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a b s t r a c t

Polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) in sediment cores of
the microtidal coastline of Lagos lagoon were investigated for the occurrence, sources and depositional
contamination history. Sediment core samples were collected using the Wildco @ hand corer (50 cm)
SS kit and extracted using a 40 mL mixture of hexane and acetone (1:1), and cleaned-up using 10 mm
ID chromatographic column before the concentration of aliquots. In this investigation, 16 US EPA
priority PAHs and PCB congeners were analysed in aliquots of sediment cores using Agilent 7820A
gas chromatograph coupled to a 5975C inert mass spectrometer (with triple-axis detector) with an
electron-impact source. PAHs and PCBs were detected at varying concentrations across the 50 cm depth
of each sediment core. The total PAH concentrations ranged from 1.43–5.90 mg/kg, and were more
widely distributed than the total PCBs. The total PCB concentrations ranged from BDL – 6.41 mg/kg.
The PAH diagnostic ratios used identified the sources of the PAHs as pyrogenic rather than petrogenic.
About 52% of the samples had concentrations above the ERM limit for total PCBs, suggesting that
adverse effects on biota may occur in the long term. In general, the PAHs and PCBs concentrations
detected in sediment cores of the Lagos lagoonal system may pose a considerable ecotoxicological risk
to estuarine organisms.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) and polychlorinated
biphenyls (PCBs) are persistent organic pollutants of concern,
and they mostly enter the aquatic environment through anthro-
pogenic inputs and adsorb to bottom sediments (Benson et al.,
2014). Sediments are known to serve as an important reservoir
for organic and inorganic pollutants discharged into the aquatic
environment (Benson et al., 2014; Benson and Essien, 2009; Ben-
son et al., 2007; Denis et al., 2012; Benson et al., 2018; Sampei
et al., 2019; Giuliani et al., 2017; Benson et al., 2008). Some
PAHs, PCBs and heavy metals are known cancerogenic, mutagenic
and toxic substances that are capable of adsorbing onto aquatic
sediments (Mouton et al., 2009; Xu et al., 2014; Benson et al.,
2017a,b). Among several persistent organic contaminants, PAHs
are semi-volatile organic compounds with two or more benzene
rings attached. Low molecular weight (LMW) PAHs possess 2–
3 fused rings and are volatile and more soluble in water than
the 4–6 ringed high molecular weight (HMW) PAHs, making
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them readily bioavailable for uptake and degradation. The HMW
PAHs are denser, more stable and lipophilic hence, they tend
to sink and adsorb onto sediments and remain adsorbed for
long periods (Benson et al., 2014; Clayden et al., 2012). The
stable structure of PAHs is due to the presence of delocalized pi-
electrons which account for their long half-lives and persistence
in the environment (Clayden et al., 2012). PAHs are derived from
natural sources like forest fires and eruptions from volcanoes
and also from anthropogenic origins such as incomplete com-
bustion of wood, grass, coal, petroleum products, automobile and
diesel exhausts, and burning of municipal waste. They are ubiqui-
tous environmental pollutants and have been identified in many
sample matrices including air (Lin and Zhu, 2004), surface wa-
ter (Denis et al., 2012; Hong et al., 2016), soil (Mouton et al., 2009;
Lau et al., 2014), sediment (Benson et al., 2008; Hong et al., 2016;
Udosen et al., 2007), and also in food products like tea (Fred-
Ahmadu and Benson, 2019), coffee (Duedahl-Olesen et al., 2014),
fish (Benson et al., 2008; Nwaichi and Ntorgbo, 2016), edible
oils (Hao et al., 2016), and grilled and smoked meat (Li et al.,
2016). Some PAH congeners are carcinogenic and mutagenic,
even at low concentrations, and their occurrence in sediments
have been used as surrogates to characterize aquatic ecosystem
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impacts that are associated with human-mediated activities (Boa
et al., 2020).

Polychlorinated biphenyls are polychlorinated aromatic com-
pounds consisting of 209 possible congeners. PCBs are a ubiq-
uitous complex mixture of synthetic chemicals with no known
natural sources, and they are known to be persistent in the
environment. They have one to ten chlorine atoms attached to
different positions on the two carbon–carbon linked benzene
rings and their toxicity increases with the number of chlorine
atoms (USEPA, 2007). The International Agency of Research on
Cancer (IARC) has categorized them as ‘‘probable carcinogens’’.
PCBs have endocrine-disrupting ability and are known to cause
skin acne, rashes, anaemia and liver problems. Humans can be
exposed to PCBs through the use of old electrical devices, eating
contaminated food like fish, drinking contaminated well water,
releases from industrial incineration and contact with leaks from
transformers and old capacitors (ATSDR, 2014). Due to increasing
scientific evidence that PCBs are persistent and can accumulate
in the environment leading to multiple deleterious effects on ter-
restrial and marine biota as well as humans, there is a worldwide
prohibition of the use and production of PCBs.

More so, PAHs and PCBs are lipophilic compounds that can
bioaccumulate in the food chain. They are chemically stable,
resistant to degradation in the environment, and persistent. In
the aquatic ecosystems, the evaluation of the depth-wise distri-
bution of these organic pollutants in sediments could provide
information about the temporal variations in their deposition.
The objectives of this study, therefore, were to determine the
concentrations and distribution patterns of PAHs and PCBs at
different depths of the Lagos lagoon core sediment, to identify the
possible sources of PAH pollution and to evaluate the ecological
risks associated with PAHs and PCBs exposure.

2. Materials and method

2.1. Study area

The Lagos lagoon is located within the Lagos metropolis. It
empties directly into the Atlantic Ocean at the Lagos harbour.
The lagoon serves as a major harbour where ships dock to deliver
commercial goods and petroleum products. It is a hub of fishing
activities, marine transportation, and recreation. The presence of
industrial and residential urban establishments along the shore-
line contributes significantly to the introduction of pollutant-
laden wastes and effluents into the lagoon. Point sources of efflu-
ent discharge from petroleum product depots, disposal of waste
pesticides and pesticide washings, and sawdust from sawmills,
wastewater from Ijora power plant, run-off from nearby markets
and roads, and discharges from vessels are principal sources of
pollution in the area. Large creeks like Agboyi, Ogudu, Majidun
and other smaller creeks and drainages are also channelled into
it. The sample sites coordinates (06◦ 28’00.9’’N, 003◦ 22’13.5’’E;
06◦ 28′07.8′′N, 003◦ 22’16.6’’E; 06◦ 28′03.9′′N, 003◦ 22′15.9′′E;
06◦ 28′02.7′′N, 003◦ 22′11.2′′E; 06◦ 27′57.7′′N, 003◦ 22′17.4′′E;
and 06◦ 27′42.5′′N, 003◦ 22′14.1′′E) were ascertained using a
hand-held global positioning system (GPS) (see Fig. 1).

2.2. Sample collection and treatment

Sediment core samples were collected from six designated
locations in the Lagos lagoon using Wildco R⃝ hand corer 50 cm
SS kit equipped with a liner tube of 5 cm diameter, egg shell
core and a 1.5 m extension handle. The 50 cm sediment core was
cut into 2 cm slices using a pre-washed spatula, giving a total of
25 sediment subsamples per core. The aliquot of each sediment
sample was then wrapped properly using aluminium foil, and

placed in a labelled Ziploc bag. The polyethylene bags were stored
in an ice-packed cooler maintained at about 4 ◦C and then later
transported to the laboratory for further preparation and analysis.
A total of 150 sediment subsamples from six cores were collected
and processed for PAHs and PCBs analyses.

2.3. PAHs, PCBs extraction, clean-up and GC–MS analysis

In the laboratory, one aliquot of each sample was mixed with
anhydrous sodium sulphate to remove moisture and then ex-
tracted with 40 mL of hexane:acetone (1:1). Extracts were subse-
quently sonicated for 20 min, decanted and cleaned up on column
chromatography packed with alumina. The eluates were collected
and concentrated to 2 mL using a Buchi R215 rotary evaporator.
For the extract clean-up, a slurry of 10 g activated silica gel in
methylene chloride was prepared and placed in a 10 mm ID
chromatographic column with 8 mL anhydrous sodium sulphate
added to the top of the silica gel. The column was purged with
40 mL of pentane, and then eluted with 25 mL of methylene
chloride into a flask for concentration. The collected extract was
concentrated to 2 mL using the rotary evaporated prior to gas
chromatography mass spectrometry analysis.

Determination of the target PAHs in the core sediment sam-
ples were carried out using GC–MS by operating MSD in selective
ion monitoring (SIM) and scan mode to ensure low level detection
of the target constituents. The Agilent 7820A gas chromatograph
coupled to a 5975C inert mass spectrometer (with triple axis
detector) with an electron-impact source was used. The sta-
tionary phase used for separation of the compounds was HP-5
capillary column coated with 5% phenyl methyl siloxane (30
m length × 0.32 mm diameter ×0.25 µm film thickness). The
carrier gas was Helium used at constant flow of 1.48 mL/min
at an initial nominal pressure of 1.49 psi and average velocity
of 44.22 cm/s. 1 µL of the samples were injected in splitless
mode at an injection temperature of 300 ◦C. Purge flow to spilt
vent was 15.0 mL/min at 0.75 min with a total flow of 16.67
mL/min; gas saver mode was switched off. Oven was initially
programmed at 40 ◦C (1 min) then ramped at 12 ◦C/min to
300 ◦C (10 min). Run time was 32.67 min with a 3 min solvent
delay. The mass spectrometer was operated in electron-impact
ionization mode at 70 eV with ion source temperature of 230 ◦C,
quadrupole temperature of 150 ◦C and transfer line temper-
ature of 300 ◦C. After calibration, the samples were analysed
and corresponding PAHs concentration obtained. The PAHs de-
termined included acenaphthene (AC), acenaphthylene (ACL), an-
thracene (AN), benzo(a)anthracene (BaA), benzo(a)pyrene (BaP),
benzo(b)fluoranthene, (BbF), benzo(g,h,i)perylene (BghiP), fluo-
ranthene (FA), benzo(k)fluoranthene (BkF), chrysene (Chr), in-
deno(1,2,3cd)pyrene (IP), phenanthrene (PHE), naphthalene (NA),
fluorene (FL), and pyrene (PY).

For the PCBs analysis, the GC–MS analysis was carried out
by splitless injection of 1 µL of the samples at an injection
temperature of 250 ◦C. The chromatographic separation was
performed using HP-5 capillary column coated with 5% phenyl
methyl siloxane (30m×0.32 mm×0.25 µm). The carrier gas was
helium used at constant flow of 1.2 mL/min at an initial nominal
pressure of 26 psi and average velocity of 40.00 cm/s. The in-
jection oven was initially programmed at 110 ◦C (1 min), then
ramped at 15 ◦C/min to 310 ◦C (5 min). The run time was
19 min with a 3 min solvent delay. The mass spectrometer
was operated in electron-impact ionization mode at 70eV with
ion source temperature of 230 ◦C, quadrupole temperature of
150 ◦C and transfer line temperature of 300 ◦C. The acquisition
of ions were through the scan mode (scanning from m/z 35 to
550 amu at 2.0 s/scan rate) and selective ion mode (SIM). After
calibration, the samples were analysed and corresponding PCB
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Fig. 1. Map showing the sampling points and surrounding areas.

Fig. 2. Vertical profiles of concentrations (mg/kg) of PAH congeners and
∑

16PAHs in sediment cores of Lagos lagoon.

concentrations obtained. Fourteen of the PCB congeners were
evaluated for each 2 cm depth, they are 2,2’,5-trichloro-1,1’-
biphenyl (PCB 18), 2,4,4’ + 2,4’,5-trichloro-1,1’-biphenyl (PCB 28,
29), 2,3,3’-trichloro-1,1’-biphenyl (PCB 20), 2,2’,5,5’-tetrachloro-
1,1’-biphenyl (PCB 52), 2,2’,3,5’-tetrachloro-1,1’-biphenyl (PCB
44), 2,3,3’,4,4’- pentachloro-1,1’-biphenyl (PCB 105), 2,2’,3,4’,5’,6-
hexachloro-1,1’-biphenyl (PCB 142), 2,3’,4,4’,5-pentachloro-1,1’-
biphenyl (PCB 118), 2,2’,4,4’,5,5’-hexachloro-1,1’-biphenyl (PCB
153), 2,2’,4,5,5’-pentachloro-1,1’-biphenyl (PCB 101), 2,2’,3,4,4’,5’-
hexachloro-1,1’-biphenyl (PCB 138), 2,2’,3,4,4’,5,5’-heptachloro-
1,1’-biphenyl (PCB 180), 2,2’,3,3’,4,4’,5-heptachloro-1,1’-biphenyl
(PCB 170), and 2,2’,3,3’,4,4’,5,5’-octachloro-1,1’-biphenyl (PCB
194).

2.4. Quality control

PAHs standard, 1000 ppm (catalog number: H-QME-01) con-
taining 23 environmental PAHs components was purchased from
AccuStandard, USA. Five (5) point serial dilution calibration stan-
dards (1.00, 5.00, 10.00, 50.00, 100.00 ppm) was prepared from
the stock and used to calibrate the GC–MS. Also, PCBs stan-
dard, 2000 ppm (catalog number: M-8080) containing 14 PCBs
components was purchased from AccuStandard. Prior to analyses
of samples, five (5) point serial dilution calibration standards
(0.5, 1.0, 2.0, 5.0 and 10.0 ppm) were prepared from the stock
and used to calibrate the GC–MS. Before calibration, the MS
was auto-tuned to perfluorotributylamine (PFTBA) using already
established criteria to check the abundance of m/z 69, 219, 502
and other instrument optimal and sensitivity conditions. The
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Table 1
Sources of PAHs based on diagnostic ratios.
PAH ratios Assigned value

range
Sources Reference

LMW/ HMW < 1
>1

Pyrogenic
Petrogenic

Zhang et al. (2008)

Ant/Ant + Phe <0.1
>0.1

Petrogenic
Pyrogenic

Pies et al. (2008)

BaA/ BaA + Chr <0.2
>0.35

Petrogenic
Combustion

Yunker et al. (2002)

Fla/ Fla + Pyr <0.4
0.4–0.5
>0.5

Petrogenic
Fossil fuel combustion
Grass, wood, coal
combustion

De La Torre-Roche et al. (2009)

calibration curves of PAHs and PCBs had r2 values ranging from
0.997 to 1.000 for all congeners. The recoveries of the PAHs from
spiked sediment samples carried out for the recovery test ranged
from 69.45 to 90.93%. Blank samples prepared without the core
sediment aliquots were also analysed. In addition, a certified
reference material (ERA #722, Low-level PAHs in Soil, A Waters
Company, CO, USA) was used to check the quality of the method;
measured and certified values are comparable.

2.5. Statistical analysis

The descriptive statistics and other parametric tests were per-
formed using XLSTAT version 2018 (Addinsoft, USA). The Kaiser–
Meyer–Olkin (KMO) test was employed to assess the sampling
adequacy of the variables and the collected data, and the signif-
icance was set at p <0.05. The total PAHs and PCBs KMO values
were 0.755 and 0.547, respectively, indicating adequate and fairly
adequate sampling data.

2.6. PAH diagnostic ratios

Diagnostic ratios are normally used to identify PAH sources
in the environment. The sources depend on the types of human
activities that are predominant in the sampled area. Low temper-
ature processes like burning of wood generates LMW PAHs while
high temperature activities such as combustion of engine fuels
lead to the formation of HMW PAHs (Manoli et al., 2004). There
are several diagnostic ratios in literature but this study employed
the ratios given in Table 1.

2.7. Biological adverse effects of PAHs and PCBs using the SQG

Sediment quality guidelines (SQGs) are good predictors of eco-
logical contamination and have been employed in many studies.
Two-tier effect levels were used to estimate the potential biolog-
ical effects and sediment quality. The effect range low (ERL) and
effect range median (ERM) estimates the likely adverse effects
on organisms with respect to individual PAHs as well as the
cumulative toxic effects due to the sum of all the PAHs and
also total PCBs (Long, 1992; MacDonald et al., 2012). Adverse
biological effects are rare when the PAH or PCB concentrations are
below ERL while adverse biological effects will occur occasionally
where concentrations are above ERL but less than ERM. However,
a concentration above ERM implies that adverse biological effects
will frequently occur. For PCBs, only ERL and ERM values for total
PCBs are provided in the SQG. The results of the comparison of
PAH and PCB concentrations are illustrated in Table 2.

Table 2
Comparison of concentration (mg/kg) of PAHs with ERL and ERM.
PAHs ERL ERM This study

Naphthalene 0.16 2.10 0.00–0.88
Acenaphthylene 0.04 0.64 0.00–0.31
Acenaphthene 0.02 0.50 0.00–0.51
Fluorene 0.02 0.54 0.00–0.53
Phenanthrene 0.24 1.50 0.062–0.24
Anthracene 0.085 1.10 0.047–0.55
Fluoranthene 0.60 5.10 0.26–0.39
Pyrene 0.66 2.50 0.00–0.98
Benzo(a)anthracene 0.26 1.60 0.27–0.56
Chrysene 0.38 2.80 0.30–0.43
Benzo(b)fluoranthene 0.32 1.88 0.0001–0.004
Benzo(k)fluoranthene 0.28 1.62 0.0002–0.0008
Benzo(a)pyrene 0.43 1.60 0.46–0.51
Dibenzo(a,h)anthracene 0.43 1.60 BDL
Indeno(123-c,d)pyrene 0 0 0.00–2.85
Benzo(g,h,i)perylene 0.063 0.26 0.00–0.48
Σ16PAHs 4.02 44.79 1.43–5.89
LMW 0.55 3.16 0.12–2.57
HMW 1.70 9.60 1.31–4.43
Total PCBs 0.023 0.18 BDL–6.41

ERL — Effect Range Low; ERM — Effect Range Median Long (1992), Burton
(2002).

3. Results and discussion

3.1. Concentrations of PAHs and PCBs

The mean concentrations of PAHs and PCBs in core sediments
are presented in Figs. 2 and 3. In general, PAHs were detected
at all depths of the sediment cores. The low molecular weight
(2–3 rings) PAHs had concentrations ranging from 0.12 to 2.57
mg/kg while the corresponding high molecular weight (4–6 rings)
PAHs which were found to be more dominant, ranged from 1.31
to 4.43 mg/kg. Benzo(b)fluoranthene and benzo(k)fluoranthene
were not detected in most of the depths except in the sample
collected at 20 cm depth. Total PAH concentrations ranged from
1.43 to 5.90 mg/kg, with the 14 cm depth having the highest
concentration. Notably, the PAH depth-wise concentration distri-
bution followed the order 14>42>4>16>8 cm. The least total PAHs
concentrations were found at 48 and 40 cm depths with con-
centrations of 1.43 and 1.71 mg/kg, respectively. The dominance
of the PAH congeners in sediment cores followed the sequence
BaP>Chr>BaA>FL>ACL. This sequence agrees with the earlier in-
dication of BaP, PAH2 (BaP and Chr) or components of PAH4
(BaP, Chr, BaA, BbF), being the most important biomarkers for
PAHs toxicity, carcinogenicity and mutagenicity (Fred-Ahmadu
and Benson, 2019; EFSA, 2004). The occurrence and detection of
enhanced concentrations of PAHs in the studied sediment cores of
the lagoonal system may be linked to the industrial development
and related human activities in the area over the years. Other
sources of PAHs may be associated with atmospheric deposition,
fossil fuel emissions, as well as biomass combustion.
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Fig. 3. Vertical profiles of concentrations (mg/kg) of PCB homologues and
∑

PCBs in sediment cores of Lagos lagoon.

The PCB concentrations in sediment cores across the sampling
sites are presented in Fig. 3. In this study, the most dominant PCBs
were the higher molecular weight PCBs (PCB-105, PCB-101, PCB-
118 and PCB-138 with average concentrations of 8.70, 7.67, 5.46
and 2.08 mg/kg, respectively. The highest average concentrations
of PCBs in sediment cores were 6.41, 5.29, 5.26, 4.47, and 3.74
mg/kg at 12, 20, 8, 14, and 34 cm depths, respectively, which

indicates that anthropogenic activities and human development
over the years might have influenced the pollution levels. Besides,
our results also indicated that sediments are important sinks for
PCBs (Neira et al., 2018). The PCB-101 congener was the most
widely detected PCB while PCB 118 had the highest concentration
(2.17 mg/kg) of all PCB congeners across all the depths. On the
other hand, PCB congeners were not detected at 2, 4, 6, 10, 16,
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Fig. 4. Variations of PAH ratios with depth profile of sediment cores.

30, 36, 38, 40, 44, 46, and 48 cm depths, representing about 48%
of the sampled cores. The non-occurrence and detection of PCBs
in the top sediment cores suggests a discontinuation of PCBs-
laden effluents discharge into the environment in recent times.
In this study, 2,2’,3,4,4’,5,5’-heptachloro-1,1’-biphenyl (PCB-180)
was not detected at any of the depths. High molecular weight
PCBs has been reported at enhanced levels in sediments of San
Diego bay of Southern California (Neira et al., 2018). Our result
showed that PCB-20, which is a lightweight PCB had the highest
concentration of 1.61 mg/kg.

PAHs were widely distributed across the various depths of the
sediment cores compared with the PCB homologues. PAH and
PCB concentrations at depths 2–50 cm had a Pearson moment
correlation coefficient of 0.35, which indicates a weak positive
correlation between the congeners of both pollutants. However,
depths 14 cm and 8 cm had relatively higher contaminations
of the combination of both PAHs and PCBs. However, a criti-
cal examination of the trends of PAHs and PCBs concentration
profiles recorded in this study from the topcore to downcore
sediments indicated a long-term history of contamination that
might be associated with the rapid socio-economic and industrial
development around the lagoonal ecosystem.

3.2. Diagnostic ratios

The PAHs detected were found to be largely from sources
such as combustion of wood, coal and grass, which are pyrogenic
while petrogenic sources produced about 16% of the PAHs. The
concentrations of PAHs and their distributions fluctuated with the
depth of the sediment core. Generally, the surficial depths (2 –
16 cm) showed relatively higher ratios of PAHs than the down-
core subsamples (18–50 cm). This suggests that anthropogenic
release of PAHs from pyrogenic sources may have increased in

recent years. The diagnostic ratios followed the order Fla/Fla+Pyr
> Ant/ Ant+Phe > BaA/BaA+Chr > LMW/HMW (Fig. 4). Souza et al.
(2018) reported similar observations as obtained in this study for
the PAH sources in Proxim River in Brazil where HMW PAHs were
dominant and sources being mainly pyrogenic. This is in agree-
ment with many published works on PAHs in sediments (Benson
et al., 2008; Yunker et al., 2002; Tobiszewski and Namieśnik,
2012; Yang et al., 2018).

3.3. Correlation between total concentrations of PAHs and PCBs

For the purpose of evaluating the distribution interrelation-
ship between the total concentrations of the 16 priority PAHs
(
∑

16PAHs) and
∑

PCBs in sediment cores of the study area, a
Pearson correlation coefficient was computed according the total
depth-based concentrations of each contaminant. The

∑
16PAHs

and
∑

PCBs distribution concentrations as well as the Pearson
correlation value indicating the strength of the associated be-
tween PAHs and PCBs at the six designated sites is presented
in Fig. 5. From the result, a relatively low correlation value of
12.47% (p<0.05) was derived. This could suggest that the PAHs
and PCBs depositional sources over the years may have originated
from different non-point human-mediated activities. However,
in order to assess the spatial homogeneous variability of the
PAHs and PCBs with respect to their depositional history, the
percent variation coefficient (%CV) were computed for each total
contaminant. Thus, the % correlation coefficient for

∑
16PAHs

and
∑

PCBs were 37.16% and 160.69%, respectively. Therefore,∑
16PAHs indicated a relative spatial homogeneity when com-

pared to
∑

PCBs (Thurston et al., 2011; Tian et al., 2013).
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Fig. 5. Concentrations (mg kg−1 dw) of
∑

16PAHs and
∑

PCBs in sediment cores of Lagos lagoon.

Table 3
Comparison of the total concentrations of PAHs and PCBs in sediments obtained in this study with those previously reported in other studies.
Location Country Analyte Concentration (mg/kg) Reference

Proxim River Brazil PAH 0.002–0.028 Souza et al. (2018)
Elizabeth River wetland USA PAH 1.20–22.00 Kimbrough and Dickhut (2006)
Hainan Island China PAH 0.067–1.97 Xiang et al. (2018)
Al Hawizah wetland Iran PAH 1.07–17.28 Janadeleh et al. (2018)
Cochin estuary India PAH 0.19–141.15 Ramzi et al. (2017)
North Pacific (Arctic ocean) PAH 0.013–0.068 Ma et al. (2017)
Zhein bay China PAH 0.008–0.051 Gu et al. (2018)
Qatar marine environment Qata PAH 0.0031–0.014 Hassan et al. (2018)
Qin huangdao wetland China PAH 0.341–4.70 Lin et al. (2018)
Zhalong wetland China PAH 0.032–0.29 Liu et al. (2011)
This study PAH 1.49–5.89
Jobos bay Puerto Rico PCB 0.0004–1.23 Alegria et al. (2016)
San Diego bay, California USA PCB 0.023–1.39 Neira et al. (2018)
Haizhou bay China PCB 0.0013–0.0063 Zhang et al. (2014)
Pearl River China PCB 0.0032–0.022 Wang et al. (2011)
This study PCB BDL–6.41

3.4. Comparison with ERL and ERM

The total PCB concentrations for the various depths varied
from ND – 6.41 mg/kg, with depth 12 cm having the highest con-
centration. Thirteen various depths, representing 52% of the total
number of depths sampled, had total PCB concentrations higher
than the ERM value of 0.18 mg/kg. This indicates that biological
adverse effects may frequently occur in that environment. The
highly contaminated depths were 8 cm (5.26 mg/kg), 12 cm (6.41
mg/kg), 14 cm (4.47 mg/kg), 18 cm (0.39 mg/kg), 20 cm (5.29
mg/kg), 22 cm (0.58 mg/kg), 24 cm (0.89 mg/kg), 26 cm (3.30
mg/kg), 28 cm (0.56 mg/kg), 32 cm (0.18 mg/kg), 34 cm (3.74
mg/kg), 42 cm (0.38 mg/kg) and 50 cm (0.69 mg/kg). Other top-
and down-core depths had concentrations that were below the
ERL value (0.02 mg/kg), indicating no biological adverse effects
are likely.

The total PAHs ranged from 1.43 mg/kg to 5.89 mg/kg at
48 cm and 14 cm depths, respectively. HMW PAHs were found
to be more dominant than LMW PAHs at all the depths. This
can be attributed to the higher stability, density and lipophilicity
of the HMW PAHs hence they sorb strongly to sediment parti-
cles. Toxic effects due to the presence of C1-dibenzothiophene,

acenaphthene, indeno(123-cd)pyrene and benzo(g,h,i)perylene
will likely occur in the long-term as their concentrations are
above the recommended ERM. However, benzo(b)fluoranthene
and benzo(k)fluoranthene were recorded at concentrations lower
than the ERL, hence they may not pose any risk to marine
organisms. However, our results indicated that the concentrations
of other PAH congeners were above the ERL but lower than the
ERM. The total concentrations of LMW, HMW and

∑
16 PAHs in

each of the depths were below the ERM value indicating that
there could be occasional occurrence of toxic effects to organisms
in the sampling site.

A comparison of the results of PAH and PCB concentrations
from this study with reports from other parts of the world is
presented in Table 3.

4. Conclusion

PAHs and PCBs occurrence were assessed in the sediment
cores of the microtidal coastline of the Lagos lagoon. Generally,
the maximum concentrations of PAHs and PCB concentrations
appear to be higher in the upper depths (2 – 16 cm), suggesting
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more recent anthropogenic input of the pollutants. A comparison
of the levels of PAHs determined in this study with similar studies
from other regions showed that the concentrations were signif-
icantly higher than most lagoonal and estuarine sediments. The
PAHs were found to be widely distributed and in elevated concen-
trations from the topcore to downcore sediment samples relative
to the PCBs levels. However, the total PCBs exceeded the ERM
levels while total PAHs remained below the ERM. The sequence of
PAHs occurrence was in agreement with the use of BaP, PAH2 or
PAH4 as indicators of PAHs toxicity and carcinogenicity. A weak
positive correlation was observed between

∑
16PAHs and

∑
PCBs

concentrations in the sediment. This interrelationship although
not causal, could suggest that the PAHs and PCBs depositional
sources may have originated from different non-point human-
mediated activities. In general, the PAHs and PCBs concentrations
detected in sediment cores of the Lagos lagoonal system may
likely pose considerable ecotoxicological risk to estuarine organ-
isms in the short term. However, in view of unabated pollution
into the Lagoon, moderate to severe effects may occur with
enhanced levels of the contaminants in the future.
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