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ABSTRACT: Despite the frequent detection of non-steroidal anti-inflammatory drugs (NSAIDs) worldwide in the
aquatic environment, there is currently a paucity of studies from Africa, including Nigeria, on the occurrence and potential
ecological risks of two commonly used NSAIDs diclofenac and ibuprofen in wastewater and effluent receiving water. In
this work, diclofenac and ibuprofen were determined in wastewater from three wastewater treatment plants (WWTPs) and
effluent receiving water in South-Western Nigeria. Instrumental analysis was performed by high-performance liquid
chromatography. Ecological risk was assessed for four trophic levels: fish, daphnia, algae and bacteria. The method quality
parameters were satisfactory for the accurate determination of target NSAIDs in wastewater and effluent receiving water.
Maximum concentrations of diclofenac and ibuprofen in wastewater were 166.1 pug L (UCH influent) and 62.0 pg L*
(ljaiye effluent), respectively. Ibuprofen posed high risk to fish in all effluent and effluent receiving water samples. Bacteria
were the most sensitive organisms to the presence of diclofenac while fish was the most sensitive to ibuprofen. To the best
of our knowledge, this is the first report on the occurrence and ecological risk assessment of diclofenac and ibuprofen
residues in wastewater from Nigerian municipal and hospital WWTPs. More efficient wastewater treatment processes and
technologies are recommended for the investigated WWTPs to reduce the discharge of target NSAIDs and other
pharmaceuticals into the Nigerian aquatic environment.
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Pharmaceuticals are a class of emerging contaminants
used extensively in human and veterinary medicine.
Non-steroidal anti-inflammatory drugs (NSAIDs)
diclofenac and ibuprofen are among the most common
pain relief medications in the world (Zhang et al.
2020). Diclofenac and ibuprofen are the most
commonly detected anti-inflammatory and analgesics
in the environment due to their large consumption in
daily life (Swiacka et al. 2021; Zhang et al. 2020; Sui
et al. 2015). Diclofenac was included in the watch list
of substances to be established alongside the list of
priority substances by the European Union (EU 2013;

Vieno and Sillanpdd 2014). Pharmaceutical
compounds are not removed completely by
conventional wastewater treatment technology
(Verlicchi et al. 2012). Therefore, wastewater

treatment plants (WWTPs) can contribute to the
spread of diclofenac and ibuprofen residues in the
environment through effluent discharges. Diclofenac
and ibuprofen can also find their way into the
environment through the disposal of unused or expired
medicines (Thallaand Vannarath 2020). Consequently,
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due to their large consumption and incomplete
removal in WWTPs, these NSAIDs have been
detected worldwide in wastewater, surface water and
groundwater (Sui et al. 2015; Luo et al. 2014).
NSAIDs have been observed to present toxic effects
on different group of aquatic organisms even at low,
environmentally-relevant concentrations (Swiacka et
al. 2021). A study suggested that ibuprofen is embryo-
toxic to zebrafish embryos at a dose level of > 10 pg/L
causing retarded development, decrease hatching rate
and cardiac anomalies (David and Pancharatna 2009).
A short term exposure of diclofenac and ibuprofen and
their mixture to fish were also observed to induce
various cytotoxic and genotoxic effects in Cyprinus
caprio (Islas-Flores et al. 2017; Swiacka et al. 2021).
Moreover, the target NSAIDs were also recently found
to impair the cardiovascular development of zebrafish
(Danio rerio) at low environmentally relevant
concentrations (Zhang et al. 2020). It is therefore
important to assess the potential environmental risks
posed by these NSAIDs to the aquatic organisms
through the discharge of effluents from WWTPs into
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the aquatic environment. Ibuprofen is an over-the-
counter drug in Nigeria and both NSAIDs are
commonly prescribed. Consequently, there is high
level of human consumption of these drugs and their
occurrence is anticipated in wastewater from WWTPs
and effluent receiving water (Ajibola et al. 2021).
Moreover, studies on the analysis, occurrence and
ecological risk assessment of diclofenac and ibuprofen
are still limited in Africa. To our knowledge, there is
no published study till date on the occurrence and
ecological risk of diclofenac and ibuprofen in
wastewater from Nigerian municipal and hospital
WWTPs. These NSAIDs were quantified only in
Nigerian surface water impacted by wastewater
(Olarinmoye et al. 2016). Therefore, it is imperative to
investigate the analysis and occurrence of diclofenac
and ibuprofen residues in wastewater from Nigerian
WWTPs and effluent receiving water, with a view to
assessing the potential ecological risks associated with
the discharge of wastewater into the Nigerian aquatic
environment. This present study was, therefore, aimed
at investigating the analysis, occurrence and potential
ecological risks of diclofenac and ibuprofen in
wastewater from three WWTPs and effluent receiving
water in South-Western Nigeria. First report is
provided on the occurrence and potential ecological
risks of diclofenac and ibuprofen residues in
wastewater from municipal and hospital WWTPs, and
effluent receiving water in South-Western Nigeria.

MATERIALS AND METHODS

Chemicals and reagents: Diclofenac and ibuprofen
analytical standards were purchased from Sigma
Aldrich  (Steinheim, Germany). HPLC grade
acetonitrile was obtained from Merck (Darmstadt,
Germany). Ultrapure water was provided by a Milli-Q
water purification system (Merck, Germany).
Chloroform was obtained from Chemicals BDH Ltd.
(Poole, England). Formic acid of analytical grade was
used. MF-Millipore membrane filters (mixed cellulose
esters) of 0.45 um pore size were obtained from Merck
(Darmstadt, Germany). Stock standard solutions (100
ug mL 1) of diclofenac and ibuprofen were prepared in
acetonitrile. Standard working solutions for sample
spiking were prepared from the stock solutions.

Sample collection and pretreatment: Wastewater
samples (influent and effluent) were collected from
three wastewater treatment plants (WWTPs) in Lagos
and Ibadan, South-Western Nigeria: Alausa WWTP in
Lagos, ljaiye WWTP in Lagos and University College
Hospital (UCH) WWTP in Ibadan. Alausa WWTP is
an urban municipal wastewater treatment plant. ljaiye
and UCH WWTPs are hospital wastewater treatment
plants. UCH and Alausa WWTPs employ the activated
sludge process of treatment while ljaiye WWTP uses

a membrane bioreactor with anaerobic digestion as
treatment  processes. The characteristics and
operational parameters of the investigated wastewater
treatment plants have been presented in previous
studies (Ajibola et al. 2020a; Ajibola et al. 2021).
Maps of the locations of the investigated WWTPs are
shown in Fig 1. Effluent receiving water samples were
collected from Dandaru river (the receiving water
body of UCH effluents), which flows through the
Agodi gardens. Water samples were also collected
from drainage at ljaiye WWTP through which
effluents are discharged into the environment.
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Fig. 1: Maps of locations of the investigated wastewater treatment
plants

Pre-cleaned amber glass bottles were used for samples
collection. Wastewater samples and effluent receiving
water samples were collected from the three WWTPs
in July 2017. The samples were transported
immediately into the laboratory in an insulated box
(cooler) with ice. The samples were stored in the
freezer at 4 °C before extraction. All wastewater and
effluent receiving water samples were extracted within
48 hours.Wastewater samples were filtered through
0.45 pum membrane filters prior to extraction.

Extraction of wastewater samples: Extraction of
wastewater was carried out using liquid-liquid
extraction, adopting the method of Ashfaq et al. 2017a
with slight modifications. Briefly, 50 mL of
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wastewater sample was extracted using 20 mL
chloroform in three different successive extractions
(60 mL total volume) in a separatory funnel. The
mixture of wastewater sample and chloroform was
shaken for ten minutes and then allowed to stand for
separation of the organic and aqueous layers. The
organic layer was collected and gently evaporated to
dryness at 38 °C. The residue was reconstituted in 2 mL
of a mixture of acetonitrile and acidified water (pH of
3.0), 85:15 (v/v) and transferred into a 2 mL vial for
chromatographic analysis.

HPLC Analysis: Separation and detection of target
compounds were performed using an Agilent Series
1100 HPLC system equipped with UV and
fluorescence detectors. The HPLC system was
equipped with an Agilent degasser, a pump and an
auto-sampler. Separation and detection of compounds
were carried out according to Ajibola et al. 2021.
Briefly, separation of the analytes was achieved with
a Zorbax Eclipse XDB-C18 column (4.6 mm x 150
mm, 5 um) at ambient temperature. Mobile phase
consisted of acetonitrile and ultrapure water (acidified
to pH 3.0 with formic acid), 60:40 (v/v). Isocratic
elution was carried out at a flow rate of 0.8 mL min™,
Three minutes of re-equilibration was programmed
between successive injections and the injection
volume was 20 pL. The wavelength of 230 nm was
used for UV detection. The excitation wavelength and
emission wavelength for fluorescence detection (FLD)
were 230 nm and 302 nm, respectively. Only
ibuprofen could be detected with the applied FLD

FLO1 A, Be= 230, Em=302 (D62017UBLPROF+ DICHLOFEN (10ppm)2017-
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excitation and emission wavelengths. Every
chromatographic run was carried out with both UV
and Fluorescence detectors simultaneously. UV
detection was selected for quantitation of both
diclofenac and ibuprofen as it allowed the detection of
both compounds. However, fluorescence detection
was used for confirmation of the presence and
identification of ibuprofen by matching its retention
times in the chromatograms of both UV detection and
fluorescence detection. The analytes were identified
in the chromatograms by comparing the retention time
of the peaks in the sample solution to the
corresponding peaks in the standard solutions.
Quantification of target compounds was carried out
using the matrix-matched calibration curves
constructed by spiking matrix extracts after the
extraction. The chromatograms of diclofenac and
ibuprofen for standard solution (10 pg mL?) are
shown in Fig. 2.

Quality assurance and method quality parameters:
Analyses of procedural blanks were carried out to
ensure that the reagents used were free of the analytes
of interest. In order to ascertain if the HPLC mobile
phase was free of diclofenac and ibuprofen residues,
20 L of the mobile phase (acetonitrile/acidified water)
was injected into the HPLC instrument. The
procedural blanks and mobile phase contained no
ibuprofen and diclofenac residues since no peak was
observed for the two compounds at their respective
retention times.
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Fig. 2: Chromatograms of diclofenac and ibuprofen standard solution (1

0 pug mLY); (a) Fluorescence detection (FLD), (b) Ultraviolet (UV)

detection
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Between successive injections of samples into the
HPLC instrument, solvent blank (consisting of only
mobile phase) injections were carried out to avoid
carry over from a previous injection. Linearity was
assessed by generating matrix-matched calibration
curves at concentration range of 0.1 ug mL™* - 5.0 ug
mL-. Matrix matched calibration curve was generated
by spiking wastewater samples after extraction. The
generated calibration curves were used for the
quantification of ibuprofen and diclofenac. Recoveries
were determined by spiking wastewater samples
before extraction at 0.5 pug mL* (corresponding
concentration in final extract). Response obtained for
spiked sample was compared with that of standard
solution of compound in pure solvent. Precision of the
method for wastewater analysis was assessed by
performing intra-day analysis. Wastewater extracts
were spiked at 0.5 pg mL?! and five replicate
determinations were carried out. The intra-day
precision (repeatability) was expressed as relative
standard deviation (RSD, %). Limit of detection (LOD)
and limit of quantification (LOQ) for wastewater
analysis were determined by spiking wastewater
extract at 0.5 ug mL. Five replicate determinations
were carried out. The method LOD was calculated by
multiplying the standard deviation of responses of the
replicate determinations by a factor of 3.3 divided by
the slope of the calibration curve. LOQ was also
calculated by multiplying the standard deviation of the

responses of replicate determinations with a factor 10
divided by the slope of the calibration curve.

Ecological risk assessment: Risk assessment of
ibuprofen and diclofenac residues in effluent and
effluent receiving water was evaluated by calculating
risk quotient (RQ) value as the ratio of measured
environmental concentrations (MEC) to the predicted
no effect concentrations (PNEC) of the target
pharmaceuticals (European Commission 2003).
Maximum concentration was used as MEC for
calculating RQ value to assess the worst case scenario.
In cases where all the measured concentrations were
below the LOQ, LOQ value of each pharmaceutical
was used as MEC for the RQ calculation. PNEC for
wastewater and effluent receiving water (PNECwater)
was calculated by dividing ECso by an assessment
factor of 1000 (Martin et al. 2012). Toxicity data (ECso)
was obtained from literature for four different trophic
levels: fish, daphnia, algae and bacteria (Verlicchi et
al. 2012; Sanderson et al. 2003; Ra et al. 2008). The
toxicity data of the target NDAIDs and literature
sources are shown in Table 1. The risk ratio categories
according to Wee et al. 2019 were adopted: negligible
risk (RQ < 0.01), low risk (0.01 < RQ < 0.1), medium
risk (0.1 < RQ < 1), and high risk (RQ > 1).

Table 1 Toxicity data of diclofenac and ibuprofen

Compound Diclofenac Ibuprofen
Organism Fish Daphnia Algae Bacteria Fish Daphnia Algae Bacteria
Test ECso EC50 EC50 EC5Q EC5O ECso EC5O EC50
(end point) ECOSAR ECOSAR ECOSAR (15 min ECOSAR ECOSAR ECOSAR (15 min
inhibition) inhibition)
Toxicity 532 5057 2911 9.7 5 38 26 375
(mg L)
PNEC 532 5057 2911 9.7 5 38 26 375
(mg LY
References Verlicchi et al. 2012, Raetal. 2008,  Verlicchi etal. 2012, Raetal.
Sanderson et al. 2003 Verlicchietal.  Sanderson et al. 2003 2008, Verlicchi
2012 etal. 2012
Table 2: Method performance parameters
Compound  Recovery (%)  Intra-day ESD  LOD Lo r
(05 pzml." (), zl®  (uzl™
fortification) n=3
Diclofenzs. 1034 31 J K 449 09553
Thuprofen 43430 143 7.5 1238 0.99%0

RESULTS AND DISCUSSION

Analytical performance parameters: The method
performance parameters in wastewater are presented
in Table 2. The correlation coefficients of matrix-
matched calibration curves for diclofenac and
ibuprofen were 0.9993 and 0.9990, respectively. The
method LOD and LOQ for diclofenac were 1.6 pug L
and 4.9 ug L%, respectively while the method LOD and

LOQ of ibuprofen were 7.5 and 22.8 pg L%,
respectively. Similar LOQ values were reported for
diclofenac and ibuprofen in previously reported
studies (Ashfaq et al. 20173, b; Aguilar-Arteaga et al.
2010). It should be emphasized that we used
ultraviolet (UV) detector instead of the more sensitive
but expensive mass spectrometric detector which are
not readily available in most laboratories of
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developing countries. The recovery of diclofenac was
103% while that of ibuprofen was 45%. Due to the
achieved relatively lower recovery of ibuprofen than
that of diclofenac, matrix-matched calibration was
applied for the quantification of both NSAIDs.
Satisfactory intra-day precision (% RSD) values of 3.2%
and 14.3% were obtained for diclofenac and ibuprofen
respectively.

Occurrence of diclofenac and ibuprofen in wastewater
and effluent receiving water: Wastewater (influent and
effluent) and effluent receiving water collected from
three Nigerian WWTPs were analyzed for the
presence of target compounds. The results of the
concentration profiles in wastewater (influent and
effluent) and effluent receiving water are presented in
Table 3. Diclofenac and ibuprofen were detected in all
the wastewater (influent and effluent) and effluent
receiving water samples, though at levels below the
limits of quantification in few samples. The highest
concentration of diclofenac was quantified in the
influent from UCH WWTP (166 g L1). However, the
highest concentration of ibuprofen in influent (45 pg
LY was detected in Alausa WWTP which is a
municipal WWTP. Ibuprofen was measured in UCH
influent and ljaiye influent at 32 pg L™ and 36 pg L,
respectively. This indicates that during the period of
sampling the consumption rate of ibuprofen by the
Alausa residents was higher than the dispensing rate
by UCH or ljaiye hospital. Concentration of ibuprofen
in effluent ranged from <LOQ (for UCH WWTP) to
62 ug L (for ljaiye WWTP) whereas diclofenac in
effluent ranged from <LOQ (for Alausa WWTP) to
37 ug L1t (for UCH WWTP). The concentration of
ibuprofen was higher in effluent than in influent at
ljaiye WWTP. A plausible explanation could be the
formation of ibuprofen conjugated metabolites during
wastewater treatment and capability of the ibuprofen
conjugated metabolites to transform back to ibuprofen
(Nurmi et al. 2019). This deconjugation of ibuprofen
metabolites could contribute to an increase in
ibuprofen concentration in effluent. Concentration of
diclofenac in influent from UCH WWTP, ljaiye
WWTP and Alausa WWTP were 166 pg L™, 39 ug L
Yand 48 pg L1, respectively. Higher concentration of
diclofenac in UCH influent than ljaiye influent implies
that diclofenac was prescribed and dispensed to
patients at higher rate in UCH than in ljaiye hospital.
This was not unexpected as UCH is a tertiary health
facility which admits and treats higher number of
patients than ljaiye hospital which is a secondary
health facility. Measured concentrations of diclofenac
(41 pg L) and ibuprofen (60 pg L) in Dandaru river
(UCH effluent receiving water) were higher than the
corresponding concentrations in UCH effluent (37 pg
L for diclofenac and <LOQ for ibuprofen). Dandaru
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River flows through the Agodi gardens which is a
recreational environment for tourists (Ajibola et al.
2020b). Therefore, the higher concentrations of both
compounds in Dandaru River than in UCH effluent
could be attributed to contributions from other
emission sources such as disposal of unused and
expired drugs into the river. Concentration of up to 62
Mg Lt was also measured in South Africa by Matongo
et al. 2015 for ibuprofen in river water. ljaiye drainage
w ater (ljaiye effluent receiving water) had lower
concentrations of both diclofenac (<LOQ) and
ibuprofen (44 pg L) than in ljaiye effluent. This
suggests that effluent dilution probably occurred as
effluent was discharged from the WWTP. In this study,
the concentration levels of diclofenac and ibuprofen in
wastewater were higher than detected amounts in
Europe and North America (Verlicchi et al. 2012;
Samaras et al. 2010; Patrolecco et al. 2013; Martin et
al. 2012). However, the occurrence in Europe and
North America at lower concentrations than in this
study cannot be generalized because some studies
(Lonappan et al. 2016; Guerra et al. 2014; Huber et al.
2016) in Europe and North America reported much
higher concentrations comparable to the levels
detected in this study. The higher levels of these
compounds in influent samples indicate high level
consumption and administration of these drugs at both
UCH and Ifako-ijaiye hospital. In comparison with
this study, similar concentration levels of diclofenac
and ibuprofen were reported in influent and effluent of
WWTPs in South Africa, Kenya and Tunisia
(Madikizela et al. 2017; Amdany et al. 2014; K'oreje
et al. 2012; Khazri et al. 2019), suggesting possible
similar consumption patterns in Africa. However,
relatively higher concentrations of diclofenac and
ibuprofen were quantified in wastewater in the Indian
subcontinent, up to 2109.8 pg L of ibuprofen in
influent (Thalla and Vannarath 2020; Ashfaq et al.
20174, b; Hanif et al. 2020).

Ecological risk assessment: The risk quotient (RQ)
values of diclofenac and ibuprofen in wastewater
effluent and effluent receiving water are presented in
Fig. 3. Diclofenac posed low risks to algae and fish in
UCH effluent and Dandaru river (UCH effluent
receiving water) while negligible risk was posed to
algae in ljaiye effluent, ljaiye drainage water and
Alausa effluent. Also, diclofenac posed low risk to fish
in ljaiye effluent whereas negligible risk was
presented to fish in ljaiye drainage water and Alausa
effluent. Thalla and Vannarath (2020) recently
obtained RQ values of below 0.1 in treated wastewater
(effluent) for diclofenac and ibuprofen, which showed
low risk to fish and algae. Diclofenac in all effluent
and effluent receiving water samples posed negligible
risk to daphnia.
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Table 3: Concentrations of diclofenac and ibuprofen residues in wastewater from three Nigerian WWTPs and effluent receiving water

UCH WWTP ljaiye WWTP Alausa WWTP
Wastewater ~ Wastewater ~ Dandaru ~ Wastewater ~ Wastewater  ljaiye Wastewater ~ Wastewater
Compound Influent Effluent river Influent Effluent drainage water  Influent Effluent
Diclofenac 16615 37+2 4142 39+1 21+1 <LOQ 48+2 <LOQ
Ibuprofen 3245 <LOQ 60+9 3645 6249 4446 4546 3245
10 -
g -
B -
g ;.
4 7
s 5 - # UCH Effluent
T 4 = Dandaru river
i 5 | Pélj:ail_.re Eﬂl}]ent
o + ljaiye drainage water
27 m Alausa effluent
1
o o AN — L o o— 3 B 4
Fish Daphnia  Algae Bacteria | Fish Algae  Bacteria |
Diclofenac |buprafen

Fig. 3: Risk quotient values of diclofenac and ibuprofen in wastewater effluent and effluent receiving water

In a recent study by Hanif et al. (2020) RQ values of
diclofenac for Daphnia magna in wastewater and
surface water were very low (less than 0.01),
indicating negligible risks to this aquatic species
which is in agreement with this present study.
Diclofenac presented high risk to bacteria in UCH
effluent, Dandaru river and ljaiye effluent while
medium risk was presented to bacteria by ljaiye
drainage water and Alausa effluent. Moreover,
ibuprofen in all effluent and effluent receiving water
samples posed high risk to fish and algae, except for
UCH effluent which presented medium risk to algae.
Although ibuprofen in UCH effluent and Alausa
effluent posed medium risks to daphnia and bacteria,
its presence in Dandaru river, ljaiye effluent and ljaiye
drainage water posed high risk to daphnia and bacteria.
In a French national water survey on the ecological
risk assessment of the presence of pharmaceutical
residues, ibuprofen was identified as posing real
environmental risk to O. latipes based on its MEC (RQ
= 1.9) (Bouissou-Schurtz et al. 2014). Ibuprofen was
also found to pose high risk in secondary biological
effluent in a study by Verlicchi et al. 2012. Ashfaq and
coworkers also assessed ibuprofen against fish, green
algae and O. latipes and found RQ values to be as high
as 1013, 253 and 167,300 respectively against the
investigated species (Ashfaq et al. 2017b). These high
RQ values in their study indicated that ibuprofen could
pose high level of risk to the assessed organisms.
Overall, in this present study bacteria were the most

sensitive organisms to the presence of diclofenac
while fish was the most sensitive to the presence of
ibuprofen.

Conclusions: Diclofenac and ibuprofen residues were
determined in wastewater and effluent receiving water
from three WWTPs in South-Western Nigeria.
Potential ecological risks of target compounds were
assessed. Diclofenac was quantified up to 166 g L™
while the highest measured concentration of ibuprofen
was 62 g L. lbuprofen posed high risk to fish in all
effluent and effluent receiving water. The high RQ
values of ibuprofen indicate serious threats to the
aquatic ecosystem, especially fish. More efficient
wastewater treatment processes and technologies are,
therefore, recommended for the investigated WWTPs
to reduce the discharge of the target NSAIDs and other
pharmaceuticals into  the Nigerian aquatic
environment.
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