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a b s t r a c t
Pharmaceuticals are nowadays generally recognized to be environmental micropollutants owing to their
ubiquitous occurrence in water bodies at concentrations ranging from ng to μg/L. Since they are molecules
designed to be biologically active at very low concentrations, their presence is a source of concern for both
human and ecosystem health and the ecological effects on receiving ecosystems remain largely unknown.
Incomplete removal during biological wastewater treatments is the main source of surface water contamination. Some of the molecules detected are reported to be persistent in surface water while others, although
they are not intrinsically persistent (being rapidly degraded), are being continuously introduced into the
aquatic ecosystem, so that they can be considered pseudo-persistent compounds. Degradation of a chemical
in the aquatic ecosystem depends on a variety of factors, including the compound's properties, environmental
factors and above all the presence of a natural microbial community able to degrade it via metabolic and/or
co-metabolic pathways.
Naproxen, a non-steroidal anti-inﬂammatory drug and Gemﬁbrozil, a ﬁbrate drug used as a lipid regulator, have
been found in several natural EU and Italian surface waters, including the River Tiber (Rome). In this context,
the present work aims to evaluate if the natural bacterial community of the Tiber was able to degrade Naproxen
and Gemﬁbrozil. Moreover the effects of these chemicals on the bacterial community structure in terms of live
bacterial abundances and composition were also assessed.
For this purpose, different river water microcosms were set up (in the presence/absence of the natural microbial
community) and treated with 100 μg/L of Naproxen or Gemﬁbrozil in order to evaluate the disappearance time
of 50% of the initial concentrations (DT50).
The overall results show that Gemﬁbrozil (DT50 > 70 days) was more persistent than Naproxen (DT50 = 27 days)
and that the autochthonous microbial community had a key role in their degradation. The fact that Naproxen was
found in river samples analyzed in a greater concentration was therefore due not to its persistence, but to its
pseudo-persistence linked to the spread in its use among the population.
© 2012 Elsevier B.V. All rights reserved.

1. Introduction
Pharmaceutical occurrence in ecosystems is an emerging issue as
they have been detected in soil, water and groundwater [1]. Thousands
of different active compounds are currently in use in high quantities to
treat or to prevent diseases [2–4]. Following therapeutic administration,
a great percentage of pharmaceuticals is excreted unaltered or as an active metabolite, and enters sewage treatment systems [5]. The latter
represent important points for pharmaceutical environmental pollution
control, but they are currently unable to remove drugs effectively [6,7].
Consequently, many pharmaceuticals are continuously reaching surface
waters [7,8] and even molecules, which are not intrinsically persistent,
can be detected and can therefore be considered pseudo-persistent
molecules [9].
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Pharmaceuticals are designed to be biologically active at very low
concentrations with different modes of action [10]. There is a lack of
information on their detrimental effects on ecosystems especially
from the period before the problem started being considered. There
are only some limited data on single-species acute laboratory bioassays
[11,12]. Despite being microcontaminants (detected at concentrations
ranging from ng/L to μg/L) they can also have sub-lethal or chronic
toxic effects [2,13,14] on non-target organisms [15,16], including microbial communities [17–19].
The European Medicine Agency (EMEA) issued a guideline [20] aimed
at estimating the potential environmental risks of pharmaceuticals using
a tiered approach. If in phase I the predicted environmental concentration
of a compound in surface water is more than 10 ng/L, a phase II quantitative risk assessment on its environmental fate and effects is performed
[21].
In Europe, among the most frequently detected pharmaceuticals in
the aquatic environment, including drinking water, are the acidic pharmaceuticals Gemﬁbrozil and Naproxen [1,2,22].
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Although data on their environmental fate are quite scarce,
Gemﬁbrozil and Naproxen are considered high priority pharmaceuticals on the basis of their consumption, physico-chemical properties,
toxicity, water occurrence and persistence [23–25]. They have been
included in the Current Contaminant Candidate List published by
US EPA [26] aimed at identifying and listing unregulated contaminants
which may require a national drinking water regulation in the future.
Naproxen is a non-steroidal anti-inﬂammatory drug used for mild to
moderate pain relief and in the treatment of osteoarthritis and rheumatoid arthritis. Gemﬁbrozil is a blood lipid regulator, used to treat moderate to severe hypertriglyceridemia, clinically prescribed since the early
1980s in patients at high risk of coronary heart disease [27,28].
Recent investigations on EU and Italian waters report Naproxen and
Gemﬁbrozil to occur, both in wastewater treatment plants and in surface
waters, at concentrations from ten to ﬁve hundred-fold greater than the
threshold value suggested by EMEA [1,8,29,30].
Degradation of a chemical in the aquatic ecosystem depends on a variety of factors, such as compound properties and environmental factors
and above all the presence of a natural microbial community able to
degrade it via metabolic and/or co-metabolic pathways [31,32]. Microorganisms are important degraders of organic matter and different organic contaminants, including pharmaceuticals, and make degradation
and mineralization products accessible as nutrients to other organisms
in the food web [33]. Microbial communities are therefore clearly vital
for maintaining ecosystem functioning. Changes within microbial functional groups are correlated to changes in ecosystem processes [34–36].
Consequently they are essential in the overall processes that contribute
to the quality state of natural ecosystems.
In this study, we assessed the capacity of the autochthonous bacterial
community of the River Tiber to degrade Naproxen and Gemﬁbrozil in
microbiologically active and sterile water microcosms. The degradation
of 50% of the initial concentration (DT50) of the two pharmaceuticals
was evaluated in microbiologically active microcosms versus microcosms
with previously sterilized river water. The concentration of the pharmaceuticals was measured immediately after the treatment and at
ﬁxed intervals until a reduction greater than 50% was reached for each
compound.
Moreover the effects of these pharmaceuticals on the natural microbial community structure of the river water ecosystem were also assessed.
At different times bacterial abundance, cell viability and bacterial composition were assessed and compared to those of microbiological controls
(non-treated water samples).

2. Materials and methods
2.1. River water collection and characteristics
Water samples were collected from the River Tiber in a stretch inside the city of Rome, 382 km from its source and downstream from the
Magliana wastewater treatment plant. Some parameters (pH, O2, temperature) were analyzed on site and others were examined in the laboratory.
The samples were collected manually by immersing 1 L sterile glass
bottles approximately 10 cm below the water surface and were transported to the laboratory within 2 h in a refrigerated (4 °C) bag. Some
subsamples were ﬁxed or treated immediately for the initial chemical
and microbiological determinations, other ones were kept at 20 °C in
the dark overnight prior to use for the microcosm set-up.
The ion content (HCO3−, F−, Cl−, NO2−, NO3−, SO42−, PO43−, expressed
as mg/L) of river water samples was determined by using a Ion
Chromatograph (Dionex DX-120). Aliquots of water samples were acidiﬁed and then analyzed for dissolved organic carbon content (DOC mg/L)
by high temperature catalytic oxidation (HTCO) using a Shimadzu
TOC-5000A analyzer with a detection limit of 0.050 mg/L.
Dissolved oxygen was measured by an Oxi 538 microprocessor oximeter and Cellox 325 probe equipped with StirrOx G integrated stir.
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The pH was determined with a PHM290 model Radiometer Analytical
pHmeter.
Gemﬁbrozil and Naproxen were searched for in the river water
samples using solid phase extraction (SPE) and HPLC with ﬂuorescence
detection, as described in Section 2.4.
2.2. Chemicals
Gemﬁbrozil, 2,2-Dimethyl-5-(2,5-dimethylphenoxy)pentanoic acid,
and Naproxen (+)-(S)-2-(6-methoxynaphthalen-2-yl)propanoic acid
were purchased from Sigma Aldrich (Steinheim, Germany) at ≥ 98%
purity. Individual stock solutions (500 mg/L) were prepared by dissolving the adequate quantity of each standard in acetonitrile and
were kept at − 20 °C. The working standard solutions (50 mg/L)
were achieved by dilution of stock solutions with acetonitrile and
stored at 4 °C.
Acetonitrile of HPLC-grade was purchased from VWR (Radnor, PA,
USA). Acetic acid (glacial) was supplied by Carlo Erba (Milan, Italy).
Water for chromatography was puriﬁed (18 MΩ/cm quality) by a
Milli-Q system (Millipore, Bedford, MA, USA).
2.3. Microcosm set-up for degradation studies
An experimental set consisting of 64 destructive closed microcoms of 100 mL capacity each was set up for both Gemﬁbrozil and
Naproxen (128 microcosms in total). Aliquots from working standard
solutions were spiked to treated microcosms to a ﬁnal concentration
of 100 μg/L of the selected pharmaceutical. Spiking was performed in
a sterile cabinet and, once acetonitrile was completely evaporated at
room temperature in order to eliminate any additional carbon source,
50 mL of the river water (natural or previously sterilized, see later) was
added to each microcosm. In particular, some microcosms (16 replicates) were ﬁlled with natural river water (Microbiologically Active
Water, MAW) and treated with the pharmaceutical (Naproxen or
Gemﬁbrozil) as previously described. Some microcosms (16 replicates)
were set up with previously sterilized river water (120 °C, 20 min) and
then treated with the pharmaceutical (Sterile). Other 16 replicates were
not treated and ﬁlled only with river water (Controls), in order to compare the effects of the pharmaceuticals on the natural bacterial community. Finally, pH and dissolved oxygen concentration were measured at
each sampling time in 16 other treated microcosms sacriﬁced exclusively
for this purpose.
All microcosms were incubated at 20 °C on an orbital shaker
(125 rpm) in the dark.
At selected times two destructive replicate microcosms were
collected for each condition (MAW, Sterile, Control). Two sub-samples
from each single microcosm were then used for each different (chemical
or microbiological) analysis in order to have four independent values for
each condition. The samplings were performed 3 h after the treatment
and at various times until the disappearance of at least 50% of the parent
compound. All operations were conducted under sterile conditions.
2.4. Chemical analysis
The concentrations of Gemﬁbrozil and Naproxene in the river
water samples were determined by a SPE pre-concentration and puriﬁcation procedure using polymeric Strata-X extraction cartridges,
followed by a RP-HPLC (Varian 9012) with ﬂuorescence detection
(Perkin Elmer LS4) analytical step, using an Alltech LC18 column
(Alltima C18, 5 μm, 250 × 4.6 mm i.d), preceded by a guard column
(4 × 3 mm) of the same packing material. The elution proﬁle, at a constant ﬂow rate of 1.0 mL/min in isocratic mode, utilized a mobile
phase with acetonitrile:water (acidiﬁed to pH = 3.6 with acetic acid
in order to prevent the hydrolysis of the pharmaceuticals) in a ratio
70:30 (v/v) ratio. Excitation–emission wavelengths were set as follows:
λexc = 230 nm; λemiss = 302 nm for Gemﬁbrozil and λexc = 230 nm;
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λemiss = 420 nm for Naproxen. The concentration of the two pharmaceuticals from each treated microcosm in the degradation studies, was
determined by direct injection of samples into the HPLC with ﬂuorescence detection, set up at the same analytical condition, described
above. Aliquots of 50 μL of sub-sample were injected in duplicate and
in these optimized analytical conditions, the chromatographic run was
10 min for the Gemﬁbrozil (tr = 8.54 min) and 6 min for the Naproxen
(tr = 4.02 min) analysis.

2.5. Microbial analysis: total bacterial number and viability
The total bacterial number (No. bacteria/mL) was determined by direct count, in four replicates of formaldehyde-ﬁxed subsamples (2 mL
each) using 4′-6-diamidino-2-phenylindole (DAPI) as a DNA ﬂuorescence agent [37,38]. Cell viability (% live cells /live+ dead) was assessed
in four non-ﬁxed replicates (2 mL each) using two ﬂuorescent dyes,
SYBR Green II and propidium iodide (Sigma-Aldrich Germany) in order
to distinguish between viable (green) and dead (red) cells under a
ﬂuorescence microscope (Leica DM 4000B Leica Microsystems GmbH,
Wetzlar, Germany), as reported in a previous work [39]. We calculated the live bacterial abundance (No. live bacteria/mL) from the
total bacterial number, obtained by DAPI counts, multiplied by cell
viability.

2.6. Microbial analysis: bacterial community composition by Fluorescence
In Situ Hybridization
The phylogenetic composition of the bacterioplancton was analyzed by Fluorescence In Situ Hybridization (FISH), using Cy3-labeled
commercially synthesized oligonucleotide probes (MWG AG Biotech,
Germany).
Four replicates of formaldehyde-ﬁxed subsamples (2 mL each)
were ﬁltered through a 0.2-μm polycarbonate membrane using a gentle
vacuum (b0.2 bar), and the ﬁlters were stored at −20 °C for successive
FISH analysis. FISH was performed according to the previously published protocol [40,41].
The averages of the number of cells binding each of the probes
were calculated as a proportion of the total DAPI positive cells from 10
to 20 randomly selected ﬁelds on each ﬁlter section (corresponding to
500–1000 stained cells). The slides were mounted with a drop of
Vecta-Shield (Vector Laboratories, USA) and the preparations were
examined and counted on a Leica DM 4000B epiﬂuorescence microscope
at ×1000 magniﬁcation.
The probes used and the corresponding bacterial groups were:
ARCH915 (Archaea domain), EUB338I-III (Bacteria domain), ALF1b
(Alpha-Proteobacteria), BET42a (Beta-Proteobacteria), GAM42a (GammaProteobacteria), PLA46 and PLA886 (Planctomycetes), CF319a (CytophagaFlaviobacterium cluster phylum CFB), HGC69A (Gram-positive with a
high DNA G+ C content) and LGC354A (Firmicutes, Gram-positive bacteria with a low G+ C content). Further details of these probes are available on http://www.microbialecology.net/probebase [42,43].

3. Results
3.1. River water characteristics
The main physico-chemical properties of the river water at the
sampling point are reported in Table 1. It is possible to see that both
Gemﬁbrozil and Naproxen were found in the river water samples at
a concentration greater than the threshold of 10 ng/L suggested by
EMEA for performing an environmental risk assessment. That is to
say that the occurrence of such chemicals does not exclude the possibility of harmful effects for this receiving ecosystem.

Table 1
Physico-chemical properties of the river water at the sampling point.
Temperature (°C)
pH
DO (mg/L)
DOC (mg/L)
F− (mg/L)
Cl− (mg/L)
NO2− (mg/L)
NO3− (mg/L)
SO42− (mg/L)
PO43− (mg/L)
Gemﬁbrozil (ng/L)
Naproxen (ng/L)
Total bacterial number (No. bacteria/mL)
Cell viability (%)

12.9
7.7
11.4
2.0
0.43
115.44
0.85
3.33
153.14
0.53
65 ± 13
264 ± 5
1.31 106
27

3.2. pH, oxygen and DOC measurements in the microcosms
The pH and oxygen values were monitored at each sampling in the
microcosms and both values did not vary signiﬁcantly (t test not signiﬁcant) either in the Naproxen or in the Gemﬁbrozil experiment. The
pH remained at a value of about 8.00± 0.08 in both the experiments and
a slight decrease of oxygen from the initial concentration of 11 mg/L to
8 mg/L was observed 10 days after in the case of Naproxen and 30 days
in that of Gemﬁbrozil. The oxygen concentration was therefore always
close to a saturation level. Finally, the dissolved organic carbon (DOC)
measured at the end of the experiments also did not show any signiﬁcant
variation compared to its initial value of 2 mg/L.
3.3. Naproxen degradation experiment
The decrease (expressed in residual percentage) of the Naproxen
concentration in the microbiologically active (MAW) and sterile water
(Sterile) over a period of 44 days is shown in Fig. 1.
The half-life of the parent compound was about 27 days in the
MAW, while in the Sterile condition no signiﬁcant decrease in concentration was observed during the experimental time. The degradation
starts after a lag phase of about 20 days, then the parent compound concentration decreases quickly until its complete disappearance at day 44.
3.3.1. Live bacterial abundance
The live bacterial abundance (No. live bacteria/mL) obtained from the
DAPI counts (No. bacteria/mL), multiplied by viability (% live cells / live +
dead) in treated (Naproxen) and untreated (Control) microcosms
at 0.125 (3 h), 20 and 43 days is reported in Fig. 2.
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Fig. 1. Residual percentages of Naproxen in river water microbiologically active microcosms (MAW) and in Sterile ones vs time. The vertical bars represent the standard
errors.
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2.0E+05

decreased in both conditions, was again signiﬁcantly lower in the treated
microcosms.

No. Live bacteria/mL

Naproxen
Control

1.6E+05

1.2E+05

8.0E+04

4.0E+04

0.0E+00
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0.125

20

43

t (days)
Fig. 2. Number of live bacteria (No. live bacteria/mL water) vs time in the microcosms
treated with Naproxen (Naproxen) and in the control ones (Control). The vertical bars
represent the standard errors.

Three hours after treatment with the pharmaceutical the live bacterial abundance was signiﬁcantly lower (t test, p b 0.01) than in the
Control microcosms. On the contrary, at day 20 which corresponds to
the start of Naproxen degradation, the number of live bacteria was
greater (t test, p b 0.01) in the treated microcosms. However, at the
end of the experiment (43 days) the live bacterial abundance, although

3.3.2. Phylogenetic analysis of bacterial community composition by FISH
The use of 16S rRNA gene-targeted oligonucleotide probes made it
possible to determine the structure of the autochthonous bacterial community of the river water at the sampling point. The natural river water
was composed mainly of the Bacteria domain (more than 60% of the
DAPI positive cells), and no positive cells to the Archaea domain probe
were detected (Fig. 3). The Beta-Proteobacteria sub-class was the
most abundant group and the percentage of Gram-positive bacteria
(HGC- and LGC-content) was lower than 1% (data not reported).
The comparison of the autochthonous bacterial community analyzed at the sampling point with the same in the microcosms 20 days
after the treatment with Naproxen shows changes in the abundance
and shifts in the dominance of several groups (Fig. 4). At day 20, close
to the Naproxen DT50, a signiﬁcant increase in Alpha- and GammaProteobacteria groups was observed.

3.4. Gemﬁbrozil degradation experiment
The decrease (expressed in residual percentage) of the Gemﬁbrozil
concentration in the microbiologically active (MAW) and sterile water
(Sterile) over a period of 143 days is shown in Fig. 5.

Fig. 3. Bacterial community structure detected by Fluorescence In Situ Hybridization in the River Tiber samples. The vertical bars represent the standard errors. Bacteria: Bacteria
domain; Alpha: Alpha-Proteobacteria; Beta: Beta-Proteobacteria; Gamma: Gamma-Proteobacteria; Pla: Planctomycetes; CF: Cytophaga-Flaviobacterium cluster phylum CFB.
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Fig. 4. Bacterial community structure detected by Fluorescence In Situ Hybridization 20 days after the treatment with Naproxen in the treated microcosms and in the control ones
(Control). Bacteria: Bacteria domain; Alpha: Alpha-Proteobacteria; Beta: Beta-Proteobacteria; Gamma: Gamma-Proteobacteria; Pla: Planctomycetes; CF: Cytophaga-Flaviobacterium
cluster phylum CFB. The vertical bars represent the standard errors.
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3.4.1. Live bacterial abundance
Similarly to the Naproxen experiment, 3 h after the pharmaceutical
treatment the live bacterial abundance (No. live bacteria/mL) was significantly lower than in the Control microcosms (t test, p b 0.01). However,
an increase in live bacterial abundance (t test, p b 0.01) was observed at
14 and 70 days in the treated microcosms, while in the Control ones
there was a generally decreasing trend (Fig. 6). Finally, at the end of
the experiment (143 days) the live bacterial abundance was again significantly lower in the treated microcosms.
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Fig. 5. Residual percentages of Gemﬁbrozil in river water microbiologically active
microcosms (MAW) and in Sterile ones vs time. The vertical bars represent the standard
errors.

The half-life of the parent compound was more than 70 days in
the MAW. After a lag phase of 7 days, a relatively slow degradation
is observable (just 15% degraded in the ﬁrst 70 days); then a quick
disappearance of 50% of the parent compound occurs in the following
few days. However, at the end of the experiment (143 days) 15% of the
initial concentration of Gemﬁbrozil (about 15.0 μg/L) is still present. On
the contrary, in the Sterile condition, no decrease in concentration was
observed (Fig. 5).
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Fig. 6. Number of live bacteria (No. live bacteria/mL water) detected vs in the microcosms treated with Gemﬁbrozil (Gemﬁbrozil) and in the control ones (Control). The
vertical bars represent standard errors.

4. Discussion
The decrease in the concentrations of the pharmaceuticals observed
in the microbiologically active water shows the role of the microbial
community in their degradation. Moreover, Naproxen was shown to
be less persistent than Gemﬁbrozil (Figs. 1 and 5).
Data from literature on the environmental fate of these pharmaceuticals are quite scarce so far. Photolytic degradation is reported to be the
main possible abiotic degradation process for both the pharmaceuticals,
although it is not able to degrade them thoroughly [9,44]. However, we
can exclude this abiotic process in our experiments because we performed on purpose in the dark in order to highlight as clearly as possible
the real activity of the natural microbial community in the degradation
of the pharmaceuticals.
Naproxen was found to be not-readily biodegradable when
probability of biodegradation models Biowin1 and Biowin2 [45,46]
were used, while other authors [9], extrapolating monitoring data,
calculated a half-life of 1–5 days and a ﬁeld study reports a half-life in surface water ranging from 10 to 27 days. The biodegradation of Naproxen
was found in aerobic soil (half-life from 17 to 69 days) by some microbial
consortia, including two microfungi of the Cunninghamella and Aspergillus
genera, which were able to co-metabolize this anti-inﬂammatory drug
[47,48].
Gemﬁbrozil was reported to be not biodegradable [49], but the
fungus Cunninghamella elegans ATCC 9245, previously tested for its
ability to efﬁciently degrade another pharmaceutical [50], was able to
degrade it in a liquid culture by hydroxylation processes [51]. Finally,
a recent study reports Gemﬁbrozil to be a persistent compound with
half-lives ranging from 119 to 288 days in surface water [52].

Gemfibrozil 70 d

75

% positive cells vs DAPI

3.4.2. Phylogenetic analysis of bacterial community composition by FISH
The comparison of the natural bacterial community (Fig. 3) with
the same in the microcosms 70 days after the Gemﬁbrozil treatment
shows changes in the abundance and shifts in the dominance of some
groups in this case too (Fig. 7). At day 70, close to the halving, a signiﬁcant increase in the Gamma-Proteobacteria group was observed.
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Fig. 7. Bacterial community structure detected by Fluorescence In Situ Hybridization 70 days after the treatment with Gemﬁbrozil in the treated microcosms and in the control ones
(Control). Bacteria: Bacteria domain; Alpha: Alpha-Proteobacteria; Beta: Beta-Proteobacteria; Gamma: Gamma-Proteobacteria; Pla: Planctomycetes; CF: Cytophaga-Flaviobacterium
cluster phylum CFB.
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The decrease in the parent compounds does not necessarily imply
their mineralization and does not exclude the formation of transformation products with higher persistence and toxicity characteristics,
as found for Naproxen [53].
The live bacterial abundance trends in both experiments seem to
be in line with the degradation process. In fact 3 h after the treatments, a signiﬁcant decrease in the live bacterial abundance was observed (47% in the case of Naproxen and 36% in that of Gemﬁbrozil
compared to control microcosms) which can be ascribed to an initial
acute toxic effect from the pharmaceuticals on the overall bacterial community. In fact the concentrations used in the experiments were similar
to the EC50 (Effective Concentration) and NOEC (No-Observed Effect
Concentration) found in some ecotoxicological tests [1] and to the
concentration with direct effects on ammonia oxidizing bacteria (AOB)
from a wastewater treatment plant [22].
The pharmaceuticals acted as a selective force on the natural microbial community which presumably favored the increase of bacterial populations able to degrade them. In fact, close to the compound
DT50s (27 and 70 days for Naproxen and Gemﬁbrozil, respectively),
the live bacterial abundance is higher in the treated microcosms.
Moreover, comparing the initial analysis of the natural bacterial
community with that close to the compound DT50s, changes in the
abundance and a shift in dominance of some groups were observed.
In the case of Naproxen we found a dominance of Alpha- and GammaProteobacteria. The latter bacterial group was also the dominant one in
the case of Gemﬁbrozil. These results suggest the involvement of these
groups in the biodegradation of the two pharmaceuticals.
At the end of both experiments we observed a collapse in live bacterial abundances in all conditions (including controls), but it was particularly strong in the treated microcosms. This result could be due to a
possible toxic effect from the transformation products, as found for the
metabolites of several pesticides [54]. Of course this hypothesis needs
to be veriﬁed. Further experiments are in progress in order to better
investigate the degradation pathways, the metabolite formation and particular bacterial strains involved in their (metabolic and/or co-metabolic)
transformations.
5. Conclusions
The overall results show that the natural microbial community of
the River Tiber had a signiﬁcant role in Gemﬁbrozil and Naproxen
degradation, as shown by the degradation results in the sterile vs
microbiologically active water microcosms. The degradation capability
of the microbial community was presumably acquired by the chronic
exposure of the river ecosystem to Gemﬁbrozil and Naproxen owing
to their use among the human population. Gemﬁbrozil was more persistent than Naproxen (half-lives of 70 days and 27 days, respectively). The
fact that Naproxen was found in the River Tiber samples in a greater
concentration than Gemﬁbrozil is therefore due not to its persistence,
but to its pseudo-persistence linked to its spreading use among the
human population.
The phylogenetic analysis results show that the natural microbial
community structure was affected by the pharmaceuticals and the increase in Alpha- and Gamma-Proteobacteria in the case of Naproxen
and Gamma-Proteobacteria in the case of Gemﬁbrozil can be ascribed
to their involvement in the pharmaceutical degradation.
However, the homeostatic response shown by the degrading
bacterial populations does not exclude the possibility of detrimental
effects from the pharmaceuticals for speciﬁc populations involved in
key ecosystem activities.
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