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Abstract

The presence of pharmaceutical compounds (PCs) in the environment, especially in developed countries, has 

not only been ascertained, but their adverse impacts have been investigated and reported even at trace levels. 

However, there is a paucity of information on the occurrence patterns of these compounds in selected African 

environments like Nigeria. Hence, this study focused on the investigation of seven PCs in some surface waters 

within Ijebu-Ode, Ogun State, Nigeria, in ve major rivers, namely Rivers Ona, Erinwe, Imagbon, Iweni, and 

Adamegi. These compounds include antibiotics- trimethoprim (TMP), sulfamethoxazole (SMZ), and 

ciprooxacin (CIP); analgesics- paracetamol (PCM), diclofenac (DCF), and ibuprofen (IBU) and an antidiabetic- 

metformin (MET). The analyte PCs were monitored using a solid phase extraction- high-performance liquid 

chromatographic method (SPE-HPLC) which was developed and validated according to the International 

Conference on Harmonization guidelines. The highest levels of PCM (2.13 ± 0.28 µg/mL) and CIP (0.50 ± 0.07 

µg/mL) were detected in the Erinwe River, while the highest concentrations of SMZ (2.25 ± 0.30 µg/mL) and 

TMP (0.35 ± 0.05 µg/mL) were detected in River Ona. Generally,  the Σ PCs (µg/mL) in the rivers sampled are in 

the order SMZ (4.09) > PCM (3.01) > CIP (0.78) > DCF (0.56) > TMP (0.46) except for MET and IBU, which were 

not detectable in any of the rivers. Generally, the results obtained in this study are relatively high; hence, 

policies must be put in place to commence their removal from the environment.
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Introduction

The contamination of the environment has 

been traced to the presence of specic 

compounds, such as polycyclic aromatic 

h y d r o c a r b o n s  ( P A H s )  ( F i n c h  a n d 

Stubbleeld, 2019), pharmaceuticals, and 

personal care products (PPCPs) (Kümmerer, 

2009; Omotola and Olatunji, 2020; Omotola 

et al., 2022), brominated ame retardants 

(BFRs) (Nakayama et al., 2019), poly- and per-

 u o r o a l k y l  s u b s t a n c e s  ( P F A S s ) , 

microplastics (Prata et al., 2018; Zhang, 

2017)  and other persistent organic 

pollutants (Prata et al., 2018; Zhang, 2017).  
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Among these contaminants, the most 

prominent are the PPCPs.  The presence of 

these compounds in the environment, 

especially in developed countries, has not 

only been ascertained, but their adverse 

impacts have been investigated and 

reported even at trace levels (Fu et al., 

2017; Hernández Martínez et al., 2017; 

Omotola et al., 2021; Robson et al., 2017).  

Precisely, human health and other biotic 

components become threatened once the 

environment is polluted with these 

c o m p o u n d s .   P h a r m a c e u t i c a l 

contaminat ion  is  usual ly  h igh  in 

environmental matrices such as air, water, 

soil, and sediments because they are 

n a t u r a l  s i n k s  o r  e n d p o i n t s  f o r 

pharmaceutical residues.  Subsequently, 

the release of domestic sewage-containing 

pharmaceutical compound (PC) residues 

mainly causes water pollution (Huang et 

al., 2022; Ji et al., 2022; Zhou et al., 2021).  

Generally, waste treatment plants (WTPs) 

have been documented as the primary 

known point source of PC residues in the 

environment.  In contrast, non-point 

sources, such as run-offs from diverse 

dumpsites and inappropriate disposal of 

Consequently, the WTP efuents are 

channeled into large water bodies since it is 

assumed the efuents are crystal clear from 

pollutants.  However, the remediation 

processes involved in wastewater treatment 

are not designed to remove specic 

contaminants before the release of the 'clean 

water.'  Of all the media in which PPCPs are 

investigated, the water ecosystem is the most 

explored with respect to the monitoring and 

detection of pharmaceutical contamination 

(Wilkinson et al., 2022).  Wilkinson and co-

authors embarked on a global study on 

pharmaceutical contamination, investigating 

61 pharmaceutical compound residues in 

258 rivers of the world.  The assessment of 

t h e s e  r i v e r s  i s  e q u i v a l e n t  t o  t h e 

contamination inuence of pharmaceuticals 

on 471.4 million people, cutting across 137 of 

the world's geographic regions.  The 

continents with the highest levels of 

pollution, as shown in Figure 1, were Africa 

(sub-Saharan), Asia (South Asia), and South 

America (Wilkinson et al., 2022).

refuse, are sometimes not traceable.  These 

substances, unfortunately, nd their paths 

into drinking water and aquatic biota.

Figure 1: Most pharmaceutical-contaminated continents
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Nevertheless, the detection of PC residues 

remains a challenge in Africa, with a 

specic focus on Nigeria, where relatively 

few studies are available regarding the PC 

contamination status of its ecosystem, 

unlike South Africa.  The lack of substantial 

information on the subject matter in Nigeria 

could be due to scarcity or unavailability of 

instruments as a result of their high cost.  

Furthermore, the lack of technical know-

how could also be a challenge with respect 

to  the  pauc i ty  o f  in fo rmat ion  on 

instruments' usage for pharmaceutical 

contaminat ion studies  in Niger ia .  

Chromatography is usually employed for 

this purpose, of which high-performance 

liquid chromatography (HPLC) is mostly 

used.  Another technique is hyphenated, 

These reports are at par with the results 

earlier reported by Omotola et al. (2022 with 

respect to the South African environment.  

The increased contamination level was 

associated chiey with poor to inefcient 

waste management systems (Omotola et 

al., 2022; Wilkinson et al., 2022).  

According to Wilkinson et al. (2022, the 

most frequently detected residues of 

pharmaceuticals were metformin, caffeine, 

and carbamazepine.  These pharmaceutical 

drugs were detected at over 50 % of the 

investigated sites.  Since pharmaceuticals 

are biologically active compounds targeted 

a t  i n t e r a c t i n g  w i t h  b i o c h e m i c a l 

components, there is a high possibility that 

the combination of these compounds in the 

water ecosystem is highly deleterious to 

living entities.  Unfortunately, most of these 

waters are used for recreational purposes, 

irrigation, and sometimes for direct 

drinking by animals or indirect use by 

humans.   Hence ,  pharmaceut ica l 

c o n t a m i n a t i o n  b i o m a g n i  e s  o r 

accumulates in the food web (Richmond et 

al., 2018).  As a result, the water ecosystem 

becomes a threat to lives.

where chromatographic and spectrometric 

methods are coupled, such as liquid 

chromatography-mass spectrometry (LC-MS).  

Nowadays, a more sensitive method like the 

LC-tandem MS is mostly used to monitor PC 

residues.  Al l  these aforementioned 

instruments are still scarce and scanty in 

Nigeria to date.  However, HPLC, which was 

used in this study, is still rarely available in 

commercial laboratories in Nigeria but is 

expensive.  The present study, thus, focuses 

on the detection and quantitation of the 

r e s i d u e s  o f  c o m m o n l y  p r e s c r i b e d 

pharmaceutical drugs in ve major rivers, 

namely Rivers Ona, Erinwe, Imagbon, Iweni, 

and Adamegi within Ijebu-Ode, Ogun State, 

Nigeria.  These PCs include antibiotics- 

trimethoprim (TMP), sulfamethoxazole (SMZ), 

ciprooxacin (CIP); analgesics- paracetamol 

(PCM), diclofenac (DCF), and ibuprofen (IBU) 

and an antidiabetic- metformin (MET).  The 

present study becomes one of the few studies 

carried out within Nigeria, precisely Ogun 

State, making it an eye-opener to future 

research works on the same subject.  More so, 

this study adds to the pool of information on 

pharmaceutical contamination within 

Nigeria. 

Materials and methods

Pharmaceutical standards of trimethoprim 

(99 .8%) ,  su l famethoxazo le  (99 .8%) , 

paracetamol (99.8%), metronidazole (99.8%), 

diclofenac (99.8%), ibuprofen (99.3%) and 

ciprooxacin hydrochloride (99.6%) were 

purchased from Merck, USA.  Disodium 

ethylenediaminetetraacetic acid (98%), 

triuoroacetic acid (TFA, >99.0%), HPLC 

grade methanol and acetonitrile - 99.9% were 

also purchased from Merck, USA.  Waters 

Oasis hydrophilic-lipophilic balance (HLB) 

soli-phase extraction (SPE) Cartridges, 6cc, 

200 mg, were used for the extraction 

procedure.  SciFinder provides the structural 

details, systemic names, applications, and 

chemical information of the PCs under 
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The data obtained from instrument 

calibration and analyte recovery were 

subjected to the International Conference 

on Harmonization guideline for validation of 

the method developed.  This procedure was 

to ascertain that the method meets 

acceptable specications for its use 

( I n t e r n a t i o n a l  C o n f e r e n c e  o n 

Harmonisation, 2005).  The parameters 

considered for validation in the present 

study included specicity, linearity and 

linear range, limit of detection (LoD), limit of 

quantitation (LoQ), and analytes recovery 

evaluations on stock solutions.  All the 

samples collected were analyzed under the 

optimum chromatographic performance 

conditions to ascertain the peak areas of the 

analytes.  Regarding the SPE method 

developed, the cartridges were conditioned 

sequentially using 6 mL of acetone, 6 mL of 

methanol, and 6 mL of buffered water (pH = 

3).  Afterward, the cartridges were loaded 

with 500 mL of water sample at 3-5 mL/min 

ow rate.  The SPE columns were then 

dried, ensuring the removal of residual 

water by spinning cartridges in a centrifuge 

at 4000 rpm for 5 mins.  After the cartridges 

were dried, the analytes were eluted with (3 

× 2 mL) methanol.  Preconcentration of the 

eluates was carried out with a stream of 

Method validation

investigation in this study.  An HPLC 

system consisting of a binary pump, an 

auto liquid sampler (ALS) injector, a 

thermostatic column compartment, and a 

variable wavelength detector (VWD), 

capable of a gradient wavelength timetable 

with an online degasser was used in the 

reversed-phase mode. All experiments were 

carried out at the Labwox Laboratory, Ikeja, 

Lagos, Nigeria.

Water samples were collected from ve 

sampling points, as shown on the map in 

F igure  2 ,  inc lud ing  Adameg i  R iver 
o o(3 53'26.98''E and 6 46'32.01"N), River Iweni 
o o(3 52'50.32"E and 6 46'17.87"N), Ona River 
o o(3 54'20.66"E and 6 47'45.33"N), Erinwe 

River (3° 53'4.16"E and 6° 46'33.37"N) and 
oR i v e r  I m a g b o n  ( 3 5 8 ' 1 0 . 4 6 " E  a n d 

6°45'25.16"N). The sampling map was 

generated employing sampling point 

coordinates with the Google Earth Pro, 2023 

application. Composite sampling was 

conducted, where samples were collected 

from upstream, midstream and downstream. 

These samples were composited, from which 

a representative sample was collected for 

each river. The Erinwe River has been 

reportedly subjected to ooding, which 

affected 150 ponds, amounting to the loss of 

shes  (ht tps ://fcwc-sh.org/other-

news/ogun-sh-farmers-lose-n300m-to-

ooding). Like River Ona, the Imagbon River 

is one of the Rivers within Ogun State where 

some community inhabitants swim or bathe. 

The Iweni and Adamegi Rivers are used for 

washing and shing, respectively. These ve 

rivers form part of the major rivers within 

Ijebu-Ode, and as such, people interact with 

them a great deal. Hence, this study is 

interested in monitoring the occurrence 

pattern of PC residues in them.

Sampling sites and sample collection

nitrogen gas to dry off methanol. This 

concentrate was then analysed on the HPLC 

using the developed and validated method. 

The % recovery of the seven PCs ranged from 

93% for IBU to 106% for TMP. All samples 

were extracted and cleaned up within 72 hrs 

of arrival at the laboratory. The data obtained 

were interpreted using Excel Software 

Package 2016 for parametric analyses.
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Figure 2: Map of sampling sites

The gradient started with 88 % A from 0 to 6 

mins, followed by a linear decrease of mobile 

phase A to 40 % for 6 to 15 mins and this was 

maintained for another 10 mins. Ultimately, 

the composition of phase A was increased to 

88% for 25 to 25.2 mins, and maintained 

until 30 mins, to reach the initial condition 

Results and discussion

Deve lopment  and  va l i da t i on  o f 

instrumental method

Analytical method validation is key before a 

previously developed method is acceptable. 

For this study, the optimum instrumental 

parameters employed in the analysis of 

MET, TMP, SMZ, PCM, CIP, DCF, and IBU 

were injection volume of 20 µL, and mobile 

phase compositions of  0.1%v/v TFA in 

water (A) and acetonitrile (B). The optimum 

instrumental parameter for the detection 

and separation of the analytes is given in 

Table 1.

for the next injection. The total run time was 

30 mins per injection, achieved with an 

optimum column temperature kept constant 

at 40 ◦C, a 1.0 mL/min constant ow rate and 

a sample injection volume set at 20 μL (Table 

1). A sample chromatogram of the analytes is 

given in Figure 3.

One validation parameter ascertained was the 

specicity of the developed method, which is 

based solely on the retention times of the 

analytes. This was done by injecting into the 

chromatographic column under optimum 

conditions, varying concentrations of the 

mixture of the 7-PCs ranging from 0.2 µg/mL 

to 10.0 µg/mL. The analytes' retention times 

were 4.301, 5.012, 11.651, 12.561, 13.423, 

20.064, and 20.561 for MET, PCM, TMP, CIP, 

SMZ, DCF and IBU, respectively (Table 2). 

Another important criterion for acceptable 

analytical results is the quality of the 

calibration curve . 
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Five to six different concentrations of the PC 

mixture were prepared and analysed on the 

HPLC to prepare the calibration curves for 

each analyte, as shown in Supplementary 

Information 1.
2The correlation coefcients (R ) were 

0.99936, 0.99997, 0.99994, 0.99985, 

0.99996, 0.99995, and 0.99985 for MET, 

PCM, TMP, CIP, SMZ, DCF and IBU, 

respectively. For the best-t curve of each 

analyte, the equation of regression is shown 

in Table 2. The correlation coefcient values 

were greater than 0.90 ; this validates the 

method developed.  Furthermore, among the 

germane validation parameters investigated 

in this study are the LoD and LoQ, which were 

obtained following the formula recently stated 

by ––. Omotola et al (2004). The instrument's 

LoDs (µg/mL) for MET, PCM, TMP, CIP, 

SMZ,DCF and IBU were 0.321, 0.052, 0.076, 

0.122, 0.065, 0.065, and 0.136, while the 

instrument's LoQs (µg/mL) were 1.072, 

0.174, 0.255, 0.406, 0.217, 0.217, and 0.545, 

respectively (Table 2).

HPLC system and parameters optimized 

Column type and temperature Phenomenex C18 (250 x 4.6 mm) 5µm 

particle size; 40 oC 

Injection volume 20 µL 

Elution solvent system Mobile Phase A - 0.1%v/v TFA in water  

Mobile Phase B - HPLC Grade acetonitrile  

Flow rate 1.0 mL/min 

Wavelength of detection 230 nm 

Pressure ~112 Bar 

Gradient program Time (mins) A (%) B (%) 

0 88 12 

6 88 12 

15 40 60 

25 40 60 

25.2 88 12 

30 88 12 
 

 

Table 1: Optimum parameters employed in the HPLC analysis of targeted PCs

Figure 3: Sample chromatogram of targeted pharmaceuticals
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Table 2: Validation results for the selected pharmaceuticals

Analysis of surface water samples and 

comparison with previous studies

The method developed and validated was 

used in the analysis of water samples 

collected from ve major sites within Ijebu-

Ode, Ogun State, Nigeria. Water samples 

were obtained from different points within 

these rivers and put into pre-cleaned 

bottles. The water samples were extracted at 

ambient temperature and processed for the 

recovery of the aforementioned analytes 

using the validated method of extraction 

earlier mentioned and thereafter detected 

and quantied using the optimum method 

on the HPLC. The extractable PC residue 

concentrations in the water samples are 

presented in Table 3 and Figure 4. The 

highest levels of PCM (2.13 ± 0.28 µg/mL) 

and CIP (0.50 ± 0.07 µg/mL) were detected 

in the Erinwe River, while the highest 

concentrations of SMZ (2.25 ± 0.30 µg/mL) 

and TMP (0.35 ± 0.05 µg/mL) were detected 

in River Ona (Table 3). Diclofenac was not 

detected in all the sampling sites except the 

Ona River (Figure 4), with a concentration of 

0.56 ± 0.07 µg/mL (Table 3). Generally, the 

ΣPCs (µg/mL) in the Rivers sampled are in the 

order SMZ (4.09) > PCM (3.01) > CIP (0.78) > 

DCF (0.56) > TMP (0.46) MET and IBU (not 

de t e c t ed ,  ND )  ( Tab l e  3 ) .  The  h i gh 

concentrations of SMZ in the Rivers can be 

easily traced to its signicant usage in 

humans and veterinary medicine , either for 

prophylactic or therapeutic purposes. 

Similarly, the relatively high level of PCM was 

not surprising at all, as this PC is one of the 

most  wide ly  used over - the-counter 

analgesics.  However, its usage is not at par 

with the analgesic DCF (Figure 4).  This could 

be due to the controversies surrounding the 

consumption of the PC , hence its relatively 

lower level (0.56 µg/mL) reported in this 

s t u d y . U n l i k e  S M Z ,  T M P  i s  r a r e l y 

administered as a stand-alone PC but mostly 

in combination with SMZ for synergistic 

effects ;hence, its relatively lower amount   

Table 3: Levels (µg/mL) of pharmaceutical residues in sampled surface waters (n=15)

Indexed in
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Figure 4: Graphical presentation of the levels (µg/mL) of PC residues in sampled rivers

 detected when compared with SMZ. Of all 

the Rivers sampled in this study, the Erinwe 

River had the highest levels of analyte PCs 

(3.87 µg/mL), followed by River Ona (3.44 

µg/mL), River Iweni (1.05 µg/mL) and 

nally, River Imagbon (0.54 µg/mL). It is 

worthy of mentioning that none of the 

analyte PCs was detectable in River Adamegi 

(Figure 4).  However due to the limitations of 

HPLC with respect to its sensivity, it might 

not be safely concluded that these PC 

residues are not present in the Adamegi 

River.  Perhaps i f  a more sensit ive 

instrument, such as the LCMS or the LC- 

tandem MS is used for the same purpose, 

the status of these PCs in this river might be 

ascertained. 

The level of CIP (0.50 µg/mL) detected in this 

study is above those reported in the Ghanian 

river water and efuent (1.17E-03 and 2.62E-

04 µg/mL) by Azanu et al. (2018; Kenyan river 

water (5.09E-04 µg/mL) by Ngumba et al. 

(2016 and South Africa surface waters 

(1.43E-02 µg/mL) by –Agunbiade and 

Moodley (2016 (Table 4). Similarly, this 

study's CIP concentration is higher than 

reported (4.40E-04 µg/mL) in tap water in 

Nigeria (Olaitan et al., 2017). The relatively 

lower CIP value reported in the tap water is 

not surprising, as most tap water in Nigeria is 

supposedly potable. However, there is a 

paucity of information regarding the 
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These values are lower than the 2.25 µg/mL 

SM reported in this study. From these 

results, there is a feasibility that the Egypt's 

and Kenya's treatment plants are more 

functional, making it a wake-up call to the 

Nigerian governing bodies with respect to 

the provision of efcient treatment plants. 

Comparing the SMZ data obtained by Ebele 

and team members in the Nigerian surface 

water in 2020 , this study's SMZ reported is 

much higher. This corroborates the lack of 

efcient treatment plants in Nigeria. 

Furthermore, the data obtained for PCM, 

p e r m i s s i b l e  l im i t s  o f  P Cs  i n  t h e 

environment, unlike other pollutants like 

heavy metals. Previous studies on SMZ in 

water show relatively lower levels when 

compared to the present study (Table 4). 

Reports by Abou-Elwafa Abdallah et al. 

(2019 and K'oreje et al. (2016 indicated SMZ 

levels of 1.90E-05 µg/mL and 3.90E-02 

µg/mL in Egypt's efuent and Kenyan river 

water, respectively.

DCF and TMP in this study are also higher 

than those reported in the Ugandan lake 

water ; South Africa's surface water  and 

Egypt's surface water , respectively (Table 4). 

Unlike other previous studies within Africa 

where MET and IBU were detected , these PCs 

were not detectable in the studied surface 

waters or were below the instrument's 

detection limit.  The use of HPLC in the 

analysis of the samples is noteworthy, as 

compared to previous similar works where 

more sensitive instruments like the LC-

tandem MS were used. Generally, the reports 

from this study are alarming and must be 

taken with utmost priority by stakeholders 

concerning removing PC residues from the 

Nigerian environment.  Unfortunately, these 

compounds are toxic to biotic components 

e v e n  a t  e n v i r o n m e n t a l l y  r e l e v a n t 

concentrat ions ,  hence the  earnest 

commencement of green remediation 

strategies to eliminate them from the 

environment. 

Table 4: Comparison of the PC levels (µg/mL) in this study with previous studies in Africa

 

Analyte PC Country 

detected 

Sample matrix Conc. Reported 

(µg/mL) 

References 

Ciprofloxacin Ghana 
River water 

and effluent 

1.17E-03 and 

2.62E-04 
(Azanu et al., 2018) 

 Nigeria Tap water 4.40E-04 (Olaitan et al., 2017) 

 Uganda Lake water 4.10E-05 
(Nantaba et al., 

2020) 

 Kenya River water 5.09E-04 
(Ngumba et al., 

2016) 

 South Africa Surface water 1.43E-02 
(Agunbiade and 

Moodley, 2016) 

 This study Surface water <LOD – 0.50  

Sulfamethoxazole Egypt Effluent 1.90E-05 

(Abou-Elwafa 

Abdallah et al., 

2019) 

 Nigeria Surface water 3.18E-03 (Ebele et al., 2020) 

 Kenya River water 3.90E-02 (K'oreje et al., 2016) 

 South Africa Surface water 5.32E-03 
(Matongo et al., 

2015) 

 Kenya River water 1.38E-02 
(Ngumba et al., 

2016) 

 This study Surface water <LOD – 2.25  
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Paracetamol  Nigeria Tap water 3.10E-04 
(Olaitan et al., 2017) 

 

 Nigeria Surface water 1.24E-02 (Ebele et al., 2020) 

 Kenya River water 1.07E-01 (K'oreje et al., 2016) 

 Uganda Lake water 2.70E-05 
(Nantaba et al., 

2020) 

 South Africa Surface water 1.05E-03 (Fatoki et al., 2018) 

 This study Surface water <LOD – 2.13  

Diclofenac Nigeria Tap water 1.38E-04 
(Olaitan et al., 2017) 

 

 Nigeria Surface water 2.00E-04 (Ebele et al., 2020) 

 Egypt surface water 3.61E-03 

(Abou-Elwafa 

Abdallah et al., 

2019) 

 Uganda Lake water 1.60E-04 
(Nantaba et al., 

2020) 

 South Africa Surface water 3.67E-03 (Fatoki et al., 2018) 

 This study Surface water <LOD – 0.56  

Trimethoprim Nigeria 

Water (Surface 

water or 

effluent) 

2.00E-03 
(Ogunbanwo et al., 

2022) 

 South Africa 

Wastewater 

effluent (point 

of exit) 

6.18E-05 (Ncube et al., 2021) 

 Kenya River water 2.65E-03 
(Ngumba et al., 

2016) 

 Egypt Effluent 2.74E-03 

(Abou-Elwafa 

Abdallah et al., 

2019) 

 Egypt Surface water 2.30E-04 

(Abou-Elwafa 

Abdallah et al., 

2019) 

 This study Surface water <LOD – 0.35  

Metformin Nigeria 

Water (Surface 

water or 

effluent) 

1.00E-02 
(Ogunbanwo et al., 

2022) 

 Nigeria Surface water 
<5.00E-07 - 

1.76E-03 
(Ebele et al., 2020) 

 Egypt Effluent 5.61E-03 

(Abou-Elwafa 

Abdallah et al., 

2019; Waleng and 

Nomngongo, 2022) 

 Nigeria Groundwater 
<5.00E-07 - 

3.49E-04 
(Ebele et al., 2020) 

 Egypt Surface water 6.30E-05 

(Abou-Elwafa 

Abdallah et al., 

2019) 
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 This study Surface water <LOD  

Ibuprofen Nigeria Wastewater 3.80E-02 (Lan et al., 2019) 

 South Africa Effluent 1.03E-03 (Mhuka et al., 2020) 

 Egypt Effluent 6.70E-03 

(Abou-Elwafa 

Abdallah et al., 

2019) 

 South Africa River water 5.87E-02 
(Waleng and 

Nomngongo, 2022) 

 South Africa Sea water 1.70E-04 
(Ngubane et al., 

2019) 

 This study Surface water <LOD  

Limitations of the Study

The analytical method employed in this 

study, namely Solid Phase Extraction 

coupled with High Performance Liquid 

Chromatography (SPE-HPLC), although 

effective and validated for the target 

compounds, is less sensitive compared to 

advanced techniques such as liquid 

chromatography-mass spectrometry (LC-

MS) or  LC tandem MS (LC-MS/MS). This 

limitation may have contributed to the non-

detection of certain compounds such as 

metformin and ibuprofen, especially in low-

concentration samples like those from River 

Adamegi. The possibility that these 

compounds were present at levels below the 

HPLC detection threshold cannot be ruled 

out. Furthermore, the study focused on a 

l imited number o f  pharmaceut ica l 

compounds,  excluding many other 

c o m m o n l y  u s e d  d r u g s  a n d  t h e i r 

transformation products or metabolites, 

w h i c h  m a y  a l s o  p o s e  s i g n i  c a n t 

environmental risks. This constraint 

potentially underrepresents the full scope of 

pharmaceutical contamination in the study 

area. Also, the present study did not assess 

ecological or human health risks associated 

with the detected pharmaceutical residues. 

Although the levels of certain compounds 

were comparatively high, their actual 

t ox i co l og i ca l  imp l i ca t i ons  r ema in 

unexplored. Quantitative risk assessments, 

Additionally, while comparisons were made 

with previous studies across Africa, 

differences in analytical techniques, sample 

matrices, and reporting formats may 

inuence the comparability of results. 

Therefore, future research should adopt more 

sensitive analytical instrumentation, expand 

the range of target analytes, and integrate risk 

assessment models to generate a more 

holistic understanding of pharmaceutical 

contamination in surface waters.

Conclusion

s u c h  a s  h a z a r d  q u o t i e n t s  o r  r i s k 

characterization ratios, would provide 

valuable context to the environmental 

signicance of the measured concentrations.

The present study investigated the presence 

of seven PC residues in some Nigerian surface 

waters using an HPLC method which was 

developed and validated according to the ICH 

guidelines. The PCs included MET, PCM, 

TMP, CIP, SMZ, DCF and IBU, with retention 

times (mins) of 4.301, 5.012, 11.651, 12.561, 

13.423, 20.064, and 20.561, respectively. The 

results of the validation procedures 

ascertained that the method was suitable for 

the purpose for which it was developed. The 

highest levels of PCM (2.13 ± 0.28 µg/mL) and 

CIP (0.50 ± 0.07 µg/mL) were detected in the 

E r i n w e  R i v e r ,  w h i l e  t h e  h i g h e s t 

concentrations of SMZ (2.25 ± 0.30 µg/mL) 

and TMP (0.35 ± 0.05 µg/mL) were detected in 

River Ona. Diclofenac was not detected in all 
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Abou-Elwafa Abdallah, M., Nguyen, K.-H., 

Ebele, A. J., Atia, N. N., Ali, H. R. H., 

Harrad, S. (2019). A single run, rapid 

p o l a r i t y  s w i t c h i n g  m e t h o d  f o r 

determination of pharmaceuticals and 

personal care products in waste water 

us ing Q-Exact ive  Orbi trap high 

resolution accurate mass spectrometry. 

J.  Chromatogr.  A.  1588, 68-76. 

https://doi.org/10.1016/j.chroma.201

the sampling sites except the Ona River, 

with a concentration of 0.56 ± 0.07 µg/mL. 

Generally, ΣPCs (µg/mL) in the Rivers 

sampled are in the order SMZ (4.09) > PCM 

(3.01) > CIP (0.78) > DCF (0.56) > TMP (0.46) 

with the exception of MET and IBU, which 

were not detectable in any of the rivers. 

Notably, there is still a lack of a compromise 

method using either HPLC or LCMS to 

m o n i t o r  t h e  p r e s e n c e  o f  P C s  i n 

e n v i r o n m e n t a l  m a t r i c e s ,  m a k i n g 

monitoring studies tedious. Researchers 

should focus more on developing a uniform 

method or a standard operating procedure 

for sets of pharmaceuticals to make these 

studies much easier and faster. Also, the 

fate and behavior of these compounds in the 

environment have not been wholly explored.  

This  wi l l  he lp  prof fer  appropr iate 

remediation strategies for environmental 

removal and transformation by-products. 

Although reports of the ecotoxicological 

effects of pharmaceuticals are helpful in 

establishing the public's state of health, 

ecotoxicity studies have not focused on 

ascertaining the mechanisms by which they 

produce their effect at detected/monitored 

concentrations. Hence, future research  

should investigate these mechanisms, and 

t h e s e  p r o c e d u r e s / p r o c e s s e s  a r e 

encouraged to be fundamentally included in 

the water management policies for a 

practical assessment.

References

8.12.033

Fu, L., Huang, T., Wang, S., Wang, X., Su, L., 

Li, C., Zhao, Y., (2017). Toxicity of 

different antibiotics towards freshwater 

g reen  a l gae  Pseudok i r chner i e l l a 

subcapitata and their modes of action. 

C h e m o s p h e r e   1 6 8 ,   2 1 7 - 2 2 2 . 

https://doi.org/10.1016/j.chemosphere.

2016.10.043

Finch, B. E., Stubbleeld, W. A. (2019). 

Interactive Effects of Mixtures of 

P h o t o t o x i c  P A H s . 

Bull.Environ.Contam.Toxicol.  102,  168-

174. 

Azanu, D., Styrishave, B., Darko, G., Weisser, 

J. J., Abaidoo, R. C. (2018). Occurrence 

and risk assessment of antibiotics in 

water and lettuce in Ghana. Sci. Total 

E n v i r o n .   6 2 2 - 6 2 3 ,   2 9 3 - 3 0 5 . 

https://doi.org/10.1016/j.scitotenv.201

7.11.287

Agunbiade, F. O., Moodley, B. (2016). 

Occurrence and distribution pattern of 

acidic pharmaceuticals in surface water, 

wastewater,  and sediment of  the 

Msunduzi River, Kwazulu-Natal, South 

Africa. Environ. Toxicol. Chem.  35,  36-

46. 10.1002/etc.3144

Hernández Martínez, E. M., Carrazana García, 

Ebele, A. J., Oluseyi, T., Drage, D. S., Harrad, 

S., Abou-Elwafa Abdallah, M. (2020). 

Occurrence, seasonal variation and 

human exposure to pharmaceuticals and 

personal care products in surface water, 

groundwater and drinking water in Lagos 

State, Nigeria. Emerg. Contam.  6,  124-

1 3 2 . 

https://doi.org/10.1016/j.emcon.2020.0

2.004

Fatoki, O. S., Opeolu, B. O., Genthe, B., 

Olatunji, O. S. (2018). Multi-residue 

method for the determination of selected 

veterinary pharmaceutical residues in 

sur f ace  wa t e r  a round  L i v es t ock 

Agricultural farms. Heliyon  4,  e01066. 

Indexed in

Omotola et al., Coast, J. Sch. Sci. 7(2): 1322 - 1336    ISSN: 2714-3716



1334

Ji, H., Peng, D., Fan, C., Zhao, K., Gu, Y., 

Liang, Y. (2022). Assessing effects of non-

point source pollution emission control 

schemes on Beijing's sub-center with a 

water environment model. Urban Clim.  

4 3 ,   1 0 1 1 4 8 . 

https://doi.org/10.1016/j.uclim.2022.

101148

International Conference on Harmonisation 

(2020). International conference on 

h a r m o n i s a t i o n  o f  t e c h n i c a l 

requirements for  registrat ion of 

pharmaceuticals for human use. ICH 

harmonised tr ipart i te  guidel ine. 

Validation of analytical procedures: Text 

a n d  m e t h o d o l o g y  Q 2 ( R 1 ) . 

h t tps ://pac icb i o l abs . com/wp-

content/uploads/2017/12/Q2_R1__Gu

ideline-4.pdf (Accessed 14th February 

2020). 

K'oreje, K., Vergeynst, L., Ombaka, D., De 

Wispe laere ,  P . ,  Okoth,  M. ,  Van 

Langenhove, H., Demeestere, K. (2016). 

Occurrence patterns of pharmaceutical 

residues in wastewater, surface water 

and groundwater of Nairobi and Kisumu 

city, Kenya. Chemosphere  149,  238-

2 4 4 . 

https://doi.org/10.1016/j.chemospher

Huang, C., Zhao, D., Fan, X., Liu, C., Zhao, G. 

(2022). Landscape dynamics facilitated 

non-point source pollution control and 

regional water security of the Three 

Gorges Reservoir area, China. EIA 

R e v i e w   9 2 ,   1 0 6 6 9 6 . 

https://doi.org/10.1016/j.eiar.2021.10

6696

D. I., González González, R., García 

López, A., Marrero Chang, O., Águila 

Jiménez, E., Morales Monteagudo, A., 

López Hernández, Y. (2017). Acute 

toxicity in Physa cubensis p. and 

Artemia salina L. of antibiotics with 

env i ronmenta l  r i sk .  Rev i s ta  de 

Toxicologia  34,  118-123. 

e.2016.01.095

Kester, M., Karpa, K. D., Vrana, K. E. 4 - 

Treatment of Infectious Diseases. In: 

Kester M, Karpa KD, Vrana KE, editors. 

E l s e v i e r ' s  I n t e g r a t e d  R e v i e w 

Pharmacology (Second Edition) (Second 

Edition). W.B. Saunders, Philadelphia 

(2012), pp. 41-78.Kümmerer, K., 2009. 

Antibiotics in the aquatic environment  A 

review  Part II. Chemosphere  75,  435-

4 4 1 . 

https://doi.org/10.1016/j.chemosphere.

2008.12.006

Lan, S. M., Amaeze, N. H., Obanya, H. E., 

Okoroafor, C. U. (2019). Occurrence of 

selected pharmaceuticals in industrial 

wastewater, receiving waters and sh. 

Afr .J .  Aquat .Sci .   44,   401-408. 

10.2989/16085914.2019.1680339

Matongo, S., Birungi, G., Moodley, B., Ndungu, 

P. (2015). Pharmaceutical residues in 

water and sediment of Msunduzi River, 

k w a z u l u - n a t a l ,  S o u t h  A f r i c a . 

Chemosphere  134,  133-140. 

Mhuka, V., Dube, S., Nindi, M. M. (2020). 

Occurrence of pharmaceutical and 

personal care products (PPCPs) in 

wastewater and receiving waters in South 

Africa using LC-Orbitrap™ MS. Emerg. 

C o n t a m .   6 ,   2 5 0 - 2 5 8 . 

https://doi.org/10.1016/j.emcon.2020.0

7.002

Nantaba, F., Wasswa, J., Kylin, H., Palm, W.-

U., Bouwman, H., Kümmerer, K. (2020). 

O c c u r r e n c e ,  d i s t r i b u t i o n ,  a n d 

ecotoxicological risk assessment of 

Nakayama, S. F., Yoshikane, M., Onoda, Y., 

Nishihama, Y., Iwai-Shimada, M., Takagi, 

M., Kobayashi, Y., Isobe, T. (2019). 

Worldwide trends in tracing poly- and 

peruoroalkyl substances (PFAS) in the 

environment. TrAC, Trends Anal. Chem.  

1 2 1 ,   1 1 5 4 1 0 . 

https://doi.org/10.1016/j.trac.2019.02.0

11

Indexed in

Omotola et al., Coast, J. Sch. Sci. 7(2): 1322 - 1336    ISSN: 2714-3716



1335

Ngumba, E., Gachanja, A., Tuhkanen, T. 

( 2016 ) .  Occur rence  o f  s e l e c t ed 

antibiotics and antiretroviral drugs in 

Nairobi River Basin, Kenya. Sci. Total 

Environ.  539,  206-213. 

selected pharmaceutical compounds in 

water from Lake Victoria, Uganda. 

C h e m o s p h e r e   2 3 9 ,   1 2 4 6 4 2 . 

https://doi.org/10.1016/j.chemospher

e.2019.124642

Ncube, S., Nuapia, Y. B., Chimuka, L., 

Madikizela, L. M., Etale, A. (2021). Trace 

D e t e c t i o n  a n d  Q u a n t i t a t i o n  o f 

Antibiotics in a South African Stream 

Receiving Wastewater Efuents and 

Municipal Dumpsite Leachates. Front. 

Env i ron .  Sc i .   9 :  733065 .  do i : 

10.3389/fenvs.2021.733065 

Ngubane, N. P., Naicker, D., Ncube, S., 

Chimuka, L., Madikizela, L. M. (2019). 

Determination of naproxen, diclofenac 

and ibuprofen in Umgeni estuary and 

seawater: A case of northern Durban in 

KwaZuluNatal Province of South Africa. 

Reg. Stud. Mar. Sci.  29,  100675. 

https://doi.org/10.1016/j.rsma.2019.1

00675

Ogunbanwo, O. M., Kay, P., Boxall, A. B., 

Wilkinson, J., Sinclair, C. J., Shabi, R. 

A., Fasasi, A. E., Lewis, G. A., Amoda, O. 

A . ,  B r o w n ,  L .  E .  ( 2 0 2 2 ) .  H i g h 

Concentrations of Pharmaceuticals in a 

Nigerian River Catchment. Environ. 

Tox ico l .  Chem.   41 ,   551-558. 

https://doi.org/10.1002/etc.4879

Obu, H. A., Chinawa, J. M., Ubesie, A. C., 

Eke ,  C .  B . ,  Ndu ,  I .  K .  ( 2012 ) . 

Paracetamol use (and/or misuse) in 

children in Enugu, South-East, Nigeria. 

BMC Pediatr  12,  103. 10.1186/1471-

2431-12-103

Olaitan, J., Anyakora, C., Adetifa, I., Adepoju-

Bello (2017). A Screening for selected 

human pharmaceuticals in water using 

SPE-HPLC, Ogun State, Nigeria. African 

Omotola, E. O., Genthe, B., Ndlela, L., 

Olatunji, O. S. (2021). Environmental 

Risk Characterization of an Antiretroviral 

(ARV) Lamivudine in Ecosystems. Int.J. 

Env i ron .Res .Pub l i c  Hea l th .   18 . 

10.3390/ijerph18168358

J. Pharm. Sci. Pharm.  5,  1-14. 

Omotola, E. O., Genthe, B., Ndlela, L., 

Olatunji, O. S. (2023a). Insights into the 

ecotoxic impact of diclofenac using 

Daphnia magna as a model organism. 

TJOPAS  2,  19-26. 

Omotola, E. O., Olatunji, O. S. (2020). 

Quantication of selected pharmaceutical 

compounds in water using l iquid 

chromatography-electrospray ionisation 

mass spectrometry (LC-ESI-MS). Heliyon  

6 ,   e 0 5 7 8 7 . 

https://doi.org/10.1016/j.heliyon.2020.

e05787

Omotola, E. O., Olatunji, O. S., Moodley, B. 

( 2 0 2 4 ) .  T r a c e  d e t e c t i o n  o f 

p e r  u o r o o c t a n o i c  a c i d  a n d 

peruorooctane sulfonate in surface 

sediments using a liquid chromatograph 

coupled to an electrospray ionization 

single quadrupole mass spectrometer (LC-

ESIQ-MS). Microchem. J.  199,  109928. 

https://doi.org/10.1016/j.microc.2024.1

09928

Omotola, E. O., Oluwole, A. O., Oladoye, P. O., 

Olatunji, O. S. (2022). Occurrence, 

detection and ecotoxicity studies of 

selected pharmaceuticals in aqueous 

ecosystems- a systematic appraisal. 

Environ. Toxicol. and Pharmacol.  91,  

1 0 3 8 3 1 . 

https://doi.org/10.1016/j.etap.2022.103

831

Omotola, E. O., Genthe, B., Ndlela, L., 

Olatunji, S. O. (2023b). Phytotoxicity and 

apoptotic impact assessment of an over-

the-counter drug (paracetamol) residue 

using Allium cepa as a bioindicator. 

TJOPAS  2,  39-49. 

Indexed in

Omotola et al., Coast, J. Sch. Sci. 7(2): 1322 - 1336    ISSN: 2714-3716



1336

Waleng, N. J., Nomngongo, P. N. (2022). 

Occurrence of pharmaceuticals in the 

environmental waters: African and 

Asian perspectives. Environ. Chem. 

E c o t o x i c o l .   4 ,   5 0 - 6 6 . 

https://doi.org/10.1016/j.enceco.2021

.11.002

Robson, L., Barnhoorn, I. E. J., Wagenaar, G. 

M. (2017). The potential effects of 

efavirenz on Oreochromis mossambicus 

after acute exposure. Environ. Toxicol. 

and Pharmacol .   56,   225-232. 

https://doi.org/10.1016/j.etap.2017.0

9.017

Prata, J. C., Lavorante, B. R. B. O., B.S.M. 

Montenegro, M.d.C., Guilhermino, L. 

(2018). Inuence of microplastics on the 

tox ic i ty  o f  the  pharmaceut ica ls 

procainamide and doxycycline on the 

marine microalgae Tetraselmis chuii. 

Aquat. Toxicol.  197,  143-152. 

https://doi.org/10.1016/j.aquatox.201

8.02.015

Richmond, E. K., Rosi, E. J., Walters, D. M., 

Fick, J., Hamilton, S. K., Brodin, T., 

Sundelin, A., Grace, M. R. (2018). A 

diverse suite of pharmaceuticals 

contaminates stream and riparian food 

webs. Nat. Commun.  9,  4491. 

10.1038/s41467-018-06822-w

Wilkinson, J. L., Boxall, A. B. A., Kolpin, D. 

W., Leung, K. M. Y., Lai, R. W. S., Galbán-

Malagón, C., Adell, A. D., Mondon, J., 

Metian, M., Marchant, R. A., Bouzas-

Monroy, A., Cuni-Sanchez, A., Coors, A., 

Carriquiriborde, P., Rojo, M., Gordon, 

C., Cara, M., Moermond, M., Luarte, T., 

Petrosyan, V., Perikhanyan, Y., Mahon, 

C. S., McGurk, C. J., Hofmann, T., 

Kormoker, T., Iniguez, V., Guzman-

Otazo, J., Tavares, J. L., Figueiredo, F. 

G. D., Razzolini, M. T. P., Dougnon, V., 

Gbaguidi, G., Traoré, O., Blais, J. M., 

Kimpe, L. E., Wong, M., Wong, D., 

Ntchantcho, R., Pizarro, J., Ying, G.-G., 

Zhang, H. (2017). Transport of microplastics in 

coastal seas. Estuar. Coast. Shelf Sci.  

1 9 9 ,   7 4 - 8 6 . 

https://doi.org/10.1016/j.ecss.2017.09.

032

Zhou, L., Li, L.-z., Huang, J.-k. (2021). The 

river chief system and agricultural non-

point source water pollution control in 

China. J. Integr. Agric.  20,  1382-1395. 

h t tps ://do i .o rg/10 .1016/S2095-

3119(20)63370-6 

Chen, C.-E., Páez, M., Martínez-Lara, J., 

Otamonga, J.-P., Poté, J., Ifo, S. A., 

Wilson, P.,  Echeverría-Sáenz, S., 

Udikovic-Kolic, N., Milakovic, M., Fatta-

Kass inos ,  D. ,  Ioannou-Tto fa ,  L . , 

Belušová, V., Vymazal, J., Cárdenas-

Bustamante, M., Kassa, B. A., Garric, J., 

Chaumot, A., Gibba, P., Kunchulia, I., 

Seidenst icker,  S. ,  Lyberatos,  G. , 

Hal ldórsson,  H.  P . ,  Me l l ing ,  M. , 

Shashidhar, T., Lamba, M., Nastiti, A., 

Supriatin, A., Pourang, N., Abedini, A., 

Abdullah, O., Gharbia, S. S., Pilla, F., 

Chefetz, B., Topaz, T., Yao, K. M., 

Aubakirova, B., Beisenova, R., Olaka, L., 

Mulu, J. K., Chatanga, P., Ntuli, V., 

Blama, N. T., Sherif, S., Aris, A. Z., Looi, L. 

J., Niang, M., Traore, S. T., Oldenkamp, 

R., Ogunbanwo, O., Ashfaq, M., Iqbal, M., 

Abdeen, Z., ODea, A., Morales-Saldaña, 

J. M., Custodio, M., Cruz, H.d.l., 

Navarrete, I., Carvalho, F., Gogra, A. B., 

Koroma, B. M., Cerkvenik-Flajs, V., 

Gombač, M., Thwala, M., Choi, K., Kang, 

H., Ladu, J. L. C., Rico, A., Amerasinghe, 

P., Sobek, A., Horlitz, G., Zenker, A. K., 

King, A. C., Jiang, J.-J., Kariuki, R., 

Tumbo, M., Tezel, U., Onay, T. T., Lejju, J. 

B., Vystavna, Y., Vergeles, Y., Heinzen, 

H., Pérez-Parada, A., Sims, D. B., Figy, 

M . ,  G o o d ,  D . ,  T e t a ,  C .  ( 2 0 2 2 ) . 

Pharmaceutical pollution of the world's 

rivers. PNAS 119,  e2113947119. 

doi:10.1073/pnas.2113947119

Indexed in

Omotola et al., Coast, J. Sch. Sci. 7(2): 1322 - 1336    ISSN: 2714-3716


	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116

