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Ibuprofen (IBU) is considered an emergent pollutant owing to its presence in different
environmental matrixes (especially in wastewater), high stability, low degradation rate, and
widespread use. The purpose of the present investigation was to examine the occurrence
of IBU in both the effluent and influent of wastewater treatment plants (WWTPs) and to
assess the capacity of these facilities to reduce its concentration. Samples were collected
monthly from January to December 2024 from five plants within Babylon Governorate,
Iraq: Al-Sadiq Hospital, Marjan Hospital, Al-Hilla Hospital, Childbirth and Children's
Hospital, and Mamira plant. The concentration of IBU was conducted utilizing high-
performance liquid chromatography (HPLC). The concentration of ibuprofen in the
influent wastewater of the plants was 144, 12.57, 10.45, 20.34 and 1096 o/ | respectively,
while revealing effluent concentrations of 132.6, 7.52, 8.05, 11.15 and 945 g/ | for Al-
Sadiq Hospital plant, Marjan Hospital plant, Al-Hilla Hospital plant, Childbirth and
Children's Hospital plant, and the Al-Mamira plant respectively. The maximum effluent
concentration of IBU was observed at the Mamira plant, exhibiting a removal efficiency
of 13.78%, whereas the minimum effluent concentration was recorded at the Childbirth
and Children's Hospital plant, which had a removal efficiency of 45.18%. The P-value of
1.025E-06 (less than 0.05) revealed that the influent concentration of ibuprofen exerted a

statistically significant impact on the effluent concentration of ibuprofen.

1. INTRODUCTION

The rise in the usage of non-steroidal anti-inflammatory
drugs (NSAIDs) has significantly influenced their prevalence
in both freshwater sources and wastewater systems. Among
these drugs, ibuprofen (IBU) 2-(4-2-Methylpropyl propionic
acid) stands out as one of the most common drugs in human
and veterinary medication and is listed in the WHO's
"Essential Drug List" [1-3]. Its applications encompass the
treatment of conditions such as fever, headaches, toothaches,
muscle soreness, osteoarthritis, gout, pericarditis, and cancer
[4, 5]. The environmental presence of IBU primarily stems
from its extensive consumption, inherent molecular stability,
inefficient breakdown within the human system, and improper
disposal practices involving unused or expired IBU [6, 7].

IBU is more commonly observed as an active compound in
the effluent and influent of wastewater treatment facilities.
Concentrations of IBU in final effluents and surface water
typically fluctuate from 0.018 to 4.24 pg L' and 0.042 to 1.26
ug L, correspondingly [8, 9]. Despite being considered
highly biodegradable with removal rates exceeding 90%,
metabolites of IBU persist in the effluents of biological
wastewater treatment plants (WWTPs) [2]. Humans excrete
large amounts of IBU and its metabolites, which are gathered
in WWTPs. IBU is not entirely eliminated despite the use of
various treatments; because of the high hydrophobicity of the
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IBU molecule, some of it remains in the effluent treated waters
and some of it is adsorbed to sewage sludge. IBU can be used
by aquatic or plant life, while WWTP effluents are released
into surface waters or applied to land. In addition, IBU and
other organic contaminants can infiltrate soils through direct
sewage sludge discharge as fertilizers, which can also seep
into groundwater as a result of soil irrigation [10].

The substantial lipophilicity of IBU, characterized by a high
log Kow value of 3.49, is attributed to the structural 2-
methylpropyl group and the absence of additional oxygen
moieties. This molecular feature enables IBU to efficiently
traverse biological membranes, leading to its wide distribution
across living organisms, with a distribution coefficient of 0.18
liters per kilogram [11]. Consequently, IBU demonstrates a
propensity for bioaccumulation in marine [12] and freshwater
organisms, including mollusks [13], fish [14], mammals [15],
and plants [16], further exhibiting biomagnification within
food chains [17]. The accumulation of IBU in vertebrates and
invertebrates can lead to adverse influences, including DNA
damage, oxidative stress, inhibition of specific enzyme
functions (such as protein nitration), mitochondrial
dysfunction, and lipid peroxidation [18-20]. Recent
investigations have revealed IBU's role in promoting the
dissemination of antibiotic resistance by facilitating the
acquisition of exogenous antibiotic resistance genes. This
phenomenon is linked to IBU-induced bacterial competence,
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oxidative stress, increased production of reactive oxygen
species, and enhanced cellular membrane permeability [19,
21].

Rastogi et al. [22] conducted an assessment of the Hazard
Quotient (HQ) for diverse aquatic organisms exposed to
effluents from WWTPs and riverine water, revealing that IBU
exhibited toxicological effects on Vibrio fischeri, Daphnia
magna, and various algal species. Furthermore, Richards et al.
[23] elucidated a considerable ecotoxicological hazard linked
to the presence of IBU in urban wastewater, impacting both
algal and fish communities; additionally, Richmond et al. [24]
identified toxicological impacts stemming from wastewater
emanating from treatment facilities situated in proximity to
Hospitals on fish populations, while Xie et al. [13] confirmed
the presence of IBU within the tissues of freshwater
invertebrates. The bioaccumulation of IBU and its derivatives
within vegetative tissues has also been documented, indicating
a possibility for transference to various organisms, humans
included, despite the observation that their concentrations did
not elicit phytotoxic effects [10]. Certainly, humans will be
absolutely exposed through the consumption of contaminated
aquatic organisms or already-irrigated plants [25]. The
excessive consumption of IBU by humans can lead to life-
threatening effects, such as mild heart failure, liver failure,
kidney problems, renal toxicity, metabolic acidosis, hepatic
injury, and severe hypersensitivity reactions, among other
health disorders [26-28].

The issue of pharmaceutical pollution, particularly that of
IBU, is complex due to the limited availability of effective
strategies for capturing, extracting, or removing these
compounds in a controlled and efficient manner [29, 30]. The
present research sought to quantify the concentration of IBU
in the effluent and influent discharged by WWTPs in Babylon
Governorate, Iraq. Additionally, the capacity of these WWTPs
to remove IBU and achieve minimal effluent concentrations
that safeguard human health and the environment was
evaluated. Nonetheless, this study offers valuable insights into
IBU levels in wastewater, enhancing our understanding of its
environmental behavior and hazardous impact on human
health and other living beings. The results can be utilized to
develop more effective wastewater treatment strategies by
incorporating advanced treatment stages.

2. MATERIALS AND METHODES
2.1 Chemicals and reagents

An analytical standard of IBU was acquired from the State
Company for Drugs Industry and Medical Appliances (SDI
Samara, Iraq) for calibration purposes. HPLC-grade
acetonitrile was purchased from Merck in Darmstadt,
Germany. Chloroform was supplied by Chemicals BDH Ltd.,
Poole, England. Analytical-grade formic acid was employed.
MF Millipore membrane filters, composed of mixed cellulose
esters with a pore size of 0.45 pm, were acquired from Merck,
Darmstadt, Germany. Sudan I and Sudan II analytical
standards were purchased from Loba Chemie, India.
Phosphotungstic acid was obtained from Fisher Scientific.
Lead acetate paper was procured from Tedia Co., Fairfield,
OH. Stock standard solutions of ibuprofen (100 pg mL")
were prepared in acetonitrile. Standard working solutions for
sample spiking were prepared by diluting the stock solution.
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2.2 Sample collection

This study investigated IBU concentrations in five
wastewater treatment plants within the Babylon Governorate,
Iraq: Al-Sadiq Hospital plant, Marjan Hospital plant, Al-Hilla
Hospital plant, Childbirth and Children's Hospital and
Mamira plant, the photos of these WWTPs are shown in
Figure 1. A total of 72 samples were collected throughout the
year of 2024 (January-December), one per month from the
effluent and influent sewage of each wastewater treatment
plant (WWTP), following the methodology outlined by
Richmond et al. [24]. Samples were taken from three
different locations before the screen and three locations after
the activated sludge tank using clean and sterile glass bottles
(2.5 liters), always in the early morning hours. Wastewater
samples were subsequently conveyed directly to the research
laboratory utilizing an isolated cooler container filled with ice
cubes. These samples were stored in brown glass bottles at 4°
C in a freezer prior to the extraction process. All samples
have been extracted within a timeframe of 48 hours, then
filtered via 0.45pm membrane filter before the process of
extraction.

Figure 1. Photos of the WWTPs

2.3 Extraction of wastewater samples

Wastewater samples were extracted using a liquid-liquid
extraction method based on Ashfaq et al. [31] with minor
alterations. In brief, 50 mL of wastewater was mixed with 20
mL of chloroform in three separate extractions (total volume
60 mL) within a separatory funnel. The mixture was agitated
for 10 minutes and left to settle and the aqueous and organic
layers. The organic layer was collected and then evaporated
until dry at a temperature of 38°C. The remaining substance
has been re-formed in 2 mL of a solvent mixture containing
85% acetonitrile and 15% acidified water (at pH 3.0) before



being transferred to a vial (2 mL) for subsequent
chromatographic analysis. The remaining residue was
dissolved in 2 mL of a solvent mixture containing 85%
acetonitrile and 15% acidified water (pH 3.0) and transferred
to a 2 mL vial for subsequent chromatographic examination.
The method demonstrated recovery rates ranging from 85% to
95%, ensuring reliable extraction efficiency. The limit of
detection (LOD) for IBU was around 0.05 pg L', while the
limit of quantification (LOQ) was around 0.1 pg L', making
this method sensitive and effective for trace analysis of IBU in
wastewater.

2.4 HPLC analysis

High-Performance Liquid Chromatography (HPLC) is an
analytical technique employed for analyzing complex
mixtures (as shown in Figure 2). This analysis method starts
with sample preparation, where the sample is dissolved in a
solvent and filtered. A small volume is then injected into the
system. The mobile phase, a liquid solvent or mixture, is
pumped under high pressure through a column containing the
stationary phase. Components in the sample interact inversely
with the mobile and stationary phases, leading to their
separation. Separated components pass through a detector,
such as UV-Vis or mass spectrometry, which generates a
signal. This signal produces a chromatogram with peaks used
to identify and quantify the components. Finally, the system is
flushed with solvents to remove residues, ensuring consistent
performance [32].

An Agilent Series 1100 HPLC system with UV and FLD
detectors was used for IBU separation and detection. The
system included a degasser, pump, and autosampler.
Separation and detection followed [24]. Briefly, Analytes were
separated on a Zorbax Eclipse XDB-C18 column (4.6 mm x
150 mm, 5 pm) at ambient temperature. Mobile phase: 60:40
(v/v) acetonitrile/ultrapure water (acidified to pH 3.0 with
formic acid). Isocratic elution has been achieved at a flow rate
0.8 mL min™'. The system was programmed with a 3-minute
re-equilibration time between consecutive injections and a 20
puL injection volume. UV detection at 230 nm for
quantification. fluorescence detection (FLD) utilized
excitation and emission wavelengths of 230 nm and 302 nm,
respectively, specifically for ibuprofen detection. Both UV
and FLD detectors were used simultaneously during each
chromatographic run. Fluorescence detection served for
ibuprofen (IBU) confirmation by matching its retention times
in both UV and FLD chromatograms. Analytes identification
relied on comparing retention times in the sample solution to
standard solutions. IBU quantification was achieved using
matrix-matched calibration curves generated after spiking
matrix extracts.
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Figure 2. Photos of the HPLC

To ensure the accuracy and reliability of the analytical
results, several quality assurance and quality control (QA/QC)
procedures have been applied. These included regular
calibration of instruments, analysis of blank samples,
preparation of standard curves, analysis of duplicate samples,
participation in inter-laboratory comparison programs, use of
certified reference materials, and detailed record-keeping.
These procedures helped to detect and minimize errors, ensure
compliance with regulatory standards, and provide
confidence in the results.

3. RESULTS AND DISCUSSIONS

The chromatograms of IBU for standard solution and
wastewater plants are shown in Figures 3 to 8. The
concentrations of IBU were determined using a standard
calibration curve. The curve was prepared by analyzing
standard solutions of known concentrations using HPLC, and
the peak area for each concentration was recorded to establish
a linear equation. Then, the concentration of unknown
samples was calculated by comparing their peak areas with
the standard calibration curve as shown in Table 1.

Table 1. Annual ibuprofen concentration in the effluent and influent of WWTPs

Sample Influent Concentration (ug/L) Effluent Concentration (ug/L) P-value
Al-Sadiq Hospital Plant 144 132.6
Marjan Hospital Plant 12.57 7.52
Al-Hilla Hospital Plant 10.45 8.05 1.025E-06
Childbirth and Children's Hospital Plant 20.34 11.15
Al-Mamira Plant 1096 945
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Figure 5. The ibuprofen peak at Al-Hilla hospital plant: (A) Pre-treatment; (B) Post-treatment

[mau]

— DA CarityChromi WORKY Deta paramal2T _1X_2I423 - ¥ X0 Charnal ¥

[mau]

L6 4

[rrin.]

4ind

— OV GarH yChrom| WORKY\ Deta' paremo¥_12_Z0I2 - BI0320: Channel 1

N

=

]
]

T
i

[TF
[Pl

Figure 6. The ibuprofen peak at Al-Sadiq hospital plant: (A) Pre-treatment; (B) Post-treatment

315



bR
D ARy CRranh ) WORKE L Dbk param ok Y _12_2023 - & Z20: Cha ikl 1
(5.3 -
-80
500
40H B -0
: 40
200+ :
100 -t : . o _m
58 3 8 .
1" 1
T T T T T T 1]
Al 2 a & 7 ) 12
T G 8]
[maLn
— Do) Glwr ity Chrom! WORKY Datel paramal2T_12_202% - 8 2520: Channal 1
20
—£0

FLE 5 -
i i 1

T [rin.]

Figure 7. The ibuprofen peak at Al-Mamira plant: (A) Pre-treatment; (B) Post-treatment
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Figure 8. The ibuprofen peak at childbirth and children's hospital plant: (A) Pre-treatment; (B) Post-treatment

316



Generally, the wastewater treatment plant in the targeted
sites employed both physical and biological methodologies,
specifically utilizing activated sludge aeration. The
preliminary treatment phase initiates with a bar screen,
facilitating the removal of solid particulates, succeeded by the
extraction of grits. The primary treatment encompasses a
sedimentation basin, which may incorporate optional physical
and chemical interventions, along with
equalization/homogenization tanks. The secondary biological
treatment is executed through an activated sludge mechanism
utilizing conventional aeration techniques in aerated tanks,
supplemented by secondary sedimentation coupled with the
recirculation of biological sludge. The quantification of
ibuprofen was conducted on influent and effluent samples
sourced from wastewater treatment facilities. IBU was
detected in all sewage samples analyzed. Table 1 presents the
results derived from this investigation.

In this study, the influent concentration of IBU exhibited a
notable elevation at the Al-Mamira plant, quantified at 1096
pg/L, followed by Al-Sadiq Hospital plant with

a

concentration of 144 pg/L, Childbirth and Children's Hospital
plant with 20.34 pg/ L, Marjan Hospital plant with 12.57 pg/L,
and finally Al-Hilla Hospital plant at 10.45 pg/L. However, the
maximum effluent concentration of wastewater of IBU was

945 pg/L in Al-Mamira plant,
Hospital plant with concentration of 132.6 pg/L,

followed by Al-Sadiq
then

Childbirth and Children's Hospital plant with 11.15 pg/L, and
Al-Hilla Hospital plant with 8.05 pg/L, whereas the minimum
effluent concentration was 7.52 pg/L in Marjan Hospital Plant.

It is worth noting that the influent and effluent IBU
concentrations in the Al-Mamira plant were significantly
higher compared to the other plants. This is attributed to the
fact that it is the main plant receiving wastewater from the
entire governorate of Babylon, including domestic, medical,
and commercial sources.

The P-value was selected by regression test, using SPSS
software (V.28 Inc., Chicago, USA). From the previous table,
we found that the p-value of 1.025E-06 less than 0.05, which
signified that there was a statistically significant relationship
between the two variables, suggesting that the influent
concentration of IBU had a considerable influence on the
effluent concentration of IBU. The extremely low p-value
indicates that the probability of obtaining these results by
chance was negligible, thereby reinforcing our confidence in
the existence of a real relationship between influent and
effluent IBU concentrations. This implies that the treatment
technologies employed in these plants significantly influence
the removal of IBU from wastewater.

According to current results (Table 2), the removal
efficiency of Childbirth and Children's Hospital plant was
higher than the other investigated wastewater plants with rate
of 45.18 %, followed by Marjan Hospital plant with 40.13%,
Al-Hilla Hospital plant with 22.97 %, and Al-Mamira plant

with 13.78 %, while the minimum removal efficiency of 7.92 %

was in Al-Sadiq Hospital plant. The percentage removal
equation of IBU concentration was calculated as follows [33]:

_ Co — Ce
Co

Percentage removal %

where,
C, = Influent concentration of IBU, pg/L.
C. = Effluent concentration of IBU, pg/L.
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Table 2. Percentage removal of IBU in WWTPs, %

Percentage Removal

No. Name of Plant (%)
1 Al-Sadiq Hospital Plant 7.92
2 Marjan Hospital Plant 40.18
3 Al-Hilla Hospital Plant 22.97
Childbirth and Children's
4 Hospital Plant 45.18
5 Al-Mamira Plant 13.78
IBU is not effectively eliminated by conventional

wastewater treatment plants strategies. Furthermore, IBU is
problematic to break down in the primary treatment units or
by means of microorganisms in activated sludge reactor due to
their persistence and physicochemical properties (high
lipophilic  degree, low water solubility and low
biodegradation). The physicochemical properties of IBU
significantly hinder its removal by conventional wastewater
treatment processes. This result consisted with [4, 34-39].

Secondary treatment involving biological processes has the
potential to be more resilient for the elimination of organic
substance by microorganisms present in activated sludge
reactors, utilizing it as an energy and carbon source within
their metabolic processes. These micro-organisms are not
effective against IBU in facilitating the degradation of IBU
due to its chemical stability, and resistance to biodegradation
[40, 41]. Additionally, insufficient hydraulic retention time in
treatment tanks and suboptimal environmental conditions,
including temperature, pH, and dissolved oxygen levels, can
hinder the activity of microorganisms responsible for IBU
degradation [42, 43]. Consequently, it is suggested that the
biodegradation of IBU is contingent upon the capabilities of
microorganisms to synthesize specific enzymes requisite for
IBU degradation [5]. Also, the degradation of IBU has
revealed that elevated concentrations of IBU exert an
inhibitory influence on microbial populations [44]. However,
IBU was not adequately eliminated in the presently
functioning biological wastewater treatment systems
characterized by elevated organic loading, which primarily
concentrate on the decrease of chemical oxygen demand and
the removal of nutrients [34, 35].

It is noteworthy that seasonal wvariations in IBU
concentrations in wastewater significantly influenced the
assessment of IBU levels in this study. IBU concentrations in
wastewater increased during the winter season due to higher
consumption rates associated with increased cold and flu cases.
Additionally, lower temperatures in winter slowed down the
degradation rate of IBU in the biological treatment system, as
they inhibited the activity of microorganisms responsible for
degradation. Moreover, reduced water usage during this
season led to a decrease in wastewater volume, resulting in
relatively higher IBU concentrations. To address these
challenges, frequent sampling of wastewater from the
mentioned treatment plants was conducted throughout the year
to determine IBU concentrations.

4. CONCLUSION

The IBU concentration levels detected within the effluent
were notably elevated, suggesting a diminished efficacy of
WWTPs in the removal of IBU and highlighting the
inadequacies of contemporary sewage treatment systems in
fully eradicating this pollutant. In this study, the influent IBU



concentration was highest at the Al-Mamira plant (1096 pg/L),
followed by Al-Sadiq Hospital (144 pg/L), Childbirth and
Children's Hospital (20.34 pg/L), Marjan Hospital (12.57
ng/L), and Al-Hilla Hospital (10.45 pg/L). In contrast, the
effluent IBU concentration was highest at the Al-Mamira plant
(945 ng/L), followed by Al-Sadiq Hospital (132.6 pg/L),
Childbirth and Children's Hospital (11.15 ug/L), and Al-Hilla
Hospital (8.05 pg/L). The lowest effluent concentration was
found at Marjan Hospital (7.52 pg/L). It is worth noting that
the highest IBU quantities were discovered in the effluent and
influent wastewater of the Al-Mamira plant, reaching 945 and
1096 pg/L, respectively. In contrast, the lowest effluent
concentration was observed at the Marjan Hospital plant (7.52
ng/L), and the lowest influent concentration was found at the
Al-Hilla Hospital plant (10.45 pg/L). Accordingly, the
removal efficiency of Childbirth and Children's Hospital plant
was higher than the other investigated wastewater plants with
rate of 45.18 %, followed by Marjan Hospital plant with
40.13%, Al-Hilla Hospital plant with 22.97 %, and Al-Mamira
plant with 13.78 %, while the minimum removal efficiency of
7.92 % was in Al-Sadiq Hospital plant. It is imperative that
further improvements and modifications be undertaken to
achieve the comprehensive removal of this compound, thereby
mitigating potential risks to public health. The measures taken
to address this issue include the introduction of specific
microorganisms capable of degrading IBU, along with
providing optimal conditions for their growth, such as
improving aeration in treatment tanks, regulating temperature
and pH, and increasing retention time. Additionally,
incorporating advanced treatment stages like advanced
oxidation processes (AOPs), adsorption, coagulation-
flocculation, UV/H202, membrane filtration, O3/UV,
Bioremediation, among others.
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