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ABSTRACT
The occurrence and removal efficiency for naproxen, ibuprofen and diclofenac in two of eThekwini Municipality’s
wastewater treatment plants (WWTPs), Kingsburgh and Umbilo, were investigated. This paper describes a simple method
that can be used routinely for the simultaneous determination of such compounds in the influent and effluent of the
WWTPs. Target compounds were extracted from wastewater and pre-concentrated using the optimized Oasis MAX solid-
phase extraction (SPE) method. During SPE, the pH of wastewater samples was adjusted to 2.5; then 100 mL of each sample
was loaded onto a pre-conditioned cartridge. The SPE cartridge was rinsed with methanol:water (10:90%, v:v) prior to
sequential elution of retained analytes with 2 mL methanol, followed by 2 mL methanol and acetic acid (90:10, v:v) and 2
mL of 2% (v:v) formic acid diluted using a mixture of methanol and acetic acid (40:60, v:v). The eluted analytes from the
SPE cartridge were quantified using high performance liquid chromatography (HPLC) equipped with photo diode array
detection. The analytical method was validated by spiking deionized water with 5 and 50 pg-L* of target compounds, for
which the recovery range of 76 to 98% was achieved with good precision. The instrument quantification limits obtained
were 0.1 pg-L!, for naproxen and 0.4 ug-L" for both ibuprofen and diclofenac. The detected concentrations for naproxen,
ibuprofen and diclofenac in the influent of both WWTPs were in the ranges of 15-20 pug-L", 55-69 ug-L"' and 6.4-16 pg-L",
respectively. In effluent, the detected concentrations for naproxen, ibuprofen and diclofenac were in the ranges of 0.6-1.1,
2.1-4.2 and 1.4-2.0 ug-L’!, respectively. Overall, the employed SPE-HPLC method led to rapid pre-concentration of target
compounds prior to their trace quantification in wastewater samples.
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INTRODUCTION

The presence of pharmaceutical compounds in the environment
is a growing concern to analytical chemists and the general
public. Pharmaceutical compounds such as naproxen, ibuprofen
and diclofenac are useful compounds that belong to the group
of non-steroidal anti-inflammatory drugs (NSAIDs). These
organic compounds are polar and acidic. Both naproxen and
diclofenac have a pKa value of 4.2, whereas that of ibuprofen

is 4.9 (Table 1) (Dahane et al., 2013). NSAIDs are widely used
by humans for the treatment of rheumatoid arthritis (Mahkam
and Poorgholy, 2011). Once consumed, they are subjected to
human metabolism, followed by excretion in urine and faeces
as metabolites and as unaltered parent compounds, which can
be subjected to further transformations in wastewater treatment
plants (WWTPs) (Parrilla Vazquez et al., 2013).

Overdose or chronic abuse of NSAIDs can lead to toxic
side-effects (Lagha et al., 2011). Health effects caused by the
consumption of acidic pharmaceuticals by animals at low levels
is not understood; however, diclofenac has been reported to
be the cause of vulture population declines in Asia (Oaks et
al., 2004; Taggart et al., 2007). Diclofenac is also known as a
compound that affects organ histology and gene expression in
fish at concentrations as low as 1 ug-L!* (Cuklev et al., 2012).
Therefore, the development of a very sensitive analytical
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methodology for the study of NSAIDs in various sample
matrices is required.

In many countries, the removal efficiency for NSAIDs
during the wastewater treatment process has been investigated
(Lindqvist et al., 2005; Yu et al., 2006; Zorita et al., 2009). For
example, in a municipal sewage treatment system located in
the south of Sweden, a removal efficiency of 94% and 99% for
naproxen and ibuprofen, respectively, was reported (Zorita et al.,
2009). However, in the same study, diclofenac was not removed
during the wastewater treatment process. The removal efficiency
for ibuprofen, naproxen and diclofenac in a WWTP located in
Germany was 87%, 88% and 18%, respectively (Yu et al., 2006).
In WWTPs located in Finland, the removal efficiencies were
in the ranges of 78-100%, 55-98% and 9-60% for ibuprofen,
naproxen and diclofenac, respectively (Lindqvist et al., 2005). All
these studies show the incomplete removal of such compounds
from WWTPs. As a consequence of this, such compounds have
also been detected in river water samples from Spain (Carmona
et al,, 2014). The same authors reported the occurrence of
ibuprofen, naproxen, diclofenac and other pharmaceutical
compounds at ng-L" levels in tap and mineral water samples
collected from Spain. The occurrence of pharmaceutical
compounds in WWTP effluents, surface water and drinking
water samples in Europe demands a detailed screening of such
compounds on a worldwide scale.

Although there is enough evidence on the occurrence of
NSAIDs in European water bodies (Carmona et al., 2014; Yu
et al., 2006; Rodil et al., 2012; Togola and Budzinski, 2007), the
presence of such compounds in the South African environment
is not fully known. Relatively few published reports on the
occurrence of NSAIDs in South African WWTPs have emerged
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(Agunbiade and Moodley, 2014; Agunbiade and Moodley, 2016;
Amdany et al., 2014; Amdany et al., 2015; Gumbi et al., 2017;
Madikizela and Chimuka, 2016; Matongo et al., 2015a; Matongo
etal., 2015b). These published studies report the concentration
of selected pharmaceuticals in aqueous samples collected from
a few geographical areas of the Gauteng and KwaZulu-Natal
provinces of South Africa. For example, most studies reported
for KwaZulu-Natal Province focused on environmental pollution
in the north of the city of Durban and in locations around
Pietermaritzburg (Agunbiade and Moodley, 2014; Agunbiade
and Moodley, 2016; Gumbi et al., 2017; Madikizela and
Chimuka, 2016; Matongo et al., 2015a; Matongo et al., 2015b).
Therefore, more work is required in order to assess the extent of
water pollution in several regions of South Africa. This study is
based on the determination of selected NSAIDs in Umbilo and
Kingsburgh WWTPs. To the best of our knowledge, there are
currently no available reports on the NSAID content at these
sites. However, the presence of metals at these sites has been
reported (Naidoo et al., 2013).

Analytical techniques such as gas and high performance
liquid chromatography (HPLC) for trace determination of
pharmaceuticals in aqueous samples are well established (Togola
and Budzinski, 2007; Rodil et al., 2012). In gas chromatographic
analysis, derivatization is employed for the improvement of
volatility of target compounds (Gumbi et al., 2017; Rodil et
al.,, 2012; Togola and Budzinski, 2007). Togola and Budzinski
(2007) derivatized acidic pharmaceuticals with N-Methyl-N-
(trimethylsilyl)trifluoroacetamide prior to gas chromatographic
analysis. In order to avoid a derivatization process which
increases the analysis time, a direct injection of samples and
compounds into a liquid chromatographic instrument is done
(Rodil et al., 2012). A suitable sample preparation technique
is employed prior to the chromatographic separation of target
compounds. Solid-phase extraction (SPE) technique using Oasis

TABLE 1
Physicochemical properties for ibuprofen, naproxen and
diclofenac (Dahane et al., 2013)

Water
Compound Chemical structure solubility pK,
(mg-L")
CH3
OH
Ibuprofen s 58 4.9
0
H;C
CH;
OH
Naproxen 44 42
HCo 0
o
Diclofenac

Cl
h 10 42
Cl H OH
(0]
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HLB sorbent is widely used for pre-concentration of NSAIDs
and elimination of interfering species (Agunbiade and Moodley,
2014; Agunbiade and Moodley, 2016; Amdany et al., 2014;
Gumbi et al., 2017; Matongo et al., 2015; Matongo et al., 2015).
However, such sorbent is most suitable when target compounds
exhibit both hydrophilic and lipophilic properties (Madikizela et
al,, 2014). The current study focused primarily on the occurrence
of hydrophilic compounds in wastewater; hence, a solid-phase
extraction methodology was developed using Oasis MAX
sorbent. Oasis MAX is made of a mixed-mode polymer sorbent
with both reversed-phase and anion-exchange functionalities
(Lee et al., 2005).

Therefore, the three objectives of this study were to:

« Investigate a suitable sample preparation technique for the
extraction and pre-concentration of ibuprofen, naproxen and
diclofenac from wastewater

Study the occurrence of ibuprofen, naproxen and diclofenac
in WWTPs located around Durban, KwaZulu-Natal
Province, South Africa

«  Evaluate the removal efficiency for ibuprofen, naproxen and
diclofenac from local WWTPs

MATERIALS AND METHODS
Materials and reagents

Naproxen (98%), ibuprofen (= 98%) and diclofenac sodium salt
were purchased from Sigma-Aldrich (Steinheim, Germany).
HPLC-grade solvents such as acetonitrile (= 99.9%) and
methanol (99.5%) were purchased from Merck (Darmstadt,
Germany). Formic acid (approx. 98%) was purchased from Fluka
(Steinheim, Germany). Sodium chloride (= 99.5%) and sodium
hydroxide pellets were purchased from Associated Chemical
Enterprises (Johannesburg, South Africa).

Instrumentation and conditions

Chromatographic separation was performed on a HPLC system
that consisted of an online mobile phase degasser unit (Model:
DGU-20A3), 20 pL sample loop, pump (Model: LC-20AB), and
photo diode array detector (Model: SPD-M20A), all obtained
from Shimadzu Corporation (Kyoto, Japan). The mobile phase
used consisted of a mixture of acetonitrile and 0.2% formic acid
in water, at a ratio of 60:40 (v:v). A mobile phase flow rate of 0.8
mL-min was used in this work. Separation was performed on a
Lichrospher C,, HPLC column 250 x 4.00 mm x 5 um obtained
from Merck (Darmstadt, Germany). Shimadzu LC solutions
software was used for data collection and processing. Photo
diode array detection was performed at the wavelengths of 230
nm for naproxen and 200 nm for both ibuprofen and diclofenac.

A Bante900P multi-parameter water quality meter was
purchased from Bante instruments (Shanghai, China). Prior to
its use, the meter was calibrated using the calibration buffers that
were provided by the supplier. Thereafter, the meter was used
to monitor the physicochemical properties of the wastewater
during the sampling.

For SPE, vacuum manifold purchased from Phenomenex
(Carlifonia, USA) was connected to a vacuum pump obtained
from Pall Corporation (Fribourg, Switzerland). Oasis MAX 6¢cc
150 mg solid-phase extraction cartridges were obtained from
Waters Corporation (Milford, Massachusetts USA).
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Validation of analytical method

A stock solution (100 mg-L!) containing all target compounds was
prepared in acetonitrile. The solution was then diluted in order to
prepare working solutions. Each working solution was analysed
using an HPLC system. Limit of detection, limit of quantification
and linearity were computed.

Accuracy and precision of the analytical method were
determined using deionized water that was spiked with all
target compounds at concentration levels of 50 and 5 pg-L™. The
spiking concentrations were selected based on the levels of target
compounds reported previously in other South African WWTPs
(Amdany et al., 2014; Madikizela and Chimuka, 2016; Matongo et
al,, 2015a). In such studies, the target compounds were detected
in wastewater at low ug-L"levels. The optimized solid phase
extraction method was employed for the extraction and pre-
concentration of target compounds prior to HPLC quantification.

Sampling

Wastewater samples were collected weekly from the influent

and effluent of Umbilo and Kingsburgh WWTP using pre-
cleaned glass bottles in May 2016. Effect of chlorination on target
compounds was investigated by collecting samples before and
after the disinfection stage. Umbilo and Kingsburgh WWTPs are
located in the Province of KwaZulu-Natal in South Africa. The
GPS co-ordinates for the location of Umbilo and Kingsburgh
WWTPs are $29.84556° E30.89103° and S30.07445° E30.85687°,
respectively. Physicochemical properties of the samples were
measured in situ; thereafter, the samples were transported to

the laboratory. Samples were filtered through a 0.22 um nylon
syringe filter obtained from Membrane Solutions (Dallas, USA),
and stored in the refrigerator (4°C) until analysis.

Solid-phase extraction

The solid-phase extraction method was optimized using a
standard solution in order to achieve high extraction efficiency
for target compounds. Optimized parameters were sample pH,
sample volume, elution solvent and the effect of salinity.
Pre-optimized conditions were used to treat the collected
wastewater samples. The SPE cartridge was conditioned with
5 mL of acetonitrile followed by 5 mL of acidified deionized
water (pH 2.5) both loaded at a flow rate of 1 mL-min™. The
acidified (pH 2.5) wastewater sample (100 mL) was loaded onto
the SPE cartridge at a flow rate of 1 mL-min™". The cartridge was
washed with 5 mL of methanol:water (10:90%, v:v). Thereafter,
the retained compounds were eluted sequentially with 2 mL
methanol, 2 mL mixture of methanol and acetic acid (90:10,
v:v) and 2 mL of 2% (v:v) formic acid diluted using a mixture
of methanol and acetic acid (40:60, v:v). The volume of the
collected extract was reduced to 0.5 mL with a gentle stream of
nitrogen gas prior to injection into the HPLC system.

Removal efficiency for target compounds from wastewater
treatment plants

The removal efficiency (R) for each compound from both
WWTPs was evaluated by employing Eq. 1:

R = S =Ceirt 100
Cinfl (1)
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where: C, and C_, are the concentrations obtained for the raw
influent and final effluent, respectively (Sari et al., 2014).

RESULTS AND DISCUSSION
Optimization of extraction conditions
Effect of sample pH

The effect of sample pH on SPE was investigated by loading 10
mL of spiked deionized water into the cartridge. The pH of the
spiked deionized water sample was varied in the range of 2.5-11.
The results obtained (Fig. 1) indicated that the recoveries for all
compounds decreased when the pH of the water solution was
increasing. This was an expected phenomenon for the reversed-
phase mode. When a water sample is acidified to a pH that is
less than the pKa value of target compounds given in Table 1, the
acids are non-ionized which leads to their adsorption through
the reversed-phase interactions (Lee et al., 2005). Therefore, in
subsequent experiments, the pH in all the sample solutions was
adjusted to 2.5.

Effect of elution solvent

Different solvent conditions were investigated for the elution

of the compounds that were adsorbed on the SPE cartridge.

The elution solvents investigated were methanol, acetic acid in
methanol (10:90, v:v) and 2% (v:v) formic acid in a mixture of
methanol and acetonitrile (40:60, v:v). The results presented in
Fig. 2 (a) clearly show that each elution solvent investigated was
able to elute a significant amount of a particular compound. The
results show that 53% of naproxen was eluted with methanol.
The best elution solvent conditions for diclofenac, which yielded
53% and 54%, were acetic acid in methanol (10:90, v:v) and

2% (v:v) formic acid in a mixture of methanol and acetonitrile
(40:60, v:v). Furthermore, 60% of ibuprofen was eluted with

2% (v:v) formic acid in a mixture of methanol and acetonitrile
(40:60, v:v). Therefore, a sequential elution was employed, in
which all the investigated solvents were used in series. It has been
documented (Lee et al., 2005) that the elution of compounds
retained in Oasis MAX cartridge with methanol only removes
the less acidic compounds, alongside other neutral co-extracts
which were mainly adsorbed by reversed-phase mechanism.
More acidic compounds are usually eluted with 2% formic acid
mixture in the non-ionized form (Lee et al., 2005).

100
= Naproxen
80 ~ Diclofenac
E “ lbuprofen
g 60
o
(%]
(]
€ 40
X
20
0

Figure 1
Effect of sample pH on solid phase extraction
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In this study the eluted fractions were further combined and
evaporated with a gentle steam of nitrogen to 0.5 mL. Results in
Fig. 2 (b) show that the recoveries of 74%, 85% and 97% were
achieved for naproxen, diclofenac and ibuprofen, respectively.

Effect of salt concentration

The effect of salt content was investigated by spiking a mixture of
target compounds in deionized water with different amounts of
sodium chloride. The pH of each spiked solution was adjusted to
2.5. Thereafter, 100 mL of each solution was loaded into a pre-
conditioned SPE cartridge. Therefore, percentage recovery was
determined for each target compound. Addition of salt to the
aqueous samples is usually carried out to improve the extraction of
several compounds (Sarafraz-Yazdi et al., 2012). However, in this
study, salt was added in pure compounds to imitate the wastewater
contents. Results presented in Fig. 3 show a decrease in per cent
recovery as the concentration of sodium chloride increases from
0.1 to 0.4% (m:v). This trend has also been observed elsewhere (Li
etal,, 2008), where the adsorption amounts of three phthalic acid
esters decreased with increasing ionic strength. Sodium chloride
dissociates in water, after which competition of sodium ions with
target compounds for adsorption sites is expected to occur. This
could lead to occupation of the adsorbent surface by sodium ions
which could lead to the unavailability of sites for the adsorption of
target compounds.

80 (a) = methanol:acetic acid (90:10, v:v)
=2 % formic acid in methanol:acetonitrile (40:60, v:v)
= Methanol
60
§
>
8 40
Q
o
N
20
0
Naproxen Diclofenac Ibuprofen
Compounds
100 | (b) %
80 \
2 \
$ 60 \
o
g N
X 40 \
X \
20 \
0 X
Naproxen Diclofenac Ibuprofen
Compounds
Figure 2

Effect of elution solvent on solid phase extraction, where (a) shows
the % recovery after elution with individual solvents and (b) shows
the percentage recoveries obtained after sequential elution of target
compounds from SPE cartridge using 2 mL each of methanol, acetic acid
in methanol (10:90, v:v) and 2% (v:v) formic acid in a mixture of methanol
and acetonitrile (40:60, v:v); followed by evaporation of 6 mL of eluate
to 0.5 mL.
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Effect of sample volume

Different volumes of deionized water that was spiked with
naproxen, ibuprofen and diclofenac at pH 2.5 were loaded

into a pre-conditioned SPE cartridge. Per cent recovery was
determined in each case. Results in Fig. 4 indicate that the

per cent recoveries increased when the sample volume was
increased. For instance, the recovery for 10 mL was low, perhaps
due to limited sample interaction with sorbent as not enough
volume was available to push the whole sample through the
cartridge volume. Sample volume was not increased beyond 100
mL as this would have resulted in a long analysis time. However,
in our previous work it was shown that per cent recoveries

tend to decrease when loading large sample volumes into the
SPE cartridge (Madikizela et al., 2014). This happens when the
capacity of the SPE sorbent has been exceeded and therefore the
cartridge becomes overloaded.

Method validation

The separation of target compounds was achieved on the
reverse phase separation column (Fig. 5). The performance

of the high performance liquid chromatographic method was
validated by determining the limit of detection (LOD), limit
of quantification (LOQ) and linearity. LOD and LOQ were
determined experimentally for each compound where the
detectable amounts showed a signal-to-noise ratio of 3 and

10, respectively. The HPLC instrument employed in this study
was able to detect up to 0.1 pg-L* for ibuprofen and diclofenac,
whereas 0.04 ug-L! was observed for naproxen. LOQ values of

100 -
80 -
>
$ 60 -
3
& 40 | —*Naproxen —8-— ~—g—
2 —#-Diclofenac >
20 -
~4—lbuprofen
0 T T T )
0,05 0,15 0,25 0,35 0,45
% (m/v) Sodium chloride in water
Figure 3
Effect of salt content on solid phase extraction
100 7 w10me
80 %50 me
=100 me
2
2 60 -
o
5]
(]
X 40 -
2
20
0 - 4 S Lt
Naproxen Diclofenac Ibuprofen
Target compounds

Figure 4
Effect of sample volume on solid phase extraction
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0.4, 0.1 and 0.4 ug-L"' were obtained for ibuprofen, naproxen and
diclofenac, respectively. The LODs obtained (Table 2) were lower
than those reported in literature for the analysis of the same
compounds using photo diode array detection, which in turn
means that the proposed method is more sensitive (Payan et al.,
2011). Calibration curves were linear for all of the compounds
with correlation coeflicients over 0.99.

Furthermore, the sample preparation method was validated
by determining the per cent recoveries when the optimized
SPE conditions were employed for the deionized water that was
spiked with all target compounds at 50 and 5 pg-L". Acceptable
per cent recoveries as indicated in Table 2 were obtained with
good precision for all compounds. These results indicate that the
sample preparation method proposed in this study was suitable
for the extraction and pre-concentration of ibuprofen, naproxen
and diclofenac. After successful validation of the SPE-HPLC
method in deionized water, the same protocol was applied to the
analysis of wastewater samples.

Environmental analysis

The optimized SPE conditions were applied for the quantitative
analysis of ibuprofen, naproxen and diclofenac in wastewater
collected from Kingsburgh and Umbilo WWTPs. The treatment
process in both plants involves screening for grit removal,
settling tanks for sludge production and removal, aeration
tanks and chlorination for disinfection. Compounds of interest
present in wastewater were identified by using retention time
comparison in conjunction with photo diode array detection

60000 1 ——200 nm

50000 —230 nm

40000

Peak Area
w
[=]
o
[=]
o
N

20000 3

10000

0 1 2 3 4 5 6
Retention time (min)

Figure 5
Chromatograms obtained for the separation of 1 000 ug-L" of ibuprofen,
naproxen and diclofenac. Peaks 1, 2 and 3 represent naproxen, diclofenac
and ibuprofen.

TABLE 2
Limit of detection, limit of quantification, correlation coef-
ficient and per cent recovery for ibuprofen, naproxen and

diclofenac
% Recovery +
LOD LoQ %RSD
Compound R? 50

L L7 g1

(ng-L") | (ng-L") ugL 5 pg-L
Ibuprofen 0.13 0.42 0.995 |94 +1.4|95+£0.9
Naproxen 0.04 0.12 0.995 |76 +2.7| 8311
Diclofenac 0.12 0.39 0.994 |81 +4.3|98+0.3
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spectra. The collected data are summarized in Figs. 5-8, and
Figs. A1-A3 in Appendix 1. The presence of target compounds
was observed at each stage of the wastewater treatment process
(Figs. 6-8). The chromatograms in Fig. 8 clearly show the
incomplete removal of target compounds during the wastewater
treatment process. The results (Table 3) further showed that
disinfection with chlorine does not really reduce the amounts of
target compounds in wastewater, except in the case of diclofenac
in Umbilo WWTP, which is in agreement with the results
reported elsewhere (Behera et al., 2011). This could be due to
the fact that the purpose of disinfection is to reduce pathogenic
microorganisms which do not have an effect on the quantity of
the target compounds present in wastewater (Behera et al., 2011).

Concentration levels obtained for target compounds in
wastewater (Table 3) were comparable to those reported in other
studies. For example, mean concentrations for ibuprofen in
the influent of Goudkoppies and Northern WWTPs located in
Johannesburg, South Africa, were 39.8 and 111.9 ug-L", respectively
(Amdany et al., 2014). In another study conducted in the north of
Spain, ibuprofen and naproxen concentration in the influent ranged
from 2.3-42 pg-L"', whereas a maximum concentration of 5.7 ug-L"
was reported for the effluent (Fernandez et al., 2014). Few studies
that have been conducted on wastewater have shown the presence
of pharmaceuticals in WWTPs located around the city of Durban,
South Africa (Agunbiade and Moodley, 2014; Madikizela et al., 2014;
Madikizela and Chimuka, 2016; Matongo et al., 2014). The extent of
water pollution is not fully understood in South Africa; hence, future
studies should focus on the monitoring of naproxen, ibuprofen and
diclofenac in surface water, aquatic plants and sediments.

The removal efficiency for each compound in WWTPs
was determined based on the raw influent and final effluent
concentrations. As shown in Table 3, the percentage removal for
target compounds in both WWTPs was in the range of 69-97%.
Diclofenac had the lowest percentage removal from Umbilo
WWTP, with 69% removal efficiency. In the same WWTP,
the removal efficiency observed for naproxen and ibuprofen
exceeded 90%. The highest removal efficiency (97%) for both
naproxen and ibuprofen was observed in Kingsburgh WWTP.
In Kingsburgh WWTP, the removal efficiency for diclofenac
was 92%. These results corresponded well with figures reported
for another Durban WWTP (Agunbiade and Moodley, 2014).
In general, Umbilo and Kingsburgh WWTPs showed a better
removal efficiency when compared to some other wastewater
treatment works worldwide. For instance, the removal
efficiencies reported for ibuprofen, naproxen and diclofenac
in a WWTP located in Baltimore, USA, were 87%, 88% and
18%, respectively (Yu et al., 2006). Removal efficiencies greater
than 90% for naproxen and ibuprofen have been reported for a
WWTP that uses UV for disinfection; however, the same plant
did not show any removal for diclofenac (Carmona et al., 2014).
Poor removal of diclofenac has been reported for a number of
WWTPs (Lindqvist et al., 2005; Rosal et al., 2010; Zorita et al.,
2009; Samaras et al., 2013). Further work is required in order to
investigate the effect of poor removal and to rectify the problem
for diclofenac. Such work could involve the investigation of the
ability of diclofenac to partition between wastewater and sludge.
Although the studied WWTPs were not specifically designed
to remove pharmaceutical compounds, they showed a great
potential in this regard.

In general, the performance of the studied WWTPs was
evaluated by monitoring pH, conductivity, total dissolved solids,
dissolved oxygen, salinity and oxidation reduction potential. The
results (Table S1) indicated normal functioning of the WWTPs.
This observation was based on the reduction of conductivity,
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Figure 6
Chromatograms for raw wastewater influent recorded at 200 and 230 nm; Peaks 1, 2 and 3 represent naproxen, diclofenac and ibuprofen
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Chromatograms for wastewater samples collected prior to chlorination; Peaks 1, 2 and 3 represent naproxen, diclofenac and ibuprofen
25000 230 nm 1 200 nm v
16000
20000 2
o 5 12000 3
215000 5
5
< T 8000
K 10000 o
4000
5000
0 —
0 o 1 2 3 4 . . 0 1 2 3 4 5 6 8
. 5 . Retention time (min)
Retention time (min)
Figure 8
Chromatograms for wastewater effluent recorded at 200 and 230 nm; Peaks 1, 2 and 3 represent naproxen, diclofenac and ibuprofen
TABLE 3
Quantities (ug-L’) of target compounds + standard deviation (n = 3) detected in WWTPs and removal efficiency (%)
Kingsburgh WWTP Umbilo WWTP
Compound Influent Mid Effluent %R Influent Mid Effluent %R
Ibuprofen 69 + 6.5 1.9+1.6 2.1+29 97 55+ 6.6 50+£1.3 42+1.0 92
Naproxen 20+ 13 09+0.6 0.60.7 97 15+ 11 1.3+0.8 1.1£0.7 93
Diclofenac 16 £ 6.5 1.7+1.2 14+1.1 92 6.4+2.7 55+49 2.0£0.6 69
Mid: sample collected prior to disinfection, %R: Removal efficiency
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salinity and total dissolved solids from the raw influent to the final
effluent. In addition, the increase in dissolved oxygen from the
influent to the effluent was an indication of a functional WWTP.

CONCLUSIONS

The application of advanced HPLC equipped with photo
diode array detector for environmental analyses has allowed
for the separation and quantification of ibuprofen, naproxen
and diclofenac in wastewater. In this study, the occurrence of
naproxen, ibuprofen and diclofenac in Umbilo and Kingsburgh
WWTPs located in Durban has been reported. Solid-phase
extraction method with Oasis MAX offered improved

results since the target compounds were extracted and pre-
concentrated. Acceptable recoveries that ranged from 76% to
98% were obtained for the target compounds. All compounds
were detected in the raw influent and effluent.

Neither WWTP was specifically designed for removal of
pharmaceutical compounds: however, the per cent removal
shows that it is possible to remove the drugs to some extent
during the treatment process. Therefore, it is recommended
to optimize the design of the WWTPs for effective removal
of such drugs during the wastewater treatment process. In
order to achieve this, the degradation patterns of such acidic
pharmaceuticals in wastewater needs to be monitored. Also,
the factors that could influence the partitioning of naproxen,
ibuprofen and diclofenac between the wastewater and sludge
need to be investigated.
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APPENDIX 1
TABLE A1

Physicochemical properties measured in wastewater treatment plants. Standard deviations (n = 3) are given in * values
Samole H Conductivity DO Salinity TDS ORP

P P (ps-cm-1) (mg-L-1) (psu) (mg-L-1) (RmV)
Kingsburgh WWTP influent 7.10 £ 0.45 965 £ 176 0.44 £ 0.35 0.47 £ 0.08 477 £ 82 -29.7 £ 8.8
Kingsburgh WWTP prior to disinfection | 7.28 £0.30 599 +27 3.40+042 | 0.29+0.01 300 + 14 -28.7+3.3
Kingsburgh WWTP effluent 7.39 £0.25 589 £ 18 5.12 £ 0.69 0.29 £ 0.02 299 £ 10 -299+2.1
Umbilo WWTP influent 7.42 £0.26 862 + 50 0.45+0.22 | 0.42+0.03 421 + 34 -30.2+64
Umbilo WWTP prior to disinfection 7.22+0.43 780 £ 78 3.34 £ 0.57 0.39 £ 0.05 400 £47 -249+4.7
Umbilo WWTP effluent 7.13 £0.41 785+ 75 542+0.85 | 0.38+0.03 395+ 37 -251+7.3

DO - dissolved oxygen; TDS - total dissolved solids; ORP - oxidation reduction potential.
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Figure A1
PDA spectra obtained for naproxen in standard solution and in extracted wastewater samples
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PDA spectra obtained for ibuprofen in standard solution and in extracted wastewater samples
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PDA spectra obtained for diclofenac in standard solution and in extracted wastewater samples
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