2). The major-
ity of antibiotics does not undergo degradation or
transformation processes and remain permanently in
the soil even for the period of several months. This
phenomenon is dependent on the ambient tempera-
ture and the chemical structure of a given pharma-
ceutical. Once in the soil, tetracyclines tend to accu-
mulate due to their low degradation rates and also
e.g. their high content in manure that is every so
often used as a soil fertilizer. They are also strongly
adsorbed on the surface of soil solution components,
and then the penetration into deeper soil layers or
groundwater is held back. High tetracycline quanti-
ties accumulate mainly in the soil arable layer. A
similarly high sorption index is characteristic of
ciprofloxacin and norfloxacin, which are not
degraded during wastewater treatment but are
adsorbed on sewage sludge deposited into the soil.
Medicines from the group of sulfonamides, whose
content in the soil is relatively low, behave differ-
ently, and a quantity of these is recorded in ground-
waters (12). Likewise, polar pharmaceutical sub-
stances such as clofibric acid, carbamazepine, prim-
idone or iodinated contrast agents can leach from the
soil into groundwater (13).

The aquatic environment is often contaminated
with pharmaceutical residues. Biodegradation in
bottom sediments can play a considerable role in the
process of removing these substances from the
rivers, which is limited due to the flow of water and
pharmaceutical dissolution in the sediment environ-

ment. A study was carried out to determine the com-
bined effect (interaction) of water flow velocity and
sediment dynamics on decomposition of several
acidic drugs detected in the environment. An exper-
iment was carried out with water and sediment from
the river on a laboratory scale, under two types of
conditions: static and at sediment motion. The half-
life of 4 substances: diclofenac, bezafibrate, ibupro-
fen, and naproxen ranged from 2.5 to 18.6 days and
these periods were shorter when the exchange of
surface and pore water was rapid. For gemfibrozil,
the half-life was 10.5 days in a moving sediment
experiment, while no degradation of the drug was
observed under static sediment conditions. This can
be explained by the limited transport of the water
and solute to the sediments, at low flow rates, which
rapidly induces anaerobic conditions in the bottom
sediment. Naproxen was the only substance effec-
tively removed under anoxic conditions in the deep-
er sediment layers (14).

The potential of biodegradation and sorption of
acetaminophen, caffeine, propranolol, and acebu-
tolol in the aquatic environment was investigated
under the laboratory conditions by a research team
from Taiwan. All four chemicals showed great
degradation and sorption potentials under natural
water conditions. Biodegradation was the main
mechanism of removing acetaminophen, whose
half-life was 2.1 days (combined sorption and
biodegradation). For comparison, after a period of
15 days, 30% decomposition was observed at aceta-
minophen sorption (exclusively). For caffeine, both
processes were of considerable importance (half-life
of 1.5 days, sorption and biodegradation together).
On the other hand, in the case of propranolol and
acebutolol, the sorption process proved to be an
important removal mechanism as both substances
were not biodegradable (15).

In Great Britain, Liu and Williams (16) evalu-
ated the durability of pharmaceutical substances:
propranolol, atenolol and metoprolol, when the sam-
ples tested were exposed to solar radiation (temper-
ature 20-26∞C) under the laboratory conditions. The
results suggest that direct photolysis in an optically
diluted solution is consistent with first order kinet-
ics. The half-lives of propranolol, atenolol and
metoprolol were 16, 350 and 630 hours, respective-
ly. By comparing radiation lamp intensity imitating
insolation, it was proved that half-lives of the sub-
stances tested were associated with the conditions of
daylight exposure, depending on the season and lat-
itude. The main direct photolysis products were
those derived from propranolol after a 46-hour
exposure, which led to the identification of the reac-
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tion pathway, including oxidation, deoxidation and
structure change.

Photodegradation of four pharmaceuticals (car-
bamazepine, ibuprofen, ketoprofen, and 17 α-ethinyl-
estradiol) in the water environment, was analyzed
under a solar simulator and natural sunlight. The
experiment was carried out on water taken from the
river and the sea, and distilled water was used to
establish a direct path of photodegradation. The
exposure time under the solar light simulator was up
to 400 minutes and under natural sunlight ñ 24 days.
In all the waters tested, ketoprofen was quickly
transformed as a result of the direct photolysis, dur-
ing sun exposure (half-life ñ t1/2 -2.4 min) and simu-
lator (t1/2 0.54 min), whereas for ketoprofen and 17
α-ethinyl estradiol the half-life lasted from 1 to 5
hours. The half-life for the most degradation-resist-
ant carbamazepine was 8-39 hours (17).

Kwon and Armbrust (18) studied, under the
laboratory conditions, the durability and fate of flu-
oxetine ñ a drug from the class of selective serotonin
reuptake inhibitors (SSRIs). Fluoxetine proved to be
resistant to hydrolysis and photolysis processes in
all the aqueous systems tested, with a half-life
longer than 100 days, except for the synthetic humus
water (21 days). Minimum degradation was obser-
ved in activated sewage sludge, however, fluoxetine
was rapidly dispersed in the aqueous phase, as a
result of adsorption in the sludge in the water-sedi-
ment system. The data obtained suggest that,
although fluoxetine appears to be relatively stable in
the laboratory systems studied, it may rapidly pene-
trate from water to the sediment, entering the natu-
ral water environment.

In the study by Liang et al. (19), significant dif-
ferences in the distribution of antibiotics in river
sediments and waters were observed. Environmental
conditions have a significant impact on the distribu-
tion of antibiotics in river waters and sediments. The
value of the pseudo-partition coefficient (P-PC) of
norfloxacin was positively correlated with the total
content of C in the sediments, as well as water pH
affected the presence of hydrated erythromycin in
the sediments. As a result of the high values of the
adsorption coefficient (Koc) and P-PC, erythromy-
cin and roxithromycin were found only in the sedi-
ments, whereas sulfadiazine and sulfamethoxazole
were detected only in waters. The concentration of
antibiotics in river sediments shows no seasonal dif-
ferentiation and no reduction with increasing water
salinity in the estuary. There was observed the verti-
cal diffusion of antibiotics in the river water column,
indicating higher antibiotic concentration in the sur-
face water layers when compared to the river bot-

tom. River sediments may not only be a major reser-
voir accumulating antibiotics, but also a potential
source of discharge of these substances into the
aquatic environment, on account of changing water
physico-chemical conditions, as well as they may be
toxic to water organisms (pH, salinity in estuaries,
etc.). For example, in the studies of Muñoz et al.
(20), a relationship was found between the concen-
tration of anti-inflammatory drugs as well as 
β-blockers in river waters and the populations of
invertebrate benthic (bottom) organisms such as
midges (Chironomus spp.) and sewage worms
(Tubifex tubifex).

A team of researchers from California studied
contents of 14 pharmaceuticals, personal care prod-
ucts as well as endocrine disrupters in wastewater
and showed seasonal variability in their concentra-
tions. The predominant drugs detected were naprox-
en, ibuprofen and paracetamol with higher concen-
trations observed in the winter season when com-
pared to those recorded in the summer. This may be
due to enhanced consumption of NSAIDs and para-
cetamol-containing drugs in the winter months, i.e.
during the season of high influenza prevalence.
Another reason for comparably higher pharmaceuti-
cal concentrations observed in wastewater during
the winter, is their faster degradation in the summer,
as a result of higher wastewater temperatures. In the
summer, photolysis processes go through faster, at
the same time as their effectiveness depends on the
light intensity and incidence. Photochemical degra-
dation takes place mainly in high transparency
waters with the surface layers exposed to the sun. If
the substance is sensitive to the light, the decompo-
sition of its molecule under the influence of the sun-
light can be of great importance in the process of
elimination of a given compound. Photolysis can
play a significant role as an additional elimination
pathway, especially in the surface waters (21-22).

Intermittent changeability in the persistence of
chemical pollution in the Swedish lake was exam-
ined by means of the comparative chemical analysis
(23).The chemical compounds tested included 12
pharmaceuticals, artificial sweetener and a contrast
agent for X-rays. Measurements were carried out in
the late spring, late autumn and winter. The half-life
was determined for 7 of the chemicals tested, rang-
ing from a few to several hundred days. Five chem-
ical substances (bezafibrate, climbazole, diclofenac,
furosemide, and hydrochlorothiazide) exhibited
shorter durability in the late spring when compared
to that measured in the late autumn. This may be due
to lower temperatures and/or lesser sun exposure in
the late autumn. The seasonality of chemical dura-
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bility contributed to the changes in pharmaceutical
concentrations all through the year. The effect of the
seasonality of durability was compared with the
influence of other important variables, determining
a level of pharmaceutical contents in the lake exam-
ined: chemical discharges and water flow. The high-
est seasonal variation in chemical concentrations in
the lake was reported for hydrochlorothiazide (23).
In another study on a Swedish lake, Zou et al. (24)
calculate the half-life with a 95% confidence inter-
val for carbamazepine (780-5700 days) and ketopro-
fen (<1-2 days).

Given that environmental contamination with
pharmaceuticals has been increasingly affecting
drinking water sources (pharmaceutical concentra-
tions observed range from ng/L to µg /L), and in
view of still lacking knowledge on this issue, in
many countries, studies have been undertaken to
assess the impact of pharmaceutical substances on
the quality of drinking water sources (25-26).

At the end of the 1990s, more than 40 different
pharmaceutical substances were detected in treated
wastewaters and the surface waters, with concentra-
tions ranging from pg/L to µg/L (27-30).

Lam et al. (31) studied the durability of 8 phar-
maceuticals from various classes under the field
conditions. A method was developed to determine a
mixture of acetaminophen, atorvastatin, caffeine,
carbamazepine, levofloxacin, sertraline, sul-
phamethoxazole, and trimethoprim in the surface
water. The half-life of the pharmaceuticals exam-
ined in the surface water was 1.5-82 days. The pho-
tolysis of the studied substances in sunlit surface
waters constituted an important factor in limiting
their durability in the aquatic environment. At the
same time, the biodegradation process had no sig-
nificant effects on the breakdown of the pharmaceu-
ticals tested.

PaÌga and Delerue-Matos (32) conducted a
study to determine the content of pharmaceuticals in
groundwaters, using samples taken in the areas of
five cemeteries in Portugal. The samples showed the
presence of acetaminophen, salicylic acid, ibupro-
fen, ketoprofen, nimesulide, carbamazepine, fluoxe-
tine, and sertraline. No antibiotics were found.
Salicylic acid and carbamazepine showed the high-
est concentrations (33.7-71 ng/L, 20-23.3 ng/L,
respectively). Cluster analysis results indicated the
similarity between carbamazepine and fluoxetine
contamination, probably due to their persistence in
the environment (32).

An experiment was carried out on degradation
kinetics of gemfibrozil, naproxen and mefenamic
acid in water samples taken from the lakes of

Venezuela examined in the period of 150 days. It
turned out that under sunlight conditions, naproxen
and mefenamic acid were degraded in a fairly long
time, and their half-life ranged from 9.6 ± 0.5 to 27
± 6.6 days, whereas gemfibrozil showed high stabil-
ity, with a half-life ranging from 119.5 ± 15.6 to
288.8 ± 61.3 days (33).

Tixier et al. (34) measured 3-month-period
concentrations of 6 pharmaceuticals: carbamaze-
pine, clofibric acid, diclofenac, ibuprofen, ketopro-
fen and naproxen in treated wastewaters from 3
wastewater treatment plants, 2 rivers, and the water
column of Greifensee lake in Switzerland. Table 1
shows the pharmaceutical concentrations observed
in treated wastewater. The overall removal rate of
pharmaceuticals was estimated in the surface
waters under lake conditions, based on field mea-
surements and modeling. Carbamazepine and
clofibric acid were found to be persistent in the
environment. The results of the study showed that
phototransformation was the main process eliminat-
ing diclofenac from the lake waters. Ibuprofen,
which is a drug with a relatively high coefficient of
sorption to particles, can be eliminated by the sedi-
mentation process (34).

Ketoprofen and naproxen can be removed by
the biodegradation and phototransformation pro-
cesses. Also in Switzerland, Bahnm¸ller et al. (35)
examined the phototransformation processes in the
surface water and wastewater effluent with regard to
sulfadiazine and sulfamethoxazole ñ 2 frequently
used sulfonamide antibiotics. A kinetic study was
carried out to identify the process responsible for
phototransformation in sunlight surface waters.
Under typical surface water conditions, analogous to
the conditions of the Swiss river Thur, from which
water samples were taken, in both sulfonamides
tested, the observed half-life was 3-13 days. 

Another category of pharmaceuticals are illicit
drugs. Table 2 shows chosen illicit drugs, such as
amphetamine, methamphetamine and ecstasy con-
centrations observed in wastewater (36).

Table 1. Concentrations of selected pharmaceuticals in treated
wastewater (based on Tixier et al. 2003).

Drug Concentration [µg/L]

Carbamazepine 0.95

Clofibric acid 0.06

Diclofenac 0.99

Ibuprofen 1.3

Ketoprofen 0.18

Naproxen 2.6
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Pharmaceuticals in wastewater treatment

processes

Esplugas et al. (37) analyzed the use of the
ozonation technique and other advanced oxidation
processes employed to eliminate pharmaceuticals,
endocrine disrupters and personal care products
from wastewaters. The authors show that physical
separation methods, such as adsorption on activated
carbon and membrane processes are effective meth-
ods for removing pharmaceutical contaminants from
wastewater effluent, as well as ñ advanced oxidation
processes. Based on the literature review, the
authors state that ozonation has been the most often
studied process of oxidation of pharmaceutical con-
taminants, and this gives good predictions for its
successful application.

In Spain, a study was carried out to assess the
efficiency of wastewater treatment with the use of
various methods. Of 40 pharmaceuticals present in
raw sewage, 28 were removed by conventional
methods (filtration through a sand bed, chlorination
and ozonation). Despite the use of both convention-
al and advanced treatment methods (including
reverse osmosis, considered the most effective),
some chemical compounds were still present in
treated wastewater: benzoylgonine, iopromide, caf-
feine, nicotine, cotinine, erythromycin, and para-
cetamol (38).

The effluents from wastewater treatment plants
in 4 European countries (France, Italy, Greece, and
Sweden) were tested for the presence of pharmaceu-
tical residues by Andreozzi et al. (39). The analyses
were carried out using the GC-MS and HPLC-
MS/MS procedures. Over 20 pharmaceutical sub-
stances (of various therapeutic classes) were found
in the effluents. Antibiotics, gemfibrozil, ibuprofen,
naproxen, carbamazepine and the majority of 
β-blocker medications were detected in all the sam-
ples tested. The susceptibility of 6 of the pharma-
ceuticals detected to abiotic photodegradation was
examined. Evaluations of the half-lives of carba-
mazepine, diclofenac, clofibic acid, sulfamethoxa-
zole, ofloxacin and propranolol in the year seasons
and at different latitudes, were carried out on the
basis of quantum yield of the photodegradation

process. The results showed that the half-life for
both carbamazepine and clofibic acid was 100 days
ñ at higher latitudes (50ON), under winter condi-
tions. Under the same conditions, the half-lives for
sulfamethoxazole, diclofenac, ofloxacin, and pro-
pranolol were much shorter: 2.4, 5.0, 10.6 and 16.8
days (39).

Archer et al. (40) in their study detected 41
emerging contaminants in effluent from wastewater
treatment plant and performed for them Environ-
mental Risk Assessment. The results indicated that 5
of them posed an environmental risk (RQ > 1).
These emerging contaminants included diclofenac
(RQ 23.1), sulfamethoxazole (RQ 2.27), clar-
ithromycin (RQ 2.7), codeine (RQ 5.83) and nico-
tine (RQ 12.86) (40).

All over the world, the use of various tech-
niques and methods to improve elimination of anti-
inflammatory drugs from waters has been investi-
gated. Research on the degradation of naproxen by
means of ultrasound in the presence of carbon nan-
otubes or granulated activated carbon, as well as a
combination of reverse osmosis or nanofiltration
membrane bioreactors, are only a few of research
directions, being a response to ever-increasing con-
tamination of the aquatic environment by pharma-
ceuticals (41-43).

Transformation of active pharmacological
compounds in the process of wastewater treatment
depends on the type of wastewater and the process-
es that take place during the treatment. As a result of
wastewater treatment, drugs and their metabolites
can be degraded, mineralized to change into carbon
dioxide and water, adsorbed on solid suspensions (if
unwanted substances are lipophilic) or sewage
sludge, or else ñ removed together with sewage in an
unchanged form or as a product of partial degrada-
tion (2,44). 

Mixtures of pharmaceuticals are partially
removed in wastewater treatment plants, but in any
case, these substances get into the surface waters,
groundwaters and sediments in an unchanged form
(4, 13, 22, 45-50). For example, macrolide antibi-
otics are not completely removed in the wastewater
treatment process, and their residues are found in the
water environment (13, 45, 51). Likewise, painkil-
lers and anti-inflammatory drugs, resistant to biode-
gradation and photolysis, are often not fully
removed in the wastewater treatment process. These
substances penetrate into waters in the unchanged
form or as metabolites (13, 46). 

The pharmaceutical substances present in
sewage affect the microfauna of activated sludge in
wastewater treatment plants. Adsorption of pharma-

Table 2. Concentrations of selected pharmaceuticals in wastewater
(based on Nowicki et al. 2014).

Drug Concentration [ng/L]

Amphetamine 0.23-0.71

Methamphetamine 0.66-1.46

Ecstasy 1.02-2.03
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ceuticals in sewage sludge depends on their
hydrophobic properties and electrostatic interactions
with sludge particles, as well as on the activity of
microorganisms. Acetylsalicylic acid, ibuprofen,
ketoprofen, naproxen, diclofenac, and indometh-
acin, with pKa value from 4.9 to 4.1 and of acidic
nature, similarly to clofibrilic acid and bezafibrate
(pKa 3.6) in neutral pH, occur in ionic form and
have a slight tendency to adsorb in sewage sludge.
Nonetheless, at lower pH values, there increases
adsorption of these drugs in sludge. At neutral pH,
pharmaceutical compounds are negatively charged
and reside mainly in the dissolved phase of waste-
water (52). 

In fermented sewage sludge, adsorption of
pharmaceuticals does not go on, or it takes place at a
relatively low level. However, when sewage sludge
is used as a fertilizer, easily adsorbing pharmaceuti-
cals can possibly get into the environment (2, 53).
Alder et al. (45) found that the highest content of flu-
oroquinolones in sewage sludge. This is confirmed
by research by Giger et al. (54), who report that 
80-90% of fluoroquinolones, ciprofloxacin and nor-
floxacin are eliminated from treated wastewater
mainly by sorption on sewage sludge. In processed
sludge, fluoroquinolone contents reach the values
expressed in mg/kg. The most important process of
removing pharmaceuticals during wastewater treat-
ment is aerobic and anaerobic degradation. The
amount of removed compounds depends on sewage
sludge retention time and age and increases along
with the hydraulic retention time. For example,
biodegradation of diclofenac in sewage sludge
occurs only after 8 days of sludge retention (2, 52). 

Wastewater treatment processes may result in
the formation of pharmaceutical conjugates (com-
plexes with covalently bound drugs) that cause the
formation of chemically active components (e.g. in
the case of estradiol). Some drugs are discharged in
a modified chemical form (e.g. hydrolyzed), and
then intermediate products of drug transformation
can occur in the treated wastewater. This is an addi-
tional, indirect source of pharmaceutical penetration
into the environment (2, 52).

Ecotoxicology

There has been available little information on
bioaccumulation of pharmaceuticals in living organ-
isms or in the trophic chain. 

The high values of adsorption coefficients in
tetracycline antibiotics and fluoroquinolones
observed in the soil solution cause that these sub-
stances are hardly bioavailable. The influence of
antibiotics present in the soil solution on higher

organisms is unlikely and has not been hitherto
described in subject literature. For instance, accord-
ing to the studies conducted so far, oxytetracycline
and e.g. tylosin (used in veterinary medicine) that
enter the soil have no effect on soil organisms, such
as earthworms, springtails and pot-worms (12). On
the other hand, amphetamine sulfate shows high
toxicity to Daphnia spp. as well as freshly isolated
rainbow trout hepatocytes. 

Cyto-genotoxic effects of cocaine ñ that cause
DNA damage, cellular apoptosis and the formation
of micronuclei in cells ñ were also observed in the
zebra mussel Dressena polymorpha. Morphine has
an immunotoxic effect on freshwater mussels
(Elliptio complanata), manifested by lipid peroxida-
tion, phagocytosis reduction and esterase activity in
these organisms. The ecotoxic effect of illegal phar-
maceutical substances (methamphetamine) on soil
microorganisms was described as stimulating dehy-
drogenase activity and negligible on potential nitri-
fication activity in the studied soils (55). 

The substances that are not eliminated or par-
tially removed during wastewater treatment contam-
inate groundwater and can affect aquatic organisms
at different trophic levels. The results of ecotoxicity
tests carried out with the use of bacteria point
toward the adverse effects of toxic compounds on
natural bacterial populations in waters. The sensitiv-
ity of algae to antibiotic is differentiated. Selen-
astrum capricornutum is much less sensitive to
antibiotics than Microcystis aeruginosa. Cyanobac-
teria are sensitive to most antibiotics, e.g. amoxi-
cillin, benzylpenicillin, sarafloxacin, spiramycin,
tetracycline, and tiamulin. 

Many species of plants are susceptible to
antibiotics that can affect the replication of chloro-
plasts (fluoroquinolones), transcription and transla-
tion (tetracyclines, macrolides, lincosamides, 
β-aminoglycosides), metabolic pathways of biosyn-
thesis (sulfonamides) and synthesis of fatty acid (tri-
closan). Antibiotics in the aquatic environment may
also adversely affect reproduction and initial devel-
opment stages of aquatic organisms, which trans-
lates into a threat to entire populations. For instance,
there was reported the effect of antibiotic toxicity on
reproduction of D. magna and mortality of Artemia
sp. LC50 of antibiotics (furazolidone) below 1 mg/L
was toxic to mosquito Culex pipiens larvae, Daph-
nia magna and Artemia salina. Antibiotics in the
aquatic environment have also an effect on the beha-
vior of living organisms, e.g. D. magna phototaxis. 

Toxic effects of antibiotics to fish have not
been demonstrated unless these organisms were test-
ed when exposed to very high antibiotic concentra-
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tions, and these are not actually found in the aquatic
environment. Toxicity tests carried out on aquatic
species such as Acartia tonsa, Brachydanio rerio,
Leup totes reticulatus, Salmo gairdneri and
Salvelinus namayeush showed no toxicity of antibi-
otics to these organisms. Acute and chronic toxicity
tests carried out as regards commonly used antibi-
otics that are present in waters (sulfonamides, tetra-
cyclines, aminoglycosides, fluoroquinolones and β-
lactams) with the use of such organisms as Vibrio
fischeri, Daphnia magna, Moina macrocopa,
Oryzias latipes proved that the most toxic sub-
stances are: neomycin, trimethoprim, sulfamethoxa-
zole, and enrofloxacin. 

Tests of chronic toxicity of the above antibi-
otics indicated that neomycin at very low concentra-
tions affects the reproduction and survival of 
D. magna and M. macrocopa. Cyprogloxacin at the
concentration of 5 mg/L has an effect on V. fisheri,
whereas levofloxacin and clarithromycin do not
show acute toxicity to this organism. These antibi-
otics also show high toxicity to algae. Fluoro-
quinolone antibiotics are toxic to organisms such as
D. magna (5-day reproduction test, EC50 minimum
7.9 µg/L), Lemna minor (7-day reproduction test,
EC50 minimum 53 µg/L) and Pseudokirchneriella
subcapitata alga (3-day growth and reproduction
test, EC50 minimum 1100 µg/L) (22).

Compounds such as fluoxetine, sertraline, nor-
fluoxetine, and demethylextraline have also been
detected in fish tissue (2).

The other point of concern are antibioticsí by-
products, potentially bioactive and more toxic, sta-
ble and mobile in the environment than their parent
compounds (9). Carvalho et al. (9) indicate that by-
products can be an additional reservoir of contami-
nants, being potentially reversible to the parent com-
pound. 

Environmental risk assessments

The occurrence of pharmaceuticals in the
aquatic environment has become a contemporary
threat to the environment as a whole. Due to their
complex chemical structure, these substances are
not fully removed during wastewater treatment, and
their unchanged forms or indirect metabolites can
have an effect on contamination of the surface and
ground water. The presence of pharmaceuticals in
the environment, even at low concentrations, poses
a potential threat to living organisms and requires
new legislation with regard to their detection/identi-
fication as well as the methods of removal from the
aquatic environment. There is also required moni-
toring to track the occurrence of pharmaceuticals in

the environment, as well as their distribution and
impact on living organisms. The problem of the
presence of pharmaceuticals in the environment is
multifaceted and calls for the active approach of
many scientific disciplines, at the same time as con-
tamination of ecosystems with pharmaceuticals
forces seeking and putting into practice methods for
effective removal of these substances in the process
of wastewater treatment.

The occurrence of some non-steroid anti-
inflammatory drugs in the aquatic environment (by
reason of their wide availability) and exemplary
methods of their removal in the processes of waste-
water treatment have been already described.
Inefficient water purification and municipality
wastewater treatment expose to risk the recipients of
drinking water and organisms living in the receivers
of treated wastewater. In the case of drinking water,
in the long-term perspective, insufficient wastewater
treatment may result in increased organism resist-
ance to certain medications and a need to use high-
er doses to achieve the desired effect. Li (56) and
Luo et al. (57) published literature reviews on,
among others, the results of studies on the concen-
trations of NSAIDs (ibuprofen, naproxen and
diclofenac) in treated wastewater discharged into
the environment. 

A team of researchers from the United States
and China studied the occurrence, fate and persist-
ence in the soil and water of gemfibrozil
(hypolipemic drug). There were examined samples
of treated and untreated wastewater from sewage
treatment plants and groundwater samples from the
areas located below those irrigated with treated
wastewater. The results of the study showed that
gemfibrozil concentrations in untreated and treated
wastewaters were 3.47-63.8 µg/L and 0.08-19.4
µg/L, respectively. In groundwater, the concentra-
tions ranged from undetectable to 6.86 µg/L. The
results obtained showed that gemfibrozil present in
wastewaters used for irrigation of arable lands can
penetrate groundwaters (58).

The potential risk associated with the presence
of pharmaceutical residues in the environment has
become important in regulations concerning envi-
ronmental protection and industry. Detection of
pharmaceuticals in environmental tests increased
awareness of this problem, especially in the scientif-
ic community (59). The likelihood that a compound
will cause undesirable effects on the environment is
estimated in the risk assessment process (44).
Environmental risk assessments as regards pharma-
ceutical substances can be performed following the
guidelines provided in e.g. Commission Directive
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93/67/EEC of 20 July 1993 laying down the princi-
ples for assessment of risks to man and the environ-
ment of substances notified in accordance with
Council Directive 67/548/EEC or those issued by
the European Medicines Agency (EMA).

The guidelines by EMA and those by US Food
and Drug Administration (FDA) are analogous and
both use environmental risk assessment systems
involving risk quotient (RQ) estimates, based on
predicted environmental concentrations (PECs) and
predicted no-effect concentrations (PNECs)
(Hernando et al. 2006). Liu et al. presented a simple

risk assessment for aquatic organisms based on the
literature PNEC values and measured concentrations
of antibiotics in surface waters in China (61). The
results were presented in Table 3. 

According to art. 8 of the Directive 2001/83/
EC, the introduction of a medicine on the market
requires an assessment of a potential environmental
risk posed by a medical product, an assessment of its
impact as well as that with regard to the reduction of
the product negative impact on the environment
(Directive 2001/83/EC, amended 2012/26/EU). An
important aspect is the assessment and review of

Table 3. RQs for the antibiotics in surface water from the lake in China (based on Liu et al. 2018).

Measured maximum Predicted no effect
Antibiotics environmental concentration [ng/L] RQ

concentration [ng/L] (literature data)

Sulfonamides

Sulfachloropyridazine 4.6 2330 (62) 0.002

Sulfamonomethoxine 23.1 1.72 × 106 (63) 1.34 × 10-5

Sulfapyridine 85 5280 (62) 0.016

Sulfadiazine 505 135 (63) 3.74

Sulfathiazole 134.5 200 (64) 0.67

Sulfacetamide 48.26 83.594 (65) 0.00058

Sulfamethazine 654 1277 (66) 0.51

Sulfamethoxazole 940 27 (67) 34.81

Sulphachloropyridazine 43.3 2330 (62) 0.019

Trimethoprim

Trimethoprim 40.8 16.000 (68) 0.0026

Quinolones

Norfloxacin 156 16 (63) 9.75

Ofloxacin 713.6 11.3 (69) 63.15

Ciprofloxacin 112.3 5 (70) 22.46

Enrofloxacin 81.7 28.8 (69) 2.84

Sarafloxacin 28.2 15 (68) 1.88

Lomefloxacin 53.85 19.9 (69) 2.71

Tetracyclines

Oxytetracycline 90.3 1040 (71) 0.087

Tetracycline 87.9 3310 (72) 0.027

Chlortetracycline 142.5 9310 (73) 0.015

Macrolides

Erythromycin 624.8 20 (70) 31.24

Roxithromycin 314.2 100 (74) 3.14

Clarithromycin 10.6 2 (70) 5.3

Lincosamides

Lincomycin 357 50 (63) 7.14
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environmental effects at every stage of the life cycle
of a given pharmaceutical product (LCA ñ Life
Cycle Assessment) (59).

European law does not refer to the reduction of
water contamination with drugs and hormonal sub-
stances. In 2012, the European Commission pro-
posed 15 new compounds to be included in the list
of 33 priority substances, which should be moni-
tored as water pollution agents in the EU. These
included diclofenac, ethinyloestradiol, 17-estradiol,
among others.

The presence of mixtures of pharmacological
compounds in the environment makes it necessary
to conduct environmental risk assessments of these
substances (2, 59, 61). Currently, environmental risk
assessments concern individual pharmaceutical sub-
stances. However, these do not occur in the environ-
ment alone, but as a mixture of various active com-
pounds or their metabolites and transformation
products. Mixtures of these substances have differ-
ent toxicological effects as compared to single sub-
stances, but knowledge on this subject is still insuf-
ficient (75). The challenge for monitoring pharma-
ceuticals is the selection of appropriate analytical
methods for specific types of environmental tests
(2). Pharmaceuticals in the aquatic environment are
not acute toxicity factors for living organisms (44,
52, 59). 

Toxic effects are possible due to the chronic
influence of pharmaceuticals, which determines the
need to further assess threats and risks associated with
their introduction into the environment, but little is
known about the potential effects of such impact on
aquatic organisms (44, 52). The use of Quantitative
structureñactivity relationship models (QSAR mod-
els) to predict the effects of toxicity of pharmaceuti-
cal substances used in medicine is contentious.

Some authors argue that there is not enough
data available on the toxicity of pharmaceuticals,
which prevents generating QSAR models. It is sug-
gested, however, that other existing models can be
used to assess the toxic effects of pharmaceuticals in
the environment. It has been impossible to assess
chronic toxicity of pharmaceutical substances in the
aquatic environment as yet, due to the lack of suffi-
cient data to build a QSAR model. To predict acute
toxicity of pharmaceuticals in the aquatic environ-
ment, the Ecological Structure- Activity Relation-
ships programs (ECOSAR) have been used (59).

CONCLUSIONS

Pharmaceuticals introduced into the environ-
ment may undergo various reactions, and as a result

ñ are completely or partially degraded. The processes
towards the reduction of pharmaceutical amounts in
the environment involve mainly biodegradation,
hydrolysis and photodegradation (direct or indirect).
The problem of environmental contamination with
pharmaceuticals, more and more often concerns drink-
ing water sources (observed concentrations range
from ng/L to µg/L), nevertheless, comprehensive
information on this issue is still lacking. Ozonation
and other advanced oxidation processes, physical sep-
aration methods, adsorption on activated carbon as
well as membrane processes are effectively used in
water treatments as to pharmaceutical residues. 

Pharmaceuticals, due to their complex chemi-
cal structure, are not fully removed during waste-
water treatment and their unchanged forms or
metabolites can contaminate surface and ground
waters, hence, they are hazardous to the environ-
ment. The presence of pharmaceuticals in the envi-
ronment, even at low concentrations, is a potential
threat to living organisms and requires new legisla-
tion. Furthermore, monitoring of pharmaceuticals is
necessary to track their occurrence and distribution
in the environment, as well as impacts on living
organisms.
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