
Pharmaceuticals in the Soil and Plant Environment:
a Review

Barbara Gworek & Marta Kijeńska & Justyna
Wrzosek & Magdalena Graniewska

Received: 6 July 2020 /Accepted: 6 December 2020
# The Author(s) 2021

Abstract Pharmaceuticals are a class of biologically
active compounds used in human and veterinary medi-
cine, while some of them may be applied for feed
production and plant growth stimulation. To systemise
the knowledge on pharmaceuticals in plant and soil
environment, a literature review was performed. Active
substances of pharmaceuticals and their metabolites are
typically released into the environment through agricul-
tural application of wastewater and sewage biosolids
containing pharmaceuticals, derived from wastewater
discharged by households, hospitals and other medical
facilities. Another, no less important, source of pharma-
ceutical release are natural fertilisers (manure and slur-
ry). The fate and behaviour of pharmaceuticals in the
soil, including their mobility and availability to plants,
depends on the soil physical, chemical and biological
properties as well as on the properties of the substance
itself. Pharmaceuticals introduced into the soil are taken
up and retained in various plant parts. In general, the
highest accumulation coefficients have been found in
vegetative plant parts, in the following decreasing order:
roots> leaves> stems, while the lowest in generative
parts, such as grains of cereals.
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1 Introduction

Pharmaceuticals are biologically active substances used
in both human and veterinary medicine. Primarily, they
are applied for therapeutic and preventive purposes, but
not solely, since they are widely used in animal hus-
bandry and food production, and as the so-called growth
stimulants. In the past, the antibiotic growth stimulants,
now banned from using, and other veterinary medicines,
were commonly applied for breeding purposes. This
was because the priority was to ensure the increased
gain of live weight, while totally neglecting the issues of
food quality as well as safety of raw materials and food
items of animal origin. The problem has already gained
a global dimension, and currently, in accordance with
the regulations of the European Commission (Council
Directive 96/23/EC and Commission Decision 93/256
/EEC), the food quality should be controlled by the
Member States. Additionally, all Member States were
required to withdraw, as of January 1, 2006, the feed
additive antibiotic growth stimulants, used before that
date, and to confine usage uniquely to the approved
substances, for which the States were also obliged to
carry out control activities (Balizs and Hewitt 2003;
Botsoglou 2001; Kemper 2008; Nollet 2004).

The pharmaceutical industry, while advancing the
science and developing research technologies, has
achieved many benefits in the field of pharmaceutical
protection of health and life of people and animals.
However, when talking about the achievements in the
field of pharmacotherapy, one should also consider the
numerous still unresolved problems with residues of
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pharmaceutical active substances present in the environ-
ment and food (Jjemba 2006). International institutions
predict that the consumption of drugs in the coming
years will increase due to a wider access to less-
expensive medicines, including the generic ones, as well
as due to the introduction of advanced technological
solutions. The average consumption of some groups of
medicines, such as diabetesmedications, increased by as
much as 75% between 2000 and 2009 (OECD 2011),
and further growth is forecasted. According to the
QuintilesIMS Institute report, the average annual
growth in value (CAGR 2016–2020) of the global phar-
maceutical market will reach a rate of 4–7% (Quintiles
IMS 2016).

Generally, there have been identified three major
sources (“point” and disperse “non-point” ones) of re-
leasing pharmaceuticals and their metabolites into the
environment. The major “point” source of emitting drug
active substances is the pharmaceutical industry, from
which they are released during drug production. As a
result of inappropriate management of drug-containing
waste from industries, hospitals or households, these
substances are discharged into the environment without
any treatment. Another source of release of pharmaceu-
tical active substances into the environment, classified
as a disperse source, is wastewater and sewage sludge
from municipal wastewater treatment plants. Wastewa-
ter is the source of drugs excreted by humans not only in
households but also in hospitals and other therapeutic
facilities. Widespread application of effluents and bio-
solids for fertilising purposes contributes to the release
of significant amounts of pharmaceuticals into the
environment.

For example, such substances as, among others,
fluoroquinolones, ciprofloxacin and norfloxacin, which
are not degraded in the wastewater treatment process,
accumulate in significant quantities in sewage sludge
(Hamscher et al. 2001). The third source which releases
the compounds in question into the environment, also
classified as a disperse source, is soil fertilisation with
organic fertilisers, including manure and slurry, or with
other natural fertilisers containing animal excreta. Ac-
cording to estimates, the release of pharmaceutical ac-
tive substances into the environment due to the use of
veterinary medicines is many times higher than that
resulting from the human drug application. That is
why, it is widely recognised that the impact of veterinary
drugs on soil and groundwater is much greater than on
the surface water pollution (Balizs and Hewitt 2003;

Halling-Sørensen et al. 1998; Heberer 2002; Kümmerer
2004; Reemtsma and Jekel 2006; Sacher et al. 2001;
Sarmah et al. 2006). For example, it is estimated that the
load of antibiotics entering the soil with natural
fertilisers attains the level of several kilograms per hect-
are. The concentrations of antibiotics determined in this
load often exceed 400 mg/kg of soil, with the highest
proportions of antibiotics from the tetracycline group,
often used in pig breeding (Kemper 2008).

Another source of pollutants is the usage of
reclaimed water for irrigation purposes in recreational
areas, e.g. golf courses (Salgot et al. 2012). In the study
of Calderon-Preciado et al. (2011), it was proven that the
reclaimed water may be a source of pollutants which can
be further included into the biological chain by their
uptake by plants.

Based on their works, Boxall (2004) and Monteiro
and Boxall (2010) emphasise that active ingredients of
pharmaceuticals can enter the soil environment when
the residue loaded sewage sludge and outflows from
sewage treatment plants or fertilisers of animal origin
are applied onto the soil surface, e.g. for fertilisation
purposes (Boxall 2004; Monteiro and Boxall 2010).
Moreover, Hamscher et al. (2001) and Heberer (2002)
have shown that veterinary pharmaceuticals enter the
soil mainly due to the use of manure as a fertiliser or
with excrements of farm animals, or as a result of
introducing sewage sludge into the soil for fertilising
purposes (Hamscher et al. 2001; Heberer 2002).

Population growth, increased wealth and greater ac-
cess to medicines have led to an increase in the load of
pharmaceutical active ingredients entering the sewerage
system. In the areas where land is irrigated with treated,
partially treated or untreated effluents and sewage bio-
solids are introduced, some amounts of pharmaceuticals
may accumulate in the soil. Wastewater used for irriga-
tion is currently not covered by chemical standards,
including environmental risk assessment. Pharmaceuti-
cals can be degraded during the biological treatment of
wastewater as well as in water bodies, in soils, and in the
course of abiotic reactions. These processes reduce the
potentially harmful effects of drugs; however, some
products of their breakdown have similar toxicity as
the parent substance (Halling-Sörensen et al. 2002).

The fate and behaviour of pharmaceuticals in soils
depends on their biological, chemical and physical prop-
erties. Depending on the physicochemical properties of
pharmaceuticals and soil properties, these substances
can either be retained in the topsoil or leached into
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groundwater and flow towards surface water (Davis
et al. 2006; Doruk et al. 2018; Jałowiecki et al. 2019;
Yang et al. 2012). They can also be taken from the soil
by plants (Kumar et al. 2005; Shenker et al. 2011a; Wu
et al. 2010).

2 Occurrence, Transport and Transformation
of Pharmaceuticals in the Soil

The migration of pollutants down into the soil profile
depends on the intensity of their sorption on the soil
solid phase particles. The sorption intensity affects the
bioavailability of active substances of medicines and
their persistence in the soil environment. Therefore,
the soil sorption capacity plays an important role in the
exposure of living organisms to contamination.
Kodešová et al. (2016) examined the dispersion of se-
lected active substances of pharmaceuticals from such
groups as antibiotics (trimethoprim, sulfamethoxazole,
clindamycin and clarithromycin); beta-blockers (ateno-
lol and metroprolol) and psychotropic drugs
(carbamazepine) in 13 different soil types. The half-
life of the drugs was related to the soil properties.
Among the abovementioned substances, carbamazepine
was shown to have the highest persistence in the soil,
followed by clarithromycin, trimethoprim, metroprolol,
clindamycin, sulfamethoxazole and atenolol. The half-
life reflects the sorption process of the pharmaceuticals
on the soil particles and increases with the increase in
the soil sorption capacity. In several cases (atenolol,
metropropolol and trimethoprim), the half-life de-
creased with the increase in sorption capacity of soil
(Kodešová et al. 2016). The study results indicate that
durability of pharmaceuticals in the soil depends mainly
on the soil type. A lower average half-life for the tested
compounds was found in more fertile soils (e.g. cherno-
zem) with a good structure, a high content of organic
matter and a high biological activity (Kodešová et al.
2016).

Borgman and Chefetz (2013) conducted a study to
elucidate the combined effects of applying biosolids and
irrigating with reclaimed effluents on the mobility of
selected pharmaceuticals in soils, and to attempt to
elucidate the main mechanisms affecting leaching of
pharmaceuticals. Column-leaching experiments showed
that application of fertilisers generally increased the
retardation of the process of pharmaceutical leaching,
whereas the treated effluents increased the mobility of

weakly acidic pharmaceuticals in the biosolid-amended
soils. The studies conducted at the environmentally
relevant pharmaceutical concentrations ( 1 μg/L) high-
light the importance of irreversible sorption as a possible
mechanism for low leaching capacity. The research
results suggest that:

– Migration of pharmaceuticals in arable soils may be
forced by the frequent use of biosolids.

– Treated effluents increase the mobility of weakly
acidic pharmaceuticals, due mainly to the increase
of the soil solution pH, and not due to the complex-
ation reaction of pharmaceuticals with dissolved
organic matter.

– In order to reliably assess the movement of phar-
maceuticals in the environment, it is very important
to rely on real values occurring in the environment
and not on the data obtained from model experi-
ments carried out at high concentrations (Borgman
and Chefetz 2013).

The impact of soil reaction, clay content and organic
matter on the fate of organic compounds susceptible to
ionisation has been discussed in detail in Lees et al.
(2016). The concentration of selected pharmaceuticals
determined in soils in different countries is illustrated in
Table 1.

2.1 Sorption and Biodegradation of Pharmaceuticals
in the Soil Environment

Soil sorption properties are of major significance for
determining the fate and behaviour of pharmaceuticals
in soils due to the mechanisms of their migration and
degradation processes. Yu et al. (2013) studied the
sorption and degradation processes of carbamazepine,
gemfibrozil, octylphenol, triclosan and bisphenol Aw in
three different soils. The adsorption isotherms of all the
pharmaceuticals in the soil were described using the
Freundlich eq. A moderate or strong sorption was de-
termined for triclosan and octylphenol, whereas the
sorption of gemfibrozil and carbamazepine was negligi-
ble. The half-life of pharmaceuticals in the soil ranged
from 9.8 to 39.1 days (Yu et al. 2013). The protracted
half-life of pharmaceuticals in sterile soils suggests that
microbiological activity played an important role in the
degradation of these compounds. The degradation was
also affected by the content of soil organic carbon. Poor
sorption and high persistence of carbamazepine in the
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soil offer an indication that the chemical may pose a risk
of leaching to groundwater when land is irrigated with
untreated sewage.

The results of the study by Lin and Gan (2011) also
demonstrate that the rate of pharmaceuticals degradation
is affected by the presence of microorganisms and aer-
obic conditions in the soil, by soil type and properties of
the pharmaceutical itself. The research was conducted
on the soil material originating from arid regions: clay
sands were sampled from Boulder City in Nevada and
from the North Las Vegas. To assess the environmental
risks for these soils, they were irrigated with the con-
taminated recycled water, and the processes of sorption
and degradation were investigated for five pharmaceu-
ticals which were antibiotics and anti-inflammatory
drugs. Naproxen and trimethoprim showed moderate
to strong sorption, while the sorption of diclofenac,
ibuprofen and sulfamethoxazole in both soils was neg-
ligible, which increased their mobility in the soils and
could cause their leaching into groundwater. Under
aerobic conditions, the tested compounds were suscep-
tible to microbial degradation with half-lives varying
from 4.8 to 69.3 days. Apart from sulfamethoxazole,
all the substances examinedwere highly persistent in the

soil under anaerobic conditions with a half-life >50 days
(Lin and Gan 2011).

Monteiro and Boxall (2009) conducted a study to
assess the effects of soil type and the impact of biosolids
with the addition of a mixture of pharmaceuticals (with
an addition of antibiotic sulfamethazine) on the degra-
dation of naproxen, carbamazepine and fluoxetine. The
study showed that naproxen degraded in an array of
soils with half-lives ranging from 3.1 to 6.9 days, and
in biosolids with a half-life of 10.2 days. No correlation
was observed between degradation rate and soil physi-
cochemical and biological properties. The addition of
biosolids to soils reduced the degradation rate of
naproxen. The half-life of the drug in the fertilised soil
ranged from 3.9 to 15.1 days. Carbamazepine and flu-
oxetine were found to be persistent in soils, biosolids
and in soil fertilised with biosolids. When the degrada-
tion was assessed using a mixture of the three study
compounds with the addition of an antibiotic, the deg-
radation behaviour of fluoxetine and carbamazepine
was similar to that observed in the single-compound
studies, i.e. there was no degradation. The degradation
rate of naproxen in soils, biosolids, and biosolid
fertilised soils was significantly slower following the

Table 1 The concentration of selected pharmaceuticals in soils in different countries (ng/g)

Substance Country Measured
concentrations
[ng/g]

Average integrated pharmaceutical masses (total ng)
in soils normalized to soil organic carbon content

References

Triclocarban China 0.3–51.8 - Chen et al. (2011)
Salicylic acid China 1.0–7.3 -

Oxytetracycline China 3.3–139 -

Tetracycline China 1.9–17.4 -

Acetaminophen USA - 5.42–33.2 Kinney et al. (2006)
Trimethoprim USA - 1.22–2.22

Warfarin USA - 4.48–23.9

Sulfamethoxazole USA - 9.13–42.6

Erythromycin USA - 108.3–210

Carbamazepine USA - 16.9–23.5

Doxycycline Malaysia 62.6–728.4 - Ho et al. (2012)
Norfloxacin Malaysia < MQL-95.7 -

Trimethoprim Malaysia < MQL-60.1 -

Progesteron Malaysia < MQL-24.2 -

Acetaminophen Spain n.d.-5.95 - Biel-Maeso et al. (2018)
Diclofenac Spain n.d.-5.06 -

Carbamazepine Spain 0.08–1.36 -

Flumequine Spain n.d.-5.31 -

Hydrochlorothiazide Spain 0.38–1.20 -
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application of pharmaceutical mixture than in the single-
compound study (Monteiro and Boxall 2009). Due to
the fact that pharmaceuticals in the aquatic environment
occur as mixtures, an accurate prediction of the mixture
toxicity is necessary for ecotoxicological risk assess-
ment (Cleuvers 2004).

Drillia et al. investigated the sorption process and
mobility of six pharmaceuticals, including carbamaze-
pine, propanolol, diclofenac, clofibric acid, sulfameth-
oxazole and ophaxacin, in two soil types varying in the
content of organic carbon, clay particles and bacterial
biomass (under aerobic and anaerobic conditions). The
sorption tests were carried out in accordance with the
OECD method No. 106: Adsorption-Desorption deter-
mination of equilibrium. When comparing the results of
the abovementioned tests, it can be noticed that the
mobility of pharmaceuticals in the soil correlates with
their sorption properties. Ofloxacin was absorbed most
powerfully, while clofibric acid was poorly adsorbed,
what was the reason behind its presence in the leacheate.
The fate and behaviour of active substances of pharma-
ceuticals in the soil were also examined using a lysim-
eter. It was shown that the mobility of these compounds
in the soil and, consequently, potential groundwater
contamination, depends on their concentration in the
environment, on the intensity of precipitation and the
soil type (Drillia et al. 2005).

The adsorption and biodegradation behaviour of
the following antidiabetic drugs: glimepiride,
glibenclamide, gliclazide and metformin in three soil
types were investigated by Mrozik and Stefańska
(2014). The sorption of sulphonylurea derivatives,
on which three out of the above drugs were based,
was high, while metformin showed a high mobility in
the soil. The retention of the drugs examined was
determined by the type of soil and its physicochem-
ical properties. The rate of the desorption process, the
process opposite to sorption, was highest for metfor-
min, which has a low affinity to the solid phase of the
soil. A low solubility and strong affinity of the med-
icines for organic matter suggests that they can be
highly immobile in environmental matrices. Their
biodegradation and transformation is strongly ad-
versely affected by the intensive sorption. In this
study, the transformation processes were mainly ob-
served under aerobic conditions. The results demon-
strated that the metformin biodegradation was much
more intensive than that of the three other drugs
(Mrozik and Stefańska 2014).

Ketoprofen, which belongs to non-steroidal anti-in-
flammatory drugs, is not strongly adsorbed in the soil,
which may facilitate its leaching, provided the water
activity is in place. In a study carried out by Xu et al.
(2009) using four US soil types, including loamy sand
from Arlington (ASL), sandy loam from Hanford
(HLS), silty clay from Imperial (ISC) and silt loam from
Palouse (PSL), ketoprofen was degraded mainly by soil
microorganisms. A higher persistence of ketoprofen in
soils rich in organic matter may be attributed to reduced
availability of the compound due to the increased ad-
sorption in this soil type. The ketoprofen half-life was
longest for silt loam and shortest for loamy sand
(Table 2), which clearly indicates the relationship be-
tween the sorption capacity of soils and the half-life of
the compound examined.

The environmental risk was assessed in China for
levonorgestrel, an artificial progesterone, used as an
active ingredient in hormonal contraception. The labo-
ratory experiment using the soil microcosm was per-
formed in order to understand the degree of adsorption
and biodegradation of the artificial hormone in five
different types of soils. The half-life of levonorgestrel
ranged from 4.32 to 11.55 days. There was no degrada-
tion of the tested hormone in the sterile soil during the
120-day-long incubation. This suggests that microbial
transformations dominated the overall distribution of
levonorgestrel in the soil. The results of the study have
shown that levonorgestrel can be strongly absorbed in
arable soils and pastures. The dominant mechanism of
sorption seems to be the binding of levonorgestrel by
organic carbon (TOC - total organic carbon) (Tang et al.
2012).

Pharmaceutical active substances have been intro-
duced into cultivated soils through irrigation using treat-
ed wastewater. Grossberger et al. (2014) showed that
non-ionic drugs, such as carbamazepine, lamotrigine,

Table 2 The half-lives (t1/2) of ketoprofen in soils (according to
Xu et al. 2009)

Soil* Organic matter content in soil
[%]

The half-lives (t1/2)
(days)

ASL 0.58 4.58

HLS 1.93 8.04

ISC 2.46 15.37

PSL 5.45 27.61

*Author designations
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metoprolol, sulfamethoxazole and sildenafil, were resis-
tant to breakdown and accumulated in the soil following
the irrigation with treated wastewater containing resi-
dues of the drugs. However, other pharmaceuticals,
including diclofenac, ibuprofen, bezafibrate, gemfibro-
zil and naproxen, were not detected in the same soil,
which was most likely due to their rapid degradation.

In the USA, the biological degradation rates of se-
lected pharmaceuticals and personal care products were
examined in the soil with a high water content. Micro-
bial degradation rates were compared over 2 weeks
under standing water or saturated conditions and
draining conditions after having been saturated for
3 days (Table 3). 17β-estradiol exhibited rapid rates of
biological degradation under both saturated and
draining conditions; however, the rate of biodegradation
for most of the analysed substances was much faster
under dehydrated conditions. The high soil water con-
tent was observed to have a significant impact on the
inhibition of microbiological processes of pharmaceuti-
cals degradation. An interesting observation in this
study was that the degradation rate under draining con-
ditions was apparently faster after the third day, when
the soil was close to reaching its field capacity, after
draining the excess water (Carr et al. 2011).

Dalkmann et al. (2014) studied soils irrigated with
untreated wastewater at various times, sampled in the
Mezquital Valley in Mexico. The study was made using
soils not irrigated with wastewater, soils irrigated for
14 years and those irrigated for 100 years. It has been
shown that long-term irrigation with untreated wastewa-
ter can increase the adaptation of soil microorganisms in
relation to the contamination load. A hypothesis has
been put forward that long-term soil irrigation with
untreated wastewater accelerates the breakdown of

pharmaceuticals. Thus, the half-life of diclofenac was
< 0.1–1.4 days, followed by bezafibrate < 0.1–4.8 days,
and sulphamethoxazole—from 2 to 33 days, while the
naproxen half-life was in the range of 6–19 days and that
of carbamazepine from 355 to 1624 days. Degradation
of trimethoprim was slower in the soil irrigated for
100 years (45–72 days) than in the non-irrigated soil
(12–16 days) and was correlated with the content of soil
organic matter and the coefficient of soil water distribu-
tion. It was found that microbiological processes play a
less significant role in the degradation of pharmaceuti-
cals in soils irrigated with wastewater, and the accumu-
lation of organic matter in these soils may slow down
the degradation of trimethoprim and carbamazepine.

Adsorption of pharmaceuticals in sewage sludge de-
pends on both their hydrophobic properties and electro-
static interactions with sediment particles and on the
activity of microorganisms. The acidic compounds in-
cluding acetylsalicylic acid, ibuprofen, ketoprofen,
naproxen and diclofenac as well as indomethacin with
the pKa values from 4.9 to 4.1, similarly as clofibrilic
acid and bezafibrate (pKa 3.6), occur in ionic forms
under neutral pH, and have a slight tendency to adsorb
on sewage sludge. However, the adsorption of these
drugs in the sludge increases at lower pH values. Under
a neutral pH, pharmaceutical compounds with negative
charge reside mainly in the dissolved phase of waste-
water (Fent et al. 2006). In the digested sewage sludge,
there is usually no adsorption of pharmaceuticals or it
remains relatively low. However, when sewage sludge
is used as a fertiliser, there is a potential for passing the
easily adsorbable pharmaceutical compounds into the
environment (Nikolaou et al. 2007).

Giger et al. (2003) concluded that the highest con-
tents of fluoroquinolones may be found in sewage
sludge. According to Giger et al. (2003), 80–90% of
fluoroquinolones, ciprofloxacin and norfloxacin is elim-
inated from the treated wastewater mainly owing to the
sorpt ion on sewage sludge. The content of
fluoroquinolones in the processed sludges may be of
the order of mg/kg. In view of the ever increasing use of
manure and sewage sludge for fertilising arable fields,
fluoroquinolones are transported to the soil, where they
build up and may have detrimental effect on organisms.
The source of fluoroquinolones in the soil may be either
irrigation of arable fields with water coming fromwaste-
water treatment plants or leaks from sewerage systems.
The persistence of these compounds in the soil depends
mainly on their photostability, capacity for adsorption

Table 3 The half-lives (t1/2) of selected pharmaceuticals in the
conditions of soil saturation with water and drained (according to
Carr et al. 2011)

Substance The half-lives (t1/2) (days)

Saturated conditions Draining conditions

17β-estradiol 1.5–3.4 2.6–4

Triklosan 400 70.9

Ibuprofen 707–1706 30.4–34.3

Estriol 15.6–25.9 8.7–11.9

Estron 38.1–56.8 27.5–33.4
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and formation of bonds with soil particles, their break-
down rate and rate of leaching to groundwater (Picó and
Andreu 2007).

Aerobic and anaerobic degradation are processes of
major significance for removal of pharmaceuticals dur-
ing wastewater treatment. The amount of removed com-
pounds depends on retention time and age of sewage
sludge, and increases along with the hydraulic retention
time. For example, biodegradation of diclofenac in sew-
age sludge occurs only after 8 days of sludge retention
(Fent et al. 2006).

2.2 Antibiotics in the Soil

Antibiotics are highly effective, bioactive substances
used in human and veterinary medicine, as well as in
aquaculture for the prevention or treatment of bacterial
infections. Some antibiotics are also used in orchards
and in beekeeping. As a result of their consumption,
excretion and a high persistence, they have been widely
spread in the soil environment, mainly through the
common application to arable lands of biosolids origi-
nating from municipal wastewater treatment plants.

Substances entering the environment may undergo
various reactions resulting from partial or complete
degradation, i.e. mineralisation of the parent compound.
Based on the degradation process, antibiotics can be
divided into the following groups:

& Antibiotics and their metabolites, which are
mineralised by microorganisms and therefore
completely eliminated from circulation

& Partially degraded antibiotics
& Hardly degradable antibiotics, which persist in the

environment

The elimination processes can be either biotic or
abiotic (e.g. adsorption, mineralisation, hydrolysis, pho-
tolysis, thermolysis, redox reaction). Biological degra-
dation plays a key role in the environment, though
elimination through hydrolytic and photochemical reac-
tions also takes place (Alexy 2001).

Antibiotics in the soil may also originate from natural
processes, e.g. tetracycline is produced by the bacteria
that occur naturally in the soil. The dynamics of micro-
bial populations in the soil is also affected by the resis-
tance to these antibiotics. (Kümmerer 2001) reports that
no presence of tetracycline was traced in the soil that
was not fertilised with manure. In general, the

biodegradation in the soil of substances from various
groups of antibiotics, such as virginiamycin, tetracy-
cline, oxytetracycline, chlorotetracycline and cyclospor-
ine A, was slow. Tylosin was degraded just following
the application of manure. Laboratory tests have shown
that enrofloxacin was degraded by white fungal roots
that may be present in the soil; however, they do not
occur in sewage sludge (Kümmerer 2001). The adsorp-
tion of antibiotics on mineral and organic parts of soils
was mainly caused by the transfer of charge and ionic
interactions. The sorption process is significantly influ-
enced by the medium pH. The studies have shown that
the migration process of the highly absorbed antibiotics
deep into the soil is fast owing to the presence of
macropores (Thiele-Bruhn 2003).

There are very few studies on the content of antibi-
otics in soils; usually they are persistent and capable of
building up in the environment. According to the studies
carried out so far, particular classes of veterinary antibi-
otics reach different maximum contents in the test soils
due to manure application. These contents are very low
compared to the content of these compounds in manure
(concentration of the order of hundredth parts [mg/kg]
for tetracycline and of thousandths parts for sulfon-
amides and macrolides).

Tetracyclines are easily accumulated in the soil due
to their slow degradation in the environment. In the soil
solution, their behaviour differs from that of
sulphonamides, since they reach concentrations up to
150 μg/kg of soil, which is twice as high as quoted for
sulfonamides. Tetracyclines are strongly sorbed in the
soil surface layers and do not migrate deep into the soil
profile and into groundwater, as opposed to sulfon-
amides, some of which have been traced in groundwa-
ter. The reason behind the elevated levels of antibiotics
occurring locally in the soil solution is the formation on
the soil surface of manure aggregates with a high con-
centration of individual antibiotics. The mobility of
antibiotics in the soil depends on the soil type and,
e.g., sulphachloropyridazine remains mobile in sandy
soils, as opposed to loamy soils (Hamscher et al. 2001).
The main source releasing antibiotics to the environ-
ment is sewage sludge introduced into soils for
fertilising purposes. Substances that are not subject to
degradation during wastewater treatment accumulate in
sludges in significant quantities. The studies have
shown the presence of fluoroquinolones, ciprofloxacin
and norfloxacin in sludges in concentrations from 1.4 to
2.4 mg/kg of the sludge dry matter. Fluoroquinolones
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proved to be stable in soils fertilised with sludges for
about 2 years (at a concentration of about 0.3 mg/kg of
soil) (Hamscher et al. 2001). Antibiotics may also enter
the soil, albeit in small quantities, from the air deposition
of the finest dust particles as carriers of these com-
pounds (Hamscher et al. 2001).

3 Ecotoxicology

There is little information on the bioaccumulation of
pharmaceuticals in organisms or in the trophic chain.
In livers of fishes, the diclofenac bioaccumulation coef-
ficient was 10–2700 while in their kidneys 5–1000
(Czech 2012). Compounds such as fluoxetine, sertra-
line, and norfluoxetinidemethylsertraline have also been
detected in fish tissue (Nikolaou et al. 2007).

The high sorption coefficient of tetracycline antibi-
otics and fluoroquinolones in the soil solution results in
their low bioavailability. The effect of antibiotics
contained in the soil solution on higher organisms is
relatively unlikely, and has not so far been discussed in
the literature. For example, according to the studies
conducted up to now, oxytetracycline and, e.g., tylosin
(used in veterinary medicine) entering the soil have no
effect on the soil organisms, such as earthworms,
collembols and enchytraeids (Hamscher et al. 2001).

Another issue is development of anti-microbial resis-
tance (AMR). The development of AMR is of particular
concern with regard to human and animal health and has
received considerable attention in the last few years—
including AMR arising from pharmaceuticals in the
environment (Deloitte for EC 2015). Some information
on AMR in soil and manure is presented in Table 4.

There are very few papers regarding the ecotoxicol-
ogy of pharmaceuticals in the soil environment. The
effects on the aquatic environment are much better
investigated (Gworek et al. 2019; Gworek et al. 2020;
Pal et al. 2013). Among the most toxic substances for
aquatic species are antibiotics, especially neomycin,
trimethoprim, sulfamethoxazole and enrofloxacin
(Gworek et al. 2019).

Substances that are incompletely or completely re-
moved during wastewater treatment and may enter into
groundwater can also affect aquatic organisms at differ-
ent trophic levels. The results of ecotoxicity tests using
bacteria indicate that these compounds may have a
significant adverse effect on natural bacterial popula-
tions, e.g. it was shown that tetracycline exposure led to

inhibitory chronic impacts on the growth of nitrifying
bacteria (Katipoglu-Yazan et al. 2015).

Algae show varying sensitivity to antibiotics.
Selenastrum capricornutum is much less sensitive to
antibiotics than Microcystis aeruginosa. Cyanobacteria
are sensitive to most antibiotics, e.g. to amoxicillin,
benzyl penicillin, sarafloxacin, spiramycin, tetracycline
and tiamulin. Many plant species are susceptible to
antibiotics which can affect the replication of chloro-
plasts (fluoroquinolones), transcription and translation
(tetracyclines, macrolides, lincosamides, β-aminogly-
cosides), metabolic pathways of biosynthesis
(sulphonamides) and fatty acid synthesis (triclosan).
Antibiotics in the aquatic environment may also ad-
versely affect reproduction and the initial development
stages of aquatic organisms, which translates into a
threat to entire populations.

4 Pharmaceuticals in Plants

Growing plants on substrates containing pharmaceuti-
cals may have an impact on their development (Fatta-
Kassinos et al. 2011). It is not clear whether the negative
effect on plants results from a direct damage to plants
caused by the pharmaceuticals themselves, or whether
their antibacterial activity on soil microorganisms is
responsible for damage via affecting the symbiosis of
a plant with the soil bacteria (Grassi et al. 2013).

Antibiotics in the soil can affect plant growth by
disrupting the biological balance. The reason for this
disturbance is most probably the breakdown of a large
number of soil bacteria, which leads to a lack of food for
soil fauna (micro-worms, nematodes, protozoa), and
subsequently influences the processes occurring in the
soil. Due to the slower decomposition of plant residues,
the denitrification process is decelerated; therefore, nu-
trients are processed more slowly, and consequently, are
harder to access for soil organisms (Fatta-Kassinos et al.
2011).Moreover, some studies have shown that both the
toxic effect and the phenomenon of hormesis may affect
the effectiveness of drug uptake by plants (of the order
of mg/kg) (Grassi et al. 2013).

Mobility and bioavailability of pharmaceuticals to
plants varies between the cultivation in the soil and in
the hydroponic system, and also depends on soil prop-
erties, including organic carbon content and ion ex-
change capacity (Carvalho et al. 2014).
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4.1 Accumulation of Pharmaceuticals in Plants

Many different active substances of pharmaceuticals,
which are present in biosolids produced mainly from
municipal sludge, whose agricultural use may cause
contamination of soils as well as of surface and ground-
water, may often lead to the accumulation of these
substances in plants. For the assessing of the accumula-
tion of different substances in organisms, we use the
bioaccumulation factor. Bioaccumulation, according to
the EPA definition, is the net uptake of a pollutant from
the environment. Bioaccumulation factors (BAF) are
calculated by considering pollutant tissue concentra-
tions with respect to environmental pollutant concentra-
tions. BAF values > 1 indicate that the accumulation in
the organism is greater than that of the medium (e.g. soil
or water) from which the pollutant was taken. These
factors can be calculated on a total organism basis or
normalized to the lipid content of the organism.

Eggen et al. (2011), considering the fact that sewage
sludge and manure are a potential source of bioactive
substances, such as medicines used in human and vet-
erinary treatment, examined the absorption of metfor-
min (an antidiabetic medicine), ciprofloxacin
(antibiotic) and narasin (coccidiostat) in carrot (Daucus
carota ssp. sativus cv. Napoli) and barley (Hordeum
vulgare). It was shown that the bioaccumulation coeffi-
cients of ciprofloxacin and narasin in all the analysed
plant parts were below 1.

Metformin traced in sewage sludge, in a concentra-
tion of 0.5–1.6 mg/kg dry weight., generally showed a
higher coefficient of bioaccumulation in the roots (2–
10) than in the leaves (0.1–1.5). It was observed that the
bioaccumulation factor in turnip seeds was above 1 and
was 40–60 times higher than that in barley or wheat
seeds. The mechanism of a greater affinity for the accu-
mulation of pharmaceuticals by oilseeds should be ex-
plored in more detail. The uptake of antibiotics used in
veterinary medicine by plants grown on soils fertilised
with manure and the consumption of these plants by
humans poses a potential risk of exposure to residues of

active drug substances, in particular of chlortetracylines
(Halling-Sørensen et al. 1998; Kümmerer 2009).

The pharmaceuticals introduced into the soil have a
tendency to accumulate there for a longer time period.
Some pharmaceuticals can be taken up by plants and
then they can accumulate in various plant tissues, e.g.
uptake of chlortetracycline by carrots results in accumu-
lation of this compound in roots while the uptake by
lettuce and corn results in the accumulation of the pol-
lutant in leaves. The concentrations of chlortetracycline
and sulfamethazine in plant tissues were low (2–
17 μg/kg); however, these concentrations increased in
proportion to their concentrations in manure used as
fertiliser (Al-Farsi et al. 2017). The highest concentra-
tions of these compounds have been described in the
tissues of maize, lettuce and potatoes. Diazinon,
enrofloxacin, florfenicol and trimethoprim accumulated
also in leaves of lettuce, while florfenicol, levamisol and
trimethoprim in carrot roots (Boxall et al. 2006); accord-
ing to the author, the results of research carried out so far
show a low risk of exposure to these substances through
the consumption of vegetables. However, the risk may
be important in the case of compounds whose daily
acceptable dose is very low, or those that produce subtle
effects over a longer period of time, or when their
consumption occurs from various sources simultaneous-
ly (Kümmerer 2009).

In the USA, the accumulation of three antibiotics
(sulfamethoxazole, trimethoprim and ofloxacin) and an
antiepileptic medicine (carbamazepine) was studied in
common wheat (Triticum aestivum L.) grown on soil
watered with treated wastewater from sewage treatment
plants. The wheat after harvest was divided into grain
and straw. The sub-samples were rinsed with methanol
to remove chemical compounds from the surface. All
parts of plants were extracted in the liquid-solid system
and in the solid phase by LC-MS. Residues of each
compound were present on most plant surfaces.
Ofloxacin was found at high concentration in straw
(10.2 ± 7.05 ng/g), with lower concentration in grain
(2.28 ± 0.89 ng/g). Trimethoprim was determined only

Table 4 AMR in soil and manure (according to Deloitte for EC 2017)

Compartment AMR genes Reference

Manure and non-amended soils β-lactam anti-microbial resistant genes Graham (2016)

Soils, cattle and farm environment Beta-lactamase resistant genes Hartmann (2013)

Manure and amended soils Sulfadiazine and sulphonamide resistance Heuer (2011)
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on the surface of grain and straw, while carbamazepine
and sulfamethoxazole were determined only in cereal
grains (respectively 1.88 ± 2.11 and 0.64 ± 0.37 ng/g).
Studies have shown that pharmaceuticals can be taken
up by plants and accumulated in various plant parts;
they may also adhere to plant surfaces, if sewage com-
ing from a sewage treatment plant is sprayed over a
cultivated field (Franklin et al. 2016). Sulfathiazole, a
sulfonamide drug with a strong bacteriostatic activity,
showed a high stability in seawater with 18% degrada-
tion within 5 days. It was shown that a seaweed belong-
ing to the class of green algae, sea lettuce (Ulva lactuca
L.), is able to reduce the concentration of sulfathiazole in
water through effective accumulation of the drug. Sul-
fathiazole inhibited slightly the growth of the sea lettuce
after a 96-h exposure.

The mechanism of detoxification of the green alga in
question permits to take advantage of the species for
bioindication in the environmental risk assessment,
whereas from an ecological viewpoint, it shows the
potential for sulfathiazole bioaccumulation, which, with
the role of macroalga as the main producer in the trophic
network, poses a risk of biomagnification (Leston et al.
2014).

4.2 Uptake of Pharmaceuticals by Plants

Wu et al. (2010) checked the uptake of three pharma-
ceuticals (carbamazepine, diphenhydramine and fluox-
etine) and two personal care products (triclosan and
triclocarban), by an important agricultural species—
soybean (Glycine max Merr.), under greenhouse condi-
tions. After a growth period of 60 and 110 days, the soil
and plant tissues were analysed for the content of the
above compounds. The study results demonstrated that
carbamazepine, triclosan and triclocarban were accumu-
lated in the root tissues and in the aerial plant parts,
including seeds. In turn, the accumulation and transport
of diphenhydramine and fluoxetine to the aerial plant
parts were limited. Degradation is the main mechanism
of the breakdown of selected compounds in sewage
sludge introduced into soils, whereas plant cultivation
on these soils did not have any significant impact on this
degradation.

Winker et al. (2010) investigated the process of car-
bamazepine and ibuprofen uptake by ryegrass plant,
fertilised with urine, or a stream of household wastewa-
ter derived from a new sanitary system focused on
decentralised treatment (Winker et al. 2009). The urine

is a potential alternative fertiliser to be used in agricul-
ture; however, its application for fertilising purposes is
associated with a risk of spreading pharmaceutical res-
idues in the arable soils. The individual and combined
behaviour of carbamazepine and ibuprofen was exam-
ined by GC/MS gas chromatography in a greenhouse
experiment using ryegrass fertilised with the pharma-
ceutical spiked urine. Carbamazepine was the only sub-
stance that could be detected in the soil, roots and
aboveground parts of plants. Only 53% of carbamaze-
pine, originally present in the fertiliser, was recovered
from soil samples taken after 3 months. About 34% of
carbamazepine was recovered from the aboveground
plant parts, and 0.3% from plant roots.

Model calculations showed that neither roots nor
Casparian strips posed a significant barrier during the
uptake of the compounds tested. The transport of carba-
mazepine in the plant was clearly linked with transpira-
tion. No ibuprofen was detected in soil or plant parts
after a lapse of 3 months following its application,
presumably due to its biodegradation. Carbamazepine
and ibuprofen both individually and in combination did
not have any negative impact on the growth of ryegrass.
The effect of transpiration on the accumulation of
pharmaceuticals in plants is confirmed by the results of
studies using treated wastewater for irrigating
agricultural soils in arid and hot climates, where
intensive transpiration is observed, which may affect
the accumulation of pharmaceuticals in plants. Dodgen
et al. (2015) conducted a laboratory study in which three
plants were grown, including carrots, lettuce and pota-
toes. The plants were watered with a solution containing
pharmaceuticals, under both cold-moist and hot-dry
conditions. The results of the study have shown that
transpiration can play a significant role in the process
of absorption and transport of pharmaceuticals in plants.
This phenomenon can be important in dry and hot
climates, where treated wastewater is commonly used
for irrigation.

It was shown that vegetable crops irrigated with
treated wastewater were able to absorb pharmaceuticals
in their edible parts, at the concentration level of ng/g,
regardless of the soil moisture reduction schemes
established in the study, and different levels of pharma-
ceutical concentrations applied. Accumulation of phar-
maceuticals (atenolol, diclofenac and ofloxacin) in
plants can be attributed to the transpiration process.
Ofloxacin was detected at the highest concentrations,
followed by atenolol and diclofenac, which were not
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detected in all of the plant tissues tested. Pharmaceuti-
cals were also present in the roots of plants growing on
the soil previously irrigated, within the framework of an
experiment, with pharmaceutical spiked water (Santiago
et al. 2016).

In the literature, there are few publications on the
impact of pharmaceuticals on the development of plants.
Carter et al. (2015) examined the effect of the presence
of carbamazepine and verapamil (at a concentration of
0.005–10 mg/kg) on a series of plant responses, using
squash (Cucurbita pepo) as an example. The uptake of
the above substances increased depending on the dose
of the pharmaceutical.

The maximum concentrations of carbamazepine and
verapamil in the leaves were 821.9 and 2.2 mg/kg,
respectively. At the soil concentration of > 4 mg/kg of
these compounds, the mature plant leaves showed burnt
edges, the presence of white spots and the reduction of
photosynthetic pigments. No such symptoms were ob-
served during the absorption of verapamil by squash.
The carbamazepine uptake was also examined (added in
the experiment at a typical concentration occurring in
wastewater, i.e. 1 μg/l) in cucumber (Cucumis sativus
L., cv. Safi), growing in the hydroponic culture and in
the greenhouse experiment. The greenhouse experiment
was carried out with various types of soil watered with
fresh water and reused water after wastewater treatment.
The results obtained from the hydroponic cultivation
suggest that carbamazepine transport occurs mainly
through the mass flow of water, and thus, its highest
concentrations and accumulation can be observed in
mature, older leaves.

The concentration of carbamazepine in fruit of and
leaves of cucumber was negatively correlated with the
content of organic matter in the soil. The carbamazepine
concentration in the roots and stems was relatively low
whereas most of the carbamazepine was recovered from
cucumber leaves (76–84%). The bioaccumulation factor
(calculated as the ratio of carbamazepine concentration
in a plant to its concentration in soil solution) was 0.8–1
in cucumber fruit, and was much higher in the leaves
(17–20) (Shenker et al. 2011b).

Pharmaceuticals uptake from the soil and their accu-
mulation in edible plant parts was analysed on the
example of two drugs: 17α-ethinylestradiol and triclo-
san and cultivated bean (Phaseolus vulgaris), grown on
sand and in the soil. The uptake and accumulation of
17α-ethinylestradiol and triclosan in plants grown in
sand was higher than in plants growing in the soil. In

plants grown on sand, the bioconcentration factors
(BCF) for 17α-ethinylestradiol and triclosan (BCF -
the concentration of a drug (μg/g) in plant dry matter
divided by concentration (μg/g) in dry sand or soil)
calculated for roots were 1424 and 16,364, respectively,
and for leaves 55 and 85, respectively. On the other
hand, in plants cultivated on the soil, the BCF for 17α-
ethinyl estradiol decreased from 154 in the first week to
32 in the fourth week, while in the leaves ranged from
18 to 20 (for triclosan 12 in the roots, and 8 in the
leaves). The results indicate that the uptake and accu-
mulation of pharmaceuticals occurs in plants, which
should be taken into account especially when irrigating
fields with wastewater frommunicipal wastewater treat-
ment plants (Karnjanapiboonwong et al. 2011). Little is
known regarding the behaviour and accumulation of
pharmaceuticals, including antibiotics, in the edible
plant parts and their entry into the human food chain.
The transfer of a commonly used veterinary antibiotic,
oxytetracycline, from swine manure to aquatic plants
was studied in Thailand. The relative bioconcentration
of oxytetracycline was measured using three different
aquatic plants: watermeal (Wolffia globosa Hartog and
Plas), cabomba (Cabomba caroliniana) and water spin-
ach (Ipomoea aquatica Forsk). Watermeal and water
spinach are widely consumed in South Asia. The results
show that under certain conditions (plants growing for
15 days in undiluted swine manure effluent and an
initial oxytetracycline concentration of 43 mg/kg dry
weight) this pathway may account for a significant
proportion (> 48%) of the acceptable daily intake for
oxytetracycline (Boonsaner and Hawker 2015).

A study was carried out on the uptake of tetracycline
and its metabolites by common reed (Phragmites
australis), growing at the Hinsor stream (Turkey), con-
taminated with sewage from a nearby poultry slaughter-
house. Accumulation of tetracycline and its metabolites
in the analysed plant parts decreased in the following
order: root> stem> leaves. The concentrations of the
tested pharmaceuticals in the plant roots, shoots and
leaves were greater for the tetracycline metabolites than
for tetracycline itself. The concentrations in water were
within the limits of 2.37–21.3 μg/L, and in the sedi-
ments of the stream in the range of 9.69–27.0 ppb
(Arslan Topal 2015).

Research by Sallach et al. (2016) demonstrated the
possibility of antibiotics uptake by plants grown for
consumption purposes on soils irrigated with pharma-
ceutical spiked water. Four substances were tested,
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which represented four different classes of antibiotics,
including ciprofloxacin, lincomycin, oxytetracycline
and sulfamethoxazole. In the tested lettuce samples
(Lactuca sativa L.), only lincomycin and sulfamethoxa-
zole were detected at concentrations as high as 1757 ng/
g and 425 ng/g, with a detection limit of 57 ng/g and
35 ng/g, respectively. The cell lysis method, consisting
of freezing and thawing, provided the highest level of
extraction efficiency from environmental samples, with
a small amount of material for sample analysis, while
providing adequate detection limits and analytes recov-
ery reproducibility (Sallach et al. 2016).

Dodgen et al. (2013) evaluated the possibility of
uptake and accumulation of four selected pharmaceuti-
cal substances and endocrine disrupters, including
bisphenol A, diclofenac, naproxen and 4 - nonylphenol
by lettuce (Lactuca sativa) and cabbage (Brassica
oleracea) in the hydroponic culture. In both plant spe-
cies, the accumulation process was most intensive for
bisphenol A, followed by 4-nonylphenol, diclofenac
and naproxen. It was also shown that the accumulation
in the roots was much higher than in the leaves and
stems. The concentration of pharmaceutical substances
and endocrine disorders in plant tissues ranged from
0.22 ± 0.03 to 927 ± 213 ng/g; however, most of the
residue was non-extractable. The human exposure to
residues of these compounds was considered to be in-
significant. In Great Britain, an experiment was carried
out to examine the effect of exposure of lettuce (Lactuca
sativa) and common radish (Raphanus sativus) to se-
lected non-steroidal anti-inflammatory drugs (at concen-
trations relevant for the natural environment) (Schmidt
and Redshaw 2015). The ability of uptake of tetracy-
cline and amoxicillin was studied under laboratory con-
ditions using common carrot (Daucus carota L.) and
lettuce (Lactuca sativa L.). These two plants were
grown on the two types of soil from Ghana, watered
with antibiotic spiked water, in various fixed concentra-
tions (0.1–15 mg/l). Tetracycline was determined in all
plant samples at the concentration of 4.4 to 8.3 ng/g in
lettuce and from 12 to 36.8 ng/g fresh weight in carrot.
The content of amoxicillin in the tested plant samples
ranged from 13.7 to 45.2 ng/g. The average concentra-
tion of amoxicillin (27.1 ng/g) in all samples tested was
higher than that of tetracycline (20.2 ng/g), indicating a
more efficient plant uptake of amoxicillin than of tetra-
cycline (Azanu et al. 2016).

Hurtado et al. (2017) also investigated the process
of uptake and accumulation of pharmaceuticals and

other organic pollutants by plants, using lettuce
(Lactuca sativa L.) as the indicator plant. Addition-
ally, biochar was added to the soils to improve their
properties. The study results demonstrate that lettuce
is capable of taking up and accumulating many phar-
maceuticals and organic pollutants. The test sub-
stances were determined in lettuce leaves, which are
edible parts of the plant. The biochar, improving soil
properties, proved to be an effective sorbent for the
majority of the organic substances tested. The con-
tents of the tested compounds in the roots and leaves
decreased, on the average, by 34–48% in the roots
and by 23–55% in the leaves after the introduction of
biocarbon in the amount of 2.5 and 5%. Therefore,
the introduction of biochar into the soil reduced the
bioavailability of pharmaceuticals for plants. These
results are confirmed by Rajapaksha et al. (2014).
The process was examined of sulfamethazine uptake
by lettuce (Lactuca sativa L.), cultivated on the soil
enriched with biochar obtained from an invasive
plant—burr cucumbers (Sicyos angulatus). The let-
tuce was harvested after 5 weeks of cultivation and
the concentration of sulfamethazine was determined.
It was observed that in lettuce grown on the soil
enriched with biochar, the amount of sulfamethazine
uptake was reduced. The introduction of biochar to
the soil increased the adsorption of the antibiotic on
its surface and restricted the bioavailability of sulfa-
methazine (Rajapaksha et al. 2014).

Zhang et al. (2012) studied the uptake and accu-
mulation of diclofenac by the macrophytes such as
bulrush Scirpus validus. The results prove that
diclofenac can be accumulated by plants within the
range of 0.17 to 1.49 μg/g (fresh weight) in the roots
and 0.13–0.49 μg/g (fresh weight) in the shoots. The
fact that diclofenac was detected in the shoots indi-
cates that it can be further transferred to other parts of
the plant. In addition, studies have shown that
diclofenac passes slowly from the roots to the aerial
plant parts, due to its high hydrophobicity. At the
same time, these studies have shown that aquatic
plants may directly contribute to reducing the content
of organic pollutants in wetlands, and that
phytoremediation can be a way to remove some of
active substances of pharmaceuticals from the envi-
ronment. Diclofenac and dexamethasone cause oxi-
dative stress and decrease testosterone level. There-
fore, these pharmaceuticals can have a negative effect
on aquatic organisms (Guiloski et al. 2015).
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5 Phytoremediation of Pharmaceutical Spiked
Wastewater with the Use of Aquatic Organisms

The presence of pharmaceuticals and endocrine-
disrupting substances (EDCs) in effluents from waste-
water treatment plants raises significant concerns due to
the negative impact these substances may have on hu-
man health and entire ecosystems. Considering the per-
vasiveness of the problem, tests were conducted to
assess the ability of two aquatic plants (Lemna sp. and
Spirogyra sp.), commonly occurring in the polishing
ponds of the biological wastewater treatment plant, to
remove six pharmaceutical substances (diclofenac, acet-
aminophen, ibuprofen, carbamazepine, clofibric acid
and propranolol) under laboratory conditions. Treated
wastewater and water of the highest purity were sup-
plied to plant containing and non-plant reactors. The
study was conducted under cover or without a cover.
The highest removal efficiency, which was from 31 to
100%, was achieved in uncovered plant systems con-
taining treated sewage after 20 days of incubation. The
results indicate that the presence of plants in biological
ponds plays an important role in the removal of phar-
maceuticals from wastewater (Garcia-Rodríguez et al.
2015).

Metformin, the active substance of an antidiabetic
drug, was detected at high concentrations in sewage
sludge and treated wastewater. The study on absorp-
tion and transport was carried out to evaluate and
identify the final fate of metformin in the
phytoremediation process, using an aquatic plant—
common cattail (Typha latifolia). After 28 days, the
metformin removal efficiency was in the range of 74
± 4.1–81.1 ± 3.3%. The metformin content in the
roots increased during the first 2 weeks of the exper-
iment, and then significantly decreased. In contrast to
the above, the metformin concentration in leaves and
rhizomes increased systematically. The bioaccumu-
lation of metformin in the roots was much higher
than in the leaves and rhizomes. One of the metfor-
min degradation products, methyl biguanide, has
been identified in common cattail, whereas the other,
guanylurea, has not been detected, which means that
it has undergone a rapid biodegradation with the
participation of plant enzymes. The above results
may contribute to understanding and assessing the
potential of phytoremediation method in the process
of removing pharmaceuticals from wastewater (Cui
and Schröder 2016).

6 Conclusion

International institutions predict that the consumption of
drugs in the coming years will increase due to a wider
access to cheaper medicines, including the generic ones.
It is estimated that many more active pharmaceutical
substances are released into the environment due to the
use of veterinary medicines than due to medicines
intended for humans. From an environmental view-
point, one should also bear in mind multiple problems
that have not been solved so far, in particular those
concerning residues of active pharmaceutical substances
in the respective environmental compartments (soil,
water, plants) and, consequently, in food produced in
areas that are irrigated with treated or partly treated or
untreated wastewater, where sewage sludge and natural
fertilisers are introduced to fertilise soils. Certain
amounts of pharmaceuticals may accumulate in the soil
and penetrate the trophic chain passing from plants to
humans. Sewage used for irrigation is currently not
covered by any chemical standards, including environ-
mental risk assessment. The active substances of drugs
can be degraded during biological wastewater treatment
as well as in water reservoirs, in the soil and during
abiotic reactions. These processes partially reduce the
potentially harmful effects of drugs, however, some
breakdown products have similar toxicity as their parent
substance.

The fate and behaviour of pharmaceutical residues in
soils depends on the intensity of their sorption on the
solid soil particles, including organic matter. The
strength of sorption affects the bioavailability of the
medicines’ active substances and their persistence in
the soil environment. In plants grown on sandy soils,
the uptake and accumulation of pharmaceuticals will be
much more intense than in soils with a higher content of
silt particles and organic matter. This principle should be
taken into account when irrigating arable soils with
wastewater from municipal wastewater treatment plants
and using either sewage sludge or natural fertilisers
(manure, slurry) for fertilisation. Calculated
bioconcentration factors (BCF) for some active sub-
stances of pharmaceuticals in plant roots can reach even
16,364, while in the leaves they are significantly lower,
attaining maximally 85.

There is little information on the bioaccumulation of
pharmaceuticals in organisms and in the trophic chain,
and the effect of antibiotics found in the soil solution on
higher organisms has not so far been discussed in the
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literature. The presented state of knowledge suggests
that studies on the accumulation of pharmaceuticals,
including antibiotics, in edible plant parts and their entry
into the human food chain should be continued to iden-
tify the health risks for people who are consumers of
these plants.
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