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In this work, environmental occurrence and risk assessment of pharmaceuticals,

personal care products (PPCPs), and stimulants are presented. A quantitative technique

is described for ultrasonic-assisted solid-phase extraction (SPE) followed by GC-MS after

derivatization of PPCPs; propylparaben, triclosan, carbamazepine, chloramphenicol,

and stimulant caffeine. Ultrasonic-assisted extraction together with centrifugation were

used to extract sediment samples collected from the Mgeni and Msunduzi rivers.

An SPE procedure was used for cleanup and to concentrate selected compounds

from diluted aqueous extracts. The final extracts were derivatized and analyzed with

GC-MS in selected ion monitoring (SIM) mode. The recoveries of the analytes ranged

from 66 to 108%. The method detection limits were (0.08–1.82 ng g−1 for solid and

0.08–10 µg L−1 for liquid) and quantification limits (0.42–5.51 ng g−1 for solid and

0.25–25 µg L−1 for liquid). The optimized method was applied in the evaluation of

two rivers over 3 months in KwaZulu-Natal, South Africa. All targeted compounds

were present in the environment at concentration levels between not detected to

174 ng g−1 and not detected to 30 µg L−1 for solids and aqueous environmental

samples, respectively. A comparison of predicted no environmental effect concentration

(PNECs) with measured environmental concentration (MECs) showed that these PPCPs

present a high ecological risk to the receiving environment (agricultural lands and

households). Our work is close to reality because we used MECs as opposed to using

predicted environmental concentration (PECs) values, which are normally calculated from

consumption, production of compound per year, and various estimated factors.

Keywords: ultrasonic, derivatization, GC-MS, personal care products, pharmaceutical

INTRODUCTION

The presence of emerging contaminants in the environment has raised concerns worldwide. Due
to their increased usage and their pharmacokinetic properties, pharmaceuticals, personal care
products (PPCPs) can be excreted in the parent form or as metabolites (Albero et al., 2012; Dai
et al., 2014). PPCPs’ exposure assessments may be conducted through either laborious or exhaustive
monitoring programs, which result in measured environmental concentrations (MECs), or using
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predicted environmental concentrations (PECs) (Bradbury et al.,
2004; Ferrari et al., 2004; Celle-Jeanton et al., 2014). The need
to know the levels of PPCPs in the environment is critical in
understanding the risk on water resources, and planning for
suitable interventions to maintain or improve domestic and
agricultural water supplies.

The primary source of these contaminants in the environment
is through discharge of effluent fromwastewater treatment plants
(Giger et al., 2003; Albero et al., 2012; Haman et al., 2015).
Other pathways are through sludge disposal into landfills and
the use of sludge for agricultural purposes (Muñoz et al., 2009;
Albero et al., 2012; Uggetti et al., 2012). Leaching and runoff
water containing these contaminants from such fields end up
in rivers and dams. Fate modeling suggests that PPCPs tend
to sorb onto soil or sediment in the environment, and from a
biological perspective, do not degrade at a fast-enough rate (Ying
et al., 2007; Miller et al., 2008; Liao et al., 2013). Recently, studies
have been reported on the occurrence of these contaminants
in environmental waters, soil, and sediments (Madikizela and
Ncube, 2021; Ncube et al., 2021; Madikizela et al., 2022). Earlier
studies showed that the concentration of these compounds in
environmental solids ranged from ng kg−1 to µg kg−1. The
public impression is that in recent decades, the situation has
become alarming since PPCPs have been reported to exist in
the environment at a greater concentration than first anticipated.
This impression does not consider that many of the compounds
that are currently reported to be present in the environment were
approved for human use four to five decades ago.

An evaluation of the impact of PPCPs on the environment
requires the availability of reliable data in all countries, so
there is a demand for new analytical methods that can be used
for ecological risk assessment (Ocaña-González et al., 2015).
Environmental risk assessment is defined as an attempt to address
the concern for the potential impact of individual substances
on non-target organisms. This is done by examining both
exposure pathways resulting from discharges and/or application
of impacted water and the consequences of such contamination
on the food chain and function of the ecosystem (Bound
and Voulvoulis, 2004; Ferrari et al., 2004; Agerstrand et al.,
2015; Pereira et al., 2017). In addition, due to the lack of
accepted standard methods for monitoring of PPCPs in the
environment, there is a methodological gap in the environmental
risk assessment of surface waters (found in dams and rivers)
affected by wastewater used for irrigation and drinking in South
Africa. Guidelines usually consider only 2 possible pathways
for a pollutant to enter the soil compartment (aerial and
application of wastewater sludge), and WWTPs in South Africa
discharge effluents into rivers which eventually feed into dams.
Thus, there is a need to perform risk assessments on the
various compartments that come into direct contact with effluent
from WWTPs, and to predict the ecological impact on the
environment. In South Africa, surface waters are used for
irrigation without further purification (Perret, 2002; Speelman
et al., 2008; Malan et al., 2014; Muchara et al., 2014). Thus,
the introduction of emerging contaminants in agricultural
lands through irrigation entails another pathway whereby these
compounds can also enter the food chain.

The main objective of this work was to perform a
risk assessment of selected PPCPs in the environment in
four compartments: sediments, biosolids, and wastewater and
freshwater, using the optimized method. This method is based on
sample preparation by sonication-assisted extraction followed by
detection with GC-MS. Experimental parameters were optimized
to achieve the maximum efficiency during analyte extraction and
detection and ensuring the suitability of the method to monitor
PPCPs over 3 months. The validated method was applied to
the analysis of selected compounds in various freshwaters,
wastewater effluent, sediments, and biosolids collected from the
Mgeni andMsunduzi rivers. Risk characterization was performed
by calculating the ratio between measured environmental
concentrations (MECs) and predicted no-effect concentrations
(PNEC) (MEC/PNEC ratio), where a value above one means that
adverse effects are likely to occur, thus calling for risk-reduction
measures (Inam et al., 2015).

EXPERIMENTAL

Chemicals and Reagents
Standards triclosan (irgasan), propyl 4-hydroxy-benzoate,
caffeine, carbamazepine, and chloramphenicol of high purity
(99%) were bought from Sigma-Aldrich (South African).
Derivatizing reagent N, O-Bis(trimethylsilyl) trifluoroacetamide
(BSTFA), and trimethylsilyl chlorides (TMCs) were used
without further treatment. All organic solvents were HPLC
grade. Unless stated otherwise, all chemicals were purchased
from Sigma-Aldrich (Germany) through Capital Lab Supplies
CC (South Africa). All carrier gases, including those used for
extraction, were of high purity (99%) and were bought from
Afrox (South Africa). Acids and bases used in pH adjustment
were of analytical grade and were purchased from Merck (South
Africa). Doubly distilled water was obtained from a Bibby
Sterilin LTD (United Kingdom) water still. Individual solutions
of each analyte were dissolved in methanol. Further dilutions
and mixtures of two compounds were made in ethyl acetate.
A working standard mixture with a concentration of 10mg
L−1 was prepared weekly by dilution of the stock solutions and
used to spike solid samples. Known weights of standards were
dissolved in ethyl acetate, and stored in a 2ml vial bottle in a
refrigerator before instrumental analysis.

Internal and surrogate standards: 4,4-di-tert-butylbiphenyl
and phenoxyphenol were bought from Sigma-Aldrich (South
African). o-Chlorobenzoic acid and cinnamic acid were
purchased from BDH chemical Ltd (South Africa).

Apparatus and Instrumentation
Extraction Equipment
Mesh (600–50µm) used for sieving sediments after grinding
was bought from King Test laboratory (South Africa). Sediments
were sonicated with a UMC C20 ultrasound bath bought
from Ultrasonic Manufacturing Company (South Africa). A
Hettich Zetrifugen Rotofix centrifuge was bought from Labotec
(South Africa). Extraction manifold and sorbents used for
preconcentration and cleaning step (Oasis HLB 6 cc 60mg) LP
were bought fromMicrosep (South Africa).
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Detection Instrument
All measurements were performed in a GC-MS system from
Shimadzu QP2010 SE equipped with an autoinjector (AOC-20i)
and autosampler (AOC-20s) (Japan). The GC was equipped with
a capillary column (intercap 5 Sil MS 0.25 mml. D x 30M df =
0.25µm, non-polar) (China).

Sampling
Water and sediments samples were collected along Mgeni
and Msunduzi rivers located in Kwa-Zulu Natal, South Africa
(Figure 1) (Gumbi et al., 2019). These two rivers pass through
towns, agricultural fields, wastewater effluent discharge sites,
landfills, hospitals, and villages. Biosolids were collected from
two wastewater treatment plants located approximately 80 km
apart in two municipalities, Pietermaritzburg and Durban.
These are the two biggest cities in the province of Kwa-
Zulu Natal.

Sediments were sampled from the bank of the river with a
stainless-steel spade and transported to the laboratory where
the samples were dried under air and sieved through a mesh
(600–50µm). Composite water samples (0.5 L) were taken 1m
apart and collected in 2.5 L amber bottles, kept under 4◦C,
and transported to the laboratory. While biosolid samples
were collected from the inlet and outlet of the wastewater
treatment plant grid, the solid samples were homogenized
and stored in a cool place below 15◦C. The solid samples
used in the recovery studies were sediments, biosolids, and
acid-washed sand. No preservatives were added except for
samples collected after chlorination where sodium thiosulfate
was added to prevent further degradation by residual chlorine
present in the samples. The samples were stored in a
cooler box at 4–6◦C and transferred to the laboratory for
further analysis.

Extraction Procedure
Extraction of River Water and Wastewater Samples
Surface water and wastewater were extracted with SPE using
Oasis HLB cartridge (1 g sorbent per cartridge, 60µm) at pH
2 adjusted by adding 1M of diluted sulfuric acid dropwise
(final pH was determined using a pH meter). The cartridges
were preconditioned with successive additions of 6ml methanol,
and ultrapure water (pH 2 or pH 7). Subsequently, 1 L of
the sample was extracted/pre-concentrated using a vacuum
manifold at a flow rate of 5ml min−1. After air-drying the
cartridge for 30min under a gentle stream of nitrogen, the
sample was eluted with a total of 9ml of extraction solution
(acetone/ethyl acetate 1:1 6ml; methanol 1ml; acetonitrile
1ml; 1 dichloromethane 1ml). The eluate was concentrated
to dryness under nitrogen at 40◦C, and then the residues
were re-dissolved with 100 µl of BSTFA derivatizing agent
and heated at 70◦C for 30min. Finally, the samples were
diluted with acetonitrile and then analyzed with GC-MS. To
perform recoveries, 1 L of separate river water, wastewater,
and distilled water sample was spiked with 100 and 1,000
µl (10mg L−1) to make final concentrations of 1 and 10
µg L−1.

Ultrasonic-Assisted Extraction of Sediments and

Biosolids
Spiked samples were prepared by adding a 10 µl solution (10mg
L−1) of triclosan, caffeine, chloramphenicol, carbamazepine, and
propylparaben in ethyl acetate to an accurately weighed sample
(10 g) and the solvents were evaporated in dark conditions
overnight below 15◦C to prevent degradation of the compounds
by light. The concentration of analytes in the samples after drying
was 10 ng g−1. The non-spiked samples were also prepared to
correctly assess absolute recoveries. Extraction of compounds
from sediments, biosolids, and acid-washed sand was carried out
by ultrasonic extraction in Teflon centrifuge tubes. Spiked and
dried solid samples were transferred into clean 50ml centrifuge
tubes and 10ml of acetone:ethyl acetate (1:1) was added. The
tubes were immersed in an ultrasonic water bath for 20min
and centrifuge for 15min, in two consecutive extraction steps
(10ml x 2). Fractions were combined and solvents were reduced
to 1ml with a gentle stream of nitrogen. Extracts were diluted
with double distilled water and adjusted to pH 2 with sulfuric
acid. The sample extracts were passed through an Oasis HLB
cartridge at a flow rate of 5ml min−1, previously conditioned
with 3ml methanol and doubly distilled water. Finally, extracts
were evaporated to dryness under a nitrogen stream and followed
by derivatization. Samples from the environment were extracted
following the same method used to analyze spiked samples.

Derivatization
Extracts were re-dissolved into 100 µl of BSTFA + 1% TMCS,
gently mixed while the vial was closed and allowed to react at
room temperature for 2min. Then the mixture was transferred
into an oven to react for 30min at 70◦C. After the derivatization
process, extracts were diluted up to 0.5ml volume with ethyl
acetate and 2 µl of the derivatized sample extract was auto-
injected into the GC-MS.

GC-MS Analysis
The samples were analyzed using a GC-MS (QP2010SE
Shimadzu) system and separation was performed on a capillary
column. The initial column oven temperature was 70◦C, injection
port temperature was kept at 250◦C, and 2 µl samples were
auto-injected in splitless mode. The carrier gas was helium at a
constant flow rate of 8.0ml min−1 and 61.5 KPa pressure. The
oven temperature was kept at 70◦C for 1min, then programmed
at 30◦C min−1 to 190◦C (held for 1min), followed by 15◦C
min−1 to 230◦C (held for 3min) and finally 30◦C min−1 to
270 ◦C, which was held for 1min. The transfer line was set
at 280◦C and the ion source at 200◦C. Electron energy for
the filament was set at 70 eV. The ITD setting was as follows:
mass range 50–850 m/z (full scan only) with a start time of
4min and end time of 14min. SIM mode was used for the
quantification of analytes. Retention times, major fragment ions,
and quantification ions were used to identify compounds of
interest in the environmental matrices.

Risk Assessment
A preliminary risk characterization in the different
environmental compartments was based on a tiered system
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FIGURE 1 | Sampling area of the Mgeni and Msunduzi rivers in KwaZulu-Natal, South Africa. Grab samples were collected at all points and using the developed

method described in this work (map was drawn using GIS software shapefile) (Gumbi et al., 2019).

outlined by the European Medicine Evaluation Agency (EMEA)
and the Food and Drug administration (Stuer-Lauridsen
et al., 2000; Bound and Voulvoulis, 2006). The risk quotient
(RQ) method is the basic principle globally accepted in
the development of environmental risk assessment (ERA)
(Quevauviller et al., 1996). A very important information needed
in ERA is the concentration range at which a compound studied
causes no effect on non-target organisms. These concentrations
known as PNEC for the aquatic compartment are estimated
from EC50 values obtained with acute toxicity test (algae,
daphnia, and fish) and by application of an assessment factor.
The evaluation of whether a substance poses a risk to organisms
in the environment is based on the comparison of the detected
contaminant concentration MEC with its PNEC organism in the
environmental compartment.

The presented potential ecological risk is based on the
estimation of RQ using the concentration of drug residues found
in each compartment. A standard assessment factor (1,000)
introduced by Hernando et al. has been adopted because it
accounts for all species in the environment compared to other
factors (10 or 100) (Hernando et al., 2006; Hendricks et al.,
2021). The PNEC in aqueous and solid compartments have been
determined following the formula (1) and (2) formulated by
Hernando et al. or obtained from the literature (Hernando et al.,
2006).

PNECaq =
EC50

1000
(1)

PNECs =

[

PNECaq × Kp

d

]

×1000 (2)

Where PNECaq is the PNEC calculated for the aqueous
compartment, Kp is the solid–water partition coefficient, and d
is the density of solid.

When the RQ equals or exceeds 1 (MEC/PNEC ≥ 1) then
the ecological risk is suspected. In addition, a more descriptive
criterion (RQ< 0.1means low risk, 0.1<RQ< 1meansmedium
risk, RQ> 1means high risk) that has been employed in themain
studies was also used to interpret the obtained RQ values.

RESULTS AND DISCUSSION

Sample Preparation
The recovery of analytes from environmental samples in
reasonable percentages depends on several factors, such as the
type of extraction, cleanup, solvents, ionic strength, or the pH and
instruments for detection. Often most factors require evaluation
and optimization before determination of contaminants in the
environment. Extraction and cleanup of extracts for separation
and pre-concentration of analytes of interest are one of the most
important steps in multi-residue detection and quantification
of emerging contaminants in environmental matrices (Berlioz-
Barbier et al., 2014). The applicability of solid-phase extraction
(SPE) in the cleanup step for the determination of emerging
organic contaminants from environmental samples has been
demonstrated in a previous work (Gumbi et al., 2017a). The
effect of extract cleanup is briefly demonstrated in this work
in Figure 2. The effect of sonication was investigated prior
to SPE process to achieve high recoveries. This preliminary
evaluation was undertaken using sediments samples spiked at 10
ng g−1 fortification level. The samples were prepared according
to the method described above in the experimental section
and extracts were obtained with and without sonication. These
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FIGURE 2 | Influence of sonication and cleanup steps in the simultaneous extraction of target compounds from spiked sediments samples at 10 ng g−1.

extracts were derivatized and analyzed with GC-MS. Optimum
conditions included sonication and cleanup steps were carried
out simultaneously. Carbamazepine and chloramphenicol were
not recovered when the sonication was not applied during the
extraction. Although caffeine, propyl paraben, and triclosan were
extracted without sonication, their yield was very low, lower than
acceptable recoveries as shown in Figure 2. Low recoveries were
attributed to the time frame required to soak the solid samples in
the solvents when extracting without the assistance of ultrasound.
In some literature, 24 h were needed for the extraction without
sonication (Núñez et al., 2008). In this work, 2 h were used
and were comparable to our optimum conditions for extracting
these compounds. Also, without cleanup, only propylparaben
and triclosan were recovered. These two analyses showed that
some compounds can be extracted independently of sonication
or a cleanup step. High recoveries, when using ultrasound, have
been attributed to the propagation of ultrasound pressure waves
through the solvent and resulting cavitation phenomena (Núñez
et al., 2008).

The mechanical impact of sonic waves can also increase the
interaction on the surface area between solid and liquid phases
due to the possibility of a size decrease in the solid matrix (Tang
et al., 2009). The increased rates of mass transfer will also enhance
the rate of solvent being transferred to the solid surface, and
the transfer of the soluble component into the organic solvents
will be enhanced. However, these proposed mechanisms depend
on the ability of the extraction solvent to dissolve and keep

all the analytes of interest in the soluble form (Albero et al.,
2015). Recoveries can be affected if the analytes can precipitate
and partition to solids during centrifugation after sonication.
The selection of the most appropriate solvent for extracting the
analytes of interest from the matrix of the sample is a basic step
in the optimization of any method of extraction (Albero et al.,
2015). To find the optimum extraction solvent, three solvents
were chosen; methanol, dichloromethane, and optimum solvents
mixture (ethyl acetate: acetone 6ml, methanol 1ml, acetonitrile
1ml, and water 2ml) based on the literature and assayed as
shown in Figure 3. Moreover, all these solvents can dissolve all
the analytes.

Methanol was able to extract propylparaben and triclosan with
reasonable recoveries. However, methanol showed low recoveries
for chloramphenicol and high recoveries for carbamazepine up
to 250%. Methanol has normally been avoided as an extraction
solvent because of its ability to extract lots of compounds
in matrices and even the untargeted compounds, which are
difficult to clean (Morales et al., 2005). Methanol extracts might
have interfered with derivatization because of the complicated
extracts. Dichloromethane showed low recoveries less than 50%
except for triclosan with 95%.

Compounds involved in this study had varying pKa values
ranging from 7.5 to 14.0. Therefore, their isolation at different
pH values needed to be optimized. The aqueous distribution
of compounds was investigated using water adjusted at three
different pH values (2, 7, and 9) with HCl or NaOH as shown in
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FIGURE 3 | Influence of extraction solvent, methanol, dichloromethane, and optimum solvent (acetone:ethyl acetate).

FIGURE 4 | Influence of pH in the water extraction and cleanup step.

Figure 4. Ethyl acetate:acetone (1:1), acetonitrile and methanol
were used as elution solvents. These solvents are normally
employed in the extraction of PCPPs because of their polarity
and ability to dissolve all the selected drugs (Gumbi et al.,
2017a,b, 2019). Spiked double distilled water (10 µg L−1),
aliquots of 200ml, adjusted to pH 2, 7, and 9 were passed

through Oasis HLB at flow rates between 5 and 8ml min−1.
After elution, compounds were silylated and analyzed by GC-
MS. Recoveries were determined from the standard solution of
the same concentration as corresponding aliquots of different pH
values. The recovery values at pH 7 were low for caffeine and
triclosan, while recoveries for propylparaben and carbamazepine
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TABLE 1 | Validation data (n = 3), retention time, calibration data, linearity, recovery, detection limits (LOD), quantification limits (LOQ), and repeatability of the studied

compounds.

Analytes Sample matrix Equations Regression

analysis

Linearity Recovery % LOD LOQ Retention Time Precision

%

Sediment and biosolids

ng g−1

y = 0.0609x−0.0427 0.9971 0.1–50 94–105 0.14 0.42 7.2–7.45 3.0–20

Wastewater

and freshwater µg L−1

y = 0.6087x−0.0427 0.9970 1–200 98–102 1.5 4.0

Sediment and biosolids

ng g−1

y = 0.0322x + 0.0192 0.9970 0.1–50 92–107 0.35 1.07 8.75–9.25 0.85–20

Wastewater

and freshwater µg L−1

y = 0.0129x + 0.1587 0.9971 1–500 96–104 4.0 11.0

Sediment and biosolids

ng g−1

y = 0.1122x + 0.0627 0.9916 0.1–40 91–108 0.08 0.25 11.20–11.25 0.33–10

Wastewater

and freshwater µg L−1

y = 0.0105x−0.0694 0.9988 1–200 94–100 0.89 2.7

Sediments

and biosolids ng g−1

y = 0.0695x−0.0323 0.9940 0.1–20 66–91 0.11 0.32 13.75–13.85 4.0–25

Wastewater

and freshwater µg L−1

y = 0.0068x−0.0323 0.9940 1–200 80–95 1.4 2.9

Sediment and biosolids

ng g−1

y = 0.629x−0.3166 0.9997 2.5–50 98–102 1.82 5.51 13.95–14.25 4.1–11

Wastewater

and freshwater µg L−1

y = 0.0432x + 0.1908 0.9997 10–500 98–102 10 25

were observable above 120%. Propylparaben and triclosan had
low recoveries at pH 9. These compounds were found to exist
in two forms: silyl derivatives and methyl esters at pH 9, which
in turn, affected the recoveries because only peak areas from
silyl derivatives were used for calculations of percent recoveries.
Recoveries at pH 2 were acceptable and ranged from 65 to 108%.

Method Validation
Recovery
Recovery of the method was tested by adding known amounts
of analytes (1, 10, and 20 ng g−1) in triplicate with different
matrices. These fortified samples were allowed to stand for
4 h under a gentle stream of nitrogen to allow solvent
evaporation before sonication and centrifuge extraction and
extracts were subjected to GC-MS analysis after derivatization.
Good recoveries of the compounds were obtained and ranged
from 66 to 108% for all compounds. Each compartment was
analyzed separately, but the results are reported in range in
Table 1. The range of recoveries achieved is similar to that
obtained by other authors as shown in Table 1, in line with
IUPAC and EPA recommendations (Thompson et al., 2002).

Limits of Detection and Quantification
Limits of detection (LODs) and quantification (LOQs) were
determined following IUPAC recommendation which considers

these limits as the minimum amount of target analytes

concentration that produces a signal-to-noise ratio (S/N) of 3 and

10 times the background chromatographic noise, respectively

(Thompson et al., 2002). The S/N was measured at the lowest
spiked level in the validation studies. Low limits were obtained
due to the selectivity and high sensitivity of the GC-MS-
SIM technique, allowing the determination of these PPCPs
compounds at environmentally relevant concentration levels.
Table 1 shows the LOD and LOQ values corresponding to the
extraction by optimized method followed by derivatization-GC-
MS analysis. These limits range from 0.14 to 1.9 ng g−1 for LODs
and from 0.45 to 5.5 ng g−1 for LOQ. Relatively high limits for
chloramphenicol were observed compared to other compounds.
This was attributed to the fact that the labile hydrogen was
shielded from possible easy derivatization. Nevertheless, the
range of LODs and LOQs achieved in this proposed method
are less than those reported by other authors (Núñez et al.,
2008).
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TABLE 2 | Concentration of the studied compounds (ng g−1) in sediments collected in Mgeni and Msunduzi rivers in May.

Propyl paraben Caffeine Triclosan Carbamazepine Chloramphenicol

Mgeni River

Midmar inlet 0.41 ± 0.06 - 1.73 ± 0.05 0.46 ± 0.01 -

Midmar dam outlet - D D 30.75 ± 4.49

Albert falls dam inlet D - D -

Albert falls dam outlet 4.13 ± 0.07 1.32 ± 0.39 - _

Howick falls - - - _

Joining point 0.58 ± 0.02 - 38.81 ± 7.93 - _

Nagle dam - - - 1.17 ± 0.23 _

Inanda dam inlet - - - - _

Inanda dam outlet - - - 0.82 ± 0.06 -

Reservoir hills - – - - -

Business Park D - - - -

DWS inlet 0.88 ± 0.35 - - - -

DWS outlet - - - -

Umgeni Estuary D - - - -

Msunduzi River

Henley dam - - - D -

Hospital - - - D -

Bay spruit - D 7.02 ± 1.2 D -

Du toit D D D D -

Camp drift - - - D -

Darvill WWTP outlet - - 1.18 ± 0.25 D D

Agriculture - - 1.32 ± 0.32 D -

Msunduzi Town - - - D -

-, not detected; D detected but not quantified.

Linearity
A multipoint calibration curve was obtained from a minimum
of five extracted and derivatized standard solutions at different
concentrations. Good linearity was obtained in the range within
1–200 ng g−1 with correlation coefficients higher than 0.99 for all
compounds. These calibration results are summarized in Table 1.

Repeatability or Precision
The precision was determined by analyzing the spiked sediment
samples at three different concentration levels. These samples
were analyzed within given days. The RSD calculated between 2
days ranged from 0.3 to 25%, less than 32% as recommended by
the EPA.

Application to Real Samples
GC-MS has emerged as a useful analytical technique because
of its availability in most environmental laboratories in many
developing countries. On the other hand, LC-MS/MS, which
is a preferred technique for the determination of PPCPs in
environmental samples, is still scarce in developing and poorly
resourced countries. The LOQs obtained with the proposed
method are within the range of those established with LC-MS/MS
(Stolker et al., 2004; Chu and Metcalfe, 2007; Yu and Wu, 2011).
Although the derivatization step is normally required in GC-MS
analysis of PPCPs, this step was optimized in the work described
in our published work (Gumbi et al., 2017a). The proposed

method was applied for the analysis of sediments, biosolids,
wastewater, and freshwater samples from two rivers in South
Africa. Themean concentration of targeted PCPPs obtained from
triplicate analysis were presented in Tables 2–4.

Distribution of Target Drugs in Sediments and

Biosolids
The sediment samples were collected over 3 months (May,
July, and August) from Mgeni and Msunduzi rivers. PCPP
concentrations were determined in sediment samples. The levels
found expressed as ng g−1 dry weight are given in Tables 2–4.

In all the analyzed samples, propylparaben was the
predominant contaminant and this is expected since it is a
water-based preservative commonly used in food and PPCPs. In
addition, propylparaben occurs naturally and is found in some
plants and insects. Propylparaben was found at all the sampling
sites at levels from not detected to 31.81 ng g−1. The highest
concentration of propylparaben was detected in July and the
lowest levels were observed at 3 of the 22 sites in May and 6 of
the 22 sites in July (Table 3).

Propylparaben was found to occur more in the Mgeni river
compared to the Msunduzi river. Given the path of the Mgeni
river, this might suggest even natural sources contribute to a
load of propylparaben in these rivers, while the Msunduzi river
passes mostly through urbanized areas. The concentration level
of propylparaben found in this study is higher than those found
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TABLE 3 | Concentration of the studied compounds (ng g−1) in sediments collected in Mgeni and Msunduzi rivers in July.

Propyl paraben Caffeine Triclosan Carbamazepine Chloramphenicol

Mgeni river

Midmar inlet 0.44 ± 0.01 - - - D

Midmar dam outlet D - 2.55 ± 0.94 3.45 ± 0.43 -

Albert falls dam inlet D - - - -

Albert falls dam outlet D - - - -

Howick falls 0.45 ± 0.04 - - - -

Joining point D D D - -

Nagle dam D - - - -

Inanda dam inlet D - - - -

Inanda dam outlet 1.73 ± 0.18 - - 4.46 ± 0.21 -

Reservoir hills 0.62 ± 0.01 D 3.22 ± 0.50 12.31 ± 0.65 -

Business park - - - - -

DWS inlet D 2.27 ± 0.09 - - -

DWS outlet D D 3.22 ± 0.94 - -

Umgeni estuary 13.50 ± 2.01 128.40 ± 18.64 79.06 ± 16.43 - -

Msunduzi river

Henley Dam 31.81 ± 5.93 89.09 ± 15.93 - - -

Hospital - - - - -

Bay spruit D - - 0.53 ± 0.02 -

Du toit D - - -

Camp drift - - - - -

Darvill WWTP outlet - D 42.24 ± 14.11 - 10.13 ± 1.27

Agriculture D D 1.19 ± 0.02 - D

Msunduzi town D - 10.56 ± 1.65 - D

- not detected; D, detected but not quantify.

in Japan (nd−2.84 ng g−1) and the United States (nd−3.52 ng
g−1), and lower than those reported in Korea (nd−64.5 ng g−1)
(Yu and Wu, 2011; Liao et al., 2013).

Caffeine concentration levels were higher than the other
compounds analyzed, approaching 174 ng g−1 in the sample
collected at Durban WWTPs in August (Table 4), followed by
Mgeni estuary 128 ng g−1 and Henley Dam 90.00 ng g−1

(Table 3). The results of this study showed higher concentrations
of unmetabolized caffeine in both rivers. The increased
concentration levels of caffeine may be associated with high
consumption of coffee, tea, and soft drinks as well as the improper
disposal of these items. The relevance of these findings is that if
caffeine is present in water, numerous pathogens and biologically
active PPCPs are likely to be present as well. Determination of
many pathogens is both difficult and technologically not feasible
to monitor in environmental samples.

Triclosan is employed as an antimicrobial agent in various
medical and consumer care products. Triclosan was found
in both rivers at many sites and its concentration ranged
from not detected to 79.10 ng g−1. The triclosan compound
had the second-highest concentration recorded in this study.
The incorporation of triclosan in a vast array of products
resulted in it being discharged to WWTPs (Durban, 42.00 ng
g−1 in July) and then into sediments (Mgeni Estuary, 79.00
ng g−1 in July). Triclosan is a relatively stable, hydrophobic,

and non-volatile compound, (Kow 4.9) expected to adsorb in
particulate matter and accumulate into sediments. However, low
concentration levels were observed in May and August, which
was attributed to the photochemical degradation of triclosan.
Because of reduced daylight and the amount of light reaching the
South African environment in July compared to other months,
with temperatures below 20◦C and not favoring degradation of
triclosan, it was detected in high concentration in July.

Carbamazepine was not found in most sites but was detected
in all sites in Msunduzi river in May (Table 2). This trend was
attributed to the fact that carbamazepine undergoes extensive
metabolism and thirty-three metabolites of carbamazepine have
been identified from human and rat urine. Carbamazepine is
not stable in its current form, and since it is used exclusively by
humans, this anthropogenic drug in the environment represents
human pollution (Ramaswamy, 2015). Therefore, it has been
targeted in rivers and found to occur in many parts of the
world. In this work, it was found to range from not detected
to 12.31 ng g−1, the lowest concentration quantified among
selected compounds.

Chloramphenicol was quantified in a few sites compared to
other compounds since approximately 80% of the compound is
metabolized and excreted as glucuronide, after administration.
Some studies have shown that the metabolite glucuronide
can convert back to the bioactive chloramphenicol in manure
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TABLE 4 | Concentration of the studied compounds (ng g-1) in sediments collected in Mgeni and Msunduzi rivers in August.

Propyl paraben Caffeine Triclosan Carbamazepine Chloramphenicol

Mgeni river

Midmar inlet - - - - -

Midmar dam outlet D - 1.97 ± 0.17 1.97 ± 0.07 D

Albert falls dam inlet - - - - _

Albert falls dam outlet - - - - _

Howick falls D - - 2.61 ± 0.18 D

Joining point D - - 1.31 ± 0.68 _

Nagle dam D - - 0.54 ± 0.06 _

Inanda dam inlet D - - - -

Inanda dam outlet 0.53 ± 0.04 - - 5.07 ± 0.17 -

Reservoir hills D - - D -

Business park D - - D -

DWS inlet 28.62 ± 3.61 173.90 ± 23.97 - D

DWS outlet _ - D -

Umgeni estuary _ - - D -

Msunduzi River

Henley dam - - - - -

Hospital D - - 2.04 ± 0.54 -

Bay spruit - - 4.38 ± 0.61 D D

Du toit - - - - -

Camp drift 5.59 ± 0.59 9.72 ± 0.40 - D 19.93 ± 1.19

Darvill WWTP outlet 5.02 ± 0.50 1.92 ± 0.01 43.51 ± 4.97 4.70 ± 0.84 16.45 ± 1.86

Agriculture 3.97 ± 0.89 - - -

Msunduzi Town D - 0.39 ± 0.06 2.40 ± 0.06 -

-, not detected; D, detected but quantified.

TABLE 5 | Concentration (µg L−1) of personal care products and pharmaceuticals in fresh water and wastewater along the Mgeni river.

Environmental concentration of selected compounds µg L−1

Propyl paraben Caffeine Triclosan Carbamazepine Chloramphenicol

May July August May July August May July August May July August May July August

Midmar inlet - - - - D - - - - - - - - D -

Midmar dam outlet - - - - D - - - D - - D D - -

Albert falls dam inlet - - - - D - - - - - - - - _

Albert falls dam outlet - - - D D - - - - - - - _ - _

Howick falls - - - D D - - - - - - - _ - -

Joining point D D - - D - - 5.30 ± 0.45 - - - - _ - _

Nagle dam - - - - D - - - - - - D _ - _

Inanda dam inlet - D - - - D - - - - - - _ - -

Inanda dam outlet - D D D D - - - - D - - - - -

Reservoir hills - D D D D D - - - - - D - - -

Business park D - D - - - - - - - D - - - -

Wastewater influent D D 12.30 ± 1.06 <LOQ 15.30 ± 0.23 D D D - - - D - D

Wastewater effluent D D D D D D D - D - - D D D -

Umgeni Estuary < LOQ D D D < LOQ D D 4.50 ± 0.04 - D - - D D -

-, not detected; D, detected but not quantify.

(Lai et al., 1995). Moreover, chloramphenicol is used as a broad-
spectrum antibiotic by humans in exceptional cases only, such
as meningitis (Tang et al., 2009). Nevertheless, its toxicity has

led many studies to target it in the environment. The use of
chloramphenicol in animal medicine is completely forbidden
by the European Union because it causes damage to bone
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TABLE 6 | Concentration (µg L−1) of personal care products and pharmaceuticals in fresh water and wastewater along the Msunduzi river.

Selected compounds concentration µg L−1

Sampling site Months Propyl paraben Caffeine Triclosan Carbamazepine Chloramphenicol

Henley dam May - D - - -

July 10.20 ± 1.30 15.30 ± 2.30 D - -

August D < LOQ - - -

Hospital stream May - - - - -

July - D D - D

August D - - D -

Bay spruit May - D - - -

July D - 20.0 ± 0.52 < LOQ -

August - - < LOQ D D

Du toit May - - - -

July D - - D

August D D - - -

Camp drift May - - - - -

July 22.00 ± 0.03 < LOQ D - -

August 4.20 ± 0.35 < LOQ - D < LOQ

Wastewater effluent May - < LOQ 5.2 ± 0.23 - D

July D 9.00 ± 2.30 30.00 ± 5.60 D < LOQ

August < LOQ < LOQ 11.50 ± 0.05 < LOQ D

Agriculture area May - - < LOQ - -

July D D 1.80 ± 0.32 - D

August 4.00 ± 0.89 - - -

Msunduzi town May - - - - -

July D 10.50 ± 1.20 5.60 ± 0.35 D D

August D - D D -

-, not detected; D, detected but not quantify.

marrow in humans. In this study, chloramphenicol ranged from
not detected to 19.93 ng g−1. These results are presented in
Tables 2–4.

Distribution of Target Drugs in Freshwater and

Wastewater
Freshwater samples were collected from Mgeni and Msunduzi
rivers in KwaZulu-Natal, South Africa, during the month of May,
July, and August. Wastewater was collected from two WWTPs
in Durban and Pietermaritzburg municipalities. The presented
mean concentrations and standard deviations of freshwater
and wastewater are results of triplicate extraction and analysis
of each sample with the developed method. Tables 5 and 6

present these mean concentrations of PPCPs found in water
(dams and river water) and wastewater. The concentration
ranged from a very quantifiable level to below the LOD.
Measurable levels of propylparaben, caffeine, and triclosan were
observed in the Mgeni and Msunduzi rivers and demonstrate
the contamination of fresh (natural) waters in South Africa
by PPCPs.

In Mgeni river and Ethekwini WWTP, all target PPCPs
compounds were detected in July as presented in Table 5.
Most PPCPs were quantified in Ethekwini wastewater WWTP
compared to the Mgeni river. The highest concentration of
propylparaben was found in August at EThekwini WWTP

influent at 12.30 µg L−1. There was no significant variation
observed for propylparaben concentration. Caffeine was detected
in almost all sampling sites except for the business park. The
highest concentration of caffeine was also found in Ethekwini
WWTP at 15.30 µg L−1 in July. Triclosan was detected in a few
sampling sites but was the only compound found at a quantifiable
level at the sampling point after the Msunduzi river joined the
Mgeni river and at the Mgeni estuary. Triclosan was found at
5.3 and 4.5 µg L−1 concentration levels at the joining point
and Mgeni estuary, respectively. The Msunduzi river might have
contributed to a load of triclosan at the joining point and caused
it to be high. The Mgeni estuary is a recreational site where many
people get together for braais (bar-b-que’s) and some national
sports events are held at the site, which makes it vulnerable
to contamination. Concentration levels of carbamazepine and
chloramphenicol were found to be below the quantification limit
at all sites. These compounds belong to the group of prescription
drugs and consumption of antibiotic is controlled in South
Africa. However, their detection in the environmental surface
waters used as a source in agricultural irrigation poses a threat
to the development and spread of antibiotic resistance genes. In
the Msunduzi river and Darvill WWTP, PPCPs were found in
high concentration compared to the Mgeni river. Msunduzi is
directly exposed to contamination because it is surrounded by
informal settlements.
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TABLE 7 | Potential ecological risk [in terms of RQ (MECs/PNECs)] of selected PPCPs in water, wastewater, biosolids, and sediments using maximum MEC detected.

Risk assessment parameters PNEC MEC

Highest measured environmental

concentration

Analytes Water µg L−1 Wastewater

µg L−1

Biosolids ng

g−1

Sediments

ng g−1

Water µg

L−1

Wastewater

µg L−1

Biosolids

ng g−1

Sediments

ng g−1

Propyl paraben 0.20 (Singer

et al., 2002)

0.26

(Zhou et al.,

2010)

20.00 (Thomaidi

et al., 2016)

0.5206

(Zhou et al.,

2010)

22.00 12.30 28.62 5.59

Caffeine 87.50 (Zhou

et al., 2010)

139

(Dai et al., 2014)

3.00

(Ramaswamy,

2015)

2.37

(Yamamoto

et al., 2011)

15.03 9.00 173.9 128.4

Triclosan 0.500 (Singer

et al., 2002)

0.05

(Harada et al.,

2008)

0.399 (Zhou

et al., 2014)

50

(Harada et al.,

2008)

20.00 30.00 43.00 79.06

Carbamazepine 0.42 (Harada

et al., 2008)

139

(Dai et al., 2014)

46.00 (Choi

et al., 2008)

0.32

(Harada et al.,

2008)

- - 4.67 3.45

Chloramphenicol 0.64 (Choi et al.,

2008)

1.60

(Dai et al., 2014)

1.80

(Ramaswamy,

2015)

0.267

(Zhou and

Broodbank,

2014)

- - 16.45 30.75

Risk quotient or hazard quotient Potential ecological risk

Propyl paraben 110.0 47.30 1.43 10.73 High High High High

Caffeine 0.171 0.05 57.96 54.17 Medium High High High

Triclosan 40.00 600 108.0 1.58 High High High High

Carbamazepine - - 0.101 10.78 - - Low High

Chloramphenicol - - 9.14 115.0 - - High High

Propylparaben’s highest concentration was found in Camp
drift at 22.00 µg L−1, followed by Henley Dam with 10.20 µg
L−1, and the lowest quantifiable concentration of 4.00µg L−1 was
found at the agricultural area sampling site as shown in Table 6.
At this point, subsistence farming takes place. Villagers irrigate
their gardens and farms by collecting water directly from the
Msunduzi river.

The highest concentration of caffeine was found at the
Henley Dam at 15.30 µg L−1 followed by the Msunduzi Town
sampling site 10.50 µg L−1. Triclosan occurred at a high
concentration in the Darvill wastewater effluent. Carbamazepine
and chloramphenicol were not quantified in the Msunduzi river
as well. These drugs are not seasonal like a flu medication,
and depend on the population of people prescribed for
these compounds.

Risk Assessment Investigation
The Mgeni and Msunduzi rivers were found to receive a variety
of organic waste from the informal settlement, urban areas,
farms, industries, and municipality sewage. Both subsistence
and commercial farms rely on the surface water stored in the
five dams found along these rivers for irrigation. In addition,
villagers along these rivers use surface water without further
treatment for their daily needs. Wastewater effluent discharged
from WWTPs in South Africa is not tested or regulated for

the levels of emerging contaminants. Biosolids in WWTPs are
normally pre-concentrated, put through a process of biological
inactivation, and later used for agricultural purposes or landfills
rehabilitation. This has been widely recognized as another
pathway for the introduction of PPCPs into the environment
(Uggetti et al., 2012; Thomaidi et al., 2016). This work was
undertaken to develop a rapid risk assessment method for
the evaluation of PPCPs in the four compartments of the
environment (freshwater, wastewater, biosolid, and sediments).
Most classes of PPCPs have been represented as antibiotic
drugs (chloramphenicol), antiepileptic drugs (carbamazepine),
personal care products (propylparaben and triclosan), and
stimulants drugs (caffeine). Recently, caffeine has been used as
an indicator of environmental pollution by human excreta. In
addition, the presence of caffeine in the environment indicates
the potential existence of other emerging contaminants including
pathogenic compounds.

The highest measured concentration of PPCPs residues
in the environmental compartment was used to predict
the ecological risk (Table 7). The species and organisms
used to obtain the ecological risk quotient in Table 7 were
zebra fishes, daphnia, and invertebrate (Choi et al., 2008;
Harada et al., 2008; Dai et al., 2014; Zhou et al., 2014).
These species are normally accepted for ecological risk
prediction in the environment globally. Hazard quotient or
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RQ values for this study (0.01–600) were within the ratio
range reported elsewhere (0.001–123628) (Aguirre-Martínez
et al., 2013; Ramaswamy, 2015)–. All studied contaminants
showed potential ecological risk in the environment when
freshwater or biosolids are used for human consumption
purposes. Since this is a preliminary study, further ERA studies
are recommended.

CONCLUSION

A method for the determination of propylparaben, triclosan,
caffeine, carbamazepine, and chloramphenicol, in four
environmental compartments, namely water, wastewater,
biosolids, and sediments, based on ultrasonic-assisted extraction
followed by GC-MS after derivatization was developed. The use
of ultrasonic extraction followed by sample cleanup with SPE
provides low LOQs in sediments at trace levels. The proposed
method has been properly validated, and the suitability of
the procedure for analysis of PPCPs in compartments has
been shown by established precision of less than 25%. Several
environmental samples from different parts of KwaZulu-Natal
were analyzed and all the targeted PPCPs were detected in the
environment. The levels ranged from not detected to 174 ng g−1

in and 22 µg L−1 in solid and aqueous samples, respectively.
Risk assessment of these contaminants in the environment
showed high potential ecological risk. More ERA studies are
recommended to determine the extent of ecological risk in these
compartments, as they are important for agricultural security in
the region and to prevent further human exposure. Detection
of an antibiotic (chloramphenicol) shows that there is a need to
regulate irrigation water and fertilizers (compost or biosolids)
to minimize the risk of antibiotic resistance. This is the first

simultaneous detection and risk assessment of PPCPs in Africa
by GC-MS.
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