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Bioaccumulation of Polybrominated Diphenyl Ethers (PBDES) was investigated in
sediment and tissues of the Oyster (Crassostrea tulipa) from Unilag Lagoon Front,
Makoko and Oworonshoki sampling stations within the Lagos Lagoon, Nigeria using
Gas Chromatography coupled with Electron Capture Detector (GC-ECD). The samples
collected were analyzed for PBDEs congeners of BDE 28, 47, 99, 100, 153, 154, 183
and 209. The results of the mean concentration of PBDE congeners detected in
sediment and Oyster tissue were BDE 28, 47,183 and BDE 28, 47, 153 respectively, in
all sampled stations, which was significantly higher (P < 0.05) comparing with
Canadian Federal Environmental Quality Guidelines for PBDEs. Oworonshoki station
had the highest concentration of total PBDEs (600.07 ng/g dry weight) while Unilag
(386.43 ng/g dry weight) had the least concentration. BDE 28 was detected highest in
all stations while congener BDE 183 was lowest in concentration. BDE 28 (70%) was
the only congener distributed in the Oyster and sediment samples collected from all the
stations and was significantly higher when compared with the Federal Environmental
Quality Guidelines for PBDEs. Total PBDE concentration in Oysters showed that
Oworonshoki had the highest concentration (615.44 ng/g) while Makoko showed the
least (336.22 ng/g). The Biota Sediment Accumulation Factors for BDE 28 (1.181) and
BDE 47 (4.990) were greater than 1, an indication of bioaccumulation. The present
study established a reflection of the environmental health of the selected sampled areas
and therefore, a useful tool for monitoring of PBDES pollution.

1. Introduction -
Polybrominated diphenyl ethers (PBDESs) has

furniture padding, and textiles. Rapidly increasing levels
of PBDEs has been detected in the different strata of the

emerged as a major environmental pollutant belonging
to a class of synthetic organic halogenated, recalcitrant
compounds with the ability to bioaccumulate. PBDES
are used as a flame-retardant in materials such as
coatings, construction materials, electrical equipment,

* Corresponding author: fhilosu@yahoo.com;
fosuala@unilag.edu.ng;
Telephone: 08056226064

environment owing to their continuous use since its
existence in 1960s and 1970s. Thus, residue of PBDEs
in the environmental matrix has also increased
drastically (Ramu et al., 2010; Kang et al., 2002).
Presently, the increase in levels of PBDEs in aquatic
organisms and sediment becomes alarming globally due
to their toxicity, persistence and bioaccumulative effect
in the ecosystem (Darnerud et al., 2001; Martin et al.,
2007).
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Reports have shown that Nigeria is one of the
African countries that serve as dumping ground for e-
waste importation. This also serves as an important
source of PBDEs in the environment (Wang et al.,
2005; Leung et al., 2007). It has been established that
PBDEs possess a wide spectrum of toxicity in
laboratory animals, and they are present in every level
of the food chain (Wang et al., 2005). PBDEs displayed
a molecular structure similar to that of polychlorinated
biphenyls (PCBs). Therefore, would probably exhibit
slightly different spectrum of toxicity among the 209
possible congeners.

In vivo, PBDESs have been shown to alter thyroid
hormone homeostasis (Ellis-Hutchings et al., 2006).
Sessile bivalves are bottom-dwelling, filter-feeding
organisms wused as indicators of pollutants in
environmental monitoring programs throughout the
world based on their abundance, wide spatial
distribution, sessile behaviour, tolerance to salinity,
resistance to stress, and tendency to accumulate a wide
range of contaminants (Ramu et al., 2007). Thus, an
organism such as bivalves; Crassostrea tulipa was
examined in the present study. This animal is commonly
as known as Western Africa Mangrove Oyster. It
inhabits protected bays, estuaries and lagoons of
Western Africa such as the Lagos Lagoon in Nigeria.
The bivalves are integrator of contaminants in their
dwelling place, and their use as indicators minimizes the
problems inherent in comparing data from markedly

3°20'0"E

different species (Oros et al., 2005). They are good
indicators of  environmental quality  because
contaminant levels in their tissue respond to changes in
the ambient environment and accumulate with little
metabolic  transformation (Sericano, 2003). The
determination of contaminants in oysters gives a
representative  description of pollution patterns
surrounding the area where it is collected (Negreira et
al., 2015). The aim of this study was to determine the
level of bioaccumulated PBDEs in sediments and in the
tissues of the Oyster Crassostrea tulipa, (Lamarck,
1819) inhabiting selected areas of the Lagos Lagoon,
Nigeria.

2.Materials and Methods
2.1 Study Area

Lagos Lagoon is among the major Lagoons in the
Gulf of Guinea and it is located between longitude 30
10’ and 304’ SE and latitude 60 5* and 60 36’ N (Figure
1). Several rivers empty into the lagoon among which
are Yewa, Ogun, Oshun and Ona Rivers (Ayoola,
2016). The Lagoon is the ultimate sink of a number of
industrial  discharge/effluents and run off from
surrounding metropolis. Three areas were selected for
sampling based on the pollution dynamics of the Lagos
lagoon (Table 1).
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Fig. 1: Sampled study areas in the Lagos Lagoon
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Table (1): Description of Sampled Locations

Sample Locations Coordinates

Description of Site

N 06°31. 057

Unilag Lagoon front arac
E 003° 24, 113" activities.

N 06°29. 457
Makoko

] N 06°32. 035’
Oworonsoki

Characterised by natural fishponds built, boat transport and fishing

Characterised by wooden residential buildings along the coast, fishing,
E 003 °23. 443 sawmills and high boat transport density.

Wooding/Bricks residential buildings lining the coastline, solid waste
E 003 °24. 043 dumps in several locations along the coast, and sand mining activities.

2.2 Samples Collection
e Qysters samples

Crassostrea tulipa (Oyster) samples were also
collected through the three consecutive months;
September, October and December 2016. These months
were selected based on information regarding the
abundance and availability of the animals sampled in
the Lagoon. The oyster samples were collected from the
three different stations along the lagoon using a stainless
steel Van Veen Grab of 0.1 m2 Oyster samples were
sieved using 0.5 mm mesh stainless steel sieves and the
collected samples were kept in aluminium foil,and
stored in a cooler at a temperature of 4°C until
transported to the laboratory. Scoops, sieves and
buckets used in the collection of the sample were made
from stainless steel because avoid interference in the
organic sample analyzed for persistent organic
pollutant.

e Samples of sediment

Sediment samples were collected through the
same months and stations in the Lagoon using a
stainless steel Van Veen Grab of 0.1 m2. The sediments
were collected in three (3) replicates and homogenized
to produce a single composite sample for each station.
The homogenized samples were kept in aluminum foil
and stored in a cooler until conveyed to the laboratory.

2.3 Extraction of PBDEs In Oysters and Sediment
Sampled

Exactly 5 g of crushed samples of sediment and
oyster’s tissues, each were mixed with sodium sulphate
anhydrous separately, in ratio 1:1, and homogenized
using an agate mortar and pestle to remove any residual
moisture (Fatoki and Awofolu, 2003). Each dry sample
(sediment and Oyster tissues) were then extracted
separately using 50 ml n-Hexane as a solvent and
vigorously shaked for 1 hour with the aid of an
electronic shaker and filtered using Whatman filter
paper. The extracts were concentrated and solvent-

exchanged to n-hexane using a rotary evaporator.
Concentrated extracts were cleaned and fractionated on
an 8 mm i.d. silica column packed, from the bottom to
top, with neutral silica gel (3 cm, 3% deactivated), 50%
(on a weight basis) sulfuric acid silica (2 c¢cm), and
anhydrous sodium sulfate (1 cm). The PBDE fraction
was eluted with 50 mL of acetone/n-hexane (1:1), and
solvent-exchanged to n-hexane and concentrated to 0.5
mL under a gentle nitrogen stream. A known quantity of
BDE-28 was added as an internal standard prior to
instrumental analysis (Fatoki and Awofolu, 2003).

2.4 Gas Chromatography- Electron Capture Detector
(GC-ECD) Analysis

Detection, identification and quantification of
Polybrominated diphenyl ethers (PBDES) congeners in
cleaned-up extracts were done using a g@as
chromatography coupled electron capture detector (GC-
ECD) PBDE recovery standards at known
concentrations were analyzed, after which the samples
were also analyzed using Agilent GC 7890A (ECD)
with column (DB-17) (30m x 0.25mm x 0.25 micron).

2.5 Total Organic Carbon (TOC) and Grain Size
Analysis of Sediments

Potassium dichromate (K2Cr202) and
concentrated sulphuric acid (H2SO.) were added to 1 g
of sediment. The solution was swirled and allowed to
cool. The solution was gently boiled, to enable complete
digestion. Water was then added to halt the reaction.
After sample digestion, the solution was centrifuged to
remove any suspended particles and then placed in a
calorimeter set to measure the light absorbance at a
wavelength of 601. Colorimetric quantitative of TOC
was then performed through the measurement of the
colour change that results from the presence of Cr3* in
solution. The particle sizes were <4 mm for clay, 63 mm
for silt and > 63 mm for sand. The relative error of the
duplicate samples was > 3% (n ¥ 6).
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2.6 Biota-Sediment Accumulation Factor (BSAF)

In this study, BSAF was considered as a measure
of the biotic fate of PBDEs and defined using the
following equation:

BSAF =  Concentration of PBDEs in Oyster Tissue

Concentration of PBDESs in Sediment
2.7 Statistical Analysis

Data analysis was done using Statistical Package
for Social Sciences (SPSS) version 16.0 and Excel
Statistical Tool pack. The physicochemical parameters
for each sample station were subjected to oneway
Analysis of Variance (ANOVA) and Pearson
correlation. The PBDEs concentration for each sample
station and sample type (sediment and oysters) was
subjected to two-way analysis of variance (ANOVA)
and Duncan Multiple Range Test. The Grain size
analysis, TOC and Y PBDEs were subjected to Pearson
correlation.

Results
3.1 Occurrence of PBDES in Sediments and Oyster

Eight numbers of PBDEs congeners were
analysed such as BDE 28, BDE 47, BDE 99, BDE 100,
BDE 153, BDE 154, BDE 183 and BDE 209 in both
Oyster and sediments.

The results of the mean concentration of PBDE
congeners detected in sediment sample were BDE 28,
BDE 47, and BDE 183 (TABLE 2) which were not
significantly (P > 0.05) different in the three (3)
sampling stations but were significantly higher when
compared with the Federal Environmental Quality
Guidelines for PBDEs (Environment Canada, 2006).
Oworonshoki station had the highest concentration of
total PBDEs, while Unilag had the least concentration
(Table 2). PBDE congener (BDE 28) had the highest
concentration of the congeners detected in all stations
while congener BDE 183 had the lowest concentration.
Only BDE 28 was detected in all the sampling stations
in significantly higher concentrations.

Table 2: Mean occurrence of PBDEs (ng/g dry weight) in Sediment Sampled

Homologue  PBDE congeners Unilag Lagoon Front  Makoko Oworonshoki Canada FEQG
TriBDE BDE 28 379.83 £0.02 47535 +£0.01 491.55+0.05 44
TetraBDE BDE 47* ND ND 108.52 +0.17 39
PentaBDE BDE 100* ND ND ND 0.4
PentaBDE BDE 99* ND ND ND 0.4
BDE 154 ND ND ND 44
HexaBDE BDE 153* ND ND ND 440
HeptaBDE BDE 183 6.60 + 0.06 ND ND -
DecaBDE BDE 209 ND ND ND 19
TOTAL > PBDE 386.43 475.35 600.07 586.8

* denote that: Tetra-, penta- and hexa BDEs were identified as persistent, bioaccumulative, and inherently toxic (PBiT) (Environment Canada, 2006;
FEQG, 2013); ND: Not detected; > PBDE: the total concentration of PBDE in sediments from all the sampling stations

3.2 Occurrence of PBDES in C. Tulipa (Lamarck
1891)

Three congeners were detected in the oyster sample
(BDE 28, BDE 47, BDE 153) of all the BDE congeners
analysed. BDE 28 was the only congener distributed in
the oyster samples collected from all the stations and
was significantly higher when compared with the
Federal Environmental Quality Guidelines (FEQG) for
PBDEs. However, BDE 153 was found in two (2)

station (Unilag and Oworonshoki), while PBDE 47 was
found within one (1) sampling station (Oworonshoki).
There was no significant (P > 0.05) difference in the
PBDE concentration in oysters collected from the
sampling stations, although Oworonshoki showed the
highest concentration of the total PBDE (615.44 ng/g),
while Makoko showed the least concentration (336.22
ng/g) (Table 3).
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Table 3: Mean concentration levels of PBDEs (ng/g dry weight) occurrence in C tulipa

HHomologue  Congeners Unilag Lagoon front Makoko Owaoronshoki FEQG
TriBDE BDE 28 448.75+0.31 336.22 £ 0.66 424.82 £0.73 46
TetraBDE BDE 47 ND ND 180.35 +0.03 24
PentaBDE BDE 100 ND ND ND 3.9
PentaBDE BDE 99 ND ND ND 0.23
BDE 154 ND ND ND -
HexaBDE BDE 153 1449+ 0.01 ND 10.27 £ 0.02 -
HeptaBDE BDE 183 ND ND ND -
DecaBDE BDE 209 ND ND ND 19
> PBDE 463.24 336.22 615.44

ND- Not Detected; Y PBDE: the total concentration of PBDE in oyster’s tissue from all the sampling stations * error bar Federal Environmental

Quality Guidelines (FEQG)

3.3 Distribution Pattern of PBDE Congeners in
Samples and Sampled Stations

The distribution of the BDE congeners analysed
in sediments and oyster samples (Figure 2) showed that
BDE 28 has the highest concentration in both sediments
and oysters collected in all the sampling stations. The
highest concentration detected in sediments samples
was collected from Oworonshoki. In all the sampling
locations the concentrations of PBDE in sediments were
higher than concentration detected in Oyster samples.
BDE 183 was found in low concentration in sediments
collected in only Unilag Station, and BDE 153 was also
detected in low concentrations in Oyster’s samples from
Unilag as well as Oworonshoki stations. Conversely,
BDE 47 was found only in samples collected from

700
600
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400
300
200
100

0

Oworonshoki sampling stations, with the highest
concentration detected in Oyster samples.

3.4 Particle Distribution of Sediments and Total
Organic Carbon (TOC) Content

The sediments collected from Makoko had the
highest TOC, while sediments from Oworonshoki had
the lowest rate. The particle distribution of sediments
showed the highest amount of clay particles from
Oworonshoki while sediments from Unilag Lagoon
front had the highest sand particles. There was no
significant (P > 0.05) difference in the silt particles
composition of the sediments collected within all
sampling stations (Table 4).

m BDE 183
B BDE 153
W BDE47
m BDE 28

SEDIMENTS OYSTERS  SEDIMENTS OYSTERS SEDIMENTS OYSTERS

UNILAG

MAKOKO

OWORONSOKT

Fig. 2: Distribution pattern of PBDE congeners in Sediment and C. tulipa
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Table 4: Sediments Grain size and Total Organic Carbon (TOC) content

Sampling Stations TOC (mg/g) Sand (%) Silt (%) Clay(%) Sediments description

Unilag Lagoon Front 7.5 45 24 31 Dark Grey Organic Sandy Clay
Makoko 8.65 40 29 31 Dark Grey Organic Sandy Clay
Oworonshoki 2.6 14 29 57 Dark Grey Organic Silt and Sandy Clay

3.5 Correlation between sediment YPBDEs, grain
size and total organic carbon (TOC)

The correlation between particle sizes, total
organic carbon (TOC) and YPBDEs in sediment
showed that Y PBDEs had a strong correlation with the

silt and clay particle composition (R= 0.93494;
0.77475). Total PBDEs and TOC had a significant
negative correlation (R= -0.64908). TOC also
significantly correlated with silt, while clay and TOC

were negatively correlated (Table 5).

Table 5: Correlation between sediment > PBDEs, grain size and total organic carbon (TOC)

Parameter TOC Sand (%) Slit (%) Clay (%) > PBDEs
TOC 0 0.21054 0.78122 0.11455 0.55031
Sand % 0.94581 0 0.57068 0.09599 0.33976
Slit% -0.33694 -0.62441 0 0.66667 0.23091
Clay% -0.98385 -0.98865 0.5 0 0.43575
> PBDEs -0.64908 -0.86093 0.93494 0.77475 0

3.6 Biota- Sediment Accumulation Factor (BSAF)

The BSAF of BDE 28 in Unilag Lagoon Front
was higher than 1, while it was less than 1 in other

sampling stations. BDE 47 was significantly greater
than 1 in Oworonshoki while it was lower in the Unilag
Lagoon Front and Makoko (Figure 3)

HBDE 28

OWORONSHOKI

6
g
= 5
-]
=
g a4
S =
< 3
e 3 3
2 S
= 2
2
=
s 1
- ]

0

UNILAG MAKOKO
SAMPLING STATIONS

Fig 3: Biota-Sediment Accumulation Factor For Congeners
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Discussion

This study evaluated the concentration levels of
Polybrominated diphenyl ethers (PBDEs)
concentrations in sediment and the Qyster; C. tulipa in
Oworonshoki, Makoko and Unilag Lagoon front of the
Lagos Lagoon. The mean concentration of the PBDE
congeners detected in sediments was significantly
higher than that of FEQG (Environment Canada, 2006).
This was a similar finding to that of Adewuyi and
Adeleye (2013) who studied several areas of Lagos
Lagoon, including Oworonshoki. Mean concentration of
PBDE congeners in the sediment in the present study
compared with studies from other countries (Oros et al.,
2005; Song et al., 2005) showed relatively high
concentration for PBDE 47 and 28. The dominating
congeners as detected in the sediment that were Hepta-
BDE, Octa-BDE and Nona-BDEs corroborated with the
findings of Hassanin et al. (2004). However, the
absence of BDE 209 in the sediments samples could
probably be as a result of photodecomposition or
photolytic debromination of large BDEs into smaller
molecules BDEs. Fang et al. (2012) reported on the
experimental photo degradation of BDE 47, BDE 99,
BDE 100, BDE 153, and BDE 183 dissolved in hexane.
According to the authors, higher brominated BDE
congeners degraded at a faster rate than the lower
brominated congeners. The authors concluded that the
main decomposition mechanism induced by photolysis
was reductive debromination resulting in lower
brominated BDE congeners. Bezares-Cruz et al. (2004)
postulated that the photochemical reaction would be
expected to be attenuated by sorption of heavier BDEs
onto colloidal particles in the water column, and by the
light attenuation properties of humic materials in
aquatic systems. This probably could explain the
presence of BDE 183 in low concentration in Unilag
Lagoon Front with high TOC. The YPBDEs in
sediments from all the sampling locations were
relatively higher than concentration reported from other
studies with similar sample size (Mai et al., 2005; Pan et
al., 2010; Li et al., 2010; Jiang et al., 2011). The high
concentration of BDE 47 in sediments collected within
Oworonshoki sampling stations could be as a result of
heavy dumpsite along the coast and that also receive
municipal, electronic and organic wastes from the
coastal community.

The concentration of PBDE congeners BDE 28
and BDE 47 detected in C. tulipa which exceeded the
FEQGs for PBDEs was similar to the work of Sericano
et al. (2003) and La-Guardia et al. (2007). The authors
finding from their studies showed relatively high
concentrations of Tri-BDE and BDE 28 compared to
most studies on bivalves that have BDE 47 and other
higher PBDE congeners as the dominating congeners.
This could be attributed to in vivo metabolic

debromination in the bivalve, C. tulipa. Certain shellfish
species have the capacity to debrominate PBDE
congeners in vivo. This involves the removal of bromine
atoms in the para and meta-positions of a higher
molecular weight PBDE congener to form lower-
brominated PBDE compounds. It is not clear whether
all aquatic species or even bivalves, both marine and
freshwater, have the innate propensity for bio-
transforming PBDE, but debromination of PBDEs has
been observed some fish species and crustaceans (La-
Guardia et al., 2007). However, the detection of BDE
153 congeners which were found in two of the sampling
locations (Oworonshoki and Unilag Lagoon Front) and
BDE 47 found only in Oworonshoki, similar to the
sediments concentrations, was a clear indication of
bioaccumulation of the congener from the sediment in
the sampling station. To collaborate the findings, BSAF
for BDE 47 was greater than 1 in Oworonshoki and
BDE 28 in Unilag Lagoon Front, an indication that
bioaccumulation of these congeners had occurred in
these sampling stations (USEPA, 2008). This
corroborates with the results of Bodin et al. (2011) who
worked with C. gasar and Oros et al. (2005), who
worked with C. gigas. A probable explanation could be
hinged on the debromination of some of these PBDE
congeners, or the fact that they are used as a food
source.

The higher percentage of sand particle (Unilag
Lagoon front and Makoko) and clay particles
(Oworonshoki) with a significantly higher TOC content
in sediments collected from Unilag and Makoko stations
compared to that of Oworonshoki could be explained
from the perspective of Hale et al. (2003). The authors
reported that PBDE concentrations in sediments
appeared to be a function of sediment organic carbon
content. There was a strong positive correlation between
the concentration of YPBDEs in sediments and the
percentage of silt and clay particles. Rayne et al. (2003)
proposed that PBDE congener concentration is expected
to occur among sediment with smaller grains, being
improved by the contribution of higher brominated
congeners. TOC and Y PBDEs concentration were also
positively correlated, as the concentration of TOC
increased with decreasing grain size due to the increase
in surface area to volume ratio (Hedges and Keil, 1995).
This also explains the positive correlation between TOC
and smaller grain fractions such as clay and silt. The
contaminants were detected in all the samples collected
in concentrations above FEQGs. Additionally, there was
a strong correlation between the percentage of smaller
particles in sediments and the concentration of
> PBDEs. The dominant PBDE congeners in sediments
and Oyster’s samples within the sampling locations was
BDE 28. However, 28 BDE and 47 BDE congeners
appeared to bioaccumulate and appeared to be
environmentally persistent, as indicated by their
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detection in sediments and oysters over spatial and
temporal conditions.

These results suggested that occurrence and
bioaccumulation level of PBDEs in sediment and
Oyster’s tissue respectively could reflect the
contamination levels of benthic sediment are useful
bioindicators of pollution in the environment.
Additionally, being an edible animal, bioaccumulated
pollutants could be harmful in the food web. Therefore,
C. tulipa could be a useful bioindicator to identify
pollution by hydrophobic chemicals, such as PBDEs.

Conclusion

This study provided findings on the concentration
of PBDEs present in sediments and Oysters within
selected sampling stations. The study provides
information on the occurrence and environmental
distribution of PBDEs in Qyster and sediment within
selected Lagos Lagoon. It will also contribute to the
global inventory and pave way for adequate risk
assessment where necessary. This will go a long way to
augment the efforts of Nigeria’s environmental
protection agencies towards the minimization of PBDES
in line with the Stockholm Convention.
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