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a b s t r a c t

A comprehensive analysis of 15 target chemical compounds (pharmaceuticals and personal care product,
perfluoroalkyl compounds and industrial chemicals) were carried out to determine their concentrations
in selected commercially exploited, wild caught small and medium sized pelagic fish species and their
organs (Thyrsites atun (snoek), Sarda orientalis (bonito), Pachymetopon blochii (panga) and Pterogymnus
laniarius (hottentot)) obtained from Kalk Bay harbour, Cape Town. Solid phase extraction (SPE) method
based on Oasis HLB cartridges were used to concentrate and clean-up the samples. Liquid
chromatographyemass spectrometry analysis of these chemical compounds revealed the simultaneous
presence of at least 12 compounds in different parts of the selected fish species in nanogram-per-gram
dry weight (ng/g dw) concentrations. The results revealed that perfluorodecanoic acid, per-
fluorononanoic acid and perfluoroheptanoic acid were the most predominant among the perfluorinated
compounds and ranged between: (20.13e179.2 ng/g), (21.22e114.0 ng/g) and (40.06e138.3 ng/g). Also,
diclofenac had the highest concentration in these edible fish species out of all the pharmaceuticals
detected (range: 551.8e1812 ng/g). The risk assessment values were above 0.5 and 1.0 for acute and
chronic risk respectively which shows that these chemicals have a high health risk to the pelagic fish,
aquatic organisms and to humans who consume them. Therefore, there is an urgent need for a pre-
cautionary approach and the adequate regulation of the use and disposal of synthetic chemicals that
persist in aquatic/marine environment in this province and other parts of South Africa, to prevent im-
pacts on the sustainability of our marine environment, livelihood and lives.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Emerging pollutants such as endocrine disrupting chemicals
(EDCs), pesticides, flame retardant, perfluoroalkyl compounds
(PFAs) and pharmaceuticals and personal care products (PPCPs) are
of environmental and public concern (Daughton and Ternes, 1999;
Jin and Peldszus, 2012). They enter the aquatic environment
continuously through sewage effluents, wastewater discharge,
agricultural runoff, and municipal landfill leachates and these have
raised concerns for regulatory agencies worldwide (Gaw et al.,
2014). As a result of the continuous discharge of these com-
pounds into the environment, aquatic organisms like fish, which
are sensitive indicators for substances that enter aquatic/marine
aye).
ecosystems can bioconcentrate and also accumulate significant
amounts of these compounds several times higher than the sur-
rounding water via diffusion across the gills and skin, regardless of
these compounds soluble properties inwater (Mottaleb et al., 2009;
Togunde et al., 2012; Wang and Gardinali, 2012). The levels found
are usually in the low concentration but depending on the com-
pound they can reach up to a few hundreds of ng/g. Fish is regarded
to be a unique part of a balanced human diet, which has led to
increase in consumption of fish in the last few decades globally
(Kalachova et al., 2013; N�acher-Mestre et al., 2010).

Fish act as nonpolar media that can adsorb hydrophobic organic
chemicals within the water column. Since birds and humans
consume fish, this makes fish good biomonitors for xenobiotic
pollutants. The ingestion of foods contaminated with persistent
lipophilic chemicals can result in the accumulation of these
chemicals in humans. The potential for chemical residues to cross
the placental barrier (Waliszewski et al., 2000) even if it were in
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trace concentrations, may cause serious damage in the newborns
and therefore raises great concern. Mediumpelagic fish is themajor
source of food and thus contamination for both top marine pred-
ators and human consumers.

Most of these persistent organic chemicals are found together in
the environment in the ng/L range nevertheless, many of these
compounds have been linked to environmental effects, including
endocrine disruption, histopathological disorders, feminisation/
masculinisation of marine life by hormones, antimicrobial resis-
tance, and other risks to primary production (Bringolf et al., 2010;
Cabello, 2006; Jakimska et al., 2013; Johnson et al., 2008;
Richardson et al., 2005; Sapkota et al., 2008; Sumpter, 1995).
Toxicity tests and risks need to be taken into consideration not only
at the species level but also at the consumer level through the
possible ingestion of contaminated sea-food, especially fish.

EDCs, in particular, have attracted a lot of attention in the last
decade and the number of published studies, describing EDCs levels
in marine organisms, is considerably high (Jakimska et al., 2013; Liu
et al., 2011; Montesdeoca-Esponda et al., 2018; Yao et al., 2018b,
2018a; Yu and Wu, 2014), perfluorinated compounds (Delinsky
et al., 2010; H€olzer et al., 2011; Malinsky et al., 2011; Pan et al.,
2011; Shi et al., 2012, 2010a; Stahl et al., 2014; Zabaleta et al., 2014).

However, the number of papers published reporting the occur-
rence and levels of PPCPs in marine organisms is considerably
lower especially in fish (Chen et al., 2018; Du et al., 2016; Grabicova
et al., 2017; Hedrick-Hopper et al., 2015; Kim et al., 2017; Liu et al.,
2017a, 2017b; Moreno-Gonz�alez et al., 2016; Togunde et al., 2012;
Zhao et al., 2015), studies have been performed mostly in bivalves
(�Alvarez-Ruiz and Pic�o, 2019; Arpin-Pont et al., 2016; Bueno et al.,
2014; Chen et al., 2015; de Solla et al., 2016; Fabbri and
Franzellitti, 2016; Gilroy et al., 2017, 2014; Gomez et al., 2012;
Lacaze et al., 2015; Li et al., 2012a; McEneff et al., 2014; Nú~nez et al.,
2016; Teixeira et al., 2017; Wille et al., 2011).

Of particular relevance are effluent-dominated waters, in these
waters, even compounds with relatively short environmental half-
lives may be considered pseudo-persistent due to their continuous
discharge from a wastewater/sewage treatment plant. As a result,
organisms inhabiting these aquatic environments are continually
exposed to these contaminants over their entire life cycle (Mottaleb
et al., 2009).

In order to address this, the present study constitutes an
attempt to accurately measure the concentrations of fifteen com-
pounds in different fish samples. The compounds were mainly
chosen according to their high annual consumption, previous
studies about their occurrence in marine biota (�Alvarez-Mu~noz
et al., 2015; Klosterhaus et al., 2013; Moreno-Gonz�alez et al.,
2016; Petrik et al., 2017; Wang and Gardinali, 2012), their stabil-
ity and poor elimination during wastewater treatment as well as
the concern about their possible effects on human and aquatic or-
ganisms (Pampanin et al., 2016). Although the present study was
limited to specific target compounds, further investigations shall be
carried out to increase the number of measured analytes and to
elucidate levels of conjugated or metabolic forms of the active
compounds.

2. Materials and method

2.1. Description of site

The Kalk Bay harbour is one of the last working fishing harbours
on the Cape Peninsula, situated in Kalk Bay, around 30 km
(34�07045.300S 18�26057.300E) from Cape Town (Fig. 1), was once a
fishing village on the coast of False Bay, South Africa and is now a
suburb of greater Cape Town. It lies between the ocean and sharply
rising mountainous heights that are buttressed by crags of grey
Table Mountain Sandston (Compton, 2004). The community of
fishers uses small trawlers and ply for their trade in False Bay and
environs, bringing their catches into the harbour daily fromwhence
it is sold.

2.2. Sample collection and handling

The fish species were collected from random daily commercial
catches sold from Kalk Bay harbour, Cape Town (South Africa).
These fish species are wild caught in the vicinity of Cape Point and
its environs in late 2017 by small fishing vessels and sold to the
public at the daily fish market. They were wrapped in foil before
placing in cooler bags on ice for transportation to the laboratory.
The samples were washed with millipore water, weighted,
dissected, homogenised, packed in polyethylene bags and stored
below �20 �C for further analysis. Four species of fish namely
Thyrsites atun (snoek), Sarda orientalis (bonito), Pachymetopon blo-
chii (panga) and Pterogymnus laniarius (hottentot) were chosen and
used in this study according to their high commercial value and
human consumption. The composite sample was freeze-dried,
ground in a laboratory blended to a fine powder, and kept
at �20 �C until its analysed. The lipid content of the homogenate of
target species was determined gravimetrically. Table 1 provides
information about the sample size, weight and length of each fish
species. The samples were analysed according to the following
protocols.

2.3. Analytical protocols

The following equipments were used: 500mg, 6 cc Oasis HLB
SPE cartridge (Waters, South Africa), centrifuge, vacuum manifold
and pump (VAC ELUT SPS 24 Port Agilent Varian,USA), and 0.45 mm
filter papers (GF/A, Whatman, UK). All extraction wares, and volu-
metric flasks used were washed with tap water, rinsed well in
methanol, and lastly with deionised water prior to drying. The
sample bottles were then air-dried.

2.4. Standards and reagents

Reagents purchased were HPLC grade and the standards used
were of high purity grade (>95%): perfluorooctanoic acid (PFOA),
perfluoroheptanoic acid (PFHpA), perfluorononanoic acid (PFNA),
perfluorodecanoic acid (PFDA), perfluoroundecanoic acid
(PFUnDA), bisphenol A (BPA) and acetaminophen (ACT), caffeine
(CAF), diclofenac (DCF), lamivudine (LA), triclosan (TS), phenytoin
(PHE), sulfamethoxazole (SMX), carbamazepine (CAR), 2-
nitrophenol, sulfamethoxazole-d4 and acetaminophen-d4 from
Sigma Aldrich (South Africa). Individual stock standards and
isotopically labelled internal standards were prepared in methanol
at a concentration of 1000mg/L. Stock solutions in methanol were
stored at �20 �C. Working standard solutions were prepared by
appropriate dilution of the stock solutions in methanol stored at
4 �C in appropriate storage amber container glassware to prevent
light degradation. Working standard solutions were used for
preparation of the calibration curves and for spiking samples in the
validation study. The cartridges Oasis HLB (6mL, 200mg) were
obtained by Waters Corporation (Mildford, MA, USA). HPLC grade
methanol, acetonitrile and acetone from Sigma Aldrich (South Af-
rica), ultrapure water was purified by Milli-Q system (Millipore,
Bedford, MA, USA).

2.5. Extraction protocol

After suitable dissection of different parts of fish samples (fillet,
gills, liver and intestine) were freeze-dried and ground whole in a



Fig. 1. Map of sampling location for Kalk Bay harbour.
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stainless steel industrial blender into a fine powder. Approximately
10 g of the dried sample was extracted by using a soxhlet extraction
method. The extraction solvent used was methanol/acetone 3:1
(v/v) and the extraction volume was 100ml. The extract was
concentrated to 10mL using a rotary evaporator at reduced pres-
sure, and the sample pH was adjusted to 6 by adding 1M NaOH to
allow the precipitation of lipids. The extract was centrifuged at
3000 g for 20min. The supernatant was transferred to poly-
propylene bottles and millipore water was added to make up to a
volume of 100mL.
2.6. Cleanup

Oasis HLB cartridges (6 cc/200mg; Waters Corp., Franklin, MA)
were employed for the fish extract clean-up. The cartridges were
conditioned with 7mL of methanol followed by 7mL of Milli-Q
water. Care was taken not to dry the cartridges during the
Table 1
Weight and length of the fish species.

Fish species n

Snoek (Thyrsites atun) 8
Bonito (Sarda orientalis) 6
Panga (Pterogymnus laniarius) 5
Hottentot (Pachymetopon blochii) 5

n¼ no of each fish sample analysed.
loading process. A cartridge flow rate of less than 1mL/min was
operated under the vacuum of 20 psi. Once the samples had passed
through the cartridges, they were washed with 2mL Milli-Q water
and air-dried for 20min under a vacuum. The analyte in the car-
tridges were eluted with 7mL of methanol. Final extracts were
evaporated to dryness under a gentle stream of nitrogen, recon-
stituted in 2mL of methanol and 10 mL of a 1 ng/mL mixture con-
taining the internal standards were added. Samples were
transferred and analysed by LC-MS/MS.
2.6.1. Analysis by liquid chromatographic mass spectrometry
The chromatographic separations were carried out with a Wa-

ters Acquity Ultra-performance™ liquid chromatography system
(UPLC), equipped with Acquity binary solvent manager and Acquity
sample manager. Simultaneous determination of all the com-
pounds of interest was achieved using an Acquity BEH C18 1.7 mm
column (2.1mm� 1000mm) with an Acquity BEH C18 1.7 mm
Weight(kg) Mean± SD Length (cm) Mean± SD

3.85± 0.07 68± 3.54
2.33± 0.04 52± 4.24
0.30± 0.00 20± 1.41
0.26± 0.03 20± 2.83
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VanGuard™ precolumn (2.1mm� 5mm), supplied by Waters
(Mildford, MA, USA). The column temperature was set to 50 �C. The
mobile phase consisted of a mixture of 0.02M formic acid (solvent
A) in water, and acetonitrile (solvent B). Linear gradient elution of
0.35mL/minwas used by starting with a mixture of solvent A (80%)
and solvent B (20%) for 9min. At 10min, the acetonitrile percentage
was increased linearly from 80 to 100% and was later maintained at
80% of solvent A and 20% of solvent B. The sample volume injected
was 5 mL for each sample. Standards and the test samples were
subjected to 12min chromatographic run.

The UPLCwas coupled to a triple quadrupole mass spectrometer
(Xevo TQ-MS), with an electrospray ionisation (ESI) source. During
optimisation, a multiple reaction monitoring (MRM) scan mode
was generated for all analytes. In addition, for maximum sensitivity,
other conditions such as source temperature, capillary voltage,
cone voltage, cone gas flows and desolvation temperatures were
standardised. This was achieved by direct injection of stock solu-
tions with a concentration of 10 mg/mL. The capillary voltage of
3.5 kV, desolvation gas (N2) flow of 800 L/h, source temperature of
140 �C and desolvation temperature of 400 �C were finally used.
The whole analytical operation control and data processing were
performed with Masslynx software.

2.7. Method validation, quality control and calibration

A validation study was carried out to show the applicability of
the analytical method. The assessment of method linearity, preci-
sion, specificity/selectivity, recovery, and calculation of the limits of
detection (LODs) and quantification (LOQs) was included for the
validation procedure. A triplicate extraction was done to ascertain
the concentration and consistency in the extraction technique for
all the analytes. The analytical method was validated using EU
Commission Decision, 2002/657/EC as a guideline (EU
Commission Decision, 2002). Six point calibration curves were
constructed (four replicates). An identical validation study was
performed using ultrapure water and seawater to demonstrate the
multi-matrix capacity of the analytical technique. Blank samples of
ultrapure water were extracted and analysed along with the fish
samples and laboratory spikes to monitor potential laboratory
contamination. Methanol blanks were also run between samples in
order to monitor instrumental contamination and carryover. Signal
noise, chromatographic peak area and height were used to char-
acterise the analytes of interest; peak area was used to measure the
optimal signal intensities for quantification. This provided the most
reliable response among the chromatographic response choices
such as the peak height and the signal-to-noise ratio. Recoveries of
target analyte ranged from 68.8 to 107.5% (Table 3).

2.8. Risk assessment

Risk quotient (RQ) is a commonly used ranking criterion to
assess ecological risk and is calculated as the ratio of a point esti-
mate of exposure and a point estimate of effects, which is
frequently estimated using short-time toxicity data lethal concen-
tration 50% (LC50) and No Observed Effect Concentration (EC50). It is
primarily used by US EPA to assess the ecological risk of chemicals.

RQ ¼ estimated environmental concentration ðEECÞ
ecotoxicity endpoints

RQ ¼ exposure
toxicity

RQ was calculated according to the EPA guidelines for each com-
pound found in fish in the oceanic ecosystem. The risk
presumptions and risk quotient were collected from the website
(US EPA, 2016).

2.9. Statistical analysis

In this study, all data were analysed using Statistical Package for
Social Sciences [(SPSS) IBM version 20 software]. Replicate data
were expressed as mean± SD and separated by Duncan New
Multiple Rang Test. Different samples and sampling sites were
compared using one-way analysis of variance (ANOVA). Differences
in values were defined as significant when P values were <0.05.

3. Results and discussion

Table 2 provides the LCeMS retention time, transition and
collision energy, limit of detection (LOD), and limit of quantification
(LOQ) while (Table 5 supplementary material) provides a summary
of analytical concentrations of the pharmaceuticals and personal
care products (PPCPs), PFAs and EDC compounds detected in fish
fillet, intestines, gills and liver tissues respectively. 7 PPCPs com-
pounds, 5 perfluoroalkyl compounds and 2 industrial chemical
compounds were analysed in this study. The target compounds
were selected based on the results of our previous study conducted
on marine biota (Petrik et al., 2017). According to the study, all the
compounds were detected in all the marine biota samples.

Four different part of the fish samples were analysed namely;
fillet, liver, gills and intestine. Samples were analysed in triplicate,
following the analytical procedure described in Section 2. Nine
chemicals compounds were found in Panga fillets, five compounds
in Bonito fillets, seven compounds in Hottentot fillet and eight
compounds in snoek fillets samples. The fillets of these fish are
consumed whereas the gills, intestine and livers are discarded but
may form part of fish meal products.

For this study triclosan, lamivudine, bisphenol A and 2-
nitrophenol were not detected in any of the fish parts.

3.1. Perfluoroalkyl compounds

As shown in Table 5, PFUnDA was detected in the fillet of panga
fish at a concentration of 124.4 ng/gwhile it was not detected in any
of the other parts of the fish. PFDA, PFNA, PFHpA and PFOA were
detected in all the part of panga fish with the fillet having the
highest concentration of 78.86 ng/g, 49.53 ng/g, 83.86 ng/g and
37.52 ng/g respectively, while the intestine, liver and gills range
from 27.26 to 57.26 ng/g, 21.76e41.76 ng/g, 65.56e75.64 ng/g and
10.91e13.91 ng/g respectively. The overall distribution of PFCs in
panga fish followed the order fillet> intestine> liver> gills.

In bonito fish, PFDA and PFNA were found in all the fish parts
with gills having the highest concentration of 84.24 ng/g and
76.72 ng/g respectively while the concentration in other parts of
the fish ranged from 19.52 to 58.41 ng/g and 22.89e58.52 ng/g
respectively. PFHpA was detected in all the parts with the fillet
having the highest concentration of 297.5 ng/g while other parts
ranged from 95.95 to 110.0 ng/g. PFOA was detected in just the
intestine and gills with a concentration of 34.65 ng/g and 19.91 ng/g
respectively. PFUnDA was not detected in any of the fish parts.
Furthermore, out of the perfluorinated compounds, PFHpA had the
highest concentration in all the parts of the fish. The overall dis-
tribution of PFCs in bonito fish varied from part to part.

In hottentot fish, PFDA, PFNA, PFOA and PFHpAwere detected in
all the parts with the intestine having the highest concentration of
179.2 ng/g, 82.49 ng/g, 63.17 ng/g and 139.1 ng/g respectively while
the concentration in other parts ranged from 32.44 to 159.2 ng/g,
15.92e81.49 ng/g, 3.900e61.27 ng/g and 74.67e130.0 ng/g. How-
ever, Quinete et al. (2009) evaluated PFOA in the muscles of mullet



Table 2
Chemical structures and instrumental parameters for target compounds using LCeMS (Quantitation ions in bold).

Compounds Family Molecular structure Polarity
(ESI)

Retention time
(min)

m/z
ions

Collision energy
(eV)

LOD (ng/
g)

LOQ (ng/
g)

Acetaminophen Analgesics/anti
inflammatory

þ 2.01 152,
110

15 0.023 0.077

Sulfamethoxazole Antibiotic þ 3.23 254,
156

25 0.019 0.058

Lamivudine Antiretroviral þ 6.43 237,
194

15 0.025 0.090

Carbamazepine Psychiatric-antiepileptic þ 1.74 230,
112

20 0.010 0.025

Phenytoin Anti-epileptic þ 6.18 253,
182

15 0.034 0.098

Diclofenac Analgesics/anti
inflammatory

þ 6..72 294,
250

15 0.025 0.089

Caffeine Psychomotor Stimulant þ 3.41 195,
138

20 0.027 0.083

Triclosan Disinfectants e 9.09 287,
36.8

10 0.023 0.075

Bisphenol A Industrial chemical e 5.87 227,
212

28 0.014 0.047

2-nitrophenol Industrial chemical þ e 139,
121

15 - -

Perfluoroundecanoic
acid

Industrial chemical e 8.57 563,
563

15 0.036 0.114

Perfluorodecanoic acid Industrial chemical e 8.24 513,
469

15 0.021 0.055

Perfluorononanoic
acid

Industrial chemical e 7.88 463,
419

15 0.010 0.020

Perfluorooctanoic acid Industrial chemical e 7.39 413,
369

15 0.023 0.075

Perfluoroheptanoic
acid

Industrial chemical e 6.82 363,
319

15 0.025 0.08

LOD¼ Limit of Detection LOQ¼ Limit of quantification.
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Table 3
Correlation coefficients (r2) and recoveries (%) of analytes.

Compounds Recovery (%)

r2 Panga Bonito Hottentot Snoek

PFUnDA 0.997 107.5± 1.3 85.3± 4.0 69.2± 2.6 89.2± 2.3
PFDA 0.994 95.1± 2.7 90.6± 3.4 101.9± 1.8 98.2± 2.7
PFNA 0.991 100.6± 0.5 99.7± 1.8 99.2± 3.5 102.7± 3.2
PFOA 0.999 100.5± 1.2 99.5± 0.9 103.2± 0.2 101.9± 4.0
PFHpA 0.992 96.8± 1.6 93.6± 0.6 99.6± 3.4 100.2± 0.8
diclofenac 0.999 94.1± 3.0 92.7± 1.5 88.9± 2.9 98.5± 0.8
Sulfamethoxazole 0.996 90.5± 2.9 87.3± 0.3 86.4± 0.8 83.9± 2.4
Phenytoin 0.998 70.5± 0.9 78.0± 2.1 71.2± 1.6 74.3± 2.3
carbamazepine 0.989 84.1± 0.4 78.7± 3.6 74.9± 2.2 89.5± 3.1
Lamivudine 0.998 81.9± 2.5 90.8± 4.1 78.9± 1.9 89.9± 0.5
Caffeine 0.989 79.3± 1.4 89.7± 2.9 75.6± 0.3 68.8± 0.9
acetaminophen 0.998 89.2± 2.0 78.2± 2.3 92.5± 0.1 79.5± 3.9
Triclosan 0.999 70.8± 3.1 77.5± 1.3 88.5± 3.3 85.2± 2.5
Bisphenol A 0.993 71.3± 2.3 69.5± 0.4 74.4± 2.6 72.6± 0.2
2-nitrophenol e nd nd nd nd

Table 4
Comparison of PFAs compounds in fish samples obtained in this study with others in previously published studies.

Location/Compound PFUnDA PFDA PFNA PFOA PFHpA Reference

Hong kong 0.71 e 0.65 e e Zhao et al. (2011)
Xiamen 0.59 0.60 0.86 1.0 e Zhao et al. (2011)
Brazil <3.0 <1.19 <1.41 1.63 2.34 Quinete et al. (2009)
West coast of Korea 0.04 0.05 0.02 0.06 0.23 Naile et al. (2013)
North Carolina, USA 6.72 15.0 e e e Delinsky et al. (2010)
Greece 1.05 0.65 0.60 e e Vassiliadou et al. (2015)
China 1.85 1.22 e <0.5 e Shi et al. (2010b)
New York, USA e e e 5.2 e Sinclair et al. (2006)
Spain 0.71 <0.06 0.51 0.09 <0.08 Domingo et al. (2012)
Ohio, USA 3.50 1.79 0.74 <0.20 0.64 Ye et al. (2008)
Germany nd nd nd 2.3 nd H€olzer et al. (2011)
This study 124.4 78.86 49.53 37.52 83.86
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from Guanabara Bay, Brazil and the concentrationwere quite lower
compared to our result in this study (3.4 ng/g). The fillet has the
lowest concentration of all the compounds; PFUnDA was not
detected in any of the fish parts. The overall distribution of PFCs in
hottentot fish followed the order intestine> liver> gills> fillet.

In snoek fish, PFUnDA was only found in the gills with a con-
centration of 75.18 ng/g. PFDA, PFNA and PFHpA were detected in
all the parts with gills having the highest concentration of 106.8 ng/
g, 114.0 ng/g, 138.3 ng/g respectively while the concentration in
other parts ranged from 20.13 to 28.33 ng/g, 21.22e23.74 ng/g and
40.06e110.2 ng/g respectively. PFOA was only detected in the fillet
and gills with a concentration of 26.07 ng/g and 45.01 ng/g
respectively. The overall distribution of PFCs in snoek fish followed
the order gills> fillet> intestine> liver.

Overall, hottentot had the highest concentration of PFDA and
PFOA of 179.2 ng/g and 63.17 ng/g respectively, snoek had the
highest concentration of PFNA of 114.0 ng/g, bonito had the highest
concentration of PFHpA of 297.5 ng/g. In a study conducted in
Xiamen and Hong Kong, PFDA, PFNA, PFUnDA, and PFOA were
determine in three marine fish and three freshwater fish, the
concentration obtained from the study (0.33e0.71 ng/g) were quite
lower to the concentration from this present study (Zhao et al.,
2011) (Table 4) indicating that perfluoroalkyl compounds levels
may be higher in fish species around the marine environment of
Cape Town, South Africa compared to the marine environment in
other parts of the world. This shows that marine water in Cape
Town, South Africa contains high levels of perfluoroalkyl
compounds.

Moreover, PFUnDA was found only in panga fish, whereas hot-
tentot fish had the highest concentration of PFDA and PFOA, in
addition, PFOA had the lowest concentration across the fish species.
Snoek fish had the highest concentration of PFNA, and bonito fish
had the highest concentration of PFHpA. Although there was no
specific trend in the concentration of perfluorinated compounds in
each fish part of all fish species tested in this study, there were
significant amounts of these contaminants in all fish parts. These
results indicate that perfluoroalkyl compounds bioaccumulate in all
fish parts.

3.2. Pharmaceutical compounds

In the panga fish diclofenac, phenytoin and carbamazepine was
only detected in the fillet with a concentration of 551.8 ng/g,
55.67 ng/g and 22.90 ng/g respectively while sulfamethoxazole and
caffeine was only detected in the intestine, gills and liver with a
concentration of 28.55 ng/g and 2.030 ng/g respectively. In a study
conducted by Wang and Gardinali (2012), the concentration of
caffeine and carbamazepine in fish (0.81 ng/g and 0.1 ng/g respec-
tively) was lower to the one obtained in this study. Also from Kim
et al. (2017) the concentration of caffeine (1.36 ng/g) was quite
lower to our study. Acetaminophen was detected in all the parts
with liver having the highest concentration of 33.26 ng/g and other
parts ranged from 17.95 to 30.26 ng/g.

In bonito fish, diclofenac, phenytoin and acetaminophen were
not detected in any of the fish parts, sulfamethoxazole and caffeine
were only detected in the fillet and liver with a concentration of
385.2 ng/g and 50.49 ng/g, 36.34 ng/g and 64.78 ng/g respectively.
Caffeine was only detected in the gills with a concentration of
22.83 ng/g. Moreno-Gonz�alez et al. (2016) report the concentration
of diclofenac and carbamazepine in fish to be 29 ng/g and 6.4 ng/g,
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comparing this result to our study, this was quite lower.
In hottentot fish, diclofenac and sulfamethoxazole were detec-

ted in all the fish parts with the fillet having the highest concen-
tration of 920.5 ng/g and 88.53 ng/g respectively while phenytoin
was detected in all parts but with liver having the highest con-
centration of 129.38 ng/g. The concentration in other parts ranged
from 716.2 to 906.2 ng/g, 75.25e79.12 ng/g and 107.7e119.4 ng/g
for diclofenac, sulfamethoxazole and phenytoin respectively. By
comparison, the highest concentration of sulfamethoxazole in our
study is higher than those (0.95 ng/g) reported in the tissue of hake
fish in Spain (Fernandez-Torres et al., 2010) and in a study reported
by Li et al. (2012b) in North China (2.15 ng/g) while in a study from
Laizhou Bay, North China the concentration of sulfamethoxazole
(40e110 ng/g) in some fish organs were similar and other were
lower compared to our study (Liu et al., 2018).

In snoek fish, diclofenac was detected in all the parts with the
fillet having the highest concentration of 1812 ng/g while the
concentration in other parts ranged from 1089 to 1125 ng/g.
Caffeine and acetaminophen were not detected in any of the fish
parts while carbamazepine was only detected in the fillet with a
concentration of 5.160 ng/g. Sulfamethoxazole and phenytoin were
detected only in fillet, intestine and liver with a concentration
range of 88.63e688.6 ng/g and 137.4e222.2 ng/g respectively. The
concentration of carbamazepine, acetaminophen and diclofenac
reported in a study conducted by Dasenaki et al. (2015) in fish
(20 ng/g for each compound) were also lower compared to this
study.

Overall diclofenac had the highest concentration out of all the
pharmaceutical compounds while sulfamethoxazole was the most
dominant in the fish samples which was detected in at least in one
part of all the fish species. Acetaminophen was only detected in
panga fish and hottentot fish while caffeine was detected only in
panga fish, bonito fish and hottentot fish. Carbamazepine was
detected in at least in one part of all of the fish samples while
phenytoinwas detected in only panga fish, hottentot fish and snoek
fish.

Although there is no specific trend in the concentration of
pharmaceutical compounds in each fish part of all the fish species
in this study, there was a significant amount of these diverse con-
taminants in all fish parts. Also, worthy of note is the concentration
of these contaminants in the different parts/organs of panga and
hottentot fish were the same, this could be attributed to the simi-
larity observed in the size of these two fish species (Table 1) as
compared to that of snoek and bonito fish species. A previous study
has reported that pharmaceuticals in fish can reach significantly
higher concentrations in plasma than in ambient water (Fent et al.,
2006). These results indicate that pharmaceuticals compounds
bioaccumulate in all fish parts. Other fish species have shown
similar bioaccumulation of diverse compound (�Alvarez-Mu~noz
et al., 2015; Kim et al., 2017; Moreno-Gonz�alez et al., 2016; Wang
and Gardinali, 2012). However, the maximum concentrations
found in our study were higher than those in the aforementioned
studies. Furthermore, publications reporting PPCPs in fish from
freshwater species includes (Chu and Metcalfe, 2007; Du et al.,
2014; Garcia et al., 2012; Huerta et al., 2013; Ramirez et al., 2007;
Tanoue et al., 2014; Togunde et al., 2012) and fish from brackish
water, usually contaminated rivers (Fick et al., 2010; Gelsleichter
and Szabo, 2013; Kolpin et al., 2002) this proofs the existence of
this compounds in different water bodies worldwide.

Bioaccumulation in fish can be achieved fromwater through the
gills, skin, and food, resulting in enhanced levels of pollutant in fish
tissue. Generally, feeding preference, general behaviour, amount of
body lipid, and trophic level of fish are considered as factors
affecting bioaccumulation. Moreover, the ecological characteristics
of fish play a significant role in the bioaccumulation of these
pollutants.
To sum up, exposure of organisms to biologically active chem-

icals in urban sewage effluents does not solely affect vertebrates. In
some cases, there is greater sensitivity in invertebrates, microbes,
and plants than in fish, which can change the entire community
structure (Waiser et al., 2011).

Nevertheless, more complete experimental design, such as
laboratory controls and field controls, should be employed to
determine persistent organic pollutants in fish in future work.

3.3. Risk assessment

The impact of pollutants in different fish species was evaluated
using risk quotient method, LC50 and NOEC were used to find the
level of toxicity from the acute and chronic ecotoxicity testing.
Table 6 shows the respective risk quotients the results obtained for
the PPCP and PFC in fish. The level of concern for both acute and
chronic risk are 0.5 and 1.0 respectively. For chronic risk, then
RQ< 1.0, shows no chronic risk concern but if higher, there is a
chronic risk. Also, for acute risk, then RQ< 0.5, shows no high acute
risk concern (US EPA, 2016). From Table 5, lamivudine, triclosan,
bisphenol A and 2-nitrophenol were not detected in any of the fish
species therefore, the risk quotient was zero.

For the risk quotients for perfluorinated compounds in panga
fish type, PFUnDA shows high acute and chronic risk with high
values of 2.1 and 6.2 respectively in the fillet which had the highest
values out of all the compounds while it was not detected in other
organs (gills, liver and intestine). PFDA, PFHpA and PFNA were
observed to be a high acute and chronic risk concern in all organs of
the fish while PFOA showed a high acute and chronic risk in the
fillet, and low risk in liver, intestine and gills of the fish. All the
compounds showed a high risk, both acute and chronic, in the fillet
parts of the fish which is the part humans consume. For pharma-
ceutical compounds, diclofenac showed a very high acute and
chronic risk in the fillet with values of 14.2 and 42.6 respectively
while sulfamethoxazole showed low acute and high chronic risk in
the gills, liver and intestine but was not detected in the fillet of the
fish. Similar results have been reported for Sulfamethoxazole to
pose a high risk to aquatic organisms (Du et al., 2017; Xu et al.,
2013; Zhang et al., 2013). Phenytoin was observed to be of high
acute and chronic risk concern only in the fillet of the fish while
carbamazepine showed low acute and high chronic risk in the fillet
but was not detected in other organs of the fish. Caffeine showed
low acute and chronic risk in the gills, liver and intestine but was
not detected in the fillet of the fish while acetaminophen showed
low acute and chronic risk in the fillet but high acute and chronic
risk in the gills, liver and intestine of the fish. Lamivudine was not
detected in any of the fish organs.

As a result of their widespread and high usage, these chemicals
and pharmaceuticals have a more constant presence, although in
low concentrations, in surface and marine water-bodies and this
has been reported by several authors (Birch et al., 2015; Gulkowska
et al., 2007; Lam et al., 2014; Yang et al., 2011; Zhang et al., 2013). It
is not likely that drugs will affect aquatic organisms in the same
manner that they affect humans, for example, b-blockers cannot
pharmacodynamically affect organisms which lack b-adrenor-
eceptors (CSTEE, 2001). Notwithstanding, because of their persis-
tent low occurrence, these compounds will probably have chronic,
rather than acute toxic, effects, like causing a change in behaviour
that reduces the individual fitness of an organism (Jones et al.,
2002).

In bonito fish, for perfluorinated compounds: PFUnDA was not
detected in any of the fish organs. PFDA showed high acute and
chronic risk in the fillet, gills and liver and low acute and chronic
risk in the intestine of the fish. PFNA was observed to be of high
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acute and chronic risk concern in the fillet, gills and liver and low
acute and high chronic risk in the intestine of the fish. PFOA showed
a high acute and chronic risk in the intestine, and low risk in gills of
the fish but was not detected in the fillet and liver of the fish. PFHpA
shows high acute and chronic risk in all the fish organs (fillet, gills,
intestine and liver). For pharmaceutical compounds, diclofenac,
phenytoin, acetaminophen and lamivudine was not detected so the
risk quotient was zero. Sulfamethoxazole showed very high acute
and chronic risk in the fillet and liver with values of 6.4 and 19.3, 6.0
and 18.0 respectively while carbamazepine showed a low acute but
high chronic risk in the gills of the fish. Caffeine was observed to be
of high acute and chronic risk concern in the fillet and liver of the
fish while it was not detected in the gills and intestine of the fish.

In hottentot fish, for perfluorinated compounds: PFUnDA was
not detected in any of the fish organs. PFDA and PFHpA were
observed to be a high acute and chronic risk concern in all organs of
the fish while PFOA and PFNA showed a high acute and chronic risk
in the intestine, gills and liver of the fish and low risk in the fillet of
the fish. For pharmaceutical compounds, diclofenac showed a very
high acute and chronic risk in all the fish organs with values range
from 11.9 to 15.3 and 35.8e46.0 respectively while sulfamethoxa-
zole and phenytoin were observed to be of high acute and chronic
risk concern in all the fish organs. Carbamazepine, acetaminophen
and caffeine showed low acute and chronic risk in the gills, liver
and intestine but was not detected in the fillet of the fish while
lamivudine was not detected in any of the fish organs.

In snoek fish, for perfluorinated compounds: PFUnDA showed a
high acute and chronic risk with values of 1.3 and 3.6 respectively in
the gills while it was not detected in other organs (fillet, liver and
intestine). PFDA and PFNA showed high acute and chronic risk only
in the gills with low acute but high chronic risk in the intestine,
liver and fillet of the fish. PFOA showed a high acute and chronic
risk in the gills as well as a low acute but high chronic risk in the
fillet of the fish but was not detected in the intestine and liver of the
fish. PFHpA was observed to be a high acute and chronic risk
concern in all the fish organs (fillet, gills, intestine and liver). For
pharmaceutical compounds, diclofenac showed a very high acute
and chronic risk in all the fish organs with values range from 18.2 to
30.2 and 54.5e90.6 respectively with the fillet having the highest
values. Caffeine, acetaminophen and lamivudine were not detected
so the risk quotient was zero. Sulfamethoxazole and phenytoin
showed very high acute and chronic risk in the fillet, intestine and
liver but was not detected in the gills of the fish, while carbamaz-
epine showed a low acute and chronic risk in the fillet and was not
detected in the remaining organs of the fish. Results from screening
the risk level characterization in the fish samples showed high
acute and chronic risk for some of the investigated compounds,
implying that significant impacts on seawater fish species are likely
and so is the associated risk. Hence, further perfluorinated com-
pounds and PPCP occurrence, exposure and toxicological input
(especially for long-term (chronic) effects on organisms and
possible effects of combined exposure to multiple compounds) is
required for better understanding of their possible adverse effects
to non-target organisms and in order to provide a more compre-
hensive picture of their combined risk and impact upon the oceanic
environment. These fish are wild caught by small commercial
fishing vessels that are stationed at Kalk Bay harbour. The high
degree of contamination found in fish that are free swimming in
the pelagic zone around the coastal waters of the Western Cape
should be cause for alarm since the pollution can only be due to the
poor sewage disposal practiced by the city as these compounds are
almost all human excretion and effluents being discharged into the
marine environment (CSIR, 2017; Petrik et al., 2017).
4. Conclusion

Emerging organic contaminants are ubiquitous in the environ-
ment and South Africa marine environments are not an exemption
as it was demonstrated by the presence of many of these com-
pounds in the different fish species. This study showed that the
method used is capable of detecting low parts per billion concen-
trations in different fish species, which was also the case in our
previous study (Petrik et al., 2017). Application of these methods
indicated that diverse chemicals including (PFAs) and several PPCPs
are present in fish samples and significantly accumulated in them.
In summary, this study demonstrates that diverse commonly pre-
scribed human pharmaceuticals and perfluoroalkyl compounds are
present at detectable, even quantifiable concentrations in fish and
fish organs/parts. This study showed that these chemical concen-
trations are greatly related to anthropogenic activities, including
sewage discharge which all contribute to these chemicals finding
their way into the oceanic environment thereby accumulating in
various edible fish species inhabiting the oceanic environment.

The results obtained showed that diverse synthetic compounds
such as PFDA, PFNA and PFHpAwere the most predominant among
the perfluoroalkyl compounds range: (20.13e179.2 ng/g),
(21.22e114.0 ng/g) and (40.06e138.3 ng/g). Also, diclofenac (an
analgesic compound) has the highest concentration out of all the
pharmaceuticals detected (range: 551.8e1812.3 ng/g) and sulfa-
methoxazole (an antibiotics medication) was dominant in all the
fish samples. These compounds were simultaneously found in the
fish tested.

Risk assessment of these pollutants on aquatic organisms sug-
gested that higher animals and humans who consume these spe-
cies of fish could be at risk of ingesting diverse compounds. In
addition, a risk assessment based on the calculated risk quotient
(RQ) showed that those compounds present in all the fish species
could pose high (RQ> 1) risks to sensitive aquatic microorganisms
and humans who consume these contaminated seafoods would be
at risk.

Our results show that chemical compounds and drugs can
remain bioavailable for aquatic organisms for long time periods
(weeks to months to years) and even re-enter the food web at a
later time. As such, for an understanding of accumulation and
dispersion of pharmaceuticals in aquatic food webs, detailed
ecological knowledge is required. Information on PFAs and PPCPs in
fish to date indicate that an additional understanding of PFAs and
PPCP accumulation in aquatic life at a broad scale and in pelagic fish
is necessary to support future efforts in characterizing ecological
and human health risks of diverse chemical compounds in the
oceanic environment. Finally, their simultaneous presence in fish
indicates that many other synthetic chemical compounds may also
be bioaccumulating in these and other marine species that are part
of commercially exploited catches.
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