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A B S T R A C T   

The presence of five antibiotics (metronidazole, ciprofloxacin, amoxicillin, doxycycline, and chloramphenicol) 
and four analgesics (diclofenac, ibuprofen, paracetamol, and caffeine) were investigated in water and soil 
samples from the Sunyani municipality, Ghana. Liquid samples were collected from hospital effluents, sachet 
drinking water, municipal waterworks, river Tano, and dumpsite leachates, while soil samples were collected 
from dumpsites and municipal waterworks. All samples were prepared using solid-phase extraction (SPE) and 
analyzed via an HPLC- PDA method. All antibiotics analyzed, apart from metronidazole, were detected either in 
soil or water samples. Doxycycline and ciprofloxacin were present in almost all liquid samples. The investigated 
hospital effluents had antibiotic concentrations of up to 2.93 mg/L for doxycycline and 4.74 mg/L for cipro-
floxacin. The highest concentration of any antibiotic found was 8.76 mg/L of amoxicillin in hospital effluents. 
The maximum concentration of analgesics in liquid samples analyzed was 3.20 mg/L (paracetamol) and 3.00 
mg/kg (caffeine) in soil samples. Ecological risk assessment indicated that the pharmaceuticals pose a possible 
risk to some aquatic organisms. The findings from this study showed the presence of these pharmaceuticals at 
concentrations that could impact the ecosystem. Consistent monitoring of environmental levels and pursuing the 
development and implementation of a suitable remediation program is needed.   

1. Introduction 

Public health care is achieved mainly by the use of pharmaceuticals 
[1]. Thousands of diverse pharmaceutically active compounds are used 
in huge quantities to prevent or treat human and animal diseases. An-
algesics and antibiotics are among the most prescribed drugs worldwide 
[2]. The relevance of analgesics cannot be overlooked as far as pain 
relief is concerned. On the other hand, antibiotics are used to inhibit the 
growth of bacteria or kill them. These pharmaceuticals, especially an-
algesics, are in high demand on the market and can be bought 
over-the-counter without a prescription [3,4]. The total annual market 
consumption of antibiotics worldwide is estimated to lie between 100, 
000 and 200,000 tons [5]. Non-steroidal anti-inflammatory drugs 
(NSAIDs) are among the most frequently used drugs worldwide, 
consumed by more than 30 million people daily [6]. In the USA, an 

annual prescription of over 111 million NSAIDs are consumed, and this 
represents about 60% of the USA’s over the counter analgesic market 
[7]. 

Antibiotics and analgesics are indispensable in modern medicine. 
However, the extensive use of these pharmaceuticals has led to their 
presence and persistence in environmental matrices which can result in 
the development of drug resistance - a global concern. About 40–90% of 
pharmaceuticals administered are excreted in feces and urine as parent 
compounds (in the active form) into the environment [8]. Pharmaceu-
ticals ultimately find their way into the environment through runoffs, 
leaks, and sewage systems, and these could contaminate soils, water 
bodies, and plants [8]. The use of huge amounts of pharmaceuticals in 
animal farming can result in agro-ecosystem contamination. This occurs 
when contaminated manure is applied on agricultural lands as fertilizer 
and crops are irrigated with wastewater. Another route through which 
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pharmaceuticals enter the environment is improper disposal of unused 
pharmaceuticals. Pharmaceuticals also enter the environment by dis-
charging industrial effluent, hospital effluent, sewage treatment plants, 
and septic tanks into streams and rivers [5,8,9]. 

Lately, pharmaceuticals have become micro-contaminants in soil and 
water as the rate of their introduction in the environment surpasses 
degradation [10]. Analgesics and antibiotics are among the most widely 
detected pollutants in the environment and are, hence, considered 
pseudo-persistent contaminants [11]. The negative impact of antibiotics 
on natural microbial communities could include the bactericidal and 
bacteriostatic actions of antibiotics. These actions cause the loss or 
destruction of some microbial groups involved in crucial ecosystem 
activities (direct effect) [12]. Exposure of oriental white-backed vul-
tures to analgesics (diclofenac) has been shown to affect their kidney 
and thus resulting in kidney failure. This is reported to have led to a 
decline in vulture population and extinction in some parts of the world 
[13]. 

Pharmaceuticals have been detected in samples from dumpsites 
[14], hospital effluents [15], surface water [16,17], and drinking water 
[18] all over the world. It has been noted that unwanted or expired 

medicines are most commonly thrown into trash cans or disposed of 
alongside household waste [19–22]. A study conducted on landfill sites 
in Kumasi, Ghana, reported high concentrations of up to 18.25 ± 7.92 
mg/L for metronidazole and 10.96 ± 6.93 mg/L for amoxicillin in 
leachate samples [14]. 

It is reported that about 25–68% of antibiotics are administered to 
hospitalized patients worldwide. That number is even higher in Ghana, 
where about 71% of hospitalized patients receive antibiotics as part of 
their treatment regimen [23]. Several studies have reported pharma-
ceutical residues in drinking water [18] due to runoffs from industries 
sewage, hospitals effluents, leachates from dumpsites, etc., which end 
up in water bodies. This makes rivers and drinking water samples 
possible hotspots as well. Pharmaceuticals have been detected in food, 
hospital effluents, dumpsite leachates, surface and drinking water in 
some parts of Ghana [14,16,24–26]. However, the residual concentra-
tions, occurrence, and ecological effects of antibiotics and analgesics in 
the Sunyani Municipality are obscure. The purpose of this work was to 
investigate the occurrence of two classes of pharmaceuticals (antibiotics 
and analgesics) in hospital effluents, dumpsite soil and leachates, sachet 
water, and municipal waterworks samples and to investigate the risks 

Fig. 1. Map of the Sunyani Municipality [27].  

B.A. Otoo et al.                                                                                                                                                                                                                                  



Toxicology Reports 9 (2022) 1491–1500

1493

associated with the presence of these pharmaceuticals in both water and 
soil samples. 

2. Materials and methods 

2.1. Reagents 

Acetonitrile (HPLC grade) and methanol (Analytical grade) were 
obtained from VWR Chemicals (Accra, Ghana). Antibiotics (amoxicillin, 
chloramphenicol, metronidazole, doxycycline ciprofloxacin) and anal-
gesics (paracetamol, caffeine, diclofenac, ibuprofen) standards were 
obtained as pure powders from Ernest Chemists (Accra, Ghana). 
Deionized water was used to prepare all solutions and calibration 
standards for HPLC analysis. Stock solutions of 1000 mg/L of each an-
alyte were prepared. Working standard solutions were prepared from 
the stock standard solutions for both antibiotics and analgesics. 

2.2. Study area 

A map of the Sunyani municipality is shown in Fig. 1. Sunyani is 
known as the green city of Ghana and is the capital town of the Bono 
Region, Ghana. The Sunyani municipality is one of the Bono Region’s 12 
districts. Sunyani is inhabited by 152,567 people. A total of 125 retail 
pharmacies and 41 hospitals/health centers provides medical assistance 
in the region [27]. River Tano, the main source of water in the Sunyani 
Municipality, is located at Tanoso in the Bono Region. It is directed into 
a reservoir at the Sunyani Municipal waterworks station. At the station, 
it passes through different channels created (settled water chamber, 
final water chamber) for treatment and purification before it is distrib-
uted to various reception points. 

2.3. Sample collection 

2.3.1. Soil samples 
Soil and sediment samples were collected (0–20 cm depth) from 

dumpsites and the municipal waterworks station in the Sunyani Mu-
nicipality using a stratified random sampling approach in September 
2020. 

2.3.2. Liquid samples 
Pre-cleaned plastic bottles (1.5 L) were rinsed with each water 

sample to be collected before samples were fetched into the bottles. 
Dumpsite leachates, hospital effluents, water samples from the Sunyani 
Municipal waterworks station and River Tano were sampled for the 
study. Samples were collected about 10–20 cm deep within the banks of 
River Tano (latitude: 6.729490, longitude: − 2.424003). Water samples 
were also taken from different reservoirs at the waterworks station. 
Different sachet drinking water sold in the Sunyani municipality was 
also sampled for analysis. In all, 60 water and 52 soil samples were 
collected. All the samples collected were labeled and packed into boxes 
and transported frozen in ice-chests maintained at 4 ◦C to the laboratory 
for analysis. In the laboratory, pH, total dissolved solids (TDS), and 
electrical conductivity (EC) were measured for all water and soil sam-
ples using procedures described elsewhere [28,29]. 

2.4. Sample preparation and extraction of antibiotics and analgesics 

2.4.1. Soil 
Soil/sediment samples were air-dried at room temperature. After 

drying, all samples from each site were mixed to form a composite. The 
samples were ground with mortar and pestle, sieved using a 200 µm 
mesh sieve into fine particles to ensure homogeneity, and then put into 
Ziplock bags. 

2.4.2. Sonication and filtration 
One hundred milliliters of acetonitrile was added to a 50 g soil 

sample, shaken vigorously, and allowed to stand overnight. The samples 
were sonicated in an ultrasonicator bath (VWR USC 600 T, 45 kHz, 
120 W) for about 15 min the next day and centrifuged at 25 ◦C. The 
supernatant was decanted. Another 50 mL of acetonitrile was added to 
the sample and sonicated for 30 min. The supernatants were combined 
and successively filtered first with cotton wool and finally with What-
man 125 mm filter paper to obtain clear solutions prior to solid-phase 
extraction (SPE) [14]. 

2.4.3. Water and leachates 
Solid impurities were removed from water and leachate samples by 

filtration, successively with cotton wool and Whatman 125 mm filter 
papers. Leachate samples that still had particles were centrifuged at 
2000 rpm for 10 min at 25 ◦C to get the particles to settle, and the su-
pernatants were then decanted. The filtered samples were then sub-
jected to SPE [14]. 

2.5. Solid-phase extraction 

2.5.1. Liquid samples 
A hydrophilic-lipophilic balance cartridge (HLB 6 mL, 200 mg, 

30 µm) was used. The SPE cartridges were conditioned with 5 mL 
methanol (MeOH) followed by 5 mL distilled water. Six hundred milli-
liter portions of liquid samples were loaded onto SPE cartridges at a flow 
rate of 1.5 mL/min. The cartridges were allowed to dry for a couple of 
minutes under vacuum. Analytes were eluted from the cartridges with 
3 mL MeOH after washing with 3 mL water. Eluates were transferred 
into 2 mL autosampler HPLC vials for analysis [14]. 

2.5.2. Soil samples 
For soil samples, the SPE cartridges were conditioned with 5 mL of 

methanol (MeOH) followed by 5 mL of distilled water. The combined 
filtrate from the extraction (100 mL) was loaded onto SPE cartridges at a 
flow rate of 1.5 mL/min and left to dry for a couple of minutes. The dried 
SPE cartridges were washed with 5 mL distilled water and then dried 
under vacuum for about 10 min. The sorbents were eluted with 3 mL 
methanol. Samples were then transferred to 2 mL autosampler HPLC 
vials for analysis [14]. 

2.6. HPLC analysis 

Chromatographic separation was done on a Perkin Elmer Flexar 
HPLC coupled to a PDA detector. Antibiotics separation was attained on 
Agilent Zorbax 300SB C18 (250 ×4.6 mm, 5 µm) column. The mobile 
phase consisted of 0.05% TFA (A) and methanol (B). Separation of an-
algesics was achieved on a Phenomenex Luna C8 (150 ×4.6 mm, 5 µm) 
column. The mobile phase for analgesic separation consisted of 0.1% 
acetic acid (A) and methanol (B). Tables 1 and 2 give the detailed 
gradient program from the gradient elution performed at a flow rate of 
1 mL/min with an injection volume of 20 µL for both antibiotics and 
analgesics. 

The total runtime for the analysis was 18 min for antibiotics and 
22 min for analgesics, and all chromatographic work was carried out at 
ambient temperatures. Detection of metronidazole, ciprofloxacin, and 
doxycycline was at 320 nm and amoxicillin and chloramphenicol at 
215 nm. Paracetamol and caffeine were monitored at 270 nm, 

Table 1 
HPLC flow program for antibiotics residue analysis.  

Step Step Type Step Time (min) Flow (mL/min) %A %B 

0 Equilibrate  1.0  1.0  75  25 
1 Run  4.0  1.0  75  25 
2 Run  8.0  1.0  30  70 
3 Run  5.0  1.0  75  25 

Solvent A: 0.05% TFA, B: methanol 

B.A. Otoo et al.                                                                                                                                                                                                                                  



Toxicology Reports 9 (2022) 1491–1500

1494

diclofenac, and ibuprofen at 220 nm. Quantification was done using 
external calibration and peak area measurement. 

2.7. Quality parameters 

2.7.1. LOD and LOQ 
Linearity was established for all test samples in concentrations 

ranging from 0.2 to 10 mg/. The limits of detection (LOD) and limits of 
quantification (LOQ) for each test sample were calculated with respect 
to signal-to-noise ratios. 

2.7.2. Recoveries and quality assurance 
A sample blank (water and soil matrices containing none of the 

analytes) was prepared and spiked with known concentrations of stan-
dard drugs. After the extraction and SPE clean-up procedures (as 
described earlier), the sample blank was analyzed by HPLC methods 
described earlier. The concentration of the drugs was determined from 
the chromatograms obtained. Standard solutions of the analytes were 
injected prior to analyses and after every 10 sample runs to ensure that 
the HPLC system was functioning properly. Blank samples were also 
injected after every 5 runs to monitor any sample interference. All 
sample injections were made in duplicates. Each batch of analyses was 
prepared to include a reagent blank to check background contamination 
[14]. Table 3 shows the recovery data of antibiotics and analgesics. 

2.8. Ecological risk assessment 

The risk that the presence of various pharmaceuticals in the envi-
ronment poses was estimated using the Risk Quotient (RQ) as suggested 
by the European Medicines Evaluation Agency (EMEA, 2006). The 
ecological risk quotient (RQ) was calculated for each antibiotic and 
analgesic using the ratio between the maximal environmental concen-
trations (MEC) and predicted no-effect concentration (PNEC), as shown 
in equation 1. 

RQ =
maximal environmental concentration(MEC)
predicted no − effect concentration(PNEC)

(1) 

RQ was calculated at different trophic levels of the ecosystem (algae, 
daphnid, fish, crustaceans). RQ < 0.1 indicates a minimal risk to aquatic 

organisms; 0.1 ≤ RQ ≤ 1.0 poses a medium risk and RQ ≥ 1.0, poses a 
possibly high risk and is likely to harm organisms in the environment 
[30]. 

3. Results 

The physicochemical parameters of the liquid and soil samples are 
presented in Table 4. Generally, water samples from the Sunyani 
municipal waterworks station were slightly acidic (pH range of 
6.01–6.79). Sediment samples from the same station were slightly acidic 
to slightly basic (pH range of 5.92–7.63). Leachates and soil samples 
from dumpsites were slightly acidic (6.34–6.90) and slightly acidic to 
slightly basic (5.82 – 7.79), respectively. The pH of sachet water samples 
and hospital effluents ranged from 6.02 to 6.44 and 6.55–7.33, respec-
tively. The total dissolved solids (TDS) values of all water and sediment 
samples from Sunyani municipal waterworks station ranged from 
152.00 to 185.12 mg/L and 29.00 – 77.00 mg/L, respectively. TDS for 
leachates and soil samples from dumpsite were generally high, ranging 
from 230.00 to 1323.00 mg/L and 73.00 – 475.00 mg/L, respectively. 
Low TDS values ranging from 9.00 to 55.00 mg/L were recorded in 
sachet water samples and hospital effluents (161.00–1121.00 mg/L). 
The Electrical Conductivity (EC) of all water and sediment samples from 
Sunyani municipal waterworks station were in the range of 152.30 – 
220.00 µS/cm and 31.60 – 86.00 µS/cm, respectively. The EC for 
leachates and soil samples from dumpsite were generally high (390.00 – 
6557.25 µS/cm and 79.80 – 519.00 µS/cm, respectively). The lowest EC 
values were recorded in sachet water samples (9.25 – 57.75 µS/cm), 
with the EC for hospital effluents ranging from 187.15 to 1141.00 µS/ 
cm. 

3.1. Occurrence of antibiotics and analgesics in water matrices 

Of the 5 antibiotics analyzed, 4 were detected in at least one of the 
matrices. For analgesics, all target analytes were detected in either of the 
samples. The summary of the occurrence and concentration of antibi-
otics (liquid and solid samples), analgesics (liquid and solid samples), 
and the summary of the concentrations of both antibiotics and analge-
sics in liquid and solid samples are shown in Tables 5 and 6. 

3.2. Occurrence of antibiotics in liquid samples 

For antibiotics, none of the target analytes were detected in sachet 
drinking water and municipal waterworks samples (Table 5). The con-
centrations of antibiotics in leachate samples are shown in (Table 5). 
Apart from amoxicillin, all target antibiotics were detected in the 
leachate samples. Antibiotics concentrations ranged between 0.25 mg/L 
to 1.91 mg/L for ciprofloxacin, 1.78 mg/L to 2.22 mg/L for doxycycline 
and 2.29 mg/L to 4.66 mg/L for chloramphenicol. Amoxicillin was the 
antibiotic detected with the highest concentration at 8.76 mg/L in 

Table 2 
HPLC flow program for analgesics analysis.  

Step Step type Step time (min) Flow (mL/min) %A %B 

0 Equilibrate  1.0  1.0  75.0  25.0 
1 Run  4.0  1.0  75.0  25.0 
2 Run  4.0  1.0  30.0  70.0 
3 Run  8.0  1.0  30.0  70.0 
5 Run  5.0  1.0  75.0  25.0 

Solvent A: 0.1% acetic acid, B: methanol. 

Table 3 
A summary of detection and quality assurance parameters obtained.   

Analyte Retention time (mins) Linear Range (mg/L) LOD (mg/L) LOQ (mg/L) SPE 
Recoveries (%)   

Metronidazolei  4.746 0.2–10.0 0.0314 0.0952  85.51  
Ciprofloxacini  12.096 0.2–10.0 0.0191 0.0579  89.12  
Amoxicillinii  10.003 0.2–10.0 0.0358 0.1085  94.26 

Antibiotics Chloramphenicolii  12.372 0.2–10.0 0.0229 0.0694  91.16  
Doxycyclinei  13.688 0.2–10.0 0.0205 0.0621  91.04           

Diclofenaciv  17.200 0.2–10.0 0.0394 0.1194  94.66 
Analgesics Paracetamoliii  3.000 0.2–10.0 0.0648 0.1964  97.02  

Caffeineiii  5.000 0.2–10.0 0.0049 0.0148  93.19  
Ibuprofeniv  18.900 0.2–10.0 0.0710 0.2152  91.58 

LOD – limit of detection; LOQ – limit of quantitation; SPE – solid phase extraction; all analytes with the same Roman numeral were detected and quantified with the 
same HPLC method 
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hospital effluents. The concentration of ciprofloxacin was 2.67 mg/L 
and 2.13 mg/L for doxycycline. The lowest antibiotic concentration 
recorded was 1.02 mg/L for chloramphenicol (Table 5). 

3.3. Occurrence of analgesics in liquid samples 

Although caffeine is not an analgesic, it is a common adjuvant in 
various analgesic formulations. Therefore, caffeine was one of the 
pharmaceutical residues analyzed. All analgesics were detected in both 
sachets drinking water and municipal waterworks samples. The 

analgesic detected in the highest concentration was paracetamol which 
was found in a sampled sachet water at a concentration of 3.20 mg/L 
(Table 6). In sachet drinking water, the maximal concentration of both 
diclofenac and ibuprofen was 0.50 mg/L. The analgesic with the highest 
detection frequency (67.00%) was diclofenac, with concentrations 
ranging from 0.10 to 0.50 mg/L. The concentration of ibuprofen in 
sachet water samples ranged from 0.30 to 0.50 mg/L at a detection 
frequency of 33.00%. Paracetamol and caffeine were the least frequently 
detected analytes (17.00%) in sachet water samples, with maximum 
concentrations of 3.20 and 0.20 mg/L, respectively. All target analgesic 

Table 4 
Summary of the results of physicochemical parameters measured in liquid and soil samples from the Sunyani municipality.  

Sample type pH EC (µS/cm) TDS (mg/L) 

Range Mean ± SD Range Mean ± SD Range Mean ± SD 

Liquid Sachet water 6.02–6.44 6.14 ± 0.16 9.25–57.75 25.11 ± 18.51 9.00–55.00 24.50 ± 17.63 
Dumpsite leachates 6.34–6.90 6.68 ± 0.23 390.00–6557.25 2022.35 ± 2557.77 230.00–1323.00 758.40 ± 473.61 
Hospital effluents 6.55–7.33 6.88 ± 0.40 187.15–1141.00 806.55 ± 536.99 161.00–1121.00 768.33 ± 528.24 
Municipal waterworks 6.01–6.79 6.48 ± 0.34 152.30–220.00 190.31 ± 28.53 152.00–219.00 188.25 ± 27.96 

Soil Dumpsites 
Soil 

5.82–7.79 7.03 ± 0.65 79.80–519.00 262.04 ± 163.50 73.00–475.00 238.33 ± 148.16 

Municipal water works sediment 5.92–7.63 6.79 ± 0.86 31.60–86.00 62.10 ± 27.79 29.00–77.00 56.00 ± 24.56  

Table 5 
Summary of the occurrence of antibiotics in liquid and solid samples.   

Sample Type Pharmaceutical Range (mg/L) Mean ± Sd (mg/ 
L) 

Maximal Environmental Concentration (MEC, mg/ 
L) 

Frequency of Detection % 

Liquid Hospital Effluents Doxycycline 1.33–2.93 2.13 ± 1.32 2.93 66.70 
Ciprofloxacin 0.59–4.74 2.67 ± 0.29 4.74 66.70 
Amoxicillin 3.58–8.76 8.76 ± 0.00 8.76 33.30 
Chloramphenicol 1.00–1.05 1.02 ± 0.39 1.05 66.70 

Dumpsite Leachates Doxycycline 1.78–2.22 2.00 ± 0.31 2.22 40.00 
Ciprofloxacin 0.25–1.91 0.25 ± 0.00 0.25 20.00 
Amoxicillin ND NA NA 0.00 
Chloramphenicol 2.29–4.66 4.66 ± 0.00 4.66 20.00 

Solid Municipal Water Works Amoxicillin 0.01–3.58 0.01 ± 0.00 0.01 20.00 

ND: Not Detected; NA – Not Applicable; Metronidazole was not detected in any of the liquid samples; Doxycycline, chloramphenicol, ciprofloxacin, and metronidazole 
were not detected in dumpsite soil samples. 

Table 6 
Summary of the occurrence of analgesics in liquid and solid samples.   

Type Pharmaceutical Range (mg/L) Mean ± SD (mg/ 
L) 

Maximal Environmental Concentration (MEC, mg/ 
L) 

Frequency of Detection (%) 

Liquid Drinking Water Caffeine 0.01–0.20 0.20 ± 0.00 0.20 17.00 
Diclofenac 0.10–0.50 0.20 ± 0.20 0.50 67.00 
Ibuprofen 0.30–0.50 0.40 ± 0.10 0.50 33.00 
Paracetamol 0.07–3.20 3.20 ± 0.00 3.20 17.00 

Hospital Effluents Caffeine ND NA NA 0.00 
Diclofenac 0.10–0.20 0.15 ± 0.07 0.20 67.00 
Ibuprofen 0.10–0.30 0.20 ± 0.10 0.30 100.00 
Paracetamol 0.07–1.11 1.10 ± 0.00 1.10 17.00 

Leachates Caffeine 0.01–0.20 0.20 ± 0.00 0.20 20.00 
Diclofenac 0.20–1.02 0.60 ± 0.40 1.20 80.00 
Ibuprofen 0.10–0.20 0.20 ± 0.06 0.20 60.00 
Paracetamol ND NA NA 0.00 

Municipal Water 
Works 

Caffeine 0.01–0.20 0.20 ± 0.00 0.20 25.00 
Diclofenac 0.20–0.40 0.30 ± 0.10 0.40 100.00 
Ibuprofen 0.10–1.70 0.80 ± 0.80 1.70 75.00 
Paracetamol 0.07–1.10 1.10 ± 0.00 1.10 25.00 

Solid Dumpsite Caffeine 0.60 – 2.70 1.95 ± 1.10 2.70 33.00 
Diclofenac 0.30 – 0.90 0.50 ± 0.30 0.90 44.00 
Ibuprofen 0.30 – 1.50 0.60 ± 1.50 1.50 55.00 
Paracetamol 0.07 – 2.10 2.10 ± 0.00 2.10 11.00 

Municipal Water 
Works 

Caffeine 0.01 – 3.00 3.00 ± 0.00 3.00 50.00 
Diclofenac 0.04 – 0.60 0.60 ± 0.00 0.60 50.00 
Ibuprofen 0.07 – 0.60 0.60 ± 0.00 0.60 50.00 
Paracetamol ND NA NA 0.00 

ND – Not Detected; NA – Not Applicable; SD – standard deviation. 
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analytes were detected in samples from the municipal waterworks 
(Table 6). Diclofenac and ibuprofen were detected in concentrations 
ranging from 0.20 mg/L to 0.40 mg/L and, 0.10 mg/L to 1.70 mg/L 
respectively. The maximum concentration of caffeine was 0.2 mg/L, 
whereas that of paracetamol was 1.10 mg/L (Table 6). The results for 
the occurrence of analgesics in leachate samples are shown in Table 6. 
Ibuprofen, diclofenac, and caffeine were detected at maximal concen-
trations of 0.20 mg/L, 1.20 mg/L, and 0.20 mg/L, respectively, as 
shown in Table 6. In hospital effluents, ibuprofen and diclofenac were 
present in all samples analyzed with maximal concentrations of 0.20. 

3.4. Occurrence of antibiotics and analgesics in soil matrices 

Amoxicillin was the only antibiotic detected in dumpsite soil samples 
at a 0.01 mg/kg concentration Table 5. The maximal concentrations of 
caffeine in both dumpsites soil and municipal waterworks samples were 
2.70 mg/kg and 3.00 mg/kg, respectively. Diclofenac was detected with 
a maximal concentration of 0.90 mg/kg in dumpsite soil and 0.60 mg/ 
kg in municipal waterworks sediment. The concentration of ibuprofen 
was 1.50 mg/kg in dumpsite soil and 0.60 mg/kg in municipal water-
works soil. The paracetamol concentration was 2.10 mg/kg in dumpsite 
soil, as shown in Table 6. 

3.5. Correlation between pharmaceuticals and physicochemical 
parameters 

Table 7 shows a correlational analysis between basic physicochem-
ical parameters and concentrations of antibiotics and analgesics detec-
ted. TDS and EC showed a strong positive correlation (1.00). There was a 
positive correlation of 0.980 between ciprofloxacin and amoxicillin, 
doxycycline and chloramphenicol 0.638, chloramphenicol and caffeine 
0.492, diclofenac and paracetamol 0.704, diclofenac and caffeine 0.497, 
caffeine and paracetamol 0.655, and caffeine and ibuprofen 0.608. 
There was a positive correlation between caffeine and all other anal-
gesics monitored. 

3.6. Risk assessment 

The risk quotient (RQ) is used to predict the effect of pharmaceuticals 
on the lives of some organisms. In this study, ecological risk of the 
studied antibiotics and analgesic were calculated as the ratio between 
the pharmaceutical’s maximal environmental concentration, MEC (as 
obtained from the study) and its predicted no-effect concentration, 
PNEC (obtained from literature) to assess the possible danger caused by 
each studied pharmaceutical to environmental species. The risk quotient 
was estimated on algae (Desmodesmus subspicatus), daphnid (Daphnia 
magna), crustaceans, and fish (Oncorhynchus mykiss). The lowest 
ecological PNEC values available in the literature or estimated from the 
ecological structure activity relationships (ECOSAR) model were 

assumed for this risk analysis [24]. 
The results from the ecological risk assessment are presented in Ta-

bles 8 and 9 for antibiotics and analgesics, respectively. RQs for each 
antibiotic is shown in Table 8. The RQ for ciprofloxacin was 777.0492 
and 40.9836 for exposure to algae in hospital effluents and leachates, 
respectively, indicating a high toxicity risk. Doxycycline and amoxicillin 
also posed high risks to fishes with RQ values of 3.5040 and 1.1720, 
respectively. The RQs for the antibiotics studied ranged from 0.0002 to 
0.4788 and 0.0001–1.172 for daphnia. 

and fishes, respectively. The RQ values measured for analgesics in 
this study were within medium to high-risk ranges, as depicted in 
Table 9. The maximum RQ was observed at 170 for the ecological risk of 
ibuprofen on crustaceans. Most of the RQs were greater than or equal to 
0.10 indicating medium risk, and RQs greater than or equal to one 
indicated high risk. Ibuprofen posed a high risk to fishes in all samples 
studied. 

4. Discussion 

pH is one of the most significant water and soil quality parameters. 
pH values reported from this study were all slightly acidic to slightly 
basic. Under acidic conditions, analgesic and antibiotics residues can 
exist as cations, anions, and/or zwitterions, and this can affect their 
adsorption on soil surfaces as adsorption is pH-dependent [31]. Phar-
maceuticals, in their various ionic states, can also interact with surface 
organic matter. As a result, antibiotics and analgesic residues would 
remain in the top layer of the soil, making them more susceptible to 
erosion during downpours [31,32]. The pH values recorded in this study 
are also optimum for plant growth and uptake of nutrients and suggest 
that plant roots may absorb some of these pharmaceuticals and store 
them in plant tissues [33]. The contaminants could then re-enter the 
food chain cycle. High conductivity values infer the presence of soluble 
salts in the soil. Ions that coexist significantly affect the adsorption of 
antibiotics and analgesics. Ionic strength (IS) can increase or prevent the 
adsorption of antibiotics and analgesics by inorganic minerals. Mono-
valent metallic ions such as Na+ and K+ can compete for adsorption sites 
with cationic/ zero-valence antibiotics (such as sulfathiazole) and an-
algesics (such iron/persulfate (Fe/Ps)) which extremely impact the 
adsorption of these pharmaceuticals. Multivalence metal ions like Ca2+, 
Mg2+, Cu2+, Al3+, and Fe3+ can also influence the adsorption behaviors 
of antibiotics. These ions can compete with cationic/zero-valence anti-
biotics for adsorption sites with low pH. Thus they impede adsorption 
[31]. As the concentration of metal ions (Ca2+, Mg2+) in solution in-
creases, there will be competitive sorption between the antibiotics and 
metal cations, resulting in a decrease of antibiotic sorption [34]. 
Competition between ions and PPCPs for sorption sites shows that with 
the increase of IS, cations (e.g., Ca2+) would be electrostatically bonded 
to the surface of sediments, and inorganic exchangeable cations will 
replace the hydrogen ions of acidic groups, thereby reducing the number 

Table 7 
Pearson’s correlation coefficients for antibiotic and analgesic concentrations and basic physicochemical parameters.   

pH EC TDS DOX AMC CIP CHL DIC PARA CAFFEINE IBUPROFEN 

pH 1           
EC 0.396 1          
TDS 0.397 1.000** 1         
DOX -0.312 0.325 0.320 1        
AMC 0.128 -0.008 0-0.010 0.150 1       
CIP 0.157 0.115 0.112 0.286 0.980** 1      
CHL -0.390 -0.022 -0.025 0.638** 0.128 0.152 1     
DIC -0.258 -0.312 -0.311 0.028 0-0.172 0-0.204 -0.044 1    
PARA 0.189 -0.120 -0.119 -0.108 0.220 0.200 -0.065 0.704** 1   
CAFFEINE -0.119 -0.171 -0.168 0.147 -0.108 -0.129 0.492* 0.497* 0.655** 1  
IBUPROFEN 0.121 -0.044 -0.039 -0.144 -0.134 -0.160 -0.007 0.106 0.294 0.608** 1 

* *. Correlation is significant at the 0.01 level (2-tailed). DOX – Doxycycline CHL – Chloramphenicol 
CIP – Ciprofloxacin PARA – Paracetamol 
Values highlighted in red shows a strong positive correlation between each other 

B.A. Otoo et al.                                                                                                                                                                                                                                  



Toxicology Reports 9 (2022) 1491–1500

1497

of initial sorption sites [35]. From the study, high EC values were 
recorded, which means more soluble salts were in the solution. This 
could result in low levels of antibiotics and analgesics being detected in 
the various matrices. TDS measured for dumpsites and hospital effluents 
were very high, with readings up to 1323.00 and 1121.00 mg/L, 
respectively. This means that these water samples had vast organic, 
inorganic, or ionic contaminants in them. Relatively low TDS values 
were recorded for the water samples from the Sunyani municipal 
waterworks station and sachet water samples, indicating the absence of 
a lot of dissolved substances. 

Numerous therapeutic groups are found in hospital effluents, 
including antibiotics [36,37]. The mean concentrations of antibiotics in 
hospital effluents are presented in Table 5. The concentrations of cip-
rofloxacin ranged from 0.59 mg/L to 4.74 mg/L in this present study 
which was higher than the concentrations reported by Azanu and co-
workers in hospital effluents in Kumasi (0.01 mg/L to 0.02 mg/L) [24]. 
The high levels of antibiotics detected in hospital effluents could result 
from prescription patterns and consumption of antibiotics in the various 
hospitals sampled. It has been reported that antibiotic prescription in the 
Sunyani Municipality is one of the highest in Ghana [38]. The high 
levels of ciprofloxacin reported could be due to the national recom-
mendation of ciprofloxacin for treating urinary tract infection in Ghana, 
thus, its high rate of usage in hospitals [39]. The high levels of antibi-
otics could also reflect the disposal patterns of some pharmaceuticals. 
Most patients excrete antibiotics in their unmetabolized form in urine 
and feces, and remnants of these wastes could get into hospital effluents 
[40].The maximal concentration of ciprofloxacin reported in hospital 
effluents is over 47,000 times higher than the 0. 0001 mg/L reported 
aiding the development of antimicrobial resistance [41]. The presence 
of antibiotics in hospital effluents in this study, and those reported 

elsewhere, could affect the development of resistance in the microbial 
communities and show that concerns of antimicrobial resistance are a 
local problem and a worldwide problem. The presence of antibiotics in 
hospital effluents could also have deleterious effects on humans because 
runoffs from hospital effluents can enter surface water during a down-
pour, and these surface waters are used for domestic purposes in many 
developing countries like Ghana [24,42]. The consumption of food or 
water polluted by runoffs or leakages from some of these hospital ef-
fluents investigated could expose people to sub-MIC concentrations, 
leading to antibiotic resistance development [24]. 

The maximum concentrations of analgesics in hospital effluents in 
this study were 0.30 mg/L, 0.20 mg/L, and 1.10 mg/L for ibuprofen, 
diclofenac, and paracetamol, respectively. Thomas et al. (2007) re-
ported concentrations of paracetamol in the effluents of hospitals from 
Oslo (Norway) as 43.00 µg/L, while ibuprofen and diclofenac were 
0.90 µg/L and 0.80 µg/L respectively [43]. Another study by Santos 
et al. (2013) reported acetaminophen and ibuprofen as part of the an-
algesics/ anti-inflammatories pharmaceuticals detected in high con-
centrations in all hospital effluents up to 0.06 mg/L and 0.04 mg/L, 
respectively [Santos reference]. Analgesics are routinely used in com-
bination with other classes of pharmaceuticals, which could be a reason 
for their ubiquity in the sampled hospital effluents. Just as in the case of 
antibiotics, the presence of these analgesics could also reflect their 
disposal pattern. 

The high concentrations of antibiotics recorded in leachate samples 
could have serious consequences on the environment. Bengtsson-Palme 
and Larsson (2016) suggested that environmental concentrations 
beyond 64.00 µg/L (0.064 mg/L) posed a significant risk for resistance 
selection for most antibiotics [44]. The concentrations of antibiotics 
detected in this work are way higher than the limit concentration for 

Table 8 
Risk assessment of antibiotics in water and soil samples.   

Type Pharmaceutical MEC 
(µg/L) 

Specie PNEC* 
(µg/L) 

HQ Remark 

Liquid Hospital Effluents Doxycycline 2.93 × 103 Algae 9.80 × 105 2.90 × 10− 3 Low 
2.93 × 103 Daphnid 1.10 × 106 2.60 × 10− 3 Low 
2.93 × 103 Fishes 2.50 × 103 1.17 High 

Ciprofloxacin 4.74 × 103 Algae 6.10 777.05 High 
4.74 × 103 Daphnid 9.90 × 103 0.48 Medium 
4.74 × 103 Fishes 2.50 × 106 1.90 × 10− 3 Low 

Amoxicillin 8.76 × 103 Algae 1.00 × 104 0.88 Medium 
8.76 × 103 Daphnid 1.10 × 104 0.80 Medium 
8.76 × 103 Fishes 2.50 × 103 3.50 High 

Leachates Doxycycline 2.22 × 103 Algae 9.80 × 105 2.30 × 10− 3 Low 
2.22 × 103 Daphnid 1.10 × 106 2.00 × 10− 3 Low 
2.22 × 103 Fishes 2.50 × 103 0.89 Medium 

Ciprofloxacin 2.50 × 102 Algae 6.10 40.98 High 
2.50 × 102 Daphnid 9.90 × 103 0.03 Medium 
2.50 × 102 Fishes 2.50 × 106 1.00 × 10− 4 Low 

Soil Municipal Water Works Amoxicillin 10.00 Algae 1.00 × 104 1.00 × 10− 3 Low 

HQ – hazard quotient; MEC -measured environmental concentration; PNEC – predicted no-effect concentration.*PNEC values were adapted from [24] 

Table 9 
Risk Assessment for analgesics in liquid and soil samples.   

Type Pharmaceutical MEC 
(mg/L) 

Specie PNEC (mg/L) RQ Remark 

Liquid Drinking Water Diclofenac 0.50 Crustacean 30.70 0.02 Medium 
Ibuprofen 0.50 Fish 0.01 50.00 High 
Paracetamol 3.20 Algae 134.00 0.02 Medium 

Hospital Effluents Diclofenac 0.20 Crustacean 30.70 0.01 Low 
Ibuprofen 0.30 Fish 0.01 30.00 High 
Paracetamol 1.10 Fish 9.20 0.12 Medium 

Leachates Diclofenac 1.20 Fish 82.00 0.02 Medium 
Ibuprofen 0.20 Fish 0.01 20.00 High 

Municipal Water Works Diclofenac 0.40 Crustacean 30.70 0.01 Medium 
Soil Dumpsite Diclofenac 0.90 Crustacean 30.70 0.03 Medium 

HQ – hazard quotient; MEC -measured environmental concentration; PNEC – predicted no-effect concentration. 
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resistance selection and could tend to cause damage to the environment. 
The high concentrations of chloramphenicol (4.66 mg/L), ciprofloxacin 
(0.25 mg/L), and doxycycline (2.22 mg/L) in the leachate samples 
analyzed in this study could result in a selective pressure which might 
aid the development of resistant genes among microbes. Of the four 
analgesics studied, three of them were detected in the leachate samples 
at maximum concentrations of 0.20, 1.20, and 0.20 mg/L for ibuprofen, 
diclofenac, and caffeine, respectively. Another study conducted on 
treated leachate in a landfill in Shanghai, China, recorded 13.40 µg/L 
and 77.80 µg/L for caffeine and diclofenac, respectively [45]. In com-
parison, results from this study are higher than those from other studies. 
Many landfills are constructed to limit runoffs into various surface water 
bodies. A major concern is the absence of engineering liners and 
collection systems for most landfills in Ghana and other developing 
countries. The pollution by landfill leachates and their impact on surface 
and groundwater could thus be severe. This raises a concern and poses a 
potential risk to the environment and aquatic organisms. 

Studies have reported that antibiotic and analgesic residues can be 
found in drinking water as a result of runoffs from industrial sewage, 
hospitals effluents, and leachates which end up in water bodies at con-
centrations ranging from ng to µg/L [4]. In this study, none of the an-
tibiotics of interest was detected in the sachet water and municipal 
waterworks samples from the Sunyani municipality. All the analgesics 
analyzed were detected in the water matrices (sachet water samples and 
samples from the Sunyani municipal waterworks station) with a 
maximum concentration of 3.20 mg/L for paracetamol and diclofenac 
having the highest frequency of detection of 67.00%. Diclofenac con-
centrations of 0.20 µg/L and 0.50 µg/L have been reported in South 
Korea and Spain rivers, respectively [46]. Diclofenac concentration in 
the river water of Karachi in Pakistan was reported to be 0.40 µg/L [47]. 
The reports from other works compared to this study show the preva-
lence of diclofenac in the environment, and the Sunyani municipality is 
no exception. However, these analgesics in the Sunyani Municipality in 
Ghana are in alarming concentrations, capable of posing health and 
ecological risks. 

From Table 7, there was a very strong significant correlation between 
TDS and EC at a 99% confidence interval. This means more dissolved 
solids were present, which contributed to the high conductivity. Again, 
there is a strong correlation between the pain killers, paracetamol, 
diclofenac, and caffeine, which suggests these pain killers are adminis-
tered together. Caffeine is correlated with other analgesics because it has 
been added to a large number of analgesics for years which showed an 
enhanced analgesic effect when combined [48]. There was a strong 
correlation between chloramphenicol and doxycycline (0.638). Also, 
amoxicillin and ciprofloxacin showed a very strong correlation (0.980). 
The correlations between the antibiotics could be because they may be 
complementary drugs or provide an improved therapy when used 
together. 

Maximal environmental concentrations (MEC) of antibiotics in hos-
pital effluents and leachates collected from the Sunyani municipality 
were used to calculate the risk quotient (RQ). PNEC values and RQs for 
each antibiotic are shown in Table 8. The RQ for ciprofloxacin was 
777.05 and 40.98 for exposure to algae in hospital effluents and leach-
ates, respectively, indicating a high toxicity risk. Doxycycline and 
amoxicillin also posed a high risk to fishes with RQ values of 3.50 and 
1.17, respectively. The RQs for the antibiotics studied ranged from 
2.00 × 10− 4 to 0.48 and 1.00 × 10− 4 to 1.17 for daphnia and fishes, 
respectively. Largely, the antibiotics posed medium to no risk to daphnia 
and fishes, indicating a low risk of toxicity. Comparatively, a study that 
focused on the occurrence of pharmaceuticals in water from Pego-Oliva 
Marsh, Spain, computed RQ for ciprofloxacin to be 6.90 for algae [49]. 
In the Azanu study in Kumasi, Ghana, the RQ for ciprofloxacin was 
found to be 0.13, which could pose a medium risk to algae in the aquatic 
environment [24]. This indicates that the presence of ciprofloxacin at 
high concentrations in the environment is of great concern. This is 
because it poses a risk to organisms in the aquatic environment, 

especially to algae which are vital in the ecosystem and may lead to the 
destruction of the food chain. Ciprofloxacin inhibits or kills algae’s cell 
growth, which may lead to their death and hence affect the ecosystem 
[50]. 

Risks towards some of the targeted aquatic organisms (algae, fishes, 
and crustaceans) for analgesics were also assessed in both water and soil 
matrices within the Sunyani Municipality. Averagely, the RQ values 
measured in the study area were within medium to high-risk ranges as 
represented in Table 9, with a maximum RQ of 170.00. Most of the RQs 
were greater than or equal to 0.10 indicating medium risk, and RQs 
greater than or equal to one indicating a high risk. Ibuprofen poses a 
high risk to fishes with an RQ > 1, which can impact fish reproduction 
by male fish feminization. Male fish feminization can reduce fish pop-
ulation and, hence, an economic impact. Studies have shown that RQ 
> 1 for diclofenac can lead to endocrine disruption by acting on the 
prostaglandin pathway in rodents and human cells due to hindrances in 
prostaglandin synthesis [51]. 

5. Conclusion 

The occurrence of five antibiotics and four analgesics in the Sunyani 
municipality was analyzed in both soil and water samples. The high 
concentrations of antibiotics and analgesics found in almost all samples 
analyzed indicated considerable pollution of these samples in the 
Sunyani municipality, Ghana, with antibiotics and analgesics. Cipro-
floxacin, doxycycline, diclofenac, and ibuprofen were the most 
frequently detected antibiotics in all samples. Hence, they could be 
considered part of the possible dangerous compounds from an envi-
ronmental risk point of view in Ghana. It was observed that all analge-
sics could be found in both soil and water matrices in varying 
concentrations. Risk quotients computed for both antibiotics and anal-
gesics in the various environmental compartments for algae, crusta-
ceans, and fish were in most instances low and medium risk, with few 
cases of high risk. Based on the risk assessment calculated, ciprofloxacin 
posed a high risk to aquatic organisms. The antibiotic concentrations 
found in hospital effluents and leachates samples in this study pose a 
high risk to antibiotic resistance development in the environment. The 
high concentrations of antibiotics and analgesics recorded in this study 
implies that the presence of antibiotics and analgesics in the Sunyani 
municipality can pose a great ecological risk to organisms and possibly 
other members of their ecosystem with time. The high concentrations of 
pharmaceuticals in the environment can be reduced by adopting proper 
disposal methods for pharmaceuticals. Regular monitoring of pharma-
ceutical residues and implementation of remediation protocols are 
recommended. 

Funding Statement 

This work was supported by a Kwame Nkrumah University of Science 
and Technology (KNUST) KNUST Research Fund (2019) grant awarded 
to Lawrence Sheringham Borquaye and Godfred Darko. 

CRediT authorship contribution statement 

Bernice Araba Otoo: Methodology, Investigation, Data curation, 
Writing − original draft preparation, Writing − review & editing. Ivy 
Anima Amoabeng: Methodology, Investigation, Data curation, Writing 
− original draft preparation. Godfred Darko: Data curation, Writing −
review & editing, Formal analysis, Funding acquisition, Supervision. 
Lawrence Sheringham Borquaye: Conceptualization, Data curation, 
Writing − review & editing, Formal analysis, Funding acquisition, 
Supervision. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 

B.A. Otoo et al.                                                                                                                                                                                                                                  



Toxicology Reports 9 (2022) 1491–1500

1499

interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgments 

The Department of Chemistry and the KNUST Central Laboratory are 
acknowledged for using their facilities for this study. The authors are 
grateful to Mr. Daniel Nimako Ampratwum of the Central Laboratory, 
KNUST, and Mr. Joseph Nana Gyesi of the Department of Chemistry, 
KNUST, for technical support. 

Availability of data and materials 

All data obtained or analysed during this study are included in this 
published article. 

References 
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