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Abstract
This is one of the �rst studies carried out over three climatic seasons on the determination of ibuprofen
and diclofenac, in the main rivers of Colombia and striped cat�sh Pseudoplatystoma magdaleniatum.
Determination of water concentrations was carried out using SPE extraction, while for the analysis of the
muscular tissue the extraction was carried out by QuEChERS. For both matrices, quanti�cation was done
by UHPLC-MS/MS. No levels of ibuprofen or diclofenac concentrations were found in muscle tissue of
Pseudoplatystoma magdaleniatum, in any season or sampling site, during the two years of sampling. In
some sampling sites, concentrations of up to 75 µg/L of diclofenac were detected, corresponding to the
sampling carried out in the dry season, being the highest reported so far in surface waters, possibly
generated by large concentrations of population or agricultural activities. On the other hand, for
ibuprofen, no concentrations above the limit of quanti�cation (0.50 µg/L) were found in the waters of the
Cauca and Magdalena rivers, for any season and sampling site.

1. Introduction
Non-steroidal anti-in�ammatory drugs (NSAIDs) are one of the most important groups of pharmaceutical
products since they are the most highly-used in primary health care and therefore the most highly-
consumed worldwide. (Saravanan et al. 2012; Zhang et al. 2020). Ibuprofen (2-(4-Isobutylphenyl)
propanoic acid) and diclofenac (2-[2-(2,6-dichloroanilino) phenyl] acetic acid) are the most highly-used
NSAIDs worldwide; their global consumption can exceed 10,000 tons of ibuprofen/year and 14,000 tons
of diclofenac/year (Memmert et al. 2013; Zhang et al. 2020). Ibuprofen is a widely used medicine,
classi�ed as an essential medicine by the WHO in 2019 (WHO Technical Report Series 2019). In
Colombia, ibuprofen occupies second place in health records granted, 57% of sales being with a
prescription and the rest over-the-counter(Vianneth and Roa 2013); while diclofenac has the highest
number of health records granted, 89% of sales being with a prescription and the rest over-the-counter
(Vianneth and Roa 2013).

Due to the availability of these drugs in water bodies, they have been easily detected in rivers and streams
from ng/L to µg/L (Nallani et al. 2011; Wabaidur et al. 2015) and in wastewater treatment plant e�uents
in the order of µg/L (Afonso-Olivares et al. 2017), since their elimination is incomplete during wastewater
treatment processes (Saravanan et al. 2012; Zhang et al. 2020). Ibuprofen has been detected in rivers
(1.681-33.764 µg/L) (Petrie et al. 2014), in in�uents (<0.984-6.328 µg/L) and e�uents (<0.065-0.491
µg/L) from wastewater treatment plants (Kasprzyk-Hordern et al. 2009), as well as in �sh tissues (<LOQ–
93.5 ng/g) (Ali et al. 2018) and bile (nd-34 ng/mL) (Brozinski et al. 2013). This medicine can cause
alterations in reproduction and development (Vianneth and Roa 2013), oxidative stress, hematological
changes (0.1, 1.0, and 10 μg/L) (Mathias et al. 2018), and DNA damage in �sh (66.4 ng/L) (Rocco et al.
2010). Diclofenac, in 2015 was included in the European Union (EU) Emerging Pollutant Watch List in the
European Water Framework Directive (European Commission 2015), however, it was removed from the
Watch List in 2018 (European Commission 2018). The maximum concentrations of diclofenac found
were 7.1 µg/L in the e�uents of the WWTP, 4.7 µg/L in the e�uents and 203 µg/L in the wastewater of
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the pharmaceutical manufacturers, and in �sh muscle from 0.2 ng/g (Liu et al. 2015) to 1812 ng/g
(Ojemaye and Petrik 2019).

Ibuprofen and diclofenac interfere with the cyclooxygenase pathway, decreasing the catalysis of
prostaglandin biosynthesis from arachidonic acid. Prostaglandins are responsible for important
physiological functions, acting as "local" hormones in reproduction, water transport, and osmoregulation
processes (Chen et al. 2014; Gonzalez-Rey and Bebianno 2012; Han et al. 2010; Schmidt et al. 2011).
These drugs are designed to be biologically active, and once they enter the water can affect �sh
(Brozinski et al. 2013; Stancova et al. 2017). These effects include modi�cations to cellular reactions in
the liver, kidney, and gills (Paíga et al. 2015; Schmidt et al. 2011); and disruption of the endocrine system
through alteration to the activity of aromatase, in�uencing the balance of sex hormones; and cytological
and histological effects and changes in gene expression (Guiloski et al. 2015).

Speci�cally, ibuprofen, at concentrations of 4.17 μg/L, 1.39 μg/L, and 3.0 μg/L in Cyprinus carpio
produce disorders of embryonic development and teratogenic effects, such as delayed hatching,
hypopigmentation, pericardial edema, deformation of the bud, and development (Gutiérrez-Noya et al.
2020). In Rhamdia chelen at concentrations of 10 μg/L, in the posterior kidney, the activity of glutathione-
S-transferase, glutathione peroxidase, increases; in blood, the white blood cell count decreased in the
groups exposed to 0.1 and 1.0 μg/L, which indicates that ibuprofen causes nephrotoxicity and
demonstrated an immunosuppressive effect (Mathias et al. 2018). On the other hand, exposures of
diclofenac between 1 - 500 μg/L for 28 days in Oncorhynchus mykiss, showed degeneration of hyaline
droplets of tubular epithelial cells in the kidney and the appearance of interstitial nephritis; in gills,
necrosis of the pillar cells, which produced damage to the capillary wall within the secondary lamellae.
The lowest concentration with effects observed in both the kidney and the gills was 5 μg/L; Also, there
was an accumulation of diclofenac in the different organs analyzed, mainly in the liver, followed by the
kidney, gills, and muscle tissue (Schwaiger et al. 2004). Another study in Argyrosomus regiusa with
exposure to this same drug at 0.3 and 15 μg/L for 30 days, affecting the metabolism of �sh by increasing
the consumption of cellular energy in the muscle and, consequently, reducing the net energy budget of the
�sh (Duarte et al. 2020).

In the last 40 years, an 80% decrease in the number of striped cat�sh Pseudoplatystoma magdaleniatum
has been detected in the Magdalena and Cauca river basins of Colombia (De La Hoz-M et al. 2014a,
2014b; González et al. 2014). This decrease threatens the economy of the communities where cat�sh
live, where they are the main source of work, income, and food (Garcia et al. 2003). P. magdaleniatum
(Siluriformes, Pimelodidae) is endemic, and is the most commercially important species in the Colombian
�shery; however, it is a critically endangered species (Mojica et al. 2012). The causes of this decrease
include the degradation of its habitats, river impoundment, over�shing, deforestation, and organic and
inorganic pollution (Herrera-Cruz et al. 2019; Mojica et al. 2012, 2016). This �sh inhabits Colombia's main
rivers, which cross much of the country, collecting a large quantity and variety of domestic, industrial, and
agricultural pollutants (Kraak 2002; Romano Mozo 2012). Colombia’s processes for monitoring
pharmaceutical waste in rivers and e�uents from wastewater treatment plants are in the incipient stage,
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which leads to a lack of knowledge regarding the destination, transport, and toxicity levels of these
products in both water resources and �sh, resulting in serious and potentially irreversible effects (García
Gómez et al. 2011; Meador et al. 2016; Mottaleb et al. 2015; Naidu et al. 2016; Pal et al. 2014; Peña
Álvarez and Castillo Alanís 2015; Vandermeersch et al. 2015).

Considering the above, a study was carried out to determine the current status of the presence of
ibuprofen and diclofenac in the main rivers of Colombia, the Cauca, and the Magdalena. Five sites were
monitored in each of the rivers, following the modi�ed EPA Method 1694 (Environmental Protection
Agency (EPA) et al. 2007), in the different climatic seasons (rain, transition, dry). Also, the concentration
of these two pharmaceutical products in muscle tissue of striped cat�sh P. magdaleniatum in each of the
sampling sites was determined, following the QuEChERS methodology. For the quanti�cation, an
ultraperformance liquid chromatography-tandem mass spectrometer (UHPLC-MS/MS) was used. Eight
water and �sh samplings were carried out during the years 2018-2019.

2. Materials And Methods
2.1 Reagents, solvents, and materials

The ibuprofen and diclofenac standards were purchased in USP (Rockville, MD, United States).
Diclofenac-d4 and Ibuprofen 13C6 isotopically labeled standards were purchased from Toronto Research
Chemicals (Ontario, Canada), Table 1.

LC-MS grade acetonitrile, LC-MS grade methanol, and 37% hydrochloric acid were supplied by Merck
Millipore (Darmstadt, Germany). LC-MS glacial acetic acid was obtained from PanReac AppliChem
(Castellar del Vallés, Barcelona). Ultrapure water (Type I) (18.2 MΩ cm resistivity) was produced using a
Simplicity UV system (Millipore, Molsheim, France). Nitrogen of 99.999% purity was obtained from Linde,
(Bogotá, Colombia).

Standard solutions (at a concentration of 1000 mg/L) and isotopically marked standards were prepared
on a weight basis in LC-MS methanol (MeOH). All solutions were stored at -20 °C, with an expiration time
of three months. The mixture of standard working solutions containing all the compounds was prepared
in MeOH LC-MS. A mixture with the isotopically labeled standards was prepared to be used for internal
standard calibration.

Before the SPE all samples were �ltered through glass wool (Santa Clara, CA, United States). The
cartridges used for solid-phase extraction were OASIS HLB (60 mg, 3 ccs) from Waters (Milford,
Massachusetts, USA). A Visiprep™ SPE Vacuum Manifold system from SUPLECO (Darmstadt, Germany)
was used for the SPE. Visidry™ Drying Attachment system from SUPELCO (Darmstadt, Germany) was
used to dry the samples with nitrogen

The homogenization of the muscle was used Hobart Combi Cutter CC34 industrial processor (Offenburg,
Germany) and Ultra Turrax T25 (IKA, Germany); for the extraction Original QuEChERS were obtained from
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Agilent (Santa Clara, CA, United States) and Centrifuge 0320R (Boeco, Germany).

 2.2 UHPLC-MS/MS analysis

The chromatographic analysis of ibuprofen and diclofenac in the muscle tissue and water samples was
performed using Ultra-High-Performance Liquid Chromatography coupled with triple Quadrupole Mass
Spectrometry Acquity H-Class from Waters (Milford, Massachusets, USA). The operation of the
equipment and the quanti�cation of the data was performed with MassLynx 4.1 software. Simultaneous
determination of the two drugs was performed with a UHPLC KINETEX Core-Shell C18 column (1.7µm
C18 100Å, 50 x 2.1mm) from Phenomenex (Torrance, California, United States). To perform the
separation, reversed-phase gradient elution was used as shown in Table 2, with a total execution time of
7.0 min. The mobile phase consisted of 0.05% acetic acid (A) and acetonitrile: MeOH (50:50 v/v) (B), with
an injection �ow of 0.3mL/min and injection volume of 20 μL.

The column was maintained at a temperature of 40 ° C and the sample at 15 ° C. The capillary voltage of
Waters Xevo TQD was set at 3.5 kV for ESI-. The source temperature was set at 130 ° C and the
desolvation gas temperature at 350 ° C, with a �ow of 1000 L/h and a cone gas �ow of 100 L/h. To
obtain greater sensitivity of the two drugs, conditions such as precursor ion, retention times, cone voltage,
collision energy, and ion ratios were optimized, and are described in detail in Table 3.

 2.3 Method validation, quality control, and calibration

A validation study was carried out to demonstrate the applicability of the two analytical methods, water,
and �sh. The purpose of analytical measurements is to obtain reliable, accurate, and consistent data and
for this, the veri�cation of an analytical method for water analysis was performed, based on EPA 1694
Pharmaceuticals and Personal Care Products in Water, Soil, Sediment, and Biosolids by HPLC/MS/MS
(Environmental Protection Agency (EPA) et al. 2007), with some modi�cations through solid-phase
extraction (SPE) and quanti�cation ultra-high-performance liquid chromatography coupled with triple
quadrupole mass spectrometry (UHPLC-QqQ-MS/MS), with the source of electrospray ionization (ESI). It
was performed following the requirements of Eurachem (Eurachem / CITAC 2015; EURACHEM / CITAC
2012), Directive 96/23/EC (O�cial Journal of the European Communities 2002), and the AOAC O�cial
Methods of Analysis (AOAC O�cial Methods of Analysis 2016). In Table 4 for water and Table 5 for �sh,
the veri�cation parameters considered for this study are described: con�rmation of identity, selectivity,
linearity, the limit of detection (LoD), the limit of quanti�cation (LoQ), matrix effect, trueness, and
precision, and uncertainty.

For �sh samples, extraction was performed by QUEChERS, and quanti�cation was performed by UHPLC-
QqQ-MS/MS. The performance of the developed method was presented in terms of con�rmation of
identity, selectivity, linearity, the limit of detection (LOD), the limit of quanti�cation (LOQ), matrix effect,
trueness, and precision, according to the same requirements of water analysis, applied to �sh muscle
tissue samples. The parameters for con�rming identity and selectivity are equivalent to the water tests.
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Con�rmation of identity was performed by mass spectrometry to con�rm its identity based on its m/z
ratio. From the obtained spectra, it could be seen that the main component has m/z at 205.12 and
294.10, which corresponds to ibuprofen and diclofenac. Transitions 1 for quanti�cation (Q) and 2 for
con�rmation (q1 and q2) were automatically obtained in the infusion of the analyzed PPCPs (Table 3).
The selectivity was carried out by optimizing the conditions, such as the appropriate ratio of the organic
and aqueous phase, the ionization mode of the run time (ES -/+), the cone voltage, the capillary voltage,
the temperature of desolvation, source temperature and desolvation gas �ow, to achieve the best possible
separation of drugs. The times in which ibuprofen and diclofenac elute with a good peak were at 4.02
and 3.99 minutes, respectively. Good resolution (R> 5.057) and high selectivity (α> 1) (Budiman and Zuas
2017) were obtained.

Seven-point calibration curves were prepared through a dilution of the standard solution mixture, using
linear regression analysis with concentrations in the range of 0.5–10 µg/L, for water and 20-400 ng/g for
�sh. The quanti�cation of the analytes was performed using the external standard approach and internal
standard veri�cation. Type I water was used as a blank for the matrices in water, and for �sh, the curve
was made in the matrix.

The LOD and LOQ for the compounds were calculated as a signal-to-noise (S/N) ratio of 3: 1 and 10: 1,
respectively (Environmental Protection Agency (EPA) et al. 2007; Paíga et al. 2015; Petrović et al. 2014).
They were calculated using ten different samples of a blank and ten samples of a blank spiked with the
low level of each drug.

The matrix effect was evaluated through samples enriched with PPCPs at two concentration levels (low
and high): 0.5 µg/L and 7.0 µg/L, for waters and 120 ng/g and 280 ng/g for �sh. Precision was
measured to determine the variability of a series of independent test results obtained with the same
sample by testing on the same day and different days, under conditions of intermediate precision in
terms of repeatability (% RSD). For the analyzes, 7 samples were used per analyst that contained all the
two drugs at three concentration levels (low, medium, and high) 0.5, 5.0, and 10 µg/L, for waters and 20,
160, and 400 ng/g for �sh. on 3 different days (p = 3) (Kruve et al. 2015a, 2015b; Magnusson and
Örnemark 2014).

The uncertainty was associated with the result of a measurement that characterizes the dispersion of
values that can be attributed to the measurement process (Joint Committee for Guides in Metrology
2008). To obtain the expanded uncertainty of measurement (U), the combined standard uncertainties (u)
were multiplied by the coverage factor K = 2.

2.4 Sample collection

A duplicate collection of water samples and �sh (P. magdaleniatum) samples was carried out. Fish were
purchased in the marketplaces from each of the �ve water sampling sites of the Cauca (Ciénaga de
Ayapel, Nechí, La Apartada, Caucasia, and Guarumo) and Magdalena rivers (Barrancabermeja, Puerto
Berrío, Puerto Serviez, Puerto Triunfo, and La Dorada), Figure 1, during the years 2017-2019. It can be
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a�rmed that the �sh bought in the marketplaces correspond to the water sampling sites since the
�shermen catch them near each sampling area; Also, this species does not present constant migrations, it
only has 2 annual migrations associated with reproduction cycles (Mojica et al. 2012), however, the �sh
for this research were not caught in the migration season since there is a ban, which prohibits the sale,
marketing, storage and consumption of this �sh throughout the country (AUNAP and Minagricultura
2019).

Water and �sh monitoring were conducted over two years and in three different climatic seasons; rainy,
transition and dry. In Colombia, the climatic seasons are determined by the precipitation caused by the
annual movement of the intertropical convergence zone (ITCZ), which presents rainy periods in March-
May and September – November, and dry periods in June - August and December – February (Guzmán et
al. 2014; Vélez et al. 2006), with dry-rain transition periods in February-March and August-September, and
rain-dry transition in May-June and November-December.

In each sampling site, in situ measurements of water temperature, pH, dissolved oxygen, oxygen
saturation, and conductivity were taken using multiparametric equipment HACH HQ40d (Loveland,
Colorado, United States) that had been previously calibrated in the laboratory. The water samples were
collected in 500 mL amber glass bottles that had been previously mu�ed. Once the �sh muscle tissue
was purchased and the water samples were collected, they were transported in a cooler with ice to the
Pollution Diagnostics and Control Laboratory, University of Antioquia, Colombia. The water samples were
kept in the refrigerator (4-6 °C) and the muscle tissue samples were homogenized with an industrial
processor and immediately frozen (≤-20 °C) until analysis.

2.5 Sample preparation

2.5.1 Muscle tissue

For analysis, the samples were thawed and 5.0 g of the homogenized �sh was weighed in a 50mL
Falcon® tube, followed by 5 mL of acidi�ed water (pH = 2.0 HCl) so that the mixture was homogeneous.
The Ultra Turrax was used at the maximum level. After homogenization, 10 ml of acetonitrile, and Original
QuEChERS were added. The samples were vigorously mixed for 1 minute and subsequently centrifuged
at 5000 rpm (3864 g) for 5 minutes. The samples were frozen for one hour, after which 500 µL of the
supernatant was taken, and 500 µL of H2O: MeOH (90:10 v/v) was added for further analysis by UHPLC-
MS/MS.

2.5.2 Water

The water samples were taken from cooling (4 -6 °C) to room temperature (≈24°C) as the samples
possibly had suspended solids. 50 mL of sample was taken and diluted with ultrapure water until
reaching a volume of 200 mL (1: 4). The samples were �ltered with glass wool, adjusted to pH=2 with HCl
and the internal standards (Diclofenac-d4 and Ibuprofen 13C6) were added. The cartridges used for Solid-
Phase Extraction (SPE) were OASIS HLB (3 ccs, 60 mg) from Waters (Milford, Massachusets, USA), which
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were conditioned with 12 mL of MeOH and 3 mL of ultrapure water at Visiprep™ SPE Vacuum Manifold
system from SUPLECO (Darmstadt, Germany). Then, 3 mL of H2O at pH=2 was added, the samples were
passed at a �ow rate of 5-10 mL/min and rinsed with 10 mL of ultrapure water, and the cartridges were
allowed to dry under vacuum for 5 minutes. Analytes were eluted in glass tubes with 12 mL of MeOH.
Extracts were concentrated to approximately 1 mL under nitrogen stream with the Visidry™ Drying
Attachment system from SUPELCO (Darmstadt, Germany), reconstituted in 5 mL volumetric balloon with
H2O: MeOH (90:10 v/v) and analyzed immediately by UHPLC-MS/MS.

 2.6 Statistical analysis

Statistical analysis was performed using Statgraphics Centurion XVII. The evaluation of the normality of
the continuous variables was performed using the Shapiro-Wilk test. An analysis of variance (ANOVA)
was used to evaluate the existence of signi�cant differences between the sampling sites and the climatic
seasons. Afterward, the honestly signi�cant difference test (Tukey's HSD) was performed. For all
statistical analyzes, the signi�cance criterion was established at p <0.05.

3. Results
The results of the physicochemical variables taken in situ are presented in Figure 2. For all the
parameters measured in the �eld, there were no statistically signi�cant differences by season, although
differences were found in some of the sampling sites. The highest temperatures were recorded in
Barrancabermeja (28.76±0.35 °C), Nechí (28.51±0.66 °C), and Ciénaga Ayapel (31.02±1.33 °C). The pH
had statistically signi�cant differences (p <0.05), with a range between 6.91-7.69. Dissolved oxygen
showed statistical differences (p<0.05) at the Barrancabermeja (5.42 ± 0.34 mg/L), La Dorada (5.52±0.29
mg/L), Caucasia (6.56±0.49 mg/L), Nechí (6.92±0.21 mg/L), and Guarumo (7.13±0.03 mg/L) sites.
Finally, there was no statistically signi�cant difference (p<0.05) for conductivity, which remained in the
range of 68.9-239.109 µS/cm.

Generally, appropriate conditions for striped cat�sh farming are a pH range of 6.5 to 8.5 (Augusto and
Millán 2003; Tucker 1991); a minimum temperature of 23°C (Augusto and Millán 2003) and an optimum
range of 26 to 28°C [33]; and an OD from 3 mg/L to 12 mg/L at most (Augusto and Millán 2003; Imasd
2007).

The levels of ibuprofen and diclofenac in the waters of the Cauca and Magdalena rivers for each climatic
season are presented in Table 6. In general, for all sampling sites and all climatic seasons, ibuprofen was
always below the limit of quanti�cation (0.50 µg/L). Diclofenac was below the limit of quanti�cation in
most of the sites, however, in three sites of the Cauca River, levels from 12.20 µg/L to 75.04 µg/L were
presented in the dry season. Meanwhile, in the Magdalena River, three sampling sites had diclofenac
concentrations in a range of 0.68-7.35 µg/L in the transition period. After performing a single variance
analysis per sample site, on average for all samples the highest diclofenac concentration was found in
Nechí.
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Table 7 presents the results for ibuprofen and diclofenac analyzed in P. magdaleniatum at the different
sampling sites and by climatic season. For all sampling sites, in all climatic seasons, the concentrations
of ibuprofen in cat�sh were below the limit of detection (5.0 ng/g), as were the concentrations of
diclofenac (limit of detection 20.0 ng/g). Some samples were above the limit of detection, but could not
be quanti�ed with precision and accuracy.

4. Discussion
Although the presence and distribution of most pharmaceutical products in the world are well
documented, there is still a lack of information on the presence of pharmaceutical products such as
diclofenac and ibuprofen in Latin America. This information is important because most of the countries
in this region make direct discharges into rivers, lakes, and reservoirs, where water is not only in contact
with aquatic biota but is also used for human consumption (Botero-Coy et al. 2018). This is the case in
Colombia, which does not have enough wastewater treatment plants, and most of those that exist do not
have advanced processes for the elimination of certain types of compounds (Arias and Brown 2009;
Botero-Coy et al. 2018).

In this study, it was possible to verify that there is no presence of ibuprofen and diclofenac in any of the
muscle tissue samples of striped cat�sh P. magdaleniatum while, on the other hand, concentrations for
diclofenac were found in the water of both the Cauca and Magdalena rivers (0.68-75.04 µg/L). The
highest concentrations of this drug were found in the dry season, where there is possibly a higher
concentration of diclofenac due to the decrease of the water column in the rivers. (Andrade-Sossa et al.
2011; Huang et al. 2011; Sathishkumar et al. 2020). These same dry season patterns have been reported
in surface waters in the United States and South Korea (Huang et al. 2011). In some cases like this, the
concentrations of contaminants in the �sh muscle do not re�ect the concentrations present in the water
where they live. As evidenced in this study, for the dry season and certain sampling sites, detectable
concentrations of diclofenac were present, but concentrations of this drug were not detected in cat�sh
muscle during the two years of sampling; active diclofenac is a hydrophilic compound with a Log Kow =
1.90 (Scheytt et al. 2005), which makes it di�cult for it to accumulate in this type of tissue.

Recent studies conducted in Colombia on urban wastewater from the Bogotá and Medellín rivers showed
diclofenac levels of 0.40 µg/L for the Bogotá river and 0.24 µg/L for the Medellín river (Botero-Coy et al.
2018), concentrations were lower than those found in this study because the Bogotá and Medellín rivers
are tributaries of the Magdalena and Cauca rivers (Roldán Pérez and Ramírez Restrepo 2008; Suárez G
2002). Some pharmaceutical products are present and constant in the rivers of Colombia. As shown in
Table 8, countries such as Mexico, Nigeria, and South Africa present diclofenac concentrations between
1.4 μg/L and 57.16 μg/L, similar to those of the present study, although the concentrations in this study
are the highest reported so far. The higher concentrations of diclofenac in rivers may be a result of
discharges from urbanized areas or rural areas with intense agricultural activity. (Sathishkumar et al.
2020).
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As shown in Table 8, ibuprofen is present in waters in different parts of the world, with particularly striking
results from studies in China, Spain, South Africa, Romania, and the United Kingdom, which show
concentrations ranging from 2. 4 ng/L (Wang et al. 2010) to 3086 ng/L (Ebele et al. 2017). However, it is
not possible to express whether these values are high or low because no maximum levels of this type of
compound in the water have been de�ned so far since they have not yet been included in the list of
substances for Union-wide monitoring in the �eld of water policy according to Directive 2008/105/EC
(European Commission 2018). Moreover, the conditions that these drugs can have in water for human
consumption, as well as their interactions with the aquatic ecosystem, are not known (Botero-Coy et al.
2018).

Ibuprofen can be susceptible to direct photochemical degradation and different indirect pathways, such
as reactions with singlet oxygen, hydroxyl radicals, peroxide radicals, and photoexcited organic matter,
among others (Packer et al. 2003). Therefore, the present study is not able to quantify levels for
ibuprofen, because the previously mentioned photochemical processes are accentuated in places where
there is greater solar exposure, such as the rivers studied in this work, but this does not imply that this
drug is not present in the two rivers studied.

5. Conclusions
The results of this study show that some drugs such as diclofenac may be present in the test waters. The
Cauca and Magdalena rivers are the recipients of the waters of Colombia; therefore, the sampling sites
are points of high contamination, which receive the direct discharges of wastewater. For this study,
concentrations of diclofenac were detected for the transition season of 0.500-7.32 μg L, and in dry
season 0.500-75.042 μg/L in surface water, it is important to note that these diclofenac results are the
highest reported up to date. On the other hand, no ibuprofen concentrations were found in the water
samples analyzed for any site or weather season.

On the other hand, neither ibuprofen nor diclofenac concentrations were detected in the muscle tissue of
P. magdaleniatum. Likely, they were not found directly in the muscle, since this re�ects more chronic
exposures; for future research, it is intended to carry out analyzes in other parts of the body, liver, or
kidneys, which may indicate recent exposures to this type of contaminant. This study is one of the �rst to
analyze different points along the main rivers of Colombia, which gives an idea of the degree of
contamination of ibuprofen and diclofenac both in water and in this endemic �sh in the region.

For future studies, it is intended to carry out a higher concentration factor in the extraction of the samples,
to detect and quantify both drugs, as well as the analysis of the metabolites to give more information on
the exposure and the inclusion of other tissues for the analysis.
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Table 1. Feature of standards and isotopically labeled standards.

Group CAS
number

Molecule Corresponding internal
standard

CAS
number

Molecule

NSAIDs 15687-
27-1

 
C13H18O2
Ibuprofen

Ibuprofen-13C6 1216459-
54-9

 
C C H O

15307-
79-6

C14H10Cl2NNaO2
Diclofenac
Sodium

Diclofenc-d4 153466-
65-0

 C H D Cl NO

 
Table 2. The gradient in mobile phases A and B

Time (min) Flow A B
0.0 0.30 90 10
0.5 0.30 90 10
3.0 0.30 0 100
4.5 0.30 0 100
4.6 0.30 90 10
7.0 0.30 90 10

 
Table 3. UHPLC-MS/MS condition

Compound Transition Precursor
ion

(m/z)

Retention
time
(min)

Cone
voltage

(V)

Collision
energy

(ev)

Ionization
mode

Ion
ratios

Ibuprofen 1 (Q) 205.12 >
161.1

4.04 20 5 ESI- N. A

Diclofenac 1 (Q) 294.10 >
249.98

3.99 20 10 ESI- N. A

2 (q1) 295.81 >
252

3.99 20 10 ESI- 1.46
(Q/q1)

Q: quantification transition, q1 confirmation transitions.
N.A: not applicable.

 
Table 4. Validation parameters of the analytical method for water samples.
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Parameter Ibuprofen Diclofenac
Selectivity (n=20)
α ± SD, % RSD 1.013±0.003; 0.268
Resolution (n=20)
Rs ± SD, % RSD 5.057±0.078; 7.48
Linearity (n=18)
Instrumental range (R2) y = 2885562x-54437.3

(0.999)
y = 746.6882x-21.2936

(0.999)
Instrument and working
range µg/L

0.5-10 0.5-10

Calculated LOD (n=10) µg/L 0.164 0.162
Calculated LOQ (n=10) µg/L 0.492 0.486
Experimental LOQ
µg/L

0.5 0.5

Trueness and Precision Low
level

Medium
level

High
level

Low
level

Medium
level

High
level

Trueness (n=21)
Bias (%) 7.379 -9.488 -8.977 -0.500 -12.094 -13.771
Recovery (%) 102.125 90.513 91.023 99.500 87.906 86.229
Precision (n=21, p=3)
RSDr (%) 7.379 11.765 11.707 12.860 10.649 6.331
PRSDR (%) 49.680 35.171 31.698 49.680 35.171 31.689
HorRatr 0.1 0.3 0.4 0.3 0.3 0.2
Uncertain k=2 22.2 27.3

SD= Standard deviation.
RSD= Relative standard deviation.
α= Selectivity factor.
Rs= Resolution.
RSDr= Relative Standard Deviation of Reproducibility
PRSDR= Predicted Relative Standard Deviation of Reproducibility

 
Table 5. Validation parameters of the analytical method for fish tissue.
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Parameter Ibuprofen Diclofenac
Linearity (n=18)
Instrumental range (R2) y = 9.996008x-26.9201

(0.999)
y = 1.73502x-13.9505

(0.998)
Instrument and working
range ng/g

20-400 20-400

Calculated LOD (n=10) ng/g 5.420 5.856
Calculated LOQ (n=10) ng/g 16.261 17.569
Experimental LOQ
ng/g

20 20

Trueness and Precision Low
level

Medium
level

High
level

Low
level

Medium
level

High
level

Trueness (n=30)
Bias (%) -18.046 7.760 -14.766 -13.497 -15.457 -18.227
Recovery (%) 81.954 107.760 85.234 86.503 84.543 81.073
Precision (n=30, p=3)
RSDr (%) 16.213 5.407 7.265 17.441 11.208 19.085
PRSDR (%) 28.568 20.224 18.227 28.568 20.224 18.227
HorRatr 0.6 0.3 0.4 0.6 0.6 1.0

RSDr= Relative Standard Deviation of Reproducibility
PRSDR= Predicted Relative Standard Deviation of Reproducibility

 
Table 6. Concentrations of ibuprofen and diclofenac in water in the different seasons and
sampling sites of the Cauca and Magdalena rivers, in the two years of sampling (Mean ± SD).

iver Site Season
Dry Transition Rainy

Ibuprofen
(µg/L)

Diclofenac
(µg/L)

Ibuprofen
(µg/L)

Diclofenac
(µg/L)

Ibuprofen
(µg/L)

Diclofenac
(µg/L)

dalena Barrancabermeja < LOQ < LOQ < LOQ 0.68 ± 0.23 < LOQ < LOQ
La Dorada < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ

Puerto Berrío < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ
Puerto Serviez < LOQ < LOQ < LOQ 7.29 ± 0.07 < LOQ < LOQ
Puerto Triunfo < LOQ < LOQ < LOQ 0.94 ± 0.52 < LOQ < LOQ

auca Caucasia < LOQ 17.81 ±
0.17

< LOQ < LOQ < LOQ < LOQ

Ciénaga Ayapel < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ
Guarumo * * < LOQ < LOQ < LOQ < LOQ

La Apartada < LOQ 12.20 ±
16.55

< LOQ < LOQ < LOQ < LOQ

Nechí < LOQ 67.54 ±
10.61

< LOQ < LOQ < LOQ < LOQ

LOD = limit of detection (0.164 µg/L).
LOQ= limit of quantification (0.500 µg/L).
* The sample could not be taken.

 
Table 7. Concentrations of ibuprofen and diclofenac in catfish Pseudoplatystoma
magdaleniatum in the different seasons and sampling sites of the Cauca and Magdalena rivers,
in the two years of sampling (Mean ± SD).
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iver Site Season
Dry Transition Rainy

Ibuprofen
(µg/kg)

Diclofenac
(µg/kg)

Ibuprofen
(µg/kg)

Diclofenac
(µg/kg)

Ibuprofen
(µg/kg)

Diclofenac
(µg/kg)

dalena Barrancabermeja < LOD < LOD < LOD < LOD < LOD 7.80 ± 1.41
(< LOQ)

La Dorada < LOD < LOD < LOD < LOD < LOD < LOQ
Puerto Berrío < LOD < LOD < LOD < LOD < LOD 8.80 ± 5.09

(< LOQ)
Puerto Serviez < LOD < LOD < LOD < LOD < LOD 6.20 ± 0.85

(< LOQ)
Puerto Triunfo < LOD < LOD < LOD < LOD < LOD < LOQ

auca Caucasia < LOD < LOD < LOD < LOQ < LOD < LOD
Ciénaga Ayapel < LOD < LOD < LOD < LOQ < LOD < LOD

Guarumo * * < LOD < LOQ < LOD < LOD
La Apartada < LOD < LOD < LOD < LOQ < LOD < LOD

Nechí < LOD < LOD < LOD < LOQ < LOD < LOD

LOD = limit of detection (5.00 µg/kg).
LOQ= limit of quantification (20.00 µg/kg).
* The sample could not be taken.

 

Table 8. The concentration of ibuprofen and diclofenac in surface water and fish in different
regions of the world.
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Pharmaceutical
compound

Matrix Site Concentration Reference

         
Ibuprofen Water Pearl River, China 78 ng/L (median) (Huang et al.

2011)
Yellow River, China 2.4-416 ng/L (Wang et al. 2010)

Hai River, China ND-127 ng/L (Wang et al. 2010)
Liao River, China ND-246 ng/L (Wang et al. 2010)

River Segre, Spain 193 ng/L (max.
conc.)

(B. Huerta et al.
2015)

Blue Lagoon Beach,
South Africa

0.17 µg/L (Ngubane et al.
2019)

Umgeni River, South
Africa

0.28 µg/L (Ngubane et al.
2019)

Han River, South Korea 100 ng/L (mean) (Yoon et al. 2010)
Begej River, Romania <LOQ—346 ng/L (Petrović et al.

2014)
Lee River, United

Kingdom
3086 ng/L (Ebele et al. 2017)

Thames River, United
Kingdom

0.03-0.45 μg/L (White et al. 2019)

Fish Al-Arbaeen Lagoon,
Saudi Arabia

Gerres oyena
<LOQ–66.4 ng/g
Chanos chanos

<LOQ–93.5 ng/g

(Ali et al. 2018)

Lake Haapajärvi,
Finland

Abramis brama
nd-34 ng/mL

(bile)
 

Rutilus rutilus
nd-26 ng/mL

(bile)

(Brozinski et al.
2013)

Diclofenac Water Bogota River, Colombia 0.40 μg/L (mean) (Botero-Coy et al.
2018)

Medellin River,
Colombia

0.236 μg/L
(mean)

(Botero-Coy et al.
2018)

Jundiai River, Brazil 364 ng/L (Sathishkumar et
al. 2020)

Watershed in Sub-
Sahara, Cameroon

419 ng/L (Sathishkumar et
al. 2020)

Pearl River, China 119 ng/L
(median)

(Huang et al.
2011)

Yellow River, China ND-136 ng/L (Wang et al. 2010)
Hai River, China ND-46.5 ng/L (Wang et al. 2010)
Liao River, China ND-717 ng/L (Wang et al. 2010)

Costa Rica 266 ng/L (Sathishkumar et
al. 2020)

Doubs River, France 300 ng/L (Sathishkumar et
al. 2020)

Lake Tegel and Havel
River, Germany

435 ng/L (Sathishkumar et
al. 2020)

Apatlaco River Basin, 1.4 μg/L (Sathishkumar et
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Mexico al. 2020)
Irrigation canal,

Nigeria
57.16 μg/L (Sathishkumar et

al. 2020)
Begej River, Romania <LOQ—324 (Petrović et al.

2014)
Sava River, Slovenia,

and Croatia
4.62 ng/L (Sathishkumar et

al. 2020)
Msunduzi River, South

Africa
8.17 μg/L (Sathishkumar et

al. 2020)
Han River, South Korea 67 ng/L (mean) (Yoon et al. 2010)

Ebro River, Spain >100 ng/L (Sathishkumar et
al. 2020)

Höje River, Sweden 120 ng/L (Sathishkumar et
al. 2020)

Llobregat River, Spain 445.2 ng/L (Sathishkumar et
al. 2020)

Turia River Basin,
Spain

3.5 μg/L (Sathishkumar et
al. 2020)

Lee river, United
Kingdom

424 ng/L (Ebele et al. 2017)

Thames River, United
Kingdom

0.0059-0.38 µg/L (White et al. 2019)

Fish Kalk Bay harbour,
South Africa

Pterogymnus
laniarius

551.8±1.3ng/g
(muscle)

 
Pachymetopon

blochii
920.5±3.3 ng/g

(muscle)
716.2±7.0 ng/g

(intestine)
826.2±2.9 ng/g

(gills)
906.1±2.8 ng/g

(liver)
 

Thyrsites atun
1812±0.2 ng/g

(muscle)
1125±0.3 ng/g

(intestine)
1089±11 ng/g

(gills)
1125±0.3 ng/g

(liver)

(Ojemaye and
Petrik 2019)

Mar Menor lagoon,
Spain

Liza aurata
0.5±0.9 ng/g

(liver)
0.6±1.3 ng/g

(liver)

(Moreno-González
et al. 2016)

Nanjing, China Hemiculter (Liu et al. 2015)
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leucisculus
1.2 ng/g (muscle)
3.6 ng/g (brain)
1.5 ng/g (gills)
8.6 ng/g (liver)

 
Carassius auratus
0.2 ng/g (muscle)
1.6 ng/g (brain)
0.1 ng/g (gills)
4.6 ng/g (liver)

Guadalquivir, Spain ND–4.08 ng/g
(muscle)

(Pico et al. 2019)

Júcar, Spain ND–11.76 ng/g
(muscle)

Ebro, Spain ND–5.72 ng/g
(muscle)

Llobregat, Spain ND–15.35 ng/g
(muscle)

Al-Arbaeen Lagoon,
Saudi Arabia

Gerres oyena
25.1 ng/g
(muscle)

(Ali et al. 2018)

Rivers, United States White sucker
0.7 ng/g (muscle)

(Belinda Huerta et
al. 2018)

Delaware, United
States

11930 μg/L
(plasma)
4.7 ng/kg

(Predicted in fish)

(Bean et al. 2018)

Lake Haapajärvi,
Finland

Abramis brama
nd-95 ng/mL

(bile)
 

Rutilus rutilus
nd-148 ng/mL

(bile)

(Brozinski et al.
2013)

ND: not detected.

Figures
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Figure 1

Map of the Cauca and Magdalena rivers and the different sampling points.
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Figure 2

Physicochemical parameters measured in situ by climatic season and sampling site. Temperature (A), pH
(B), Dissolved oxygen (C) and Conductivity (D).


