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ABSTRACT
The distribution and concentrations of 6 indicator polychlorinated biphenyl (PCB) congeners, nos. 28, 52, 101, 138, 153 and 
180, were determined in surface sediments from the North End Lake in Port Elizabeth, South Africa. Forty-two surficial 
sediment samples were collected from different locations covering the region that receives the majority of the industrial 
waste, urban effluents and runoff and thus expected to be contaminated with different degrees of contamination. The 
analysis was achieved by gas chromatography-mass spectrometry (GC/MS) using the internal standard method. The total 
PCB concentrations in the samples ranged from 1.60 to 3.06 ng·g-1 dry weight (dw). The concentrations of congener profiles 
showed significant differences. Generally, the highest PCB concentrations were associated with high organic matter contents 
and small grain size. The highly chlorinated PCBs dominated with regards to the levels in sediments. PCB 138 was the major 
contributor to the total PCBs and was detected at 100% of sites. This study provided a snapshot of the PCB contamination 
status in the North End Lake sediments, and allowed for a comparison between the investigated system and other systems 
worldwide. 
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INTRODUCTION

PCBs are persistent organic compounds associated with a 
broad spectrum of negative human health effects due to their 
bioaccumulation and biomagnification in food chains (Salem 
et al., 2014; Grimm et al., 2015). PCBs are classified as 209 
congeners that are similar in structure but differing in the 
position and/or number of chlorine atoms (EFSA, 2010). 

PCBs were mainly used worldwide between 1930s and 
1970s as complex mixtures, such as Aroclor in electrical 
transformers and capacitors, heat transfer systems, paints, 
coatings, and flame retardants because of their relatively 
low flammability and excellent dielectric properties 
(Erickson and Kaley, 2011). Despite their ban in the late 
1970s, PCBs continue to be recorded as one of the major 
contaminants worldwide due to their properties and release 
from atmospheric deposition, surface runoff from industrial 
wastewater discharge, and from municipal waste sites in 
the environment (Lana et al., 2008). Aquatic sediments 
contaminated by PCBs may pose potential risks to fish, and 
in turn to humans and wildlife that consume fish (Sorell and 
McEvoy, 2013). Fish from the North End Lake may constitute 
a potential source of PCB exposure in humans.

PCBs are among the organochlorine compounds that 
typically reside in soils and sediments (Ge et al., 2013). When 
PCBs are discharged into the aquatic environment, either they 
are adsorbed onto suspended particulate matter in the water 
column or deposited onto the surface sediment (Mechlińska et 
al., 2010). Sediment-bound contaminants are transported in an 
ecosystem by means of trophic transfer, such as consumption of 
benthic organisms by fish (Clark et al., 1990). These pollutants 
tend to bind to sediments for a long period of time, hence 

sediments act as a natural sink for a variety of organic as well as 
inorganic contaminants (Alkhatib and Weigand, 2002). High 
levels of PCBs have been detected in sediment samples from 
various parts of the world (Kocan et al., 2001; Tashiro et al., 
2004). DiPinto et al. (1993) showed that 97% of PCBs released 
into the water column are retained by sediments. Accumulation 
of sediment-sorbed PCBs by benthic organisms is derived from 
sediment ingestion and/or diffusion from pore water (Zhou 
and Wong, 2000). The analysis of sediment samples constitutes 
an important step to assess the environment and impact of 
anthropogenic activities on aquatic systems. In developing 
countries, the sources of PCBs have been attributed to the use 
of transformers and capacitors containing PCB oils (Bentum 
et al., 2012). These oils enter the environment through poor 
handling of damaged electrical equipment, leakages, spillage 
during retro filling, and illegal dumping of PCB-containing 
waste into the aquatic environment. 

In South Africa, Grobler (1994) suggested that PCBs 
are mainly attributed to the industrial waste and possible 
dumping of products containing or contaminated by PCBs. 
Except for the health care waste incinerators, no other 
facilities exist in South Africa to destroy hazardous PCBs. 
PCB processing and distribution has been prohibited in 
most developed countries since the late 1980s (EFSA, 2010). 
However, large quantities are still in use or are awaiting 
destruction, while an unknown amount is still present 
in the environment (Kanzari et al., 2012). Therefore, the 
contamination of the environment due to residential and 
industrial activities is a problem recognized in many African 
countries (Mansour, 2009). The North End Lake is located 
in the city of Port Elizabeth where numerous industries are 
situated. Because of the high level of industrialisation in the 
surrounding areas, the relatively low-lying North End Lake 
is subject to contamination due to runoff and possibly some 
waste from the industries and nearby residential areas. Due 
to the persistence of PCBs and the resulting harmful effects 
to organisms and human health, the objective of this study 
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was to characterize PCBs in the sediments, and to determine 
the extent of PCB contamination within the lake in order to 
evaluate the environmental quality of this aquatic system. 
Furthermore, this study provides preliminary baseline 
quantitative information on PCB contamination in surface 
sediments for better management of the environment. The 
resulting data will be useful as a reference on PCB levels for 
subsequent comparative research. 

MATERIALS AND METHODS

Sampling and sample preparation

Two sampling trips were undertaken in August 2013 and 
March 2014 to collect surface sediments in the North End 
Lake. Thirteen sampling sites were located along the lake 
(Fig. 1). Sites 1, 10 and 13 were located near the Nelson 
Mandela Bay Stadium, Sites 2 and 3 were located close to 
stormwater drains into the lake; Sites 4 and 6 were adjacent 
to municipal and industrial site drainage pipes into the 
lake. Sites 5, 7 and 9 were located mid-lake; Site 8 was close 
to the powerboat club while Sites 11 and 12 were close to 
residential areas. An electronic global positioning system 
(GPS 72 H Garmin) (Commercial Marine) was employed to 
identify the precise location of each site. Some of the sites 
were selected because of their proximity to industrial areas 
and inflow drains. A total of 42 surface sediment (0–20 cm 
depth) samples were collected using a stainless steel Van 
Veen grab sampler. Three independent subsamples per 
station were collected, except at Site 2 where 3 additional 
samples were taken due to the close proximity of that site to 
stormwater runoff. After collection, the sediment samples 
were thoroughly homogenized using a clean stainless-steel 
spoon and transferred into polyethylene bags. Samples were 
then transported to the laboratory where they were stored at 
4°C prior to further processing. All the samples were air-dried 
and any foreign objects such as gravel, stones, leaves, plastic 
fragments and shells were removed and discarded to avoid 
cross contamination and interference. Subsequently, the dried 
sediments were ground using a mortar and pestle in order 
to increase the surface area for extraction. These were then 
sieved using a stainless-steel sieve (Madison Test Sieve, SABS) 
(< 1 mm) for homogenization resulting in a fine powder. The 
powder was transferred into a glass jar sealed with a Teflon-
lined lid and stored in a freezer at −20°C prior to extraction. 
Sub-samples of 10 and 40 g were used for the analysis of total 
organic matter content and grain size, respectively.

Organic matter content

The organic matter content in sediments is attributed to the 
decomposition of organisms and plants by bacteria. The organic 
matter provides an understanding of sediment cohesion. The 
organic matter in sediment samples was determined based on 
the method of Briggs (1977). An estimate of the organic content 
of the sediments was derived from the mass loss on ignition 
(LOI) in a muffle furnace. Briefly, the beakers (Pyrex Berzelius) 
(50 mL) containing 10 g of dried sediment at room temperature 
were placed in a muffle furnace (ashing oven) for 8 h at 550°C. 
The beakers were removed from the ashing oven and placed 
in desiccators to cool down and the final mass recorded. The 
percentage of the organic matter was calculated as a loss of 
mass during ashing from the initial mass. 

Analytical procedures

Sediment sample extraction

The target compounds were extracted from the sediment 
samples with an organic solvent. Extraction of PCBs in 
sediment samples was performed according to the methods 
of Nie et al. (2005) and Eqani et al. (2012), with slight 
modifications. Briefly, PCBs were extracted from sediment 
samples using the Soxhlet extraction method. Masses of 20 g 
of air-dried sediments were thoroughly mixed with 20 g of 
anhydrous Na2SO4 to form a free-flowing powder and 5 g of 
activated copper powder was added for removal of elemental 
sulphur. A solution of 2, 4, 5, 6-tetrachloro-m-xylene (TCmX) 
was added to each sample and blank aliquot as a surrogate 
standard prior to the extraction. Soxhlet extraction was 
performed on sediment samples using 250 mL of methylene 
chloride and hexane (1:1, v/v for 24 h). The extracts were 
concentrated and evaporated under vacuum with a rotary 
evaporator to 1 mL and subjected to clean-up procedure. 
The levels of contaminant in sediment were reported per 
unit of dry weight. An aliquot of 2 g of homogenized wet 
sediment was dried at 105°C in an oven to a constant weight 
for 24 h followed by cooling in a desiccator for 30 min prior to 
weighing. The weight of the dried aliquot was the dry weight of 
the sample.

Clean-up 

Most PCBs are stable under acidic conditions; therefore 
treatment with sulphuric acid was used for the removal of 
potential chromatographic interferences. The method was 
adapted from Bi et al. (2002) with slight modifications. Briefly, 
the concentrated extract (1 mL) was dissolved in 2 mL of 
n-hexane and transferred into a separatory funnel. 2 mL of 
sulphuric acid (98%) was added slowly to the extract and 
shaken vigorously for 2 min. The inorganic layer was decanted 
off. Several portions of sulphuric acid were used until the acid 
layer remained colourless. The organic extracts were passed 
through anhydrous sodium sulphate and concentrated to 1 mL. 
However, an acid clean-up alone does not usually remove all of 
the interfering substances that are present in the samples. An 
additional clean-up involving the use of adsorption column 
chromatography was also performed to separate target analytes 
from other interfering compounds using Florisil (60–100 
mesh). A glass column was packed with 10 g of activated 
Florisil (130°C for 12 h) and 2 g of anhydrous Na2SO4 was added 
on the top for removal of any trace of water. The column was 
pre-eluted with 40 mL of hexane. The extract (1 mL) was loaded 
into the column and the elution of analytes was carried out 
using 80 mL of hexane. The eluates were concentrated by rotary 
evaporator and under a gentle stream of pure nitrogen. The 
residue fraction was dissolved into 1 mL of hexane. Internal 
standard (PCB 209) was added to each sample prior to GC-MS 
analysis. 

Instrumental analysis

Analysis of PCBs is ideally performed by gas chromatography 
(GC) coupled to high- or low-resolution mass spectrometry 
(MS), and electron impact ionisation (EI) is commonly 
used for the determination of congener-specific PCBs 
(Castells et al., 2008). In this study, the extracts were 
analysed using an Agilent 7890 gas chromatography system 
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coupled to an Agilent 5975 mass spectrometer detector 
(MSD). The capillary column was a 30 m DB-1ms (100% 
dimethylsiloxane, CJ & W Scientific, CA, USA) with 
an internal diameter of 0.25 mm, length of 30 m and a 
stationary phase thickness of 0.25 m. The oven temperature 
was set at 100°C (initial hold of 1 min), raised to 325°C at a 
rate of 15°C/min and held for 5 min. The injector, transfer 
line and quadrupole temperatures were 250, 280 and 150°C, 
respectively. The carrier gas was helium at a constant flow 
rate of 1.2 mL/min. The injection volume was 1 μL in the 
splitless mode. The MS was operated at 70 eV under selected 
ion monitoring (SIM) in the electron ionization (EI) mode. 
The molecular mass and two additional confirming ions 
corresponding to the molecular ion cluster of each analyte 
[M]+ and [M-Cl2]

+ for loss of two chlorines established the 
presence of the analyte. 

Quality assurance 

Certified pure standards (IUPAC nos. 28, 52, 101, 138, 153 
and 180) from Sigma Aldrich (South Africa) were used for the 
quantification of PCBs. The target analytes were identified in 
the sample extracts by comparing the retention times from the 
standard mixture and quantified using the response factors 
from the calibration curves of the standards. A procedural 
blank and matrix blank were processed through the entire 
procedure and analysed prior to and after every batch of 5 
samples. No PCBs were detected in the procedural blanks. 
The mean recovery of PCBs from 3 replicate sediment samples 
varied between 78.42 ± 4.42 to 98.28 ± 2.65% and the surrogate 
recoveries were found to be 98.62 ± 5.38.

Limits of detection (LOD) and limit of quantification were 
calculated as the analyte concentration yielding a signal 3 

Figure 1
Map of Port Elizabeth, South Africa, showing the sampling sites in North End Lake
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times or 10 times the standard deviation of the PCB level in the 
blanks and ranged between 0.01 and 0.20 ng·g-1 and 0.04 and 
0.66 ng·g-1, respectively. The ratio between two monitored ions 
was within satisfactory level (± 0.2) of the ratio found for the 
relevant congener in the standard. The linearity of the method 
was evaluated using calibration curves with the target analytes 
and the correlation coefficient of r2 > 0.995. The relative standard 
deviation was ≤ 20%.

Data analysis

The data were analysed with Statistica software (Version 11.0). 
Statistically significant differences were determined using one-
way analysis of variance (ANOVA) and the t-test. All tests were 
considered statistically significant at p-value < 0.05. However, 
statistical significance does not necessarily imply that the result 
is important in practice and therefore effect sizes were calculated 
to determine their practical significance. For the comparison of 
the means of two groups, Scheffè’s test was used to calculate the 
effect size using the following formula (Ellis and Steyn, 2003): 
 

where: d = Cohen’s d effect size and  
_
X1 and   

_
X2 = averages of the 

two groups compared and Smax is the largest standard deviation 
of the two groups. If d < 0.5, the effect size is small; d: 0.5–0.79, 

the effect size is medium and an effect size is large when d > 0.8. 
Data with d > 0.8 is considered practically significant, since it is 
the result of a difference having a large effect (Ellis and Steyn, 
2003).

RESULTS 

Particle size distribution and sediment organic matter 
content

The sediment characteristics (particle size and organic matter) 
are known to influence PCB distribution in environmental 
matrices due to the sorption process. Sediment particles were 
composed of sand, silt and clay (Table 1). The total organic 
matter content in the sediment samples varied between 5.76 
and 18.85%, with an average of 12% overall. High organic 
matter content of over 10% was found at the majority of the 
sites. High organic matter content was found at the Sites 8 and 6 
(18.85 and 18.37%), respectively. The textural class of sediments 
collected at these sites was silt loam. A significant difference 
was observed among the grain-sizes (F = 16.07, p < 0.05). Low 
organic matter contents were found at Sites 1 and 13. The grain 
fractions at these sites were mostly sandy. Sediment grain-size 
distributions varied among the sampling sites. 

TABlE 1
Organic matter content (%) and particle sizes (%) of the sediment samples

Sites Organic 
matter (%)

Grain size (%)
Textural class

Sand Clay Silt
1 5.76 58.63 27.77 13.58 Sandy clay loam
2 16.63 21.73 10.12 68.11 Silt clay loam
3 9.53 39.16 15.98 44.86 Loam
4 16.14 39.16 8.16 52.66 Silt loam
5 8.74 45.03 21.72 33.23 Loam
6 18.37 25.59 17.89 56.51 Silt loam
7 11.75 43.08 27.77 29.14 Sandy clay loam
8 18.85 29.45 17.77 52.76 Silt loam
9 13.93 72.18 17.89 9.93 Sandy loam
10 9.24 85.65 12.05 2.28 Loamy fine sand
11 13.73 56.64 25.84 17.51 Sandy clay loam
12 10.21 56.65 17.89 25.46 Sandy loam
13 3.54 58.64 19.81 21.56 Sandy loam

TABlE 2
PCB concentrations (ng·g-1 dw) in sediment samples (mean ± standard deviation, n = 3)

Sites PCB 28 PCB 52 PCB 101 PCB 138 PCB 153 PCB 180 Total PCBs

1 0.06 ± 0.19 0.18 ± 0.39 0.26 ± 0.18 0.74 ± 0.22 0.44 ± 0.34 0.20 ± 0.26 1.88 ± 0.24
2 0.22 ± 0.16 0.18 ± 0.14 0.38 ± 0.18 0.91 ± 0.34 0.61 ± 0.19 0.34 ± 0.08 2.64 ± 0.27
3 nd 0.09 ± 0.24 0.32 ± 0.27 0.88 ± 0.23 0.58 ± 0.38 0.15 ± 0.03 2.03 ± 0.34
4 0.26 ± 0.18 0.23 ± 0.13 0.22 ± 0.14 0.80 ± 0.25 0.72 ± 0.43 0.21 ± 0.02 2.44 ± 0.24
5 nd 0.14 ± 0.06 0.33 ± 0.25 0.78 ± 0.34 0.54 ± 0.32 0.14 ± 0.07 1.93 ± 0.29
6 0.13 ± 0.16 0.20 ± 0.26 0.26 ± 0.14 1.01 ± 0.26 1.26 ± 0.19 0.20 ± 0.04 3.06 ± 0.31
7 0.43 ± 0.32 0.27 ± 0.42 0.31 ± 0.07 0.47 ± 0.13 0.57 ± 0.21 0.18 ± 0.05 2.22 ± 0.26
8 0.13 ± 0.18 0.13 ± 0.03 0.32 ± 0.03 0.96 ± 0.13 0.57 ± 0.08 0.29 ± 0.01 2.39 ± 0.32
9 0.35 ± 0.23 0.30 ± 0.34 0.17 ± 0.08 0.44 ± 0.09 0.70 ± 0.06 0.24 ± 0.29 2.20 ± 0.25
10 0.34 ± 0.12 0.21 ± 0.32 0.30 ± 0.07 0.60 ± 0.20 0.94 ± 0.11 0.24 ± 0.02 2.63 ± 0.23
11 nd nd 0.30 ± 0.04 0.94 ± 0.15 0.70 ± 0.18 0.30 ± 0.02 2.25 ± 0.38
12 nd 0.04 ± 0.09 0.25 ± 0.10 0.83 ± 0.24 0.50 ± 0.16 0.13 ± 0.04 1.75 ± 0.31
13 0.09 ± 0.06 nd 0.15 ± 0.24 0.56 ± 0.08 0.65 ± 0.18 0.15 ± 0.10 1.60 ± 0.25
nd: not detected
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PCB levels in sediments

The concentrations of PCB congeners in sediments from North 
End Lake are presented in Table 2. All PCB congeners were 
observed in most of the investigated sediment samples. The 
PCB concentrations in surface sediments ranged from 1.60 to 
3.06 ng·g-1 dry weight (dw). The concentrations of measured PCBs 
were not highly variable at the different stations. The highest 
concentration (3.06 ng·g-1) was observed in sediments collected 
from Site 6 with predominance of PCB 153 (1.26 ng·g-1 dw) and 
PCB 138 (1.01 ng·g-1 dw) (Table 2). On the other hand, the lower 
PCB concentration was detected at Site 13. 

Among the studied PCB congeners, PCB 138 was the 
most abundant in the investigated samples with an average 
concentration of 0.78 ± 0.16 ng·g-1, followed by PCB 153 
(0.67 ± 0.22 ng·g-1) and PCB 101 (0.28 ± 0.06 ng·g-1). The 
hexachlorinated biphenyl congeners (PCBs 138 and 153) 
contributed more than 60% to the total PCBs in the sediments 
analysed. PCB 138 showed predominance at Sites 3, 11 and 12 
(> 40%) while PCB 153 was dominant at Sites 6, 10 and 13 (41% 
at each of these three sites) (Fig. 2).

DISCUSSION

The concentrations of 6 indicator PCB congeners were tested 
in sediment samples from North End Lake. A significant 
difference was observed between the six indicator congeners 
(F = 43.5, p < 0.05). Similarly, a significant difference was 
observed between mean concentrations of the indicator PCB 
congeners (p < 0.05; d > 0.8). Mean concentration of PCB 138 
was significantly higher than mean concentrations of PCBs 
28, 52, 101 and 180 (p < 0.05) (d = 3.38, 4.42, 3.99 and 4.51), 

respectively. Similarly, PCB 153 was significantly higher 
in concentration than PCBs 28, 52, 101 and 180 (p < 0.05) 
(d = 2.42, 2.95, 2.40 and 2.81), respectively. However, no 
statistically significant difference was observed between 
concentrations of congener nos. 28, 52, 101 and 180 (p > 0.05) 
as well as between PCB 138 and PCB 153 (p > 0.05). The 
distribution of PCBs in sediments was: PCB 138 > PCB 
153 > PCB 101 > PCB 180 > PCB 28 > PCB 52 (Fig. 2).

PCBs are known to sorb to organic matter and sediment 
grains and this can be used to explain the distribution of PCBs 
in sediments. The analysis showed that a positive correlation 
exists between sediment organic matter and total PCB 
concentrations in sediment samples (Fig. 3) (p < 0.05). There 
was no correlation of contaminant content to particle fraction 
(sand and clay). However, there was a significant correlation 
with silt fraction (r = 0.35, p < 0.05). 

The six PCB congeners detected in the present study are 
considered environmentally persistent and predominantly 
present in most PCB mixtures and in environmental samples 
such as soils and sediments (Zhao et al., 2006). North End Lake 
receives domestic sewage and industrial waste, which may be 
contaminated by a variety of chemicals. The distribution of 
PCBs indicates that areas of the lake affected by stormwater 
and inflow discharge are subjected to more PCB contamination 
than other sampling locations (Sites 2, 4 and 6). The highest 
total PCB level was detected at Site 6 (3.06 ng·g-1); persistence 
of PCBs in this area may be linked to the high content of 
sediment organic matter and the particle size (silt) (Table 1) 
and due to the location of this site which is near the inflow 
water pipes from the surrounding areas, therefore a possible 
localized pollutant discharge source is suspected. The lowest 
concentration was detected at Site 13 (1.60 ng·g-1 dw) which is in 

Figure 2
Composition (%) of indicator PCB congeners in sediment samples
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the proximity of Nelson Mandela Bay Stadium, i.e., no runoff 
or stormwater drains were observed around this site. However, 
the differences in concentrations of PCBs in sediments are not 
only due to anthropogenic impacts, but also to the organic 
content and grain size of the sediment. It is well-known that 
sediments having a high organic matter content but also a high 
proportion of the fine grain size fraction (< 2 μm) accumulate 
far higher amounts of pollutants than sandy sediments 
(Baeyens et al., 1991). The findings from this study revealed 
that high concentrations of PCB congeners were related to 
organic matter, silt and fine sand. The observed positive 
correlation of contaminant concentrations with organic matter 
confirms a well-known strong affinity to organic matter for 
organic chemicals such as PCBs due to the strength of their 
hydrophobic characters (Prokeš et al., 2014). In addition, some 
studies indicated that PCB levels in sediments are subject to 
the affinity between organic matter and grain size. Delbeke 
et al. (1990) showed that PCB levels in the sediment reveal a 
higher affinity for the sediment size fraction < 63 µm. A study 
by Evans et al. (1990) suggested that the organic matter content 
of sediment increases with decreasing particle size. Doyle et al. 
(2003) indicated that anthropogenic organic compounds tend 
to sorb and concentrate in finer grained sediments such as fine 
silt and fine sand. These findings confirmed that grain size of 
sediments is an important factor governing the accumulation 
of PCB contaminants in sediments. In the present study, the 
fractions of sediment samples at Sites 1 and 13 were moderately 
fine (sandy loam), with a lower content of organic matter (5.76 
and 3.54%), respectively. The results showed that the high sand 
proportion implies that the capacity of sediments to adsorb 
organic pollutants (PCBs) is low. However, Davies et al. (2010) 
found that a high sand fraction favours abiotic processes 
and increases diffusion of oxygen into the sediment, making 
pollutants more bioavailable due to faster oxidation of organic 
matter and simultaneous release of associated persistent 
organic micro-pollutants such as PCBs. 

The industrialization of Port Elizabeth may account for 
PCBs in the sediments of North End Lake, where numerous 
industries are situated. PCBs found major use in industries 
as a dielectric in the electrical power distribution industry, 
especially in infrastructures (NIP, 2011). A power station, 
using water from the North End Lake for cooling, had begun 
to generate considerably more electricity at the beginning of 

the Second World War to satisfy the increased demand at the 
time (García-Rodríguez et al., 2007). Considering that the 
cooling water was returned to the lake, it may have received 
wastes or PCB leakage from that power station, which operated 
until 1974. 

The indicator PCBs 28, 52, 101, 138, 153, and 180, are major 
congeners detected in environmental samples (Hsieh et al., 
2011; Ahmadkhaniha et al., 2017). The prevalence of high levels 
of PCBs 138 and 153 detected in the present study is in keeping 
with other findings reflecting the high persistence among the 
indicator PCB congeners commonly present in various sample 
matrices (Carro et al., 2000; EFSA, 2010). The higher congeners 
were generally more prevalent and it is well known that the 
biodegradability of PCBs decreases as the number of chlorine 
atoms increases (Correa et al., 2010; Quinn et al., 2013; Zhang 
et al., 2015). Further, the highly chlorinated PCB congeners 
are more likely to be adsorbed to particulate material resulting 
in accumulation and deposition in the sediment. They have 
relatively low mobility and hence tend to remain closer to the 
contamination source, whereas lighter PCB congeners may be 
subject to microbial degradation and volatilisation (Piñeiro 
et al., 1996; Anyasi and Atagana (2011). The hydrophobicity 
which increases with molecular weight seems to be responsible 
for the stronger sorption on the organic matter of the sediment 
size fractions. 

No data on PCB contamination in North End Lake are 
available to compare the trends of concentrations in sediment 
samples. In South Africa, the literature indicates little research 
on PCB content in sediments. Greichus et al. (1977) reported 
on PCBs measured in sediments of water bodies from South 
Africa in the Voëlvlei Dam, Western Cape: (0.06 ng·g-1) and 
the Hartbeespoort dam, North-West Province (0.32 ng·g-1 dw). 
Grobler (1994) also checked for the presence of PCBs (Aroclor 
1254 and 1260) in the sediment of the Olifants River in 
Mpumalanga, but the levels were below the detection limit. The 
levels reported by Greichus et al. (1977) were two-fold greater 
in magnitude compared to the levels detected in the present 
study. Compared to the concentrations reported from other 
developing and industrially developed countries around the 
world, PCB concentrations measured in the present study were 
similar to those reported by Guzzella et al. (2005), Rajendran et 
al. (2005), He et al. (2006), El-Khady et al. (2007), and Verhaert 
et al. (2013) (Table 3). All of these studies were conducted 
in developing countries, namely, India, China, Egypt and 
Democratic Republic of Congo, respectively. However, the 
levels of total PCBs in this study were higher than the total 
PCBs of similar congeners reported by Ssebugere et al. (2014) in 
sediments from the Napoleon Gulf in Uganda, but lower than 
the ones from Lakes Maryut, Manzala, and Qarum in Egypt 
(3.06 to 388; 2.53 to 76.37; 1.48 to 137.2 ng·g-1 dw; Barakat et 
al., 2012a, 2012b, 2013) and rivers in Tianjin in China (44 to 
154 ng·g-1 dw; Liu et al., 2003, 2007, 2008). The levels of total 
PCBs reported in sediments from developed countries (France, 
Spain, USA, Poland and Canada) were generally higher than 
the PCB residues reported in the studied area, suggesting 
greater industrial activities, and various waste discharges in 
the environment. Mochungong and Zhu (2015) indicated that 
the history of PCBs is longer and more extensive in developed 
countries than in developing nations, and the contamination is 
also relatively more serious in developed countries. A study by 
Sapozhnikova et al. (2004) reported sediment concentrations 
varying from 116 to 304 ng·g-1 dw in Salton Sea (USA), despite 
PCB production ending in the late 1970s in America. Syakti 
et al. (2012) analysed 7 indicator PCBs in marine sediments 

Figure 3
Total PCB levels versus organic matter content of sediments
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directly exposed to wastewater from Cortiou, Marseille, 
in France and found levels of PCBs ranging from 11.5 to 
791.5 ng·g-1 dw while Marvin et al. (2004) reported PCB levels 
ranging from 2.6 to 255 ng·g-1 dw in sediments from Ontario 
Lake in Canada. Kannan et al. (2003) revealed PCB levels 
ranging from 2.7 to 412 ng·g-1 dw in sediments from Odra River 
and its tributaries in Poland.

Sediments are heterogeneous in composition and the 
different components exhibit different interactions with the 
contaminants. To evaluate and compare PCB contaminants 
in sediments from North End Lake, PCB levels detected in 
the present study were compared to the Interim freshwater 
Sediment Quality Guidelines (ISQGs) of 34.1 ng·g-1 (CCME, 
2001) and the South African recommended sediment 
guidelines (21.6 ng·g-1) (Taljaard, 2006). The levels of PCBs 
detected in the present study were lower compared to the limits 
of the above-mentioned. 

CONCLUSION

The present study was the first of its kind focusing on the levels 
of PCB pollutants in the sediments of the North End Lake 
in South Africa. The levels of PCB congeners in the North 
End Lake sediment decreased in the order: PCB 138 > PCB 
153 > PCB 101 > PCB 180 > PCB 28 > PCB 52. PCB 138 was 
found to be the most abundant congener present in the lake 
sediments. The PCB residues detected in this study were likely 
the results of accidental, unintentional waste disposal and 
possible illegal dumping into the lake. It frequently happens 
that wastewater input by stormwater outlets contributes to 
high contamination because it is estimated that 97% of released 
PCBs in a water column are retained in sediment (Urbaniak 
et al., 2008). Contamination by PCBs was moderate in relation 
to similar areas worldwide and lower than the Canadian 
and South African sediment quality guidelines. Measurable 

levels of these compounds in the sediments indicate an 
environment impacted by anthropogenic activities that could 
negatively affect the aquatic biota of the North End Lake over 
time. Consequently, human health may be affected through 
consumption of fish through fishing practices at the lake. 
Source control measures could be considered for reducing 
point-source inflow of PCBs, and protecting or restoring 
sediment quality, particularly in areas that support a diversity 
of anthropogenic activities (e.g. fishing and tourism). 
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