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Abstract

Polycyclic aromatic hydrocarbons (PAHs) are an environmental issue because some of the compounds are
toxic, mutagenic, or are known or suspected carcinogens. The presence of PAHSs in high concentrations in an
aquatic environment such as Lagos Lagoon and their subsequent bioaccumulation in the fish and invertebrates
in the lagoon is a major concern as most of the people depend on this lagoon for seafoods. The levels of PAHs
were assessed in water, sediment, invertebrates (crayfish shrimps and crabs) and twelve species of fish,
including commercially important fish sold to local markets. Samples were collected and analyzed using Gas
chromatography/ Mass selective Detector (GC/MSD). In wholefish samples, high molecular weight PAHs
bioaccumulated more than the lower ones, with Dibenzo(a,h)anthracene having the concentration of
564.103ng/g d. w. while Naphthalene had the concentration of 340.711ng/g d. w. In the fish fillet tissues, the
most bioaccumulated PAHs were Phenanthrene (109.758-11.491ng/g d. w.) and Naphthalene (62.270-
11.343ng/g d. w.). Also in the invertebrate fillet tissues, Naphthalene (288.843-24.864ng/g d. w.) and
Phenanthrene (179.042-23.021ng/g d. w.) bioaccumulated most. Phenanthrene was found to pose high risks in
young crabs, crabs eggs, and Carranx hippos (agaza). The levels and the risks of PAHs in fishes and
invertebrates of Lagos Lagoon are hereby presented

Keywords: ecological risk assessment, pahs, fishes, invertebrates, Lagos lagoon.

INTRODUCTION carcinogen (Walker, 2009) could also be generated
Numerous PAHs generating activities take place in and released into the lagoon.
Nigeria, Lagos to be precise, without much control.
Wastes are either dumped directly into the Lagos Several studies have been carried out on the Lagos
Lagoon, or water channels, or openly incinerated at lagoon by (Brown and Oyenekan, 1998; Anyakora et
different locations in the city. One of such locations al., 2004) etc., to generally examine the extent of
is a sampling site (Okobaba) in this study, where pollution in the lagoon, but little has been done on the
there is an incessant burning of sawdust and other possible bioaccumulation of PAHs by the fish and
domestic wastes just at the shore. According to invertebrates. It is therefore necessary to assess the
(Walker, 2009), emissions into air are of complex PAHs in the biota as their bioaccumulation in aquatic
mixtures of different PAHSs, which can adsorb on to biota could serve as a good indication of pollution
air borne particles and eventually enter surface waters problem in the lagoon. PAHSs can be bioconcentrated
owing to precipitation of particles or to diffusion. Oil or bioaccumulated by certain aquatic invertebrates
related activities, which also generate PAHSs, are also low in the food chain that lack the capacity for
quite high in the city of Lagos. Crude oil films effective biotransformation (Walker and Livingstone
(slicks) released into the sea can spread over a large 1992). PAH bioaccumulation by biota is of great
area, with the low molecular weight PAHs toxicological interest despite the fact that PAHs are
volatilizing more and precipitating back while the not yet declared as persistent, bioaccumulative and
residue of relatively involatile PAHSs sink to become toxic organic micropollutants (PBTs). Though fish
associated with sediment (Clark, 1992). With the and other aquatic invertebrates readily biotransform
continuous generation of PAHs all over the place, PAHSs, danger still exists due to the fact that many
there is bound to be a huge release into the lagoon PAHSs are inducers of cytochrome P450s (metabolic
over time, and this cannot be without a price. The enzymes). Activation of PAHs may also be enhanced
concern about PAHSs is that some of the compounds due to the presence of pollutants (eg. PCDDs,
are toxic, mutagenic, or are known or suspected PCDFs, coplanar PCBs, and other organic pollutants)
carcinogens. A compound like Benzo(a)Pyrene, that induce cytochrome P4501A1/1A2 and thus
which is mainly of pyrogenic source and a known resulting in mutagenic and carcinogenic effects
(Walker, 2009). Hepatic tumors have been reported
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in wild fish exposed to sediment containing about
250mg/kg of PAH (Environmental Health Criteria
202). As stated by (Eisler, 1987), many PAHSs such as
Naphthalene and Phenanthrene are acutely toxic at
whole body concentrations above 50,000ppm and
deleterious  such that responses occur at
concentrations in the range of 100 — 5000ppm.

Fish and invertebrates collected for this study
reflected those consumed by the local population. On
exposure there is a tendency for the PAHs to
bioaccumulate through food web and pose a risk of
causing adverse health effects (Eljarrat and Barcelo,
2003) on humans. Assessment of PAHSs in the biota is
therefore useful in establishing a good link to risks
related to human exposure to these compounds in the
lagoon. The objective of this study therefore is to
assess PAH bioaccumulation and the likelihood of
related risks to humans that consume the fish and
invertebrates from the Lagos Lagoon.

MATERIALS AND METHODS

Fig. 1: Okobaba

Table 1: Biota samples

= A

Fig. 2: Mouth of Ogun River

Sampling

Water, sediment, fish and invertebrate samples were
collected from six locations which were chosen based
on their distinguishable locations and were positioned
by a global positioning system (GPS). Water samples
(IL volume) were collected from the surface using a
pre-cleaned (washed with warm water and liquid
soap using a brush, after which it was properly rinsed
with tap water and dried for 24 hours. The bottles
were then rinsed with acetone and allowed to dry for
about 30 seconds, and then rinsed with n-hexane)
Winchester amber glass bottle by hand. Sediment
samples were collected using a Van Veen Grab
sampler operated from a boat at the depths between
0.5 and 10m. Some of the sample locations are
shown in Figures 1 and 2. Fish and vertebrate
samples were collected from six different locations of
the lagoon (same locations for water and sediment
sampling) by trapping overnight; to be representative
of frequently consumed food items. The samples
were identified, frozen and taken to GLIER,
University of Windsor, where they were individually
weighed, measured, and stored in the cold room
below 4°C prior to preparation and analysis. Table 1
summarizes the biological samples collected
according to species, length and weight ranges
sampled.

Collection location Number of Length (mean Body weight ranges (g)

SIN FISH NAME sample and range) (cm)

1 Caranx hippos (Agaza) Okobaba 3 104-12.7 24.43 - 67.69

2 Mugil cephalus (mullet) Okobaba 2 20.2 58.13 -150.2

3 Sphyraena barracuda (barracuda) Aja 2 17.9-19.2 106.10 - 126.31

4 Sarotherodon melanotheron (Tilapia) Unilag lagoon front 2 13.0-16.4 53.19 - 70.54

5 Tilapia guineensis (Tilapia) Unilag lagoon front 2 126-14.1 50.52 — 54.24

6 Ethmalosa fimbriata (Bonga) East of Palava Island 3 146-175 47.22 - 55.81

7 Tarpon atlanticus (megalops) Unilag lagoon front 1 82.4 1880

8 Scomberomorus tritor (mackerel) (Ayo) Aja 1 213 86.34

9 Lutjanus agennes (African red snapper) Okobaba 2 21.2-24.5 108.60 — 168.12

10 Pomadasys jubelini (Grunter) Okobaba 1 175 84.6

11 Chrysichthys nigrodigitatus (Catfish) (Inaha) Five cowrie creek 1 30.3 145.63

12 Lutjanus dentatus (African brown snapper) Okobaba 1 27.9 202.31

13 Unilag lagoon front 20 42-53 1.92-4.36
Penaeus (Crayfish)

14 Macrobranchium vollehoevenii (Shrimps) Mouth of Ogun River 7 9.1-10.3 15.83-19.19

15 i . Unilag lagoon front 7 5.2-6.0 27.87 -34.16
Callinectes amnicola (young blue crabs)

16 Callinectes amnicola (matured blue crabs with | Mouth of Ogun River 3 109-12.6 95.32 - 116.24
eggs)
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Sample Extraction and Analysis

Sample extractions were carried out according to
(Lazar et al. 1992). Moisture and organic carbon
contents of the sediments were also determined.
Sample extracts obtained after florisil cleanup were
combined and rotoevaporated to 1ml and analyzed
for Polycyclic Aromatic Hydrocarbons (PAHSs) by
gas chromatography. Analysis was run on a Hewlett-
Packard (Avondale, PA) Model 5890/5970 Gas
Chromatograph with a mass selective detector
(quadrupole mass analyzer, 70eV) equipped with a
Hewlett-Packard 7673A autosampler and a 30m x
0.25mm. I.D. X 0.10 pum DB-5 film thickness
column. 1l sample was injected using a splitless
injection mode at 250°C injection temperature and
GC-MSD interface temperature of 280°C. A mixture
of three 13C-labelled PCBs (13C - PCB 52, 13C -
PCB 153 and 13C — PCB 37) was used as surrogate
standard. The PAHSs were identified and quantified by
comparison of retention times and spectra of internal
standards. The methods reported above included the
processing of blanks, duplicates and standard
mixtures between each group of samples. The
detection limit was 0.020ng/g. Contaminants that
were not detected were replaced with the detection
limit value. The chromatograms obtained were
analyzed using MSD Chemstation software. First, the
Isooctane blank, then the standards (i.e. six different
concentrations of 16 PAHs each)], the surrogate
standard spike, the method blank, the Standard

Reference Materials (SRM), and then on each of the
sample chromatograms were integrated and analysed.
The peak integration was carried out for the 16
PAHSs. Since the concentration of each chemical in
the standard, the area under each peak in the standard,
and the area under each peak in the sample were
known; the ratio approach for the determination of
the concentration of each chemical within the sample
was used. From here, the final concentrations of
individual compounds, total concentrations of all the
compounds in each sample, and the % recoveries
were obtained. The mean percent recoveries of
internal standard for the Standard Reference
Materials (SRMs) were 77.857, 77.738, and 70.942
for 13C-PCB 37, 13C-PCB52, and 13C-PCB153
respectively. For the fish homogenates the mean
percent recoveries were 77.956, 67.697, and 67.642
for 13C-PCB 37, 13C-PCB52, and 13C-PCB153
respectively. Concentrations were not corrected for
the recovery of internal standards. Some of the
compounds, for instance, Naphthalene were found in
the method blanks but during integration all the
concentrations found in the blank were removed from
the samples.

RESULTS AND DISCUSSIONS
PBT Distribution across the Sample Types at
Different Locations on Lagos Lagoon

Table 2: Sum PAHSs in water, sediment and biota of Lagos Lagoon

SumPAHs | SumPAHSs % Lipid or
LOCATION SAMPLES (ng/g) (ng/g lipid) organic carbon
Five Cowrie Creek | Water (ng/mL) 0.107
Sediment 85.950 10743.750 0.800
F15: Catfish (Chrysichthys Nigrodigitatus) 153.120 310.840 49.260
Unilag lagoon front | Water (ng/mL) 0.130
Sediment 498.480 13846.670 3.600
SS: Crayfish (Penaeus) 74.120 5531.340 1.340
CS: Young blue crabs(Callinectus amnicola) 264.610 12138.070 2.180
F4: Tilapia (Saratherod-on melanotheron) 80.640 3054.550 2.640
F5: Tilapia (Tilapia guineensis) 62.240 3208.250 1.940
F9: Megalops (Tarpon Atlanticus) 86.880 2876.820 3.020
Okobaba | Water (ng/mL) 0.142
Sediment 955.510 8960.670 10.660
F1: Agaza (Caranx hippos) 231.970 6534.370 3.550
F2: Mullet (Mugil cephalus) 131.240 3882.840 3.380
F11: African red snapper (Lutjanus agennes) 105.870 2588.510 4.090
F12: Grunter (Pomadasys Jubelini) 83.900 5343.9500 1.570
F20: African brown snapper (Lutjanus Dentatus ) | 67.240 2418.710 2.780
Mouth of Ogun River | Water (ng/mL) 0.483
Sediment 286.030 33259.300 0.860
SB: Pink shrimps (Macrobranchium
Vollenloevensis) 99.060 4762.500 2.080
CB: Matured blue crabs (Callinectus amnicola) 170.020 5629.800 3.020
CE: Crab eggs 625.440* 3497.990 17.880
Aja | Water (ng/mL) 0.142
Sediment 104.790 575.770 18.200
F3: Barracuda (Sphyraena barracuda) 44.860 6408.570 0.700
F10: Mackerel (Scomberomorus Tritor) 73.160 8128.890 0.900
East of Palava Island Water (ng/mL) 0.119
Sediment 12.320 1283.330 0.960
F6: Bonga (Edmalosa fimbriata) 71.670 5779.840 1.240
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*Above Potomac (Forte Foote) value. Contaminant
total of the source clams (Sum PAHs of 598ug/Kg)
from Potomac (Fort Foote) was used as a reference

control because that ecosystem is considered healthy

(Phelps, 2003).

Linkages between congener concentrations and wholefish size and type

Table 3: Whole fish type, size, length, weight and lipid content

Size Length (cm) Weight (g) Catfish % lipid Mullet % lipid Tilapia % lipid Mean % lipid
1 | 15-185 27.8-64.1 1.314 9.343 8.817 6.491
2 | 17.2-21.0 45.6-90.0 1.923 9.215 7.258 6.132
3 | 18.3-24.0 93.3-113.6 2.128 4.047 5.794 3.99
4 | 20.0-26.0 158.3-194.9 1.992 6.734 6.426 5.051
5 | 22.2-36.0 189.4-419.4 7.393 3.398 5.135 5.309
Table 4: Linkages between PAH concentrations and wholefish size and type
Dependent Variable: Concentrations
Source Type 111 Sum of Squares df Mean Square Sig.
Corrected Model 6766299.739 (a) 13 520484.595 2.231 0.013
Intercept 1659863.796 1 1659863.796 7.116 0.009
Fish 1495171.603 2 747585.802 3.205 0.045
PAHs 4859429.564 7 694204.223 2.976 0.007
Size 411698.572 4 102924.643 0.441 0.779
Error 24725397.98 106 233258.471
Total 33151561.51 120
Corrected Total 31491697.72 119

R Squared =.215 (Adjusted R Squared =.119)

Assessment of the differences in congener composition within the vertebrates and invertebrates using

multifactorial analyses of variance (MANOVA)

Table 5: Differences in PAH composition within fish and invertebrates

Dependent Variable: Concentrations

Source Type 111 Sum of Squares df Mean Square Sig.
Corrected Model 81944.093(a) 24 3414.337 5.713 0
Intercept 40913.224 1 40913.224 68.452 0
Biota 36748.395 17 2161.670 3.617 0
PAHs 45195.698 7 6456.528 10.802 0
Error 71125.435 119 597.693
Total 193982.753 144
Corrected Total 153069.528 143
R Squared = .535 (Adjusted R Squared = .442)
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Fig. 4: Percent distribution of PAHSs in invertebrates

from Lagos Lagoon
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Biota Sediment Accumulation Factors (BSAFs) of PAHSs for Fish and Invertebrae

Table 6: BSAFs of PAHSs for invertebrates

Pink shrimps (Macrobranchium | Matured blue crabs Crab
PAHs Crayfish Young blue crabs Vollenloevensis) (Callinectus amnicola) eggs
NA 12.460 8.557 0.255 0.206 0.239
AL 14.430 15.110
FL 10.190 10.960 0.499 0.804 0.55
PHE 7.134 9.447 0.581 0.811 0.374
FLT 1.021 1.017 0.059 0.063 0.026
PY 0.568 0.258 0.028 0.042 0.015
B(a)A 0 0 0 0.003 0
Chrysene 0.369 0.402 0.029 0.025 0.014
Table 7: BSAFs of PAHs for fish
PAHSs F1 F2 F3 F4 F5 F6 F9 F10 F11 F12 F15 F20
NA 3.818 | 3.495 | 11.850 5.099 3.826 | 7.010 6.663 | 10.160 2.269 3.399 0 1.989
AL 6.989 6.852 12.920 0.419
FL 23.360 | 10.55 | 21.160 6.484 4.578 5.558 16.470 4.918 7.673 | 1.421 6.065
PHE 27.330 | 9.918 | 22.080 3.843 4.33 | 3.833 4.052 | 34.220 5.973 1048 | 0.753 6.640
AN 0 0 0 0 0.689 0 0 0 1.321 | 221.700 0 0
FLT 4.948 | 3.534 9.519 0.729 0.958 1.763 0.724 11.700 1.611 4.557 | 0.042 2.078
PY 3.214 | 2.225 1.661 0.342 0.5 | 1.365 0.106 8.139 1.694 2.180 | 0.016 2.444
B(a)A 0.378 | 1.173 0 0.068 0.07 | 0.387 0 2.325 0.322 0.392 | 0.012 0.395
Chrysene 1.562 | 1.607 3.771 0.168 0.178 | 0.471 0.129 4.204 0.820 2.164 | 0.015 1.236

Correlations between BSAF and Log kow of PBTs in the biota
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DISCUSSIONS

PBT Distribution across the Sample Types at
Different Locations on Lagos Lagoon

Sum (12) PAHSs in water at all the locations in this
study ranged from 0.110 to 0.480ng/mL (table 2) and
was below the Environmental Quality Standard
(EQS) of 1.0ug/L for water concentrations (Cole et
al., 1999). Due to the chemical composition of the
marine water, the PAH concentrations are often less
than 1ng/mL while sediments values are often greater
than 1ng/g and even above 100ng/g (Filipkowska et
al., 2005). Sum (16) PAHSs in sediments at all the
locations (table 2) ranged from 12.320 to
955.510ng/g dry weight, which were below the
sediment threshold effect concentration (TEC) and
the probable effect concentration (PEC) for sum
PAHs of 1,610 and 22,800 ug/kg, respectively
(Harwell et al., 2003). Though sum PAHs indicated
no threat to human health, assessment of individual
PAHs based on interim marine sediment quality
guidelines (ISQGs) of 88.9ug/Kg and probable effect
levels (PELs; dry weight) of 763ug/Kg (CCME,
1999, Cole et al., 1999), has identified Okobaba as
having benzo(a)pyrene at level (881.240ng/g dry
weight) that poses a risk to the environment. Studies
by (Lu et al., 1977), (Varanasi et al., 1981) have
shown that benzo (a) pyrene (BaP) can be
accumulated to potentially hazardous levels in fish
and invertebrates. BaP was not detected in any of the
fish and invertebrate samples from Lagos Lagoon but
the concentrations in sediment (881.240ng/g d. w.)
obtained from Okobaba was high enough to
bioaccumulate in fish and invertebrates that dwell at
this location. Sum PAHs of fish from different water
bodies in Niger Delta, Nigeria averaged 100ug/Kg
(Anyakora and Coke 2006). Sum PAHs in fish from
Red Sea coast of Yemen, Puget Sound Washington,
USA, and Philipia, Victoria were reported as 422.1,
200 and 55.700ng/g dry weights respectively,
compared to the sum (10) PAHs from this study
which was between 71.670 and 264.610ng/g for the
assessed biota, and 625.440ng.g dry weight for crab
eggs. When compared with other parts of Nigeria and
other parts of the world, this study showed that fish
and invertebrates from Lagos Lagoon were more
contaminated with PAHs. Comparing with sum
PAHSs of the source clams from Potomac (Fort Foote)
of 598ug/Kg, which was used as a reference control,
crab eggs (sum PAHs of 625.440ng.g dry weight)
from Lagos Lagoon were more contaminated with
PAHS.

Linkages between Congener Concentrations and
Wholefish Size and Type

As shown in table 4, the mean concentration of PAHs
did not vary significantly among age classes of fish
(p = 0.779, df = 4) assessed based on sizes. This
result suggests that fishes are exposed to and
accumulate PAHs from the early stage of their lives
through different developmental stages up to maturity
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and that sources of PAHSs are present and available to
fish in Lagos Lagoon due to regular discharges from
several sources. A similar report was given of PAHs
by (Dugan et al.,, 2005) who showed that the
concentration of total PAHSs did not vary significantly
among age classes of sand crabs at Guadalupe in
California coast (1 way ANOVA, F= 1342, p =
0.266, df =7) or at Avila (1 way ANOVA, F=0.070,
p=0.795,df = 7).

There were significant differences in mean
concentrations of PAHs with respect to fish type (P =
0.045, df = 2). This result could be associated with a
variety of factors, including different exposure
histories, variation in lipid content, and the
metabolism of PAHs in different fish types.
According to EHC ((Environmental Health Criteria
202) 1998), the bioconcentration factors of PAH in
different species vary greatly. Mullet had the highest
mean PAH concentration (275.145ng/g d. w.) of
PAHSs, compared to 47.600 and 30.086ng/g d. w. of
Catfish and Tilapia respectively. Significant
differences in mean concentrations of PAHs was
evident when comparing individual PAHs (P = 0.007,
df = 7). The variation was possibly due to the
variation in log Kow for low and high molecular
weight PAHs. High molecular weight PAHSs
bioaccumulated more than the lower ones, which
were likely more easily metabolized. In this report
the Duncan table grouped the different PAHSs into
two, with Dibenzo(a,h)anthracene (564.103ng/g d.
w.) and Naphthalene (340.711ng/g d. w. ) in the
group of highest concentrations while the group of
low concentrations ranged from Benzo(a)anthracene
(0.281ng/g d. w.) to Fluoranthrene (12.240ng/g d.
w.). A report by (Phelps, 2003) also gave a similar
trend for clams from Anacostia River estuary of
Washington, DC, where PAH profile was high in
low-molecular-weight PAHSs, especially napthalenes
and phenanthrene (about 1300 and 700ng/g
respectively), compared to other PAHs that were all
below 600ng/g. This was indicative of runoff sources
involving low-molecular-weight PAHs that had
dispersed.

Assessment of the Differences in Congener
Composition within the Vertebrate and
Invertebrate Fillet Tissues

Table 5 shows that there were significant differences
in the mean concentrations of PAHs with respect to
biota type (P = 0.000, df = 17). Factors associated
with this variation may include: dilution by runoff,
difference in reproduction and metabolic rates, and
variation in lipid content of the different biota. The
highest mean PAH concentrations were found in the
young blue crabs (CS),crab eggs (CE), and agaza
(32.315, 75.842 and 28.167ng/lg dry weight
respectively) as compared with barracuda (F3) which
had the lowest mean PAH concentration of 5.519ng/g
dry weight. Movement of the different biota to
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different locations having different PAH loads could
also contribute to the variation. This result also
pointed to the need to better understand the
metabolism of PAHs in the different biota types.

Also there were statistical significant differences with
respect to individual PAHs (p = 0.000, df = 7). The
variation was possibly due to the variation in log
Kow for low and high molecular weight PAHSs.
Duncan table grouped the PAHSs into two groups,
with Phenanthrene and Naphthalene forming the
group with the highest concentrations (46.977 and
45.611ng/g.d.w. respectively. Several other studies
including studies by (Phelps, 2003) and (Clarke &
Law 1981) have also reported the dominance of
phenanthrene and naphthalene in many aquatic biota.

Percent Distribution of PBTs In Different Sample
Types

As shown in Fig. 3, the PAH distribution in the
lagoon was highest in the sediment, with the percent
distribution of 47%. Young crabs also had high
percent distribution of 25% of the total PAHSs. All the
16 PAHs assessed were found in the sediment,
whereas only 9 were found in the invertebrates and
10 in the fish samples. The percent distribution to the
water was infinitesimal and therefore reflected 0%.
Some studies carried out at different coastal sites of
the United States (Varanasi et al 1992) showed total
PAH concentrations of 1,800-12,600ng/g in the
sediments with total PAH levels of 300-3,500ng.g
found in the tissues of invertebrates from these
locations. The PAH concentrations in fish and
invertebrates from the Lagos Lagoon were relatively
low in comparison to the concentrations of PAHSs in
the surface sediments (table 2 and Fig. 3). This was
an indication of an effective removal of PAHs from
the water to the sediments, protecting filter-feeding
benthic organisms from even greater loads of PAHs
(Potrykus et al., 2003).

The percentage distribution of the PAHs (XPAHs =
100%) in the fillet tissues of the fish and
invertebrates from Lagos Lagoon is presented in Figs.
4 and 5. PAHs concentrations in the biota tissues
generally exhibited low values when compared with
the levels present in the lagoon. Due to the lack of
sufficient data, and use of different extraction and
guantification methods, a close comparison of other
reports on PAHs in biota of Lagos Lagoon has been
difficult but studies performed with fish and
invertebrates from other regions of the world could
be compared with our results. Studies by (Deb et al.
2000) who analysed PAHSs in 11 different fish species
from Hiroshima Bay, a site much more affected by
human activity than the Antarctic areas, reported
levels of some individual PAHSs in several organs (as
gonads and brain) largely exceeding 1000 ng g-1 dw.
Also, (Curtosi et al., 2009) in their study of fish
organs reported 200 ng g-1 dw of total PAHSs,
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whereas in our study we never exceeded 110 ng g-1
d. w. of total PAHs in fish, though we had a range of
0.488 to 288.843ng/g d. w. of total PAHs in the
invertebrates. Another study by (Phelps, 2003)
reported low molecular weight PAHs in highest
concentrations in clams with naphthalene values
exceeding 1200ng/g d. w. and phenanthrene values
600ng/g d. w. All these studies agreed on the
dominance of low molecular weight PAHSs, indicating
a significant contribution of petrogenic pollution
(Douabul et al. 1997), Deb et al. (2000), possibly
spillage of petroleum products during the sampling
period. In our study, the highest % PAH distribution
in both fish and invertebrate samples was observed in
naphthalene and phenanthrene (di and tri aromatic
isomers) just as it was the case with (Phelps, 2003).
Anthracene (a tri isomer) was completely absent in
all the invertebrates but present in only three fish
tissues in the range of 0.410% in African red snapper
(F11) to 28590 % in Grunter (F12).
Benzo(a)anthracene was absent in two fish samples
(F3: Barracuda and F9: Megalops) and also in all the
invertebrates except the matured crabs where it was
0.270% of the total PAHSs. B(a)A distribution ranged
from 0.250% in matured crabs to 1.660% in mullets
(F2). Acenaphthelene, fluorine, fluoranthene, pyrene,
and chrysene were present in all the fish and
invertebrate tissues, and the percentage of the total
amount ranged from 0.730% chrysene in catfish
(F15) to 18.250% pyrene in tilapia (F5). As it is
broadly accepted that vertebrates can efficiently
metabolize the majority of absorbed PAHSs by their
P450 enzymatic systems which are less efficient in
invertebrates (Jonsson et al. 2004), high PAHSs levels
in fish were unexpected and could represent a short
term bioaccumulation of low molecular weight PAHs
in lipid rich fish before being degraded and excreted
as phase | or phase Il metabolites. It was observed in
this study that phenanthrene had the highest
distribution in the fish, with agaza (F1) having
47.317% of the total PAHs in twelve fish samples. It
might be behaviour specific to this fish species to
bioacccumulate much under an exposure to a
continuous source of hydrocarbons.

A report by (Potrykus et al., 2003) on blue mussels
(Mytilus trossulus) from the southern Baltic Sea also
showed that fluoranthene (tetraaromatic isomer), a
low molecular weight PAH had the highest
concentration of all the PAHSs analysed (mean — 21%
of the total amount, in comparison to 10% of the total
amount of PAHs at the reference point W1). In our
study we obtained 12.150% mean of fluoranthene of
the total PAHSs. This shows that the biota from Lagos
Lagoon were less contaminated with fluoranthene
than those of the Baltic sea, but when compared to
10% fluoranthene of the total amount of PAHSs at the
reference point from the Baltic sea, the Lagos Lagoon
biota were more contaminated. The biota from Lagos
Lagoon contained mainly di, tri and tetra-aromatic
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isomers (naphthalene, acenaphthylene, phenanthrene,
anthracene,  fluoranthene,  pyrene,  benzo(a)-
anthracene and chrysene). Five and six ringed PAHs
were not detected in any of the fish or invertebrate
samples. The predominance of low-molecular weight
PAHSs (tri- and tetra-aromatics) is characteristic of
petroleum contamination and indicates an additional,
local source (Neff, 1979, Potrykus et al., 2003).

Several studies have reported the dominance of
phenanthrene in many aquatic biota. A report by
(Clarke & Law 1981) gave concentrations of
phenanthrene and anthracene as almost one order of
magnitude higher than other PAHs found in an
Antarctic starfish. In our report, the fish, grunter
(F12), bioaccumulated 28.594% of the total PAHSs as
anthracene. Similarly, (Kennicutt et al. 1992a), has
reported phenanthrene as the dominant compound
(47-97%) and the 2-3 rings PAHs represented
between 72 and 99% of total PAHs. Our result in Fig.
6 showed the predominance of phenanthrene over all
other PAHSs in both fish and invertebrate samples,
with 31.278% and 35.950% mean % phenanthrene
for fish and invertebrates respectively. There might
be controversies as to high bioaccumulation of low
molecular weight PAHSs, but we strongly agree with
(Curtosi et al., 2009) who noted that dominance of
phenanthrene seems to be real and cannot be
attributed, for example, to an analytical artefact or
bias such as preferential extraction efficiency. Just
like (Curtosi et al., 2009) our results using certified
reference materials showed that the extraction
efficiency for phenanthrene was not different from
the ones obtained for other PAHs of similar
molecular weight and structure. We were able to
reproduce our results by carrying out our analysis in
duplicates. Under similar experimental conditions
and laboratory environment, no phenanthrene was
detected in water sample from Aja; no naphthalene
was detected in sediment samples from Five cowrie
creek and East of Palava Island; also no naphthalene
was detected in some sizes of catfish, mullet and
tilapia wholefish sampled from entirely different
locations on Lagos Lagoon. We strongly believe that
any issues with naphthalene or phenanthrene
interference were ruled out as the necessary quality
control measures were carefully adhered to. Also,
(Filipkowska et al. 2005) proved that neither in
marine sediments, nor in mussel homogenates
phenanthrene showed extraction efficiency higher
than the other PAHs. A study on adsorption and
sequestration rates of PAHs, (Brion & Pelletier 2005)
observed that light unalkylated PAHs, and mainly
phenanthrene, presented the higher adsorption and
sequestration rates even if their Kow were relatively
lower than heavier 4- and 5-ring compounds. It was
also noted by (Brion & Pelletier 2005) that if
phenanthrene is rapidly sequestrated by suspended
particulate matters, its bioavailability for bacterial
biodegradation is reduced but its bioaccessibility to

294

bioaccumulation
maintained.

in biological tissues might be

The fish and invertebrates from Unilag lagoon front
were found to bioaccumulate phenanthrene to
magnitudes several times higher (ranging from
10ng/g to 110ng/g for fish and 22ng/g to 180ng/g for
invertebrates) than the sediment concentration
(20.12ng/q) at same location.

Biota Sediment Accumulation Factors (BSAFs) of
PBTs for Fish and Invertebrates

BSAF assessment was not possible where similar
PBTs were not present in both sediments and biota,
and so the number of PBTs under assessment was
limited. Tables 6 and 7 show the different BSAFs for
PAHSs in different fish and invertebrates. Fluorene
was the only PAH with BSAF values above 1 in all
the biota, except shrimps, matured crabs and crab
eggs, which metabolized all the PAHs (BSAFs from
0.003 to 0.811) including fluorene Theoretically,
BSAF values will equal unity, or one. According to
(Thorsen, 2003), BSAF values may be less than one
if the mussel metabolizes the chemical or the system
has not reached steady-state (chemicals may not be
fully available to the mussels due to very slow
desorption, or very strong binding). Catfish
metabolized all the PAHs (BSAFs ranging from
0.012 to 0.753) except fluorine (BSAF = 1.421). On
the other hand, the BSAFs for all PAHs in mackerel
(F10), barracuda (F3), and mullets (F2) were above 1
(1.173 to 34.222), except for anthracene which was
not detected in the sediments from the locations
where these three samples were caught but gave a
very high BSAF value of 221.720 in grunter caught at
Okobaba. This was possibly due to the high input of
pyrogenic PAHs from Okobaba, a location where
there is constant burning of saw dust at the lagoon
shore. BSAF values can also be greater than one
because organic carbon is generally less lipid-like
than organism lipid due to hydrophilic components of
natural organic matter (DiToro, 1991).

CONCLUSIONS

Though high molecular weight PAHs were found to
bioaccumulated more than the lower ones in
wholefish, phenanthrene and naphthalene were
identified as the dominant PAHs in fillet tissues of
both fish and invertebrates from Lagos Lagoon.
When compared with reports from other parts of
Nigeria and other parts of the world, this study shows
that fish and invertebrates from Lagos Lagoon were
more contaminated with PAHs. PAHs were found in
fish of all ages therefore this result suggests that
fishes are exposed to and accumulate PAHs from the
early stage of their lives through different
developmental stages up to maturity and that sources
of PAHSs are present and available to fish in Lagos
Lagoon due to regular discharges from several
sources. Higher levels of PAHs were found in
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wholefish than in the fillet tissues therefore this study
also suggests that it is safer to consume fish fillet
tissues than wholefish.
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