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Abstract 
The presence of bio active pharmaceutical residues in the aquatic environment is majorly due to incomplete 

removal at wastewater treatment plants. This study evaluated the concentrations of various pharmaceutical 

compounds in influents and effluents from six selected pharmaceutical industries and assessed their percentage 

removal after treatment at wastewater treatment plants (WWTPs). Many pharmaceutical industries, do not 

comply with environmental standards before discharging their effluents into the receiving water body.The 

results revealed the levels of various pharmaceutical residues in the wastewater treatment plants effluents and 

the receiving water body.The target analytes include, ibuprofen, diclofenac, 

acetaminophen,amoxicillin,caffeine, metronidazole, ofloxacin,ciprofloxacin, pyrimethamine and sulfadoxin. 

Solid phase extraction (SPE)and High-PerformanceLiquid Chromatography (HPLC) techniques were employed 

for this work. OASIS HLB cartridges C18 were used for preconcentration of the analytes.The order of 

concentrations of the pharmaceutical residues in the WWTPs effluentswere ibuprofen > acetaminophen 

>amoxicillin > diclofenac > ofloxacin >ciprofloxacin.Percentage removal at WWTPs ranged between 31% - 

100%. This further suggests that the current wastewater treatment technologyemployed in the various locations 

were notefficient incompletelyremoving all pharmaceutical residues present in the wastewater.Additional 

procedure for their total removalis necessary. 

Key Words: Effluents, Influents, Wastewater treatment plant, Pollution, Pharmaceutical compounds and 

Cartridges,  
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I. Introduction 
Active pharmaceutical compounds in the aquatic environment have been considered to be a group of 

emerging contaminants over the decades[1]. The increase in the use of human and veterinary medicines and 

improvement in analytical techniques in the proper detection of these compounds have increased the growing 

interest in the awareness of the presence of these bioactive pharmaceutical residues (PRs) in the biota.These 

active pharmaceutical compounds include a wide range of chemicals that were previously not recognized but are 

now under serious investigation because their negative effects on aquatic organisms are presently being felt 

globally as a result of continuous discharge into the aquatic environment and are considered to be pseudo 

persistent [2,3].Many studies have exposed their presence in trace amounts ranging from ng / L to µg / L [4,5]. 

Several investigations have also shown that their presence is partiallydue to insufficient removal from 

wastewater treatment plants (WWTPs)which, as a result, is the cause of 70-80% of their presence in the aquatic 

environment.The remaining 20-30% may be due to improper disposal of unused or expired drugs, agricultural 

wastes,etc[6]. When they are released into the receiving waters, they usually tend to partition themselves into 

different compartments such as surface water, groundwater,soil, sediment, and living organisms depending on 

their physical and chemical characteristics [7].Athresh-hold value of 10ng / L in surface water has been 

suggested recently in Europe for some classes of pharmaceutical compounds [8,9]. However, this value has been 

greatly exceeded in many European rivers[10,11]. Another study has also revealedthat the influx of 

pharmaceutical residues from municipal sewage treatment plants (STPs) is an important source of chemical 

pollution in the surface, ground, and even bottled water. [12,13,14]. For instance, an investigation conducted by 

the US Geological survey in 1999 to ascertain the presence of pharmaceuticals and personal care products 

(PPCPs)such as steroids, antibiotics, analgesics, hormones, and other pharmaceutical compounds in the surface 

and groundwater confirmed the presence of at least one pharmaceutical at low concentrations in more than two-

thirds of the samples analyzed [15].  Although the concentrations of the individual pharmaceutical reported were 

low and may not cause harm to human health, chronic exposure to various mixtures may however disturb the 

balance in the human body and also promote antibiotic resistance thereby posing a threat to human health and 

that of the living organisms within that environment[16,17].There are some reported effects of pharmaceuticals 

on living organisms such as delayed development in fish and frogs, delayed metamorphosis in frogs,increased 

feminization of male fish, and also altered behaviour in fish[18]. This study aimedat evaluating the levels of 
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concentrations of some pharmaceutical residues in the influents and effluents from six pharmaceutical 

industries' treatment plants and establish the percentage removal of the individual analyte.The pharmaceutical 

compounds analyzed include some over-the-counter drugs such as ibuprofen, diclofenac, acetaminophen, 

caffeine, and metronidazole.The samples were filtered with 0.45µm glass filter, pre - treated with sodium EDTA 

and subjected to Solid-phase extraction. High performance liquid chromatographic analysis was carried out on 

each sample.Ultraviolet (UV)detector was used as the detector instrument. Acetaminophen (N-acetyl-p-

aminophenol) is a widely used over-the-counter analgesic and antipyretic drug in Nigeria. Caffeine(1,3,7-

trimethylpurine-2-6-dione) on the other hand is a purine methylxanthine alkaloid and a central nervous system 

stimulant. It is however one of the world's most consumed psychoactive drugs. Some common products that 

contain caffeine are coffee, tea, soft drinks, energy drinks, and chocolate derived from cocoa beans.  

 

II. Materials and methods 
2.1 Sample Collection and pre-treatment 

One litter of both influent and effluent wastewater was collected in duplicates from six pharmaceutical 

companies located in industrial areas of Isolo and Amuwo Odofin local government areas of Lagos, Nigeria. 

The sampling was carried out bi-monthly for a period of twenty-four months. They were collected with pre-

cleaned glass bottles wrapped with aluminium foil. The bottles were previously washed with detergent and 

soaked with chromic acid overnight after which they were rinsed with distilled water and wrapped in aluminium 

foil. After water sample collection, the bottles with their contents were subsequently placed in a cooler packed 

with ice, maintained at 4
0
c, and transported to the laboratory for the analysis of various pharmaceutical 

compounds which include ibuprofen, diclofenac, amoxicillin, metronidazole, caffeine, sulfadoxin, ofloxacin, 

ciprofloxacin pyrimethamine, and acetaminophen. The procedure described by Batt et al, 2008was employed 

for this work [19]. The samples arrived at the laboratory within 36 hours of collection. Immediately upon arrival 

at the laboratory, 500 ml of the wastewater were filtered through a 0.45-μm glass filter. The clear filtrates 

obtained were subsequently subjected to solid-phase extraction after treatment with Na2EDTA to remove any 

metal present.  

 

2.2Solid-phase Extraction.  

The solid-phase extraction procedure was used to preconcentrate the solutions. 500ml of 

wastewaterthat has been pretreated with Na2EDTA was filtered witha 0.45µm glass filter. Pharmaceutical 

compounds were extracted in one step by solid phase extraction using a Baker vacuum system and Oasis HLB 

cartridges C18(10g sorbent with 12 mL capacity) previously conditioned at neutral pH with 6 mLmethanol and 

acetone (HPLC grade) [20].  Elution was performed with 10 mL methanol and acetonerespectively at a flow rate 

of 5-10 mL min
−1  

in the ratio of 1:1 (v/v) at room temperature and pressure.  The extracts were evaporated 

under a gentle stream of nitrogen and reconstituted to 1 mL with methanol[21]. 

 

2.3Chemicalsand reagents  

The six analytes are Ibuprofen, diclofenac, acetaminophen, caffeine and metronidazole. All chemicals 

were purchased from Sigma Aldrich Chemicals Germany. Trifluoroacetic acid (TFA) (99%), Caffeine (99%), 

diclofenac (99%), metronidazole (99%), ibuprofen (98%), acetaminophen (99%), Ofloxacin(99%), 

Ciprofloxacin(99%), Amoxicillin(99%), Sulfadoxin (99%), Pyrimethamine(99%), Acetonitrile, methanol and 

distilled water 

 

2.4Stock solutions and linearity:  

The stock solutions were prepared by dissolving10mg of individual standard in 10ml of acetonitrile and 

stored in the refrigerator at 4
0
C. However, working solutions were prepared periodically from the stock solution 

by mixing appropriate aliquots of the stock solutions diluted with acetonitrile and water. (45/45,v/v)and stored at 

4
0
C. Various concentrations for all the pharmaceutical compounds analyzed were tested for linearity. The 

calibration curves were linear.The linearity of an analytical procedure is its ability (within a given range) to 

obtain test results that are directly proportional to the concentration of the analyte in a given sample. Blank 

solutions were also analyzed. 

 

2.5HPLC Analysis 

In this study, wastewater samples were analyzed with Liquid chromatographic equipment (HPLC1290 

series, Agilent TechnologyUSA)connected to anUltra Violet detector [22].  A sun fire column C18 (100 cm, 4.6 

mm, 4 μm) preceded by a guard column(Sun Fire, C18, 2.1 × 10mm,3.5µm, Waters, Milford MA USA) was 

used at a temperature of 40
0
C. A mobile phase consisting of a mixture of 1:1 acetonitrile and water with 0.1% 
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TFA at a flow rate of 1 mL/min was used. Elution was doneat a constant rate of 1.0ml/min. The different 

compounds were identified in the chromatogram by comparing the retention time of the various peaks with that 

of the corresponding compound in the standard solution. Peak areas were used for quantitative analysis.  

 

2.6Accuracy 

The accuracy of the method was evaluated by analyzing two extracts from the samples with concentrations of 

20µg and 30µg. They were injected twice and the average values were obtained. 

 

2.7Statistical analysis 

      Statistical analysis was performed with the statistical package for social sciences (SPSS) version 26. 

Concentrations of detected emerging contaminants were compared using a repeated measure mixed-model 

ANOVA with the sampling day as a random factor. Significant differences were recorded as P < 0.05. 

 

2.8Method validation and instrument performance:  

Detection and quantification of pharmaceutical residues were analytically validated as stipulated by the 

international conference on harmonization of procedures [22]. However, the selectivity, linearity, limit of 

detection (LOD), the limit of quantification (LOQ), accuracy, and precision for simultaneous determination of 

the listed pharmaceuticals in aqueous media were evaluated. Analysis was done in duplicates and the average 

concentrations were recorded. Blank samples were also analyzed for the various pharmaceutical residues but 

were not present in the blank sample. 

 

III. Results and Discussions 
3.1Concentrations of pharmaceutical residues in the influents  

The concentrations of the ten selected pharmaceuticals in the influents of the wastewater treatment 

plants (WWTPs) are shown in table 4.1. The wastewater analyzed contain varying degrees of drug pollutants 

with metronidazole, acetaminophen, and pyrimethamine having the highest levels in the influents.  Maximum 

metronidazole concentration was found to be 100.4± 0.4ng / L in site 5, with an average concentration of 

32.8±0.3 ng / L. Acetaminophen had the second highest concentration in the wastewater treatment 

plants(WWTPs) influents ranging between 3.6±0.1 ng / L and 39.0±0.04 ng / L with an average of 15.1±0.3 ng / 

L. These were followed by pyrimethamine ranging between <LOD and 29.1±0.1 ng / L with an average 

concentration of 6.44±0.1 ng / L.High concentrations of metronidazole and acetaminophen reflect the popular 

usage of the drugs in Nigeria. Ciprofloxacin showed the lowest concentration in the influents ranging between 

0.002±0.1 and 3.17±0.1 ng / L. In all the sites, over 60% of acetaminophen and diclofenac were found in the 

influents at different concentrations. The concentration of diclofenac ranged between 0.41±0.1 ng/L 

and13.5±0.6 ng / L in the influents. The results showed that the average concentrations of the pharmaceutical 

residues in the influents werehigher than those in the effluents.Wastewater usually originates from point sources 

such as industrial effluents, households, hospitals, etc. Inputs from surrounding contaminated areas such as 

effluent discharge ponds can be some of the causes of groundwater pollution. The levels of concentration 

depend on the source of contamination. Various amounts of drug residues were detected in the influent at 

different sites. 

 

Table3.1:Concentrations of pharmaceutical residues in the influents 

 
* S1-S6 :( Six different pharmaceutical industries where wastewater samples were collected.) 

Drug ID      S1     S 2     S3     S 4     S5     S6  mean concentration

Ibuprofen 2.77±0.8 14.9 ±0.8   <LOD   <LOD    <LOD   <LOD 2.93±0.3

Diclofenac 0.53 ±0.2    <LOD 0.41±0.1    <LOD 13.5±0.6 12.9±0.6 4.54±0.3

Caffeine 3.70 ±0.1    <LOD    <LOD 20.1±0.3    <LOD    <LOD 3.96±0.1

Acetaminophen 4.12±0.04 39.0±0.04 21.4  ±0.4    <LOD 3.64  ±0.1 22.3±1.1 15.1±0.3

Metronidazole    <LOD    <LOD    <LOD 96.1  ±1.1 100.4 ±0.4    <LOD 32.8±0.3

Amoxicillin 5.69±0.2   <LOD   <LOD    <LOD   <LOD   <LOD 15.1±0.8 3.46±0.2

Ofloxacin 0.013±0.1    <LOD0.015±0.001  0.013±0.01   <LOD 2.58±0.4   <LOD 0.006±0.04    0.004±0.10.43±0.6

Ciprofloxacin 3.17±0.1          0.002±0.09   <LOD     <LOD 2.00±0.004             <LOD      0.002±0.09 5.0±0.1 1.69±0.03

Sulfadoxin 1.61±0.8         <LOD   <LOD    <LOD 8.06±0.2           <LOD   <LOD    <LOD 1.61±0.2

Pyrimethamine    <LOD   <LOD    <LOD 9.60±0.7 29.1±0.1    <LOD 6.44±0.1
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FIG3.1 Concentrations of pharmaceutical residues (ng/ L) in the WWYTPs influents and effluents. 

 

 
FIG 3.2: Concentrations of pharmaceutical residues (ng/L) in the surface water 

 

The levelsof residues depend on the source of contamination.However, it is not very clear the extent of their 

cumulative physiological effects on humans and other organisms at low concentrations when discharged into the 

aquatic environment.  

 

3.2Concentrations of pharmaceutical residues in the effluents of WWTPs  

The effluents from the selected wastewater treatment plants contained various drug residues as shown 

in table 3.2. In the effluents, ibuprofen had the highest levels and ranged between < LOD and 11.2±0.8 with an 

average concentration of 1.86±0.1 ng / L. This was followed by acetaminophen which ranged between <LOD 

and 5.95±0.4 ng / L having an average concentration of 0.99±0.6 ng / L. Ciprofloxacin had the lowest average 

concentration of 0.003±0.1 ng / L in the effluent. It was however observed that the concentrations of the test 

pharmaceutical residues in the WWTPs effluents were generally lower than those in the influents. The 

concentrations of ofloxacin and sulfadoxin in the WWTPs effluents significantly decreased (98% for ofloxacin 

removal and 93% for sulfadoxin removal) compared with the influents. Also, metronidazole, pyrimethamine, 

and caffeine were not detected in the WWTPs effluents. This observation is an indication that the conventional 

wastewater treatment methods used in the treatment plants could remove metronidazole, pyrimethamine, and 

caffeine effectively. effluents of urban wastewater and receiving waters in other countries were reported also to 

contain many pharmaceuticals at low concentrations [23,24]. These indicate that most of the current wastewater 

treatment practices are inefficient in completely removing such contaminants. For instance, five pharmaceuticals 
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(propranolol, sulfamethoxazole, carbamazepine, indomethacin, and diclofenac) were found in all wastewater 

and the receiving surface water samples in England with carbamazepine having the highest levels 

(2.336 ng mL
−1

). The reported removal efficiencies for these compounds from the wastewater were in the range 

of 43–92%.[25]. In another study, five out of six drugs (diclofenac, ibuprofen, ketoprofen, naproxen, 

carbamazepine, and caffeine) have been detected in both influent and effluent from four STPs in Seville–Spain 

in the ng mL
−1

 concentration range. The reported removal rates for these drugs were between 6% and 98% [24]. 

In the present study, not all the pharmaceutical compounds were able to be removed during wastewater 

treatment processes. The percentage removal from influents was between 36% and 100 %. The concentrations 

of detected pharmaceuticals in effluents were lower than the influents. There were significant differences in the 

concentrations of some residues at various treatment plants during the wet and dry seasons as observed in 

figures 3.3 to 3.8.  

 

Table 3.2: Concentrations of pharmaceutical residues in the effluents of WWTPs 

 

* S1-S6 : Site 1- 6, LOD : Limit of detection 

 

 

 

Table.3:3Percentage removal of the analytes at the wastewater treatment plants. 

 

Drug ID     S1     S 2        S3       S 4       S5       S6  mean concentration

Ibuprofen  <LOD 11.2±0.8     <LOD     <LOD     <LOD     <LOD 1.86±0.1

Diclofenac  <LOD  <LOD    <lOD     <LOD     <LOD 2.37±0.2 0.39±0.03

Caffeine <LOD <LOD    <LOD     <LOD    <LOD    <LOD <LOD

Acetaminophen  <LOD   5.95±0.4    <LOD     <LOD     <LOD     <LOD 0.99±0.6

Metronidazole <LOD <LOD    <LOD     <LOD    <LOD     <LOD <LOD

Amoxicillin <LOD <LOD     <LOD     <LOD    <LOD 5.00±0.4 0.83±0.06

Ofloxacin <LOD  0.013±0.01     <LOD     <LOD    <LOD 0.004±0.1 0.002±0.01

Ciprofloxacin  0.002±0.09 <LOD     <LOD     <LOD    <LOD    <LOD 0.0003±0.1

Sulfadoxin <lOD <lOD     <lOD    <lOD    <lOD    <lOD <lOD

Pyrimethamine <lOD <lOD    <lOD     <lOD    <lOD     <lOD <lOD

 Drug ID INFLUENT EFFLUENT REMOVAL 

          ng/l         ng/l EFICIENCY (%).

IBUPROFEN 8.812 5.602 36

DICLOFENAC 6.824 2.617 61

AMOXICILLIN 10.387 5.004 51

SULFADOXIN 4.835 0.294 93

OFLOXACIN 0.653 0.009 98

CIPROFLOXACIN 2.501 1.724 31

CAFFEINE 11.890            NILL 100

ACETAMINOPHEN 21.826 9.997 54

METRONIDAZOLE 98.259             NILL 100

PYRIMETHAMINE 19.337             NILL 100

https://www.sciencedirect.com/topics/chemistry/propranolol
https://www.sciencedirect.com/topics/chemistry/sulfamethoxazole
https://www.sciencedirect.com/topics/chemistry/carbamazepine
https://www.sciencedirect.com/topics/chemistry/ibuprofen
https://www.sciencedirect.com/topics/chemistry/ketoprofen
https://www.sciencedirect.com/topics/chemistry/naproxen
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FIG.3.3:  Seasonal variations of pharmaceutical residues in influents and effluents from site 1. Each bar 

represents the mean ± SEM, *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 compared to their counterparts. 

April to October (otherwise called Raining season), November to March (otherwise called Dry season). 

 

 

 S2 

 
FIG.   3.4:    Concentrations of analytes in influent and effluent of S2 during the dry and wet seasons. Each bar 

represents the mean ± SEM, *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 compared to their counterparts 
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S3 

 
FIG 3.5: Concentrations of pharmaceutical residues in S3 during the wet and dry seasons 

 

 

FIG 3.6: Concentrations of pharmaceutical residues in S4 during the wet and dry seasons. 
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FIG 3.7: Concentrations of pharmaceutical residues in S5 during the wet and dry seasons. 

 

      S6 

 
FIG 3.8:Concentrations of pharmaceutical residues in S6 during the wet and dry seasons. 

 

3.3 Risk assessment of pharmaceutical residues in effluents 

The risk quotient (RQ) is the basic principle that is internationally accepted in developing an 

environmental risk assessment guideline. The assessment of whether a substance presents a risk to other 

organisms is based on the comparison of the predicted effect concentration (PEC) or measured environmental 

concentrations (MEC) to its predicted no effect concentration (PNEC) to organisms in the ecosystem. The 

environmental effects of drug residues have been characterized by extrapolating PNEC based on mean 

ecotoxicological concentration (EC50) or LC50 values obtained from a set data of acute toxicity tests.A 

standard assessment factor of 1000 has been introduced to account for extrapolations from intra – as well as 

inter-species variability in sensitivity.The PNEC ofthe water compartment has been determined using equation 

(1) 

PNEC water       =     
𝑬𝑪𝟓𝟎  𝒐𝒓 𝑳𝑪𝟓𝟎

𝟏𝟎𝟎𝟎
Eq1 [26]   

 

If RQ < 0.01, it denotes negligible risk, RQ <1 means low risk, 0.1 < RQ <1, It means medium risk and if RQ > 

1, it represents high risk. [27].High risk was calculated for acetaminophen and amoxicillin in the effluents which 

could be due tothe high demand forthe drugs. 
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Table 3.4:    Risk assessments of pharmaceutical residues in WWTPs effluents 

The risk Quotient method (RQ) was applied as a novel approach to estimate the environmental risk of 

pharmaceutical residues that are most frequently detected in wastewater effluents 

 

 
3.4Concentrations of pharmaceutical residues (PRs) in the surface water 

Many pharmaceutical residues (PRs) were detected in the surface water as shown in table 5.Ibuprofen 

had a maximum concentration of 3.33±0.6 ng/L with an average of 2.20±0.4 ng/ L. Ibuprofen is an analgesic 

that is used to relieve pain. It is also used as an anti-inflammatory drug for the reduction of inflammations and 

swellings. Ibuprofen and diclofenac are some of the most commonly used analgesics and anti-inflammatory 

drugs in Nigeria. Others include acetaminophen (paracetamol), naproxen, and aspirin [28].The highest 

concentration of ibuprofen detected in the surface water was 5.04 ng / L in sw6. A similar study conducted in a 

river in Ogun State, Nigeria reported the presence of acetaminophen, diclofenac, ibuprofen, and ciprofloxacin in 

the mg/ml range [29]. Chronic exposure to diclofenac can negatively affect renal functions in fish. The kidney 

has also been found to be one of the target organs for diclofenac toxicity in many animals such as birds, mice, 

and humans [30,31,32].The concentration of metronidazole ranged between 0.03±0.9 ng/L and 0.60±0.1 ng 

/Lwith an average concentration of 0.10±0.1 ng / L. Ibuprofen, diclofenac, and acetaminophen were detected in 

over 60% of all the samples. Diclofenac had the second highest concentration which ranged between 0.48±0.1 

ng/L and 2.37±0.1 ng / L with a mean value of 1.10±0.08 ng / L as shown in table 3.5. Amoxicillin and 

pyrimethamine were not detected in the surface water. In Sw5, most of the PRs were below the detection limit 

except ofloxacin with a value of 1.452±0.4 ng / L. 

 

Table3.5:    Concentrations of pharmaceutical residues (ng / L) in the surface water  

Drug ID 
 

 SW1  SW2 SW3 SW4  SW5  SW6               Mean 

Ibuprofen 
 

3.23±0.6 1.26±0.5 3.90±0.2 <LOD <LOD 5.04±0.4 2.24 ± 0.4 

diclofenac 
 

1.67±0.3 0.98±0.02 1.27±0.1 0.48±0.01 <LOD 2.37±0.1 1.1 ±0.08 

Amoxicillin <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Sulfadoxin 
 

<LOD <LOD <LOD <LOD <LOD 3.46±0.7 0.57  ±0.1 

Ofloxacin 
 

<LOD 3.44±0.5 0.98±0.3 <LOD 1.45±0.4 <LOD 0.5 ±0.1 

Therapeutic Chemical Molecular    CAS Risk assessment 

      group Compound formular number  of the Effluent

Analgesics Ibuprofen C13H18O2 15687-27-1      -

Diclofenac C14H11Cl2NO2 15307-79-6 Low risk

Acetaminophen C8H9NO2 103-93 High risk

Anti biotics Metronidazole C6H9N3O3 443-48-1      -

Ofloxacin C18H20FN3O4 82419-36-1 Low risk

Ciprofloxacin C17H18FN3O3 85721-33-1 Medium risk

Amoxicillin C16H19N3O5S 26787-78-0 High risk

Anti malaria Sulfadoxin C12H14N4O4S 2447-57-6     -

Pyrimethamine C12H14Cl2N4 58-14-0      -

Stimulant Caffeine C8H10N4O2 58-08-2      -
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Ciprofloxacin       0.71±0.4 0.59±0.2 <LOD <LOD <LOD <LOD 0.2 ±0.1 

Caffeine 
 

0.49±0.5 0.19±0.01 <LOD 1.23±0.1 <LOD <LOD 0.3  ±0.1 

Acetaminophen 1.33±0.5 0.57±0.4 0.52±0.2 0.40±0.3 <LOD <LOD 0.4  ±0.2 

Metronidazole <LOD <LOD <LOD 0.60±0.1 <LOD 0.03±0.9 0.1  ±0.1 

pyrimethamine <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

          * 
SW: Surface water 

 

Pharmaceutical residues were detected in the surface water at various concentrations. They include 

ibuprofen, diclofenac, sulfadoxin ofloxacin, ciprofloxacin, caffeine, acetaminophen, and metronidazole. 

Ciprofloxacin concentrations ranged from <LOD -0.706 ng/L. Amoxicillin was not detected in any of the 

samples. Antibiotics are important components of modern medicine and are vital lines of defence against 

pathogenic bacteria and fungi. [33,34]. The unregulated use of antibiotics and discharged wastewater from 

pharmaceutical industries, household effluents,and agricultural farms are sources of antibiotics and their 

residues in the aquatic environment. The findings of this study are consistent with those of many other 

researchers reported in the literature in which low concentrations of pharmaceuticals were found in effluents of 

urban wastewater and receiving waters [35,36,37]. It is also in agreement with the study done by Rosal et al in 

2010, where pharmaceutical compounds were detected at low concentrations in municipal wastewater with 

some compounds in the ng / mL
-1

range such as caffeine, acetaminophen, and paraxanthine while others were in 

ng / L
-1

range [38].   

 

IV. Conclusions 
Various concentrationsof pharmaceutical compounds were detected at various in the influents and 

effluents of the six selected WWTPs and also in the receiving water body near the effluent discharge point. The 

concentrations of these drugs were in ng / L range with the effluent having a slightly lower concentration. Many 

of the  PRs were detected in the influents, effluents, and surface water at different concentrations.The results 

indicate that WWTPs could not effectively eliminate all the pharmaceutical residues.The results from this study 

supported a similar work by Escher et al in 2011 which revealed the presence of some pharmaceutical 

compounds in effluents from hospital wastewater [16]. It is also consistent withother works found in the 

literature which revealed that many drugs, their metabolites, and transformation products are not efficiently 

removed during wastewater treatment processes. The results however further suggest that the conventional 

wastewater treatment technologies used in these areas are not efficient in removing all pharmaceutical pollutants 

from wastewaterthereby encouragingthe entrance of bioactive pollutants into the aquatic environment and 

contamination of the drinking water sources of the people living within the area. However, there is a need to 

encourage more research to optimize water treatment technology. Also, manufacturers, regulators, pharmacists, 

veterinary doctors, and consumers have to agree on various ways to reduce the discharge of pharmaceutical 

substances into rivers and streams. The result from this stud will also assist in identifying the knowledge gap 

and research needs on pharmaceutical residues in the aquatic environment in Lagos, Nigeria.  It may however 

contribute to the development of a national plan on pharmaceuticals. More research is needed to learn more 

about their fate and degradation pathways to ensure the safety of man and the environment. 
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